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2 GRAY SUBSTANCE OF THE MEDULLA OBLOXNGATA.

tufts may be scen arising from the gray substance ; these are the first indications of
the network of fibres and cells, which higher up is so very conspicuous, nearly fill-
ing the posterior pyramids, and separated from the restiform bodies by a distinet
sulcus (Figs. 1, 17, p). At the side of these little tufts a large and very distinct
eminence will be noticed, oceupying the remainder of the posterior portion of the
cervix cornu, and projecting outwards into the restiform body, into which it sends
numerous fibres and cells. These two new bodies, which appear to fulfil a very
important part in the organization of the medulla, Clarke has already named the
post-pyramidal and restiform nuclei or ganglia,  *They exist in all the mammalia.™
The caput cormu, meanwhile (Figs. 1, 2,17, 27, b), has been pushed forwards,
and almost separated from the cervix by intervening network, until it nearly
reaches the surface of the postero-lateral columns, forming the tuberenlo cinereo or
gray tuberele of Rolando (). The cervix contains many scattered cells of various
sizes, collected into several groups near the tufts which are the first indications of
the post-pyramidal and restiform nuclei. The caput contains only very small cells,
scattered about amqpg the longitudinal bundles which traverse it. Numerous
large cells are found among the fasciculi forming the fibrous network around the
lateral and antero-lateral gray substance, especially in that portion reaching from
the entrance of the spinal accessory along the lateral edge of the anterior cornu.
The tractus intermedio-lateralis is well marked here, but as we ascend, only a few
large eells remain in the outer network, the majority being pushed inwards to form

the nuclens of the spinal accessory; it is usually, however, quite possible to trace a.

continuous line of cells from the entrance of the spinal accessory nearly to the cen-
tral canal,

The anterior cornua are much diminished in size, and contain but few large cells
which are already partially collected in two small, round groups (Fig. 1%, H), form-
ing the first indication of the great hypoglossal nuclei.

In the lateral columns near the border of external arciform fibres, a group of
large multipolar cells is found (Fig. 1%, B) which become more and more prom-
inent as we ascend, till the level of the vagus is reached, when it is broken up
into smaller groups. From its situation in the antero-lateral columns I propose to
call this group the antere-lateral nuclews. It is penetrated by the fibres of the
arciform plexus, both external and internal, with which it is brought into very
close connection.

(2.) A little higher up (Plates 1, XIII, Figs. 2, 2") these changes in form are
still more marked; the decussation of the pyramids has ended. The pyramidal
columns which in the sheep are very small are now quite distinet; and numerous
fibres run parallel to the axis of the medulla, forming with the arciform fibres which
decussate with them the raphd (K). The principal morphological change is the
appearance of the olivary bodies (0), which, though not particularly well marked
in the sheep, are still quite too distinct to be overlooked, as has been done by some
anatomists, They are composed of layers of small cells penetrated by the arciform
fibres; but T shall reserve the discussion of their more intimate structure for a

t Medulla Oblongata. Philos. Trans. 1858, 240.
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HUMAN ANXD MAMMALTAN, o

subsequent chapter. The olivaries are connected with each other and with the
rapht by the arciform fibres, and are also united to the hypoglossal nuclei by bundles
of fibres, either directly or by the interposition of cell nuclei.

The antero-lateral nucleus (B) is now very prominent, from the number and size
of its cells. These are mostly stellate, sending their processes in all directions, the
group being traversed by the arciform fibres and by fibres derived from the central
gray substance, as well as by longitudinal fibres. This group is also united to the
caput, and in sections higher up to the remains of the cervix, by the cells formerly
scattered thronghout the antero-lateral columns, but which are afterwards eollected
into elongated groups (Fig. 3"). The restiform (r,r) and post-pyramidal (p,p)
nuclei are now much increased in size, and are quite filled with cells of various
dimensions and forms, the cells of both nuelei reaching out into and soon entirely
filling the posterior and postero-lateral columns.

As we ascend, the nuclei of the hypoglossal and spinal accessory nerves rapidly
increase in size and number of cells, the entire substance of the anterior or hypo-
glossal nucleus (H) being filled with large stellate cells, with the exception only of
that portion which forms on each side the lateral boundary of the central canal.
The posterior, spinal accessory or vagus nucleus (5), has also equally increased ; its
group of large, obovate cells is very conspicuous, the remainder of the nucleus
being entirely filled with smaller, scattered cells. The ecaput is mostly filled with
granules and smaller nuelei, with a few cells of medium size; numerous cells being
scattered throughout the entire lateral and antero-lateral network.

(3.) Still higher up (Plate I, Fig. 3; Plate XTII, Fig. 3") the central canal which
has been hitherto somewhat elongated, of a narrow oval form, changes to a trian-
gular shape with curved sides, the apex pointing forwards, and bridged behind by
a thick band of commissural fibres connecting the posterior nuelei, now the nuclei
of the vagus roots (Fig. 3%, V). The principal changes to be noticed in this region
are the rapid increase in the number of cells forming the post-pyramidal ( p, p) and
restiform (r, v) nuclei, which fill the entire posterior and posterc-lateral columns,
encroaching on the caput and thick band of external arciform fibres, with both of
which they seem to be connected by numerous bundles of curving or wavy fibres
(Fig. 3", a). A remarkable collection of longitudinal fasciculi is here plainly mani-
fest, which, beginning a little lower down, comes now distinetly in sight just at
the entrance of the vagus roots (7), separating them into anterior and posterior
divisions. The cells of the antero-lateral nucleus, instead of being collected into
compact groups as below, are somewhat scattered, forming various wavy groups
which nearly fill the antero-lateral columns of the medulla (#).

(4.) Aswe continue to ascend (Plates 1, XTII, Figs. 4, 47) the commissural bridge
between the two vagal nuelei is split open, forming the fourth ventricle, on each
side of which are situated the nuclei of the hypoglossal and vagal nerves, the
anterior portion of the vagus nucleus being especially conspicuous from its crowd of
obovate cells.

The longitudinal fasciculi in connection with the vagus nuelens are very promi-
nent, separating the roots into two divisions, the posterior bundles either entering
a small nucleus behind the longitudinal fasciculi, or bending around them towards
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the anterior part of the nucleus. The restiform and post-pyramidal nuclei are
filled with numerous cells, and the latter is closely connected with the vagus nucleus
by means of a spur from each, the post-pyramidal body being as it were wedged or
dove-tailed into the vagus nuclens. The cells of the caput gradually increase in
size and number as we ascend, the caput itself being traversed by the vagus roots.
The longitudinal fasciculi in connection with the vagus continually increase in
size, and are reinforced by another system of bundles (m) which appear in that
portion of the nucleus from which the auditory nucleus is subsequently developed.
The lower part of the raphd constituting the olivary commissure contains many
cells, rather larger than those of the olivary bodies, and seattered cells are found
throughont the entire length of the raphd, as well as in all parts of the anterior
and antero-lateral network. At about this height little nuclei are found con-
necting the raphd and hypoglossal nuclei with the olivary bodies and antero-
lateral nuclei.

(5.) Still higher up (Plates I, XIII, 6, 6*) the hypoglossal nucleus begins to
diminish somewhat in size, its cells being smaller and much less numerous, though
a considerable number of large cells are still to be seen as long as the nucleus con-
tinues distinct. The eells of the vagus nucleus are very numerous and the roots very
distinct.

Posteriorly we begin to trace the formation of a new nuclens (A4), in the hinder
portion of the vagus, or rather between the vagal and post-pyramidal nuclei.  This
mass, which is pyramidal in shape, with its longest convex side fitted into the vagus
nucleus, its concave side being turned towards, and receiving the post-pyramidal body,
becomes the principal nucleus of the awditory nerve, 'The vagus nuclens is now
much diminished in size, and is thrust forwards and wedged in between the newly
formed auditory nucleus and that of the hypoglossal. The new mass contains cells
of large size, especially at the apex, which projects into the restiform body and into
the posterior border of the caput, with both of which it appears to be connected.

The restiform and post-pyramidal bodies in this region are thickly studded with
large cells, and both the vagal and auditory nuclei are bordered by a network,
formed by the passage of numerous longitudinal fasciculi, which continue to inerease
both in size and number as we ascend (Fig. 67, I, m).

The caput cornu through which the large roots of the vagus pass, is thickly
studded with cells of medium size. The anterc-lateral nucleus is still quite
conspicuous, but the cells are scparated into more distinet groups, intersected in
every direction by the arciform and transverse fibres. Cells are also seattered in
the network by which the entire edge of the caput is surrounded, embracing with
their processes the large bundles of longitudinal fibres which traverse it. The
olivary bodies have now obtained their maximum development, and soon begin to
diminish in size with the diminution of the hypoglossal nuclens and roots (Figs.
6, 7% 0). In the upper portions of the medulla the remains of the olivary lamina
scem to be filled with larger eells, which have replaced the small regular cells of
the lower portions. They still extend across the raph® through the commissure.

(6.) In the section just above the preceding (Plates I, XIII, Figs. 7, 7°) the
hypoglossal nucleus, though still large, contains but few cells, and these very much
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scattered ; no distinet roots ean be traced to the surface. The vagus nucleus still
contains numerous cells, mostly crowded back from the apex. The nucleus has
been pushed forwards so that its base no longer lies on the floor of the fourth ven-
tricle, but is separated from it by a commissure of fibres and cells connecting the
hypoglossal nucleus with that of the auditory.

The auditery nuclens (A4) is now quite large, pyramidal in form, and has already
absorbed the outer portion of the vagus nucleus as well as the post-pyramidal body.
It is bordered along its outer edge by a network of fibres, inclosing large and numer-
ous longitudinal fasciculi, forming a very conspicuous fringe, which still higher up
is more distinctly separated from the inner portion, forming a very complete border,
called by Clarke the “outer nuclens.” Both portions of the auditory nueleus con-
tain numerons cells of medium size, obovate and stellate,

The restiform body is still crowded with cells, and at its outer edge gives off fringes
of fibres reaching into the dark border of longitudinal fibres by which it is now
bounded (%), the band of external arciform fibres (@) being pushed further for-
wards, and thinned off posteriorly more and more, to make way for the posterior
and anterior divisions of the aunditory roots, which presently make their appearance.

The eapui is penetrated by the vagus roots and studded with small cells, particu-
larly near the apex of the vagus nuclens, Tt is also connected with the restiform
body, and with the point of the anditory nucleus, by a network of cells and fibres,
and anteriorly with the remains of the antero-lateral nucleus.

The small cells of the olivary bodies have mostly disappeared, except in the
immediate vieinity of the raphé. Some cells are still persistent in the locality of the
antero-lateral nuclens, while further back and close to the ecaput a large group is
seen, the commencement of a colnmn which steadily increases as we ascend, its some-
what large cells being finally gronped together as the upper olivary bodies (Plates
XIIT, X1V, ). In (Fig. 7°) these cells as well as the remains of the antero-
lateral nucleus appear to be connected with the posterior portion of the hypoglossal
nucleus by radiating fibres.

(7.) Still higher up the principal changes consist in the gradual pushing forwards
of the vagns nucleus, which, as it is pushed towards the apex of the great triangular
mass formed by the fusion of the vagal, hypoglossal, and auditory nuclei, becomes
the nucleus of the glosso-pharyngeal. These changes have been well figured by
Stilling ( Teatur und Function der Medulla Oblongata.,  Erlangen, 1843, Taf. vii,
Figs. 1—6). The roots of the glosso-pharyngeal subdivide into many bundles in
their course through the caput; some seem to pass into the anditory nucleus, some
into their own proper nucleus, whilst some, especially in higher sections, reach for-
wards as far as the remains of the hypoglossal nucleus.

The restiform body is still further reduced in size by the dark border of longitudi-
nal and oblique fibres by which it is surrounded, which has now attained very con-
siderable breadth. The ofirary bodies have entirely disappeared, with the excep-
tion of a few quite large cells which still linger about the raphd near the olivary
commissure,
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fibres enter. The restiform nucleus (r, ) is very conspicuous and is entirely filled
with cells, some of which are quite large, and along its posterior border numerous
tufts of fibres and cells are pushed out into the restiform bedy (#). The post-pyra-
midal nucleus has become a fan-like expansion of cells and radiating fibres, quite
filling the post-pyramidal body (p). Both of these nuclei are traversed by the
arciform fibres, many of which originate from their cells.

(4.) In the sections next above (Figs, 19, 19°) we have a decided change in the
form of the eentral gray substance. The raphé (Fig. 197, ) is now completely
formed, and has pushed the central canal (¢) somewhat backwards; the posterior
fissure has almost entirely disappeared, and is reduced to a deep sulcus, while the
central gray substance is drawn out posteriorly in a very remarkable manner, until
it reaches the sulcus. Behind the central eanal, and nearly parallel with the sides
of the gray substance, are situated two elongated groups of oval and fusiform cells
(8), which are continued backwards until they nearly meet at the middle line,
forming the nuclei of the highest roots of the spinal accessory nerve, This nucleus
is somewhat bifurcated by bundles of longitudinal fibres which pierce its apex (),
and in the anterior spur some remains of the tractus intermedio-lateralis are still
persistent.

The cells of the antero-laieral nueleus (B) are very numerons, filling nearly the
entire antero-lateral columns, and serving to connect the anterior and posterior por-
tions of the medulla, by means of the arciform fibres which traverse this nucleus,
and in many cases enter its cells, the processes from which pass in every direction
transversely as well as longitudinally. This group is also closely related to the
olivary bodies, which are now quite fully developed as a compact coil of small cells
imbedded in a mass of fibres, situated on the lateral border of the pyramid outside
the hypoglossal roots.

The situation of the olivary bodies () with respect to the hypoglossal roots,
constitutes one of the most striking differences between the human medulla and
that of most of the mammalia, and is produced by the great development of the
pyramids, as well as of the olivaries themselves, in the human medulla, leaving
insufficient room for the hypoglossal roots to pass en the outer side, as is easily
done where the development of these bodies is comparatively so slight, as it is,
even in animals possessing so distinet olivary convolutions as the carnivora.

On the inner side of the hypoglossal roots, we find in man a large and elongated
group of cells (s) called by Stilling the great pyramidal nucleus, and considered by
him, together with the small pyramidal nuelei, noticed above, as the chief source
from which the fibres of the pyramidal column proceed. Although some of the
transverse bundles by which the pyramids are everywhere pierced, undoubtedly
arise from these cells, T entirely agree with Clarke' in considering this group (the
great pyramidal nucleus) as a portion of the olivary column, the peculiar structure
of which the cells assume more and more as we ascend, being often found in the
upper part of the medulla (Fig. 23%), arranged in a little convelution, evidently of
the same nature as the larger olivary lamina with which it is connected.

' Philos. Trans, 1838, 244,
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The anterior portion of the gray substance has become more compact, the little
wings, noticed in the sections just below, at the entrance of the hypoglossal roots,
have nearly disappeared, and the entire substance of the anterior cornua is filled
with large multipolar cells, constituting the nucleus of the hypoglossal.

On comparing Figs. 19, 197 from the human medulla, with Figs. 2, 27, from
about the same region in the sheep, the dissimilarity seems at first sight consider-
able. By a closer examination it will, however, be scen that the general plan is
quite the same, and we may consider the form of the human medulla, as resulting
from a greater concentration of parts around the central canal, together with the
much greater development of some portions, especially the pyramidal and olivary
columns, Here, as elsewhere, we see that if we should take the medulla of the sheep
on each side the middle line, near the point where the restiform nuclei approach the
posterior surface, and bring the two points towards each other, almost the same dis-
position of parts would be produced as is seen in the human medulla, making
allowance only for the greater development of certain cell tracts in the latter case,
as contrasted with the evident simplification of structural details in the sheep and
other of the lower mammalia.

(5.) As we approach the opening of the ecentral canal into the fourth ventricle,
the development of the cell groups seen below continually advances, till we reach
the level of the ealamus seriptoriuvs (Figs. 20, 207).

Just in front of the suleus forming the apex of the fourth ventricle (Fig. 207, w),
and on each side of the middle line, are seen the two tracts closely crowded with
large multipolar cells, constituting the hypoglossal nuclei (#), from which the root-
bundles of the hypoglossal (X7/) may now be seen radiating to the surface of the
medulla, between the pyramidal and olivary eolumns. The whole anterior and
antero-lateral substance contains numerous scattered cells and small cell groups, en-
tering everywhere into connection with the arciform fibres; the extremely compli-
cated arrangement of the fibres constituting this plexus has already been very
accurately described by Clarke (1858).

Little groups of cells are frequently found just at the entrance of the hypoglossal
roots into their nuclei, as also scattered along the raphd, serving to unite the dif-
ferent sets of fibres, transverse, arciform, and longitudinal.

The olivary convolutions () have attained a very considerable development, and
the small pyramidal nuclei (i) are likewise quite conspicuous, The antero-lateral
nuelei (B) have reached their maximum development, being separated into smaller
eell groups a little higher up. The ecaput (b) is large and distinct, and is
closely united to the restiform nucleus; they are both c¢rowded with cells, and are
connected with the external band of arciform and oblique fibres (a) by quite nume-
rous detached cell groups. At about this height the post-pyramidal and antero-
lateral nuclei seem to have reached their greatest development; the commencement
of the auditory ganglion, which is formed out of the substance of the first-named
nucleus, is seen in sections lying just above, while the anterco-lateral nucleus is con-
tinually encroached upon by the development of the olivary bodies.

(6.) In the next sections (Plates VI and XV, Figs. 21, 217) we have a still greater

development of some parts, with a corresponding diminution in others.
2
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The fypoglossal muclei (I7) are spread out into closely crowded clusters of large,
multipolar cells. The vagal nuclei (1) are considerably developed, and filled with
oblong, or obovate cells, the more posterior of which are now closely connected with
those of the post-pyramidal nueclei. It is in this posterior cell group (g), developed,
as Clarke has already pointed out,' from the substance of both nuclei, that the first
appearance of the auditory ganglion can be traced. The vagus nucleus is here
bifurcated, as that of the spinal accessory was to some extent, by large bundles
of longitudinal fibres ({). The restiform nucleus (r, ) has expanded into a large
mass of cells and fibres, nearly filling the entire restiform body and pushing the
caput cornu still further forwards,

The antero-laferal nucleus (B) has diminished in size, a few cell groups alone
remaining, crowded between the olivary body and the border of the caput; these
groups are still closely connected with the arciform fibres and probably serve to
co-ordinate distant parts of the medulla. A group formed at least partially from
the antero-lateral nucleus, is seen (Figs. 207, 217, n) arranged in a long layer close
to the border of the olivary lamina. This group, called by Stilling the accessory
olivary nucleus, is evidently similar in structure to the olivary lamina, as has already
been pointed out by Clarke, Its position and the number of its layers vary in
different sections, as well as in different specimens, and there seems no reason for
considering it as in any wise distinet from the olivary body.

At the junction of the restiform nucleus and eaput, a network of cells and fibres i1s
pushed out, extending to the border of the medulla (Fig. 207, @), where a large group
of cells is seen closely connected with the band of external arciform fibres; several
such groups are pushed out, either from the caput or restiform nucleus, and this
tendency seems to increase as we ascend, till the whole restiform body is filled with
a mass of more or less compact cell groups, reaching very nearly to the border of
the medulla (Figs. 21%, 227). The decussation along the raphg is very marked, and
scattered cells are everywhere found mingled with its fibres. The arciform fibres
interlace in a much more intricate manner than in the lower mammalia, and are
commected with numerous cells and eell groups, which serve either as starting-points
for new fibres or as co-ordinating centres.

(7.) In the sections just above (Figs. 22, 227) the principal changes are in the
posterior portions of the medulla, the anterior and antero-lateral parts undergoing
but little change. The Aypoglossal nucleus is still very large and prominent, the
nerve-roots (X/) winding in a serpentine course through a part of the olivary
lamina, but never entering into commumication with it, The great pyramidal
nucleus of Stilling (s) is here very distinetly seen, as well as the little elongated
lamina (n) situated just above the olivary body (accessory olivary nuclens of Stilling).

The vagrs nucleus ( 17) has now reached its maximum development; it appears
as a large elongated, pyriform mass, containing a group of densely crowded, obovate
cells. From it the vagus roots (X') may now be seen proceeding in several very
distinet bundles, traversing the caput comu, which consists of a compact mass of
cells connected together by wavy bands of fibres. The apex of the nucleus is quite

! Philos. Transactions, 1858, and Proceedings of the Royal Society, 1861.

S——
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deeply bifurcated by the longitndinal fasciculi spoken of above (1), and sends for-
ward one of its spurs into the substance of the post-pyramidal body. Between the
post-pyramidal nucleus and that of the vagus a new body has arisen, apparently
“developed ount of the substance of both nuelei. 'This new body (Fig. 22, 4), the
formation of which has been deseribed very aceurately by Clarke,' becomes the prin-
cipal nueleus of the auditory nerve, and is at first intimately connected both with
the post-pyramidal and vagal nuclei. It presents the usual pyriform or triangular
shape assumed by the other nuclei, and contains numerous scattered cells of varied
form and dimensions. It seems to be inserted like a wedge between the vagus
nucleus and that of the post-pyramidal body, the latter being partially blended with
it and partly pushed aside, and is already pierced to some extent by little bundles
of longitudinal fibres (m), appearing in the section as dark spots, which continually
increase as we ascend, forming eventually a very remarkable marginal network, con-
taining numerons cells, many of which are of large size, and embrace the longitudi-
nal fasciculi in all directions with their processes.

(8.) These changes are still more evident higher up (Figs. 23, 23%), and have been
exceedingly well figured both by Stilling® and Clarke®. The vagus nucleus (17) is
here rapidly thrust forward by the extension of the nucleus of the auditory, and
soon becomes the nucleus of the glosso-pharyngeal, which is simply an upward
extension of that of the vagus, between which and the glosso-pharyngeal it is
impossible to fix any definite boundary.

The remains of the hypoglossal nuclens are quite conspicuous, and the place of
the root is occupied by transverse, radiating fibres (X/1"), running apparently into
the hilus of the olivary body, but consisting mostly of obliquely ascending bundles
of hypoglossal roots which are eut off by the plane of section.

The nuclens of the auditory (A) 1s now considerably extended, and sends out a
spur or process into the post-pyramidal body, by means of which it is also brought
into connection with the restiform nucleus, as well as with the caput. The bundles
of longitudinal fibres (m) by which the auditory nucleus is bounded on its postero-
lateral margin, rapidly increase in size and number, and in the sections just above
(Figs. 24, 247), we find them arranged in a wide band or network along the outer
edge of the auditory nucleus, of which they constitute the outer portion (A'),
containing among the meshes of the network numerous very large multipolar cells.

(9.) The little nucleus of the glasso-pharyngeal is here seen (Fig. 24%, @) thrust
very far forward by the extension of the auditory nucleus, which guite overlies the
remains of the vagus nuclens; it is entered by the glosso-pharyngeal roots (LX) in
several distinet and wavy bundles.

In this part of the medulla (Figs. 24, 24°) the entire outline is changed from the
cirenlar or somewhat erescentic form presented below, to one much more elongated
along the posterior boundary; the restiform columns being drawn apart laterally
from the middle line or raph?, so that the nuclei which in the lowest part of the

— 27— i B — —— = ————

+ Philos. Transactions, 1858, and Procecdings of the Roval Soeciety, June, 1861,
i Medulla Oblongata.  Atlas, pl. vii, figs. 1—0
s Philos. Trans, 1858, pl. xvi, figs. 31, 32; pl xvii, g, 56
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Intermingled with the large multipolar cells are others presenting every variety
of form and size, obovate, stellate, and fusiform.

The larger cells measure on an average in their longest diameter, in the sheep
ths to g1 of an inch. In the cat % to ;}; of an inch. In the human medulla
@55 te g5 of an inch,

These cells ave collected into groups more or less distinet according to the region
in which they are observed, and are also connected by their processes in the same
manner as I have shown to be the case in the anterior cornua of the spinal cord,
though from the cells being so closely crowded together, the connections are very
difficult to trace satisfactorily.

The cell processes are sent ont in varions directions, both longitudinal and trans-
verse, their general course having been already described by Clarke.!  Some of them
go upwards to cells of the same nucleus, some run backwards and enter the neighbor-
ing spinal accessory, or vagal nuclei, or are eontinuons with the roots of these nerves;
a third set decussate at the rapht, and are either continuous with its fibres, or
cross over into the opposite nucleus, the two nuclei being thus brought into close
connection; whilst a fourth set pass out into the network by which the nucleus is
bounded anteriorly and antere-laterally, the network itself containing, as mentioned
above, very numerous cells of different form and size. Many of the cell processes,
especially those from the anterior part of the nuclens, are continuous with the
hypoglossal roots,

The courses pursued by these cell processes will be seen at a glanee to be strictly
analogous with the general direction which the cell processes follow in the anterior
cornua of the spinal cord,

The connection between the hypoglossal nuclei and olivary bodies, by direct
fibres and by numerous little eell groups scattered along the raphé and hypoglossal
roots, will be noticed in deseribing the olivary bodies and their accessory nuclei,

The Roots,—In man the hypoglossal roots enter between the olivary column and
the anterior pyramid (Plate VII, Figs. 25, 26, 27), penetrating the olivary body in
the upper part of the medulla in a serpentine course (Fig. 27), but never, so far as I
have been able to ascertain, entering into any immediate connection either with
the cells or fibres of the olivaries.

In most of the mammalia the plan is somewhat different, owing to the greatly
diminished size of the pyramids and olivary bodies, the latter being situated behind
the pyramids on each side of the raphd, allowing the hypoglossal roots to pass
outside of them (Plates I, 11, and XTII).

'The hypoglossal roots in man, after curving avound the border of the olivary
bodies, or penetrating them in one or more bundles, pursue a direct course to the
nucleus, the apex of which they enter; in the mammalia the course is the same,
with the single exception that they pass along the outer edge of the olivaries, and
only penetrate among the scattering cells near the extreme outer edge.

On reaching the nucleus the greater part of the fibres proceed directly inwards,
as do those of the anterior spinal roots, becoming connected with the large groups

! Philos. Trans. 1558
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of multipolar cells noticed above. The further course of the roots will be best
understood by reference to Plate X1, Fig. 40, representing a transverse section of the
hypoglossal nucleus, on a level with the vagus nucleus and just above the calanis
seriptorius. A portion of the fibres are connected with cells of the outer group (),
thus becoming united secondarily with the great bundles of fibres proceeding from
the vagus, by which the hypoglossal nucleus is bordered anteriorly (D). By far
the greater number, however, pass through these border fibres and cells, penetrating
the nuclens, until they reach the groups lying in the central and posterior portion ().
A few fibres may be seen to leave the bundles, either just before or soon after they
cross the border, and pass along with the latter towards the raphe, or else branch
out into the anterior columns and join some of the numerous bundles passing towards
the raph?, where they decussate with these coming from the opposite side (¢). It
is impossible to trace their further course.  Numerous fibres, often forming consider-
able bundles, may be seen either just as they enter the nucleus, or not unfrequently
in its central region, sometimes forming quite a sharp curve (m, m), and bending
back towards deeper lying cells, or towards the nucleus of the vagus, which some
fibres from the hypoglossal cextainly enter, forming a counterpart to the relation estab-
lished, as noticed by Clarke' and confirmed by my own observations, between some
of the hypoglossal roots and those of the spinal accessory.

The decussation of the hypoglossal roots, first pointed out by Killiker, has
recently been denied by Schriider van der Kolk. Kolliker® states that there is a
« total decussation of the roots of both sides, on the floor of the fourth ventricle, so
that those from one nucleus pass over into that of the opposite side.” Lenhossek® also
makes a similar statement with regard to the inner nerve bundles. Clarke' states
that fibres from the hypoglossal “bend inwards and decussate through the raph®
with their opposite fellows.”

On the other hand, Schriider van der Kolk,” after many investigations on different
animals, as well as on the human medulla, was able * to completely satisfy himself
that this nerve does not decussate, but is lost entirely in the hypoglossal nucleus,
being connected with multipolar eells by numerous fibres.” IHe states, however,
that the two nuclei are brought into connection by means of commissural fibres
crossing the raph and derived from the cells on each side.

The question is by no means an easy one to decide; my first attempts at solving
it led me to think that Schrider van der Kolk was right in his opinion, but in
going over the whole ground again with very great care, and examining specimens
from the medulla of man and various animals, prepared by different methods,” I
could have no doubt that some of the hypoglossal roots certainly decussate directly
at the raph, standing about in equal proportion to the main bundles as do those of

+ Philos. Transactions, 1858, 253, 253 ; pl. xvii, fig. 35.

# Mikroskopische Anatomie, 11, 459, 1 Nepe Untersuchungen, 32

s Philes. Transactions, 1858, 235, s Medulle Bpinalis and Oblongata, 1859, 97.

* Especially specimens hardened in chromic acid and made transparent by turpentine, this method
geeming to me decidedly the best for tracing the course af fibres,
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the anterior spinal roots which can be traced into the anterior commissure of the
spinal cord.

Some of the fibres of the hypoglossal roots, especially those lying along the inner
edge of the bundle nearest the raphé, turn off either just before or immediately
after they enter the broad band of marginal fibres, and pursuing the same course,
proceed towards the raphd, where they decussate with their fellows from the opposite
side. Schriider van der Kolk is undoubtedly right in his assertion that the great
loops of decussating fibres figured by Kiilliker, and named by Lenhossek ansa hypo-
glossi, are formed not from the hypoglossal roots, but by the band of border fibres
deseribed above, which he has clearly shown to be derived from the vagus, and as
he has also pointed out, this adds greatly to the difficulty of deciding the question.
Most of the fibres forming the hypoglossal roots undoubtedly penetrate deeply into
the nucleus, as maintained by Schriider van der Kolk, but a careful and repeated
examination especially with high powers, has convinced me that some of them turn
aside, and that a direct decussation exists of @ few at least of the root bundles. In
the cat, especially in the lower part of the hypoglossal nucleus, the course
pursued by the roots is very distinct, and quite numerous bundles may be traced,
accompanying the marginal fibres derived from the spinal aceessory to the raphé;
higher up the course is somewhat more obscure, as the band proceeding from the
vagus is so much broader and more prominent than that from the accessory.

The roots of the hypoglossal are brought into intimate relation with those of the
vagus, by means of a group of large multipolar cells, situated just within the mar-
ginal band of fibres proceeding from the vagus roots, by which the hypoglossal
nucleus is inclosed (Plate X, Fig. 37, Plate XI, Fig. 40, ). Most of these cells
are grouped together just behind the entrance of the hypoglossal roots, and thrust
out some of their processes into the anterior columns, embracing the longitudinal
columns, with some of the fibres of which they are perhaps continuous. They are
connected by the remaining processes with the marginal fibres derived from the vagus
(Plate X, Fig. 37, B), and with the hypoglossal roots (4), and also send fibres for-
ward which decussate at the raphd. This group further serves to connect the mar-
ginal fibres with the deeper lying cell groups in the hypoglossal nueleus.

The hypoglossal and spinal accessory roots are also connected by a corresponding
group, but the cells are comparatively few in number, which may probably be
accounted for partly by the different respective situations of the nuclei; that of
the spinal accessory lying so much more behind the hypoglossal, a more direct
conmection is doubtless established between them, as is the ecase between the
anterior and posterior cornua of the spinal cord. T have however had no difficulty
in making out the little group connecting the hypoglossal with the accessory in the
human medulla, and in the cat it is very distinet, containing cells qu:ifr: large and
compactly arranged.

The lowest roots of the hypoglossal are so precisely similar in arrangement and
connection to the anterior spinal roots, as to render it somewhat difficult to mark
with precision the limit between the highest cervical nerves and the commencement
of the hypoglossal,
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smaller than in the dorsal region ; the majority are scarcely larger than those in the
middle of the gelatinons substance; buta few of superior size are unequally scattered
amongst them. Above the cervical enlargement the dark masses present nearly the
same appearance as in mammalia, but they are rather paler, and the cells they con-
tain are of smaller size.” (L. c., 450.)

The existence of the tractus intermedio-lateralis was first pointed out by Clarke
in 1851, and described by him subsequently with great accuracy and detail (1859).
This tract, which is situated on the lateral border of the gray substance just at the
junction of the anterior and posterior cornua, is said by Clarke to gradually disap-
pear as it ascends through the cervical enlargement, a few scattered cells remaining,
which resemble those of the tractus intermedio-lateralis.

“In the upper part of the cervical region, a similar but somewhat larger tract
reappears in the same situation, and projects in the same way into the lateral
column. It increases in ascending to the third pair of nerves, This tract is tra-
versed by several roots of the spinal accessory nerve, in their course forwards to the
anterior cornu, and contributes with the edge of the posterior cornu to form a
beauntiful network in the lateral column, through which the nerve enters. There
is reason therefore to believe that this tract forms a part of the tractus infermedio-
lateralis. In the sheep and ox, and probably in all mammalia, a peculinr group of
cells, which is traversed by the roots of the spinal-accessory nerve, is found in the
same situation; and this group in ascending the medulla oblongata, retires inwards
to the space behind the canal, and there confributes to form the nucleus which
gives origin to the highest roots of the nerve.™

The changes which the posterior vesicular columns and the tractus intermedio-
lateralis undergo, are very well illustrated in the cat, the two groups being more
plainly distingnishable, and their relations more distinetly marked than in any other
animal I have examined. At a point near the 2d or 3d cervical nerve, a very dis-
tinet, dark, oval mass of cells is seen (Cervicalkern of Stilling)® situated rather
further inward than the posterior vesicular column in the upper part of the cervical
enlargement, but so closely resembling it in form and general relation to the sur-
rounding fibres, that no doubt can exist of this group being an upward extension
of the column. Along the posterior edge of the cervix will be noticed numerous
scattered cells. The tractus intermedio-lateralis in this region is very distinet, and
is continued outwards along the course of the spinal accessory, forming a projecting
mass of gray substance, and is brought into close relation with the longitudinal
fasciculi by which the cervix and caput are separated. In the wood-cut, Fig. 2,
showing the posterior cornu a little higher up, the group representing the poste-
rior vesicular column is larger, but rather less distinctly circumseribed (a); it is
closely connected with the tractus intermedio-lateralis (f), the cells of which are
very numerous, and are continued along the lateral edge of the cervix around the

t Philoz. Transactions, 1859, 451, alsa 458,

ANl these facts have been verified by my own observations, but ns they were already so excellently
glated by Clarke, I have preferred to give them in his words,

8 Nene Untersuchungen. Description of pl. iv.
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A moment’s reflection suffices to show that by this means a relation is at once
established between the nerves of the posterior columm of the medulla and the
posterior spinal roots, and that the plan in both is precisely similar, although the
arrangements of parts may at first sight seem to differ. The analogy between the
upper roots of the spinal accessory, vagal and g]us&o-phar}'ngcq] nerves and the
posterior spinal roots seems to be perfeet; they traverse the caput cornu, and are
connected with cell groups which completely correspond with each other, if not
in all respects identical, and this analogy is still further established by the relation
they form with the motor roots, as we have already had occasion to notice.

Having noticed the relation between the nuclei of the posterior cornua of the
spinal cord and those of the medulla, it remains to add a few words with regard
to the passage into the medulla of the very interesting columns of longitudinal
bundles, which in the cervical region of the cord are shown to be so intimately
connected with the tractus intermedio-lateralis, The sitnation of these bundles in
the spinal cord is well seen in the wood-cuts, Figs. 2, 3, 4. In Plate X111, Fig.
1%, 7, the same column is seen, situated close to the entrance of the spinal accessory
roots; higher up these bundles are situated just behind the entrance of the roots,
and continually increase in size as we ascend (Figs, 3°, 4°, 197, 20r, 217, 227, till
the vagus nucleus has reached its greatest development, from which point upwards
they gradually diminish and finally disappear, being replaced by a similar collection
of longitudinal fasciculi, which are developed behind these in the substance of the
post-pyramidal and posterior portion of the vagus nucleus, and stand in close con-
nection with the outer portion of the nucleus of the anditory.

The longitudinal colummns in connection with the vagus and spinal accessory
nuclei have been noticed by Stilling, Schriider van der Kolk, and Clarke, and appear
from their connection in the medulla with the centres, as well as with the anterior
and posterior cornua in the spinal cord, to be intimately concerned in co-ordinating
and bringing into harmony the different respiratory movements.

The connections of these fasciculi with different parts of the medulla are very
striking ; as I have shown in various places in the present memoir, they con-
stantly penetrate the meshes of a network of cells and fibres, many of these eells
being of very considerable size, embracing the bundles with their processes, and in
many cases becoming continuous with them, while, on the other hand, some cell
processes are sent transversely in all directions, many of them entering the nuclei
(vagal and spinal accessory). It is chiefly in this way, I think, that connection
is brought about between the roots and the longitudinal columns, for I have not
been able to find any direet communication between them, notwithstanding the
assertion of Schrider van der Kolk.! On the outer side of the longitudinal column
in the direction of the caput, many cells are found, some of very large size, serving
to connect the column with the caput, through the substance of which fibres descend
from the trifacial. The opposite columns are brought into commissural connection
by means of radiating fibres, some of which join the marginal bundles passing around
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the border of the hypoglossal nuclens and decussating at the raph?, while others
pass backward along the floor of the fourth ventricle.

In the following paragraphs Clarke has pointed out very clearly some of the
connections established between the tractus intermedio-lateralis and the respiratory
tract above, * It has been seen that the cells of the tractus infermedio-lateralis are
elongated with their processes in a longitudinal direction, and reached by both the
posterior and anferior roots of the spinal nerves, and perhaps by the spinal accessory ;
that the latter nerve extends forwards to the cells of the anderior cornua, which
also send some of their processes longitudinally, and are reached by the posterior
roots. Moreover, I have in another memoir shown that, while one portion of
the upper roots of the spinal accessory nerve and one portion of the vagus roots
proceed inwards to their respective nuclei belind the canal, other portions of both
bend forwards to the vesicular networle indo which the anterior cornu has beeome
resolved. Again, 1 have shown, in the same memoir, that some of the roots of the
trifacial nerve descend longitudinally through the caput cornu, between the transverse
roots of the vagus ; in which course they are probably brought into connection with
the respiratory centres, and perhaps also, like the vagus, with the anterior gray
substance of the medulla. These extensive and intimate connections seem to afford
an explanation of the mechanism by which impressions made on the vagus and on
the incident fibres of the trifacial and spinal nerves, may call into action the whole
class of respiratory muscles; and if the tract which 1 have just described in the
upper part of the cervical region be continuous, as it probably is, with the tractus
intermedio-laferalis, which is reached by the dorsal nerves supplying the intercostal
and other respiratory muscles of the trunk, the explanation in question will be
still more complete.”" If to these facts, all of which I have had abundant oppor-
tunity to confirm most thoroughly, we add the connections pointed out above of the
vagal and spinal aceessory nuelel with the longitudinal columns, which are un-
doubtedly continuous with the longitudinal fasciculi in the spinal cord separating
the cerviz and caput eornu, and standing in close connection with the cells of the
tractus intermedio-lateralis, from the upward extension of which tract the spinal
arcessory and vagal nuelei themselves were shown to be partially formed, we have a
series of very extensive and highly interesting connections brought about, the
physiological importance of which is at onee obvious, though it does not fall within
the province of the present communication to do anything more than simply to call
attention to them,

My own observations thoroughly confirm all the important facts pointed out by
Clarke and Schrider van der Kolk, only differing from the latter in some of the
minor details. The main point, however, I consider completely established, that
the respiratory centres are brought into commection with descending fibres from
the trifacial, forming together @ system of descending longitudinal fasciculi connected
with columns of cells, continuous with those in the cervical and dorsal vegions of the
spinal cord, and thus connected with both anterior and posterior cornua, serving
to bring into action a serics of movements, both direct and reflex, the importance
of which can hardly be over-estimated.

— —ee

i Philos. Transactions, 1859, 4al.






HUMAN AND MAMMALIAN,. 26

ingly numerous, especially in the anterior portion of the nucleus, where they are
very closely crowded together. The larger cells are found chiefly in the anterior
and antero-lateral portions, in the neighborhood of the hypoglossal nucleus and
near the entrance of the vagus roots; those lying further inwards, more especially
in the posterior and postero-lateral portions of the nucleus and in the neighberhood
of the caput cornu and post-pyramidal nucleus are mostly guite small and are oblong
or fusiform in shape.

The cells measure as follows, the measurements being made on their longest
diameter and as near as possible to the point where the nucleus attains its greatest
development. In the medulla of the sheep, the cells in the anterior part of the
nucleus measure from 4}, to 14 of an inch, and in the posterior portion 45 to
so%s of an inch. In man {54 to 31 of an inch, the smaller cells measuring
not more than ;3%5. In the cat, about ;% of an inch.

The group of cells represented in Plate X, Fig. 38, is from the anterior portion
of the vagus nucleus; V¥, the bundle of vagus roots, many of which pass inwards to
the cell group. Intermingled with the larger cells are very numerous smaller ones,
and many of exceedingly small size with numberless single nuclei (not represented
in the figure) are found scattered throughout the entire substance of the nucleus.
1t is quite impossible to determine the nature of these very small cells; they closely
resemble those found in the posterior cornua of the spinal cord, and some of them
are probably fragments of larger nerve cells, or cells which are still undeveloped,
whilst many doubtless belong to the connective tissue.

The cell processes pass out in various directions, both transversely and longitudi-
nally; many of them are directly continuous with the nerve roots, whilst others run
in the direction of the neighboring hypoglossal nucleus, and are continuous either
with processes from its cells, or with the nerve-roots themselves (4, 4), thus form-
ing connections analogous to those which I formerly demonstrated between the
anterior and posterior cornua of the spinal cord.'! A third set send their processes
transversely into the antero-lateral columns, embracing the numerous longitudinal
fascieuli which pass upwards in the bifurcation of the nucleus. Many cells
serve also to conmect the nuelens with the caput comm, establishing thereby
a possible relation between the vagus and the trifacial, the nucleus of which
has been shown by Clarke to send descending fibres into the numerous longitudinal
bundles by which the caput is pierced, a statement which I have been able thoroughly
to verify. Other processes pass backwards, and serve fo connect the roots as well
as the anterior portions of the nucleus with the deeper lying parts, and also directly
or through the intervention of cells, with the post-pyramidal and restiform nuclei.

As mentioned above, the vagus nucleus scems to consist of two more or less dis-
tinct portions (Plates XIII, X V). The anterior portion, divided from the !;msteriﬂr
by the great bundles of longitudinal fibres (1), is for the most part occupied by a
very large and closely erowded group of cells (1) with which many of the vagus
roots are connected ; the posterior part of the nucleus contains but very few cells,
mostly of exceedingly small size, its substance being chiefly made up of fine fibres

1 Memoirs of the American Academy, 1861, 10.
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crossing each other in every direction, intermingled with nuclei and granules, and
forming an inextricable web closely resembling the structure of the substantia
gelatinosa in the spinal cord.

The union of this portion of the nuclens with the post-pyramidal and restiform
nuclei appears to be very intimate, numerous fine fibres passing between them,
Along its apex fibres also pass forwards, some winding among the longitudinal
bundles, others curving around and becoming arciform fibres, whilst quite a large
tuft pass anteriorly into the caput cornu. Some fibres uniting with bundles
which apparently turn off from the nerve-roots, loop around the longitudinal
fasciculi in every direction, forming a network of fibres containing a few cells, and
closely resembling the network formed around the numerous longitudinal bundles
in the neighborhood of the tractus intermedio-lateralis as figured by Clarke in the
cervical region of the spinal cord.' This network is continued anteriorly and antero-
laterally out towards the caput, and backwards towards the restiform body.

From the postero-lateral or intermediate portion of the nucleus, we have the
following classes of fibres produced. 1st. Bundles which proceed from the interior
portion and pass directly outwards as radiating fibres, winding among the longitu-
dinal bundles or turning off with the arciform fibres. 2d. Bundles which turn off at
a more or less acute angle and pass forwards to join the bundles decussating at the
raphd. 3d. Very numerous bundles serving to conmnect the nucleus with the post-
pyramidal and restiform nuclei, and with the eapuf cornu. 4th. Fibres joining
cells in the anterior portion of the nueleus.

Along the back of the nucleus constant indications are met with of single fibres
and bundles cut across by the plane of section, many of which are evidently ascend-
ing bundles ; some of them turning off from their longitudinal course and passing
through the nucleuns as transverse fibres, serve probably to connect various parts of
the nucleus with the lower portions of the medulla.

The nucleus is bordered posteriorly by a thick band or commissure of fibres,
which is especially distinet in the upper regions of the medulla; some of its fibres
turn downwards and others upwards, but quite a regular band may be traced along
the posterior border of the hypoglossal nucleus to the raphe, where it meets and
decussates with a similar band coming from the nucleus of the opposite side, not
only serving to connect the posterior portions of the vagal nuelei, but also co-ordi-
nating to some extent the post-pyramidal and restiform nuclei.

The Roots—Clarke has given a very accurate, though brief, description of
the general course pursued by the vagus nerve? As stated by him, the bundles
pass through the caput cornu on their inward course, penetrating the longitudinal
fasciculi derived from the root of the trifacial which are inclosed in its substance.
1 have not, however, been able to trace any direct communication between them, the
roots of the vagus passing directly onwards, pursuing apparently an unbroken course.
Stilling® states that the roots of the vagus pass both before and behind, as well as

1 Philos. Trans, 1859,
% Philes. Transactions, 1858, 253.
# Medulla Oblongata, 87,
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through the substantia gelatinosa, and this is perhaps true in the lowest sections
(Fig. 37), in which it is, however, probable that the roots passing in front of the
caput cornu are the uppermost of the spinal accessory. In sections higher up, all
the roots penctrate the caput, a circumstance which Stilling was the first to point
out as proving the resemblance between the vagus and posterior spinal roots.

The roots of the vagus enter the anterior spur of the nucleus, just in front of the
great bundles of longitudinal fasciculi, which separate it from the posterior process,
their fibres being distributed much on the same plan as those of the accessory,
Their course can be studied in Plates X, XTI, Figs. 38 and 40. A portion of the
fibres belonging to the great bundle of roots (1), enter deeply into the nucleus,
becoming sooner or later united with cells which are very numerous and much
erowded together (Plates XTIT, XV, 3% 47, 69, 217, 22%). Another portion of the
roots, as will be seen in Fig. 40, turn backwards and pass out among the longitu-
dinal bundles (H), or form loops around them, while some pass still further back
into the posterior spur. Of the bundles which pass forwards, without entering the
cells of their own nucleus, Clarke makes the following statement: “ A separate
bundle turns inwards, and after sending forwards in succession a number of single
returning fibres, which wander through the network of the lateral column, proceeds
through the side of the hypoglossal nucleus, where its fibres mingle with those of
the hypoglossal nerve—I may almost affirm that some at least are continuous with
the cells. Such is the course I have repeatedly observed in man; and in the sheep
and ox I can show, without any difficulty, that while some of the fibres of the last
mentioned énner bundle are apparently continuous with those of the hypoglossal
nerve, others pass inwards to decussate at the raphd.”™

On the other hand, Schriider van der Kolk® has endeavored to show that there is
no direct decussation either of the sensitive or motor nerve roots of the medulla,
but that the decussation of both is produced through the intervention of eclls.

This statement is, I think, incorrect in regard to the spinal accessory and vagus
roots, the course of which T have had repeated opportunity of studying in very many
specimens, both from the human medulla and that of various mammals.

The course of the spinal accessory roots has been deseribed and figured with
very great accuracy by Clarke,® with whose observations my own have agreed very
fully,* proving to my entire satisfaction, that while a part of the roots enter the
nuclens and proceed directly towards the cells, quite a large bundle turns forwards,
and passing in front of the hypoglossal nucleus, for the most part without entering
cells, decussates at the raphé with a similar bundle from the opposite side,

The same is true of the vagus roots, but here the bundles turning forward to
decussate are much larger and more conspicunous than is the case with those proceed-

t Philos. Transactions, 1858, 253—4.

* Medulla Spinalie and Oblongata, 96, 185.

» Philos. Transactions, 1858, pl. xviii, fig. 35.

s A gketeh drawn from one of my own specimens was o exact a reprodoction of Clarke's figure in
all important particulars as to render the publicution of it, ez well az of my own observations on the

conrse of the spinal accessory roots, quite snperfluons.



28 GRAY BURSTANCE OF THE MEDULLA OBLONGATA.

ing from the accessory. A glance at Figs. 38 or 40 will show large bundles of the
vagus roots taking this course, and the same is also true in the human medulla,
where this course is very evident, though perhaps not quite so distinetly made out
as in the sheep.

These large bundles turning forwards from the vagus roots, appear to be com-
posed of fibres which may be divided into three classes according to the course they
pursue while passing towards the raphé. 1lst. An uppermost layer (I'late XI, Fig.
40, D), which passing along the edge of the hypoglossal nuclens for a short distance
and then turning outwards, pursue a wavy course among the longitudinal bundles
of the antero-lateral and anterior columns; some of them may be traced to the
raph (), while many of them are soon lost sight of. 2d. The next set pass along
the hypoglossal nuelens, forming a complete marginal border; the fibres cross the
hypoglossal roots with which they frequently interlace, and proceeding onwards
still along the edge of the nucleus, are sometimes joined by a few fibres from the
hypoglossal roots which they accompany to the raphe. (See page 16.) 3d. Thisset is
composed of the deepest lying fibres; these pass through the hypoglossal nucleus
at various depths, many as far back as the middle of the nucleus, and some even
through its posterior portion. Some of the fibres composing the two last sets enter
cells in the hypoglossal nucleus, and are thereby brought into indirect relation with
the hypoglossal roots, (Fig. 38.)

The further course of the fibres after decussating is not easy to make out, and
although I have carefully studied very many specimens in the endeavor to ascertain
their destination, I can only briefly state that while many are immediately lost sight
of in the anterior columms, some are seen passing along the raphd anteriorly for
some distance, soon, however, curving outwards into the anterior portion of the
medulla, probably becoming longitudinal fibres. A few seem to bend backwards,
and pass along the raphd posteriorly, either entering the hypoglossal nucleus, or
passing still further backwards towards the posterior commissure of the opposite
side, along which they may sometimes be traced,

The posterior commissure, or marginal border of fibres forming the floor of the
fourth ventricle, is chiefly derived from the posterior portion of the vagus nucleus,
though occasionally reinforced by fibres from the nucleus of the hypoglossal, 1
have had repeated opportunity of verifying the truth of Clarke’s statement quoted
above (p. 27), in regard to the connection of cells in the hypoglossal nucleus with
fibres derived from the vagus roots, as well in the human medulla as in various
animals.

A very remarkable cell group located just at the point where the marginal
bundles passing forwards from the vagus cross the hypoglossal roots, intended
apparently to connect the two, in the same manner as the anterior and posterior
spinal roots are united, has been described in the section on the h}rpaglnssnl Toots,
(p- 16.)

Tt is a question of great interest to ascertain, if possible, whether, as is the case
with the spinal roots, any of the vagus fibres are diveetly continuous with those of
the hypoglossal, but it is extremely difficult to decide this point with aceuracy. 1
have repeatedly thought that 1 could make out a direct continuity between single
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the summit of the antero-lateral column, and passing through the most anterior and
largest cells, sends forward a series of returning loops, first through the antero-pos-
terior bundles along the inner border of the caput cornu posterioris, and then in
succession throngh the network of the lateral column as it makes its way towards
the raph; but in this course its fibres lie side by side with those which have been
already described as proceeding from the anterolateral colummn to decussate
through the raphd with their opposite fellows, so that it becomes almost impossible
to identify them and ascertain if they share in the decussation; that they do so,
however, is rendered extremely probable by the fact that in birds all the fibres of the
eighth pair of nerves, of which the highest correspond to the glossopharyngeal, may
be distinetly seen to decussate through the rapht, after passing through and around
their nuelei.™

In the cat the conrse of this anterior bundle is very distinctly scen, and T have
several specimens showing the anterior division as it passes along the margin of the
nucleus towards the raph?, where it decussates with a similar bundle from the other
side. As the bundle turns forwards at the apex of the nucleus, it gives off a few
filres which enter among the cells, some of which they undoubtedly join, and in its
course along the border of the nucleus, a few fibres are seen at intervals turning
inwards towards the deeper lying eells, while on the outside of the bundle fibres
constantly turn off, forming loops or joining the numerous radiating fibres which
everywhere penetrate the anterior and antero-lateral columns; a part of these pass
across the anterior columns to the raph® with some of the radiating fibres, but most
of them are soon lost sight of, and probably pass upwards with the longitudinal
fasciculi, A portion of the middle roots may be traced forwards, as stated by
Clarke, to the group of large cells occupying the place of the faseiculus teres and
representing the continuation of the hypoglossal nucleus; and fibres are also seen to
turn off from the anterior bundle towards the same group.

In the cat the decussation at the raphd is very distinct, quite as much so as in
the case of the vagus; but in the sheep and especially in man, I have had much
difficulty in tracing the course of the anterior bundle, for the reasons which Clarke
has given in the passage quoted above. In the cat, however, the entire course of
the glossopharyngeal roots is very distinet and easily made out.

In Plate IX, Fig. 33, the upper roots of the glossopharyngeal may be seen pass-
ing through the caput cornu in the medulla of the cat. Plates 1T and X1V, Figs.
8, 87, from the sheep, and Plates VI and XV, Figs. 24, 24%, from the human medulla,
also illustrate the course and appearance of the glossopharyngeal roots.

Schrider van der Kolk has supposed that a connection exists between the trifacial
and glﬂssuplmryugcuh from the fact that the latter passes through the caput, but as
in the case of the vagus, I have found no evidence of any direct communication
between the glossopharyngeal roots and the bundles which descend through the
eaput from the fifth nerve. '

1t Philos. Transactions, 1353, 255,
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which they appear to be closely connected. In longitudinal sections, the lower
portion of the olivary column presents a similar appearance, consisting of successive
layers of scattered cells, separated from each other by thick bundles of transverse
fibres, penetrating the column in every direction. Higher up, the cells are more
and more compactly arranged, soon becoming collected into a convoluted lamina,
the form of which has so often been drawn and described.

The principal changes in the general form of the olivary bodies are well shown
in Plates VII and XV, In Plate VII, Fig. 25, a scction is seen soon after the full
development of the convolution is attained, at a point just above the opening of the
fourth ventricle, some additional details being given in Plate XV, Fig. 20" The
olivary body, which in the preceding figure, 19, consisted of a closed convolution
in the centre of a large fibrous mass, is now an open series of folds, with very
numerous transverse fibres radiating towards the centre or hilus, across which
the hypoglossal roots pass; the fibrous mass within and around the lamina still
however predominating. Tn Fig. 26, Plate VII, the convolutions have become
much deeper and closer, the course of the fibres proceeding from the interior is
much more distinet, and many of them may now be seen passing divectly forwards,
towards the raphé, where they decussate with their fellows from the opposite side,
forming a commissure between the two olivary bodies. In this course they are
joined by numerous arciform fibres, which everywhere surround and penetrate the
olivaries, forming an exceedingly complicated plexus radiating from the posterior
portion of the medulla.

From this stage upwards, the principal changes consist in the rapid inerease
in number and size of the econvolutions, which soon occupy nearly the entire
mass of the olivary column (Plates VII and XV, Figs, 27, 28, 99 28a 040y, In
the outline figures (Plate XV) I have merely attempted to indicate the relation of
the arciform fibres to the lamina, these fibres forming so intricate a plexus as they
pass throngh the convolutions of the lamina, either joining cells or passing onwards
towards the decussation at the raphd, that anything more than the merest indication
of their conrse would have required the use of many additional figures on a much
larger scale than those given.

In the neighborhood of the olivary bodies will be noticed several smaller nuclei,
occasionally assuming the convoluted form to some extent. These bodies, called by
Stilling* the accessory olivary nucleus (Oliven-Nebenkern) and larger pyramidal
nueleus (grosser Pyramiden-Kern), have been shown by Clarke’ and Schrider van
der Kolk® to be similar in strueture to the olivaries, and are undoubtedly groups
of similar cells, more or less removed from the main body, but identical in structure
and relations. Moreover, as Schriider van der Kolk has pointed out, the so ealled

* Figs. 20, 20* and 25 are from the same section; Fig. 26 is from a section a very litile higher
than Figs. 21, 21*; Fig. 27 is also from a section a little higher up than Figs. 23, 23% bot they may
be regarded as representing substantially the same level ; Figs. 23, 23%, and 25 are from the same
geetiom.

8 Medulla Oblongata, 30, 31. * Philos. Transactions, 1858, 243,

¢ Medulla Oblongata, 133
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pyramidal nucleus is not everywhere isolated, but, on the contrary, as will be seen
from my own figures (Figs. 217, 22", 23", 247, 5), is in some places closely connected
with the lamina and in others separated from it, while in some cases it is divided
into three or four little groups, some of which, though doubtless connected more or
less with the pyramids, are still evidently offshoots from the olivary lamina. The
accessory olivary body of Stilling seems to be a sort of intermediate group between
the cells of the antero-lateral nucleus and the olivary lamina, and in sections from
the upper part of the medulla (Figs, 237, 247) it is replaced by the cells of the former
nucleus and by large multipolar cells lying in the same situation.

As we ascend towards the pons, the hilus of the olivary bodies becomes succes-
sively more and more eontracted, the folds of the lamina increasing somewhat in
depth, but diminishing rapidly in number, until, finally, the lamina is reduced to
much the same state as at its outset, becoming a closed coil of cells and fibres, which
spon entirely disappears, leaving only a few scattered cells to mark its situation in
the antero-lateral network which is now much encroached upon by the rapidly
increasing fibres of the pons Varolii.

The cells of the olivary lamina are quite small, measuring abouty % to 45 of
an inch, agreeing very closely with Clarke’s measurement (y455—q¢%);: they are
very numerous and are quite uniform in size. My measurements of the average
thickness of the lamina vary much in different specimens, the smallest measure-
ment being about . 1; of an inch, and the largest J; of an inch; in the same
medulla T have however found but very little variation, either in longitudinal or
transverse sections.

Each olivary body is joined to its opposite fellow by a transverse commissure of
fibres decussating at the raphé, by means of which they are brought into very close
connection, as has already been pointed out by several authors. These commissural
fibres may be well seen in Figs. 25, 26, 27, and 28, and especially in Fig. 29, but
1 have nowhere found such a strongly marked band without any intermingling of
longitudinal fibres, as is represented by Lenhossek,! and T cannot fail to agree with
the criticism of Killiker® on Lenhossek’s description of the olivary commissure.
The fibres which serve to connect the olivaries, are for the most part as stated by
IKalliker, a direct continuation of the inner bundles of arciform fibres, which, as was
shown above, penetrate the olivary lamina at varying angles, a portion entering
cells, and the remainder forming a most intricate and complicated plexus with the
fibres derived from the cells of the lamina. Both of these sets of fibres, viz., those
entering cells and those passing among the cells, are, many of them at least, continued
forwards towards the raphd, forming a very beautiful network around the numerous
longitudinal bundles which pass upwards in the anterior part of the medulla on
cach side of the median line. Some of these fibres turn upwards, accompanying
the longitudinal bundles, but very many of them may be seen to decussate at the
raphd, forming a commissural connection between the opposite sides of the medulla.
At the same time, however, it must be borne in mind, that while some of these
decussating fibres do undoubtedly originate in the cells of the olivary lamina and

! Neue Untersuchungen. Wien, 1354, pl. ii, fig. 2. * Gewebelehre, 18632, 320,
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form a true olivary commissure, they are constantly accompanied by the arciform
fibres, which here, as elsewhere, decussate in so great number, connecting the vari-
ous parts of the medulla with those of the opposite side.

Schrider van der Kolk' and Lenhossek® have deseribed at considerable length a
large and well marked bundle, called by the latter « pedunculus olive,” sexving to
connect the olivary body with the hypoglossal nucleus, with the roots of which it
is nearly parallel. «These fibres arise from the gray substance of the olivary body,
and form a tolerably large bundle, which does not differ much in thickness from
the roots of the hypoglossal, and which we can follow uninterruptedly into the
nueleus of this nerve. The fasciculi in question appear not to perforate the olivary
body, as they do not appear on the other side; but they arise, as can be easily
shown, from the ganglionic cells of the olivary body itself. They pass through
the hilus, and are collected in bundles, which run into the hypoglossal nucleus.”™ 1
have nowhere been able to find such bundles as are figured by Schrider van der
Kolk (op. eit., Fig. 14, Plate v), or by Lenhossek (ap. cit., Fig. I, Plate ii), with
their fibres spreading out like a brush into the hilus, my own observations on this
point being very closely in agreement with those of Killiker.! As stated by him,
the roots of the hypoglossal do not always run in front of the olivary bodies, but
frequently penetrate the lamina at a greater or less depth, and often pursue a wavy
or zigzag course before emerging (Figs. 26, 27, 217 29%). It of course often hap-
pens that such bundles are cut off, and may easily be mistaken for fibres originating
in the hilus, and when we take into consideration the slightly ascending course of
the hypoglossal roots, which may be easily demonstrated in longitudinal sections,
the probability becomes very great that the bundles seen in the upper part of the
medulla apparently terminating in the hilus (Figs. 22 247) are mainly cut off bun-
dles of hypoglossal roots which emerge lower down.®

"The fibres from the hilus and from the cells of the lamina pass in every direction,
both forwards towards the raphe, and transversely towards the posterior portion of
the medulla, contributing te form the very beautiful and complicated network with
which the entire anterior and antero-lateral portions of the medulla, between the
nuclei on the floor of the fourth ventricle and the olivary bodies, is filled. The cells
found in this network are mostly single, though sometimes collected into little
groups which serve to unite the distant parts of the medulla, and seem especially
intended to connect the olivary bodies with the hypoglossal nuclens, perhaps also
with that of the spinal accessory, though I have never been able to trace any direct
communication between this and the olivary column, notwithstanding the assertion
of Schriider van der Kolk.

At points where the hypoglossal roots eross the olivary lamina, it becomes very
difficult to decide whether or not any conncction is brought about between the

t Medulla Oblongata, 164. # Nene Tntersuchungen, 34.

» Schrader v, 4. Kolk, L e 184 s (Fewehelehre, 1862, 321,

# This opinion is further confirmed by the figures given by Stilling and Clarke, in which no such
bundles as are represented by Lenhossek are to be found, (See Stilling, Medulla Oblongata, pls. v and
vi, and Clarke, Philos. Trans. 1858, figs. 29, 30, 31, 82, and especially fig. 36.)
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nerve-roots and the cells of the lamina; processes from the cells cross the root-bun-
dles in every direction, and I have occasionally been able to trace fibres derived from
these cells, running parallel to the roots and apparently accompanying them for
some distance towards the nucleus, but 1 have never been able to satisfy myself
that there is any direct connection between the hypoglossal roots themselves and
the cells of the olivaries, not even where the roots pass directly throngh the lamina.

The fibres derived from the hilus, or even from the cells of the lamina, which 1
have been able to trace continuously for any considerable distance in a course
parallel with the hypoglossal roots, are very few in number, not at all corresponding
to the very large bundles represented by Lenhossek, which had they existed could
hardly have escaped the observation of Stilling and Clarke. That the hypoglossal
nuclei are, however, connected to some extent with the olivary bodies, by fibres
and by the network of cells in the anterior part of the medulla, admits 1 think
of no doubt, and will be still more evident when we examine presently the
arrangement of these cell groups in the medulla of the sheep.

In longitudinal sections the olivary bodies present a very beantiful appearance,
the convolutions being compact and numerous; this is especially evident in Fig.
30, Plate VIII, representing a longitudinal section throngh the olivary body, in a
direction nearly parallel to the hilus. A series of such sections presents several
striking points; in the outermost, the convoluted lamina has the appearance of a
closed cirele or ellipse, from which various other foldings radiate, filling up the
whole interior, but as we approach the hilus, the lamina opens at the bottom (Fig.
30), into which some of the great bundles of longitudinal fibres turn, often quite
abruptly, radiating in every direction towards the centre of the olivary body. At
different heighis small bundles of longitudinal fibres turn off from the main bundles,
running some upwards and some downwards towards the convolutions, which they
often cross, proceeding towards the interior, thongh not unfrequently joining cells
of the lamina.

In sections cut at right angles to the raphd (Figs. 31, 32), the appearance is some-
what different. Near the surface of the olivary body (Fig. 31), the longitudinal
columns are seen ascending on each side of the raphe in a perpendicular course,
in the midst of which the olivary body seems to be thrust, as it were, the folds of
the lamina branching off from a stem of transverse and oblique fibres, like the
branches from a tree; nearer the centre of the olivary body (Fig. 32) the folds of
the lamina are very distinetly seen, and as the plane of section has in this ease gone
somewhat obliguely across the thickest portion of the convolutions, the lamina
appears nearly donble the thickness of that in Fig. 30, though these two specimens
were from the same medulla,

In longitudinal sections made in this direction, the internal arciform fibres
pursuing a course at right angles to the raphd (Fig. 29) can often be traced for a
considerable distance, and may plainly be seen curving upwards and downwards to
become longitudinal fibres, just as the longitudinal fibres on the other hand turn
off and radiate towards the interior of the lamina; in this way it is highly probable
that a series of loops is formed, serving, as is so often the case in the spinal cord,
to connect parts lying at different heights,
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Various authors have attempted to trace the course of the fibres within the
clivary bodies, and their relations to the cells of the lamina, but with little success,
with the single exception of the very complete and accurate deseription given by
Clarke.! The subject is an exceedingly difficult one, but after studying a large
number of preparations, both colored and uncolored, in which the course of the
fibres was as clear as possible, I am satisfied of the enfire acewracy of Clarke's
deseription in all particulars. The only point remaining was to ascertain whether
the structure was the same in longitudinal as in transverse sections,

Fig. 39, Plate X1, represents one of the folds of the lamina as seen in a longitu-
dinal section (Fig. 30), in which the arrangement of cells and fibres is strikingly the
same as that represented by Clarke (Philos, Tvans, 1858, Plate xv, Fig. 23) in
conmection with which it will be well to study it. From the longitudinal bundles
which proeeed upwards in the vicinity of the raphd (Fig. 30), forming the very
beautiful network seen in transverse seetions (IFig. 29), numerous bundles turn off
at varying angles, especially in the lower part of the medulla, radiating towards the
convolutions of the lamina. The course of one such bundle as it enters the fold is
seen in Fig. 39, Plate X1, The main bundle (A) enters the convolution just as
Clarke has described and figured the course of similar bundles in transverse sections.
(1st.) The inner fibres constituting the axis of the bundle proceed directly inwards
to the apex of the fold, where they spread out more or less towards the cells of the
lamina, with the processes of which many of them are continuous, while
others radiate and pass among the cells in the most varied directions. These fibres
sometimes cross over the lamina and pursue an onward course towards more distant
convolutions, or pass still further forwards to the anterior portion of the medulla,
nearly parallel to the surface of which a folded portion of the lamina is disposed
(Fig. 30). The fibres passing throngh the lamina pursue a transverse course for a
very short distance, but soon turn upwards or downwards, joining the longitudinal
marginal fibres which run along the anterior surfuce of the medulla, forming quite a
thick band in conneetion with the arciform fibres with which they are interwoven.

(2d4.) The external fibres of the bundles are very divergent, some of them termi-
nate in cells lying near their course, but by far the greater number traverse the
lamina either singly or in bundles; the latter are sometimes very conspicuous (€7, ('),
partly crossing over and partly joining the next lying bundle, entering the neighbor-
ing lamina in a course opposite to the one we have been considering.  Some of the
eells belonging to the next fold of the lamina are represented at (D), the lamina
folding avound the bundle (B) at each extremity, just about where the letters (5,
B) stand, so that the bundle (B, B) which constitutes the outer bundle to one fold
of the lamina, becomes in its turn the inner bundle of the next two, such bundles
as ((, ¢, (') uniting them, or, as is frequently the case, passing still further
onwards to more distant folds of the lamina, These bundles follow so varied courses,
and cross and interlace in so many directions, that any description, however careful,
must of necessity be exceedingly indefinite,

It is evident that fibres from all the different nuclei of the medulla pass among

= e = ——————
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fibres pursue their vertical course behind the olivary body, turning off at various
angles to penetrate the lamina, joining the cells here or passing among them to
more distant parts. The olivary column is terminated above by a group of large,
multipolar cells scattered in the network about the raphé, which have replaced
the smaller olivary cells, and measure about ;15 to ;15 of an inch in diameter.

The connection between the olivary bodies and the nuclei of the hypoglossal is
much more apparent in the sheep than in man, Little bundles of fibres are con-
stantly seen running from the nucleus on each side the raph? and close to it towards
the olivary body, and these bundles are commonly studded throughout their entire
course with small seattered cells and little cellgroups. In some specimens the
hypoglossal nucleus on each side of the raphé sends out a little pointed promontory
of some length containing cells, and along the raphé cell-groups are formed on each
side at regular intervals, exactly opposite each other, connecting the hypoglossal
nuclei with the olivary bodies (Figs. 27, 6%, 7°), while branching off from the apex
of the hypoglossal nucleus, similar little cell-groups are found, connecting it with
the antero-lateral nucleus (Figs. 47, 197),

In the cat and the carnivora generally, the anterior pyramids are deeper, and
approach more nearly to the human type, the olivary bodics are much more fully
developed and present a more decidedly convoluted form, which is occasionally very
marked ; they are still, however, as in the sheep, situated just behind the pyramids,
close to the middle line, the hypoglossal roots running on the outside. Their posi-
tion may be seen in Plate IX, Fig. 33, though as this section is from the upper
part of the medulla, they have already begun to diminish in size and in the number
of convolutions. The cells of the lamina in the cat are quite small, measuring
about 5% of an inch in diameter; they appear to follow more closely the direction
and form of the convolutions than in the sheep, being arranged within the lamina
much in the same way as in man, while in the sheep, as stated above, the cells
follow more nearly the direction of the arciform fibres, the layer of eclls often cross-
ing the lamina at right angles with the direction of the folding.

Schriider van der IKolk' has stated, that in all animals the inferior olivary bodies
are situated within the limits of the hypoglossal roots, but this does not appear to
be strictly true, since in the sheep we find distinet traces of the convolution after
the disappearance of the hypoglossal roots (Fig. 7°), and in the cat, this is also
distinctly seen to be the case (Fig. 33), evident remains of the olivary bedy, still
showing the convoluted structure, being found on a level with the roots of the
glossopharyngeal. The same is true in the human medulla, the convolutions are
distinetly seen in Fig. 24", and can be traced for a considerable distance above, as
may be seen by reference to Stilling’s admirable plates (Pons Varolii, Plate i). 1
have not been able to trace any dircet communication between the aceessory or
vagal nuelei and the olivary bodies, nor any direct connection with the hypoglossal
roots, though the latter often pass directly through the outer portion of the olivaries.

* Medulls Oblongata, 164, His deductions seem to have been principally founded on external
measurcments, which of course are linble to error.
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of the caput cornu, but are more commonly an offshoot from the main nueleus,
with which they are evidently closely connected (Figs. 2%, 8%, 47, 67). In the cat
the cells of the antero-lateral nucleus are very conspicuous and well defined, they
are colleeted into a group in the same situation as in the sheep, but form a rather
more open plexus or network with the arciform fibres, many of which are distinctly
seen to be continuous with their processes.  As cell-processes also pass in many
different directions transversely as well as longitudinally, this group doubtless serves
to connect the arciform fibres with the other parts of the medulla, constituting
apparently an accessory nucleus to each olivary body.

Its connections with the caput cornu have already been pointed out; and connee-
tions are also established between this nucleus and that of the hypoglossal, and with
the vagal and spinal accessory nuclei; with the two latter sometimes directly, and
sometimes through the caput. The comnnections established between the antero-
lateral nucleus and that of the hypoglossal are often very striking. They are espe-
cially evident in the sheep, in which I have often noticed the formation among the
border fibres of the hypoglossal nucleus, of a little cell-group, sometimes thrust
out along the course of the roots for a considerable distance, and joined by scattered
cells to quite a large, clongated group of stellate and oval cells, which are evidently
a prolongation obliquely inwards of the antero-lateral nucleus (Fig. 4*). Along the
raphé on each side, little cell-groups are found at varying distances, each of which
is usually provided on the opposite side with its exact counterpart, and these little
groups are apparently entered by numerous fibres from the arciform plexus, which
have just passed through the nuclei mentioned above,

In the human medulla the antero-lateral nucleus is quite conspicuous (Figs. 187,
197, 207, 21°, 22", 23*); the cells are rather smaller than in the sheep, measuring
about %7 to g}y of an inch. The relations between the antero-lateral nuclens
and the other portions of the medulla, are the same in man as those described above
in the sheep, and its changes in form and situation have been sufficiently dwelt
upon in Chap. 11, on the morphology of the human medulla.

By comparing Figs. 67, 7* with Fig. 8" (all from the sheep) it will be seen that
the groups of very large cells, which will be subsequently shown to be the origin of
the upper olivary bodies, are evidently developed from the remains of the antero-
lateral nuclei, so that it is extremely probable that the antero-lateral nucleus is, in
the lower part of the medulla, accessory to the olivary colwmn, and that it is con-
tinued upward into the frapezium, where it is developed into the upper olivary
body, the structure and relations of which will be deseribed subsequently.
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nucleus. Both portions of the auditory nucleus, as well as the caput cornu, contain
many scattered cells, mostly small.!

Numerous bundles of fibres proceed from the anterior portion of the nucleus
near the raphé, taking the same direction as those noticed in the lower part of the
medulla, serving to connect the olivary bodies with the motor nuclei; these fibres
arc also connected with the few remaining cells which are the uppermost of the
lower olivary column (Plate X1V, Fig. 8%, ¢). The upper olivary bodies (0)') are
now quite distinct, consisting of large and numerons multipolar cells, the processes
from which in connection with transverse and arciform fibres, form a rather open
network, inclosing numerous longitudinal bundles in its meshes.

(2.) Higher up (Figs. 8, 8%, and 33), the nucleus of the glossopharyngeal becomes
distinetly fused with that of the anditory, the apex of the enterior auditory nucleus
projecting into the eaput. The posterior portion of the nucleus (Fig. 8%, A') is very
large and distinet, and has already absorbed nearly, if not quite, the whele of the resti-
form nucleus. It is connected with the longitudinal fibres of the restiform body (#)
by numerous curved and radiating bundles ("), and is entered at its apex by the
anterior division of the auditory root (VIIT), which is at first a small bundle, pass-
ing through and apparently connected to some extent with the arciform fibres. The
posterior auditory root ( VI') is very large and well defined, and is connected with
the posterior portion of both divisions of the nucleus,

TRAPEZIUM

(3.) As we approach the trapezium the plexus of external arciform fibres which
has gradually diminished in the sections below, till it appears as a very thin band
at times hardly distingnishable beyond the extremity of the caput (Fig. 8°), quite
suddenly enlarges (Fig. 97), and is now seen as a very thick and constantly inereas-
ing marginal band of fibres, which, as Clarke has pointed out, “ proceed out of the
restiform bodies and auditory ganglia, and sweep round the extremity of the caput
cornu to the back of the anterior pyramids, to decussate across the raphé.  As they
pass the ganglion, or auditory nerve, they receive fibres from it."* In Figs. 8¢, 97,
the course and origin of these fibres may be plainly scen, as well as their connee-
tion with both auditory roots.

(4.) In Plate XIV, Fig. 9% from a section just above the commencement of the
trapezium, the posterior auditory root ( VI ) has reached its greatest development,
and sends out from its substance numerous radiating bundles into the restiform body.
Some of these apparently pass out with or join the anterior root; the majority,
however, cross the root and become external arciform fibres, the number of which
constantly increases as we ascend towards the pons Varolii, forming a very thick
and compact marginal band, completely bounding the antero-lateral and anterior

* My observations on the formation and development of the auditory nucleus agres so entirely with
the deseription given by Clarke (I'roceedings of the Rogyal Society, 1861), as to appear almost like a
direct quotation of the partienlars e hag there given,

® P'roceedings of the Royal SBociety, June, 1861
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portions of the medulla, and decussating behind the pyramids at the raphe, with
fibres derived from the opposite side. ‘The posterior root of the auditory often con-
tains at its entrance into the medulla a fow seattered eells, which are less conspicu-
ous in the sheep than they are either in the cat or in man. They may gcut’m"}}
however, be plainly seen, and were described by Stilling, in man, as a little ganglion,
similar to those found on the posterior spinal roots. In the cat, the posterior root
of the auditory is very large and conspicuous (Plate IX, Fig. 34); its pyriform
swelling is very evident, containing numerous cells and fibres, the latter winding
among the small eells in a somewhat spiral or serpentine course, resulting apparently
from the obliquely ascending course which the posterior anditory roots take as they
wind around the restiform body.

As the posterior root proceeds in its course, winding in a broad band round the
posterior border of the restiform body, the eells which are scattered among its inner
fibres become more and more numerous; they are principally oval or fusiform in
shape, elongated in the direction of the fibres. As the roots pass the flocculus, with
which the medulla is here connected, the eells increase in number and size, and the
broad band of nearly parallel fibres soon expands, entering the posterior portion of
the aunditory nucleus, through which many of its fibres penetrate to the anterior
portion.

The anterior root (VIIT) is also quite well developed, entering close to the pos-
terior, which a part of its fibres accompany, the majority, however, immediately
diverging and passing on the inner side of the restiform body, which is thus com-
pletely grasped, as it were, by the two roots.  In Plate IX, Yigs. 33, 34, the develop-
ment of the anterior auditory root in the cat is well seen: the roots lie at first just
behind those of the glossopharyngeal, from which it is often somewhat difficult to
distinguish them. At the point where the anterior roots cross the external band of
arciform fibres, a little ganglion or group of cells is developed, in close connection
with the roots, the root-bundle often splitting, a part of the fibres going on each
side and completely inclosing this little group.

The network constituting the oufer nucleus of the auditory contains very large
and numerous multipolar cells, sending their processes in all directions around and
among the longitudinal and transverse fibres of which the network is composed.
The eells fill the entire network, extending from the apex at the entrance of the
anterior roots, back towards the cerebellum, as far as the entrance of the posterior
root, and reaching forwards into the anterior portion of the nucleus, along the back
of which a group is formed sending out numerous fibres into the cerebellum.  Both
nuclei of the auditory are joined to the caput by numerous radiating fibres, some of
which penetrate the caput and pass outwards as internal arciform fibres,

The fasciculus teres (T') which beecomes the nucleus of the sixth and facial nerves,
is first scen as a somewhat dark mass on the floor of the fourth ventricle, in that
part of the anditory nucleus which represents the npward extension of the hypo-
alossal ; it eontains numerous small cells, which increase in size and become more
numerous higher up.

In that portion of the anterior columns of the medulla representing the upward
continuation of the lower olivary bodies, numerous multipolar cells are found, many
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of which are of large size, and are connected by their processes with tfe arciform
fibres decnssating at the raphé.  Scattered cells are also found at various points in
the substance of the raphé.

(5.) In the sections just above (Figs. 10, 107), the cells representing the lower
olivary ¢olumn are reduced to a little group in the immediate neighborhood of the
raphé. The upper olivary bodies in the sheep, are now seen as compact masses,
resembling those found in the carnivora, though not quite so large proportionally
or so distinctly convoluted. The eells have diminished in size, but the arrangement
of fibres is much more distinct and orderly. In the cat, the large cells found in the
lower part of the upper olivary column soon disappear, the open network being eut
in upon more and more by the wavy bundles of the trapezium, and are replaced by
smaller cells arranged in a distinetly convoluted lamina,

The voots of the alducens or sixth pair of nerves (Fig. 107, V1), are now quite
easily distinguishable, running inwards in two or three tolerably thick bundles to the
nucleus, which is more distinetly seen a little higher up, the course pursued by the
roots of the abducens as well as by those of the facial being slightly ascending. The
commencement of the nucleus may, however, be seen in Fig. 107, T, partly separated
from the anterior portion of the auditory nucleus, in a position exactly correspond-
ing to the upward extension of the hypoglossal nuclens.  The roots of the sixth form
a remarkable exception to the usual course of the nerve-roots, bending backward to
enter their nucleus just before they reach the floor of the fourth ventricle, instead
of runming towards the wmedian line as do the roots of all the other nerves.

The facial first makes its appearance as a somewhat wavy band of fibres, running
directly inwards towards that portion of the auditory nucleus which is close to the
caput, and then bending forwards towards the fasciculus leres, which constitutes the
common nucleus of the sixth and seventh pairs. It rapidly increases in size till it is
seen as a thick and broad band of fibres (Figs, 10, 107, 11, 12, 13 and 36), running
inwards towards the nucleus, and crossed, as it passes along the anterior margin of
the anditory nucleus, by very numerous wavy bundles of filires passing out into the
antero-lateral columns (Plates XTIV and XVI, Figs. 107, 127, and 44). 'The entire
space between the fibres of the sixth and seventh nerves is studded with little cells
(Figs. 107, 127), which are also frequently found throughout the entire antero-lateral
network, serving to unite all the various nuelei, by means of the arciform and trans-
verse fibres with which their processes are connected. Not unfrequently little
aroups of cells are found at the foot of the facial (Fig, 107, ¢), and at various points
among the external arciform fibres, the latter being the first appearance of the
numerous cell-groups from which the fibres of the pons Varolii are subsequently
developed.

The awditory nuclens contains many very large, multipolar cells, especially in the
network and postero-lateral portion.  In the eat (Plate IX, 1Mig. 35), the network
of the outer nucleus is very much developed, the restiform body being often quite
hidden beneath the fibres of the network, which is crowded with very large cells
reaching forward into the substance of the anterior part of the nucleus, and backwards
in a straight line into the substance of the cercbellum. Large bundles of fibres
following the course of the posterior root may be traced from the flocenlus towards
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the back ﬁ? the nueleus, crossed by bundles coming down from the cerebellum
towards the apex of the nucleus.

(6.) In Plate X VT, Fig. 12, the projection formed on the posterior auditory root,
as it emerges from the medulla, is still conspicuons, but the fibres of the root have
very much diminished in number., The ganglionic enlargement consists partly of
numerous longitudinal or oblique fibres, intermixed with others running in a trans-
verse direction ; the latter, which are derived from the posterior parts of the medulla,
cross the fibres of both divisions of the auditory root and pass onward as part of the
external band of arciform fibres so conspicuous throughout the trapezium. As we
ascend, the projection still continues to be conspicuous (Plate IV, Fig, 13), but the
posterior root-bundles continually diminish in number and presently disappear.
The prominence is filled with numberless very small eells, round and obovate, meas-
uring about 4% to ;1; of an inch in diameter. Tn sections still higher up the
cells diminish in size, the prominence appearing more and more like an extension
of one of the cerebellar folds filled with small cells and granular nuclei.

In the cat the gronp of cells placed on the back of the auditory root forms a very
conspicnous prominence, seen in Plate TX, Fig. 35, as a dark mass lying along the
roots, and separated by a deep suleus from the flocculus. The cells become more
and more numerous as we ascend, and are often found intermingled with the roots
themselves, After the level of the facial roots is attained (Fig. 36), the mass is
brought into close contact with the folds of the flocculus, and the cells are seen to
be evidently of a similar nature to those found in the convolutions of the cerebellum,
only in a somewhat denser and larger mass. The structure of the caput in this
region is somewhat peculiar. Instead of consisting of a loose fibrons mass contain-
ing scattered cells, as is the case in the lower regions of the medulla, it is here
divided into several rounded masses, five or six in number, closely crowded with
cells of moderate size, very much resembling the appearance of those masses in
the lower part of the trapezium which were shown to be the commencement of the
upper olivary bodies. The caput is very early brought into connection with the
anterior part of the auditory nuclens by several rather thick bundles of fibres, and
its whole substance appears to be closely connected with both portions of the andi-
tory nucleus,

(7.) As we ascend, the restiform columns are continnally encroached upon more
- and more by fibres radiating from both roots of the auditory, which penetrate and
almost conceal them (Plate IV, Fig. 13). They are, at the same time, pushed
backwards together with the auditory nucleus, by the formation and enlargement
of the nucleus of the abducens and facial, and by the contraction of the lateral
boundaries of the fourth ventricle, until, as Clarke' and Stilling® have both shown,
they are ultimately thrown backwards into the cerebellum, together with the pos-
terior portion of the auditory nucleus,

The anterior root of the auditory seems to consist, in the upper part of the trape-
zium, of two quite distinet divisions (Figs. 12, 12, 13); a compact bundle proceed-

t Proceedings of the Royal Society, June, 1861.
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ing inwards to the anterior portion of the nuelens, accompanied by numerons small
bundles which enter the loose network constituting the outer portion of the nucleus,
while another division diverges, and winding around the outer edge of the restiform
body, enters the posterior portion of the nuclens in ecompany with the posterior
roots. The connection between the awditory nucleus and the cerebellum is now
very conspicuous (Plate IV, Fig. 13, Plate XVI, Figs., 12° and 44); numerous
bundles which proceed from the cercbellum pass down through the nucleus and
enter the medulla, radiating in all directions in the anterior and antero-lateral net-
work, and a portion of these fibres are also continuous with cell-processes in the
postero-lateral portion of the nucleus.

The connection between the wpper olivary bodies and the facial nucleus is very
evident in the upper part of the trapezium, and will be referred to subsequently.
The groups of large cells near the facial, figured by Schrijder van der Kolk (Medulla
Oblongata, Fig. 20, o), and another group found near the outer edge of the caput,
are evidently of the same nature as the upper olivary bodies.

(8.) In the upper part of the course of the facial, the nucleus has entirely dis-
appeared (Plate IV, Figs. 14, 15, 16 and Plate X1V, Fig. 16), and the roots are
seen in two or three very large bundles, whose entire course can be traced inwards
to the longitudinal eolumns on each side of the middle line, called by Stilling the
“ comstant roots of the trifacial,” These columns are inclosed by the root-bundle, a
portion of the fibres of which seem to abruptly terminate here; the remainder can,
however, be traced onward to the raphé where they are seen to decussate with their
fellows from the opposite side. Throughout their entire course the facial roots are
crossed at various points by fibres radiating from the auditory nuecleus, many of
which proceed from the cerebellum either directly or after passing through cells.

(9.) The longitudinal columns on each side the raphé near the floor of the ventri-
cle (Fig. 127, j, Fig. 44), referred to above, have been deseribed by Stilling as the
“constant roots of the trifacial,” and by Schrider van der Kolk as “roots of the audi-
tory.” 1have not been able to discover any connection between these columns and the
trifacial or auditory roots, and in the chapter on the facial nerve, I have endeavored
to show, that a portion of the facial roots probably descend in these eolumns to the
underlying nucleus, 'With the exception that they are intermingled with descend-
ing facial roots, these columns seem to be simply bundles belonging to the general
system of the longitudinal postero-lateral columns, from which they are separated
to some extent by the facial roots on their way to the raphé, but to a still greater
extent, especially in front, by the curving fibres which sweep out from the auditory
nucleus.

(10.) In sections from the upper part of the trapezium the chief changes notice-
able consist in the gradual disappearance of the nerve-roots we have been consider-
ing, as well as of the upper olivary bodies (Plate XIV, Fig. 16"). The external
arciform fibres constituting the border of the trapezium have increased very much in
number as we approach the pons Varolii. The upper olivary bodies (') are very
much reduced in size, appearing now as simple rounded masses, containing a few
small cells, almost hidden by the wavy bundles of arciform fibres.

The roots of the facial (Fig. 16, 16%, VI/) are reduced to a few small bundles,
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CHAPTEER IL
THE AUDITORY NUCLEUS AND ROOTS.

The Nucleus—~In the preceding chapters on the morphological changes in the
medulla and trapezium, it has been shown that the auditory nucleus is developed,
as Clarke had already demonstrated, between the outer hom of the vagus nucleus
and the post-pyramidal body, as a small triangular mass, apparently formed from
the substance of the two neighboring nuclei, with both of which it is very closely
connected. It sends out numerous fibres into the restiform body, which cross each
other at various angles, interlacing among and around the numerous longitudinal
fasciculi which pass upwards along the outer border of the nucleus, thus forming
an open network which is very much developed in the upper parts of the medulla,
where it is closely connected with the remains of the restiform nucleus, forming
what Clarke has called the outer portion of the auditory nucleus,

The inner mass or principal nuclens of the auditory, enlarges till the nueleus of
the vagus is pushed quite forwards, the outer portion or network at the same time
increasing, till it oceupies a very considerable portion of the restiform column.
The next stage is that in which the anditory nuclens together with the glosso-
pharyngeal and hypoglossal nuclei, seem to be fused into one mass (Plates IT and
X1V, Figs. 8, 87), the glossopharyngeal distinguishable mainly by its more trans-
parent substance, appearing as a separate nucleus near the apex of the broad
triangular mass, From that portion of the triangle which is the continuation of the
nucleus of the hypoglossal, fibres run out in the direction formerly taken by the
hypoglossal roots (Fig. 87), and form considerable bundles accompanied by cells
sometimes scattered and sometimes collected into groups, often quite filling the
antero-lateral portions of the medulla and apparently serving to connect the trans-
verse and arciform fibres with the neighboring parts.

The large triangular nucleus is now filled with numerous cells, mostly of rather
small size, but larger near the apex and in the network or outer portion of the
nuclens. As we approach the trapezium, the outer network becomes more and
more developed, extending far out into the restiform column and containing
numerous very large cells (Figs. 9, 9°). Anteriorly or towards the raphé, the
remains of the hypoglossal nuclens become more and more separated from the mass
by the gradual pushing backwards of the anditory nucleus, its situation being almost

]
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entirely covered by a remarkable fringe of fibres emanating from the anterior border
of the auditory mass (Figs. 10%, 117), among which are finally developed the cells
of the fasciculus feres or common nucleus of the facial and abducens nerves,

As the roots of the facial are more and more developed the whole auditory nucleus
is thrust outwards and backwards, changing form slightly, and sending out a process
or bundle of fibres into the caput cornu with which it becomes closely connected.
This gradual pushing outwards and backwards of the auditory nucleus, together
with the gradual lateral elongation of the whole medulla in this region, continues
as the facial makes its appearance, and the connection with the eaput becomes more
and more intimate, until in the lower part of the pons Varolii the two form together
the great nuclens from which the trifacial nerve arises,

As already pointed ont by Clarke, the outer portion of the auditory nucleus
together with the restiform body, is thrown backward into the cerebellum, numerous
fibres from the main nucleus arching over the fourth ventricle, whilst others pass
backward into the cercbellum,

The cells of the auditory nuclens present almost every variety in size and form,
some of them being exceedingly small, while, as already noticed by Schriider van
der Kolk, some are the largest anywhere found, even exceeding in size those of
the anterior cornua of the spinal cord. In the lower part of the medulla the cells
of the auditory nucleus are mostly small, oval or stellate, with every variety of
intervening form, measuring 555 to gdy of an inch in the sheep, and are inter-
spersed with scattered nuclei and granules with which the entire mass seems
filled, resembling those found in the posterior cornua of the spinal cord. Higher
up, the anterior part of the nucleus, especially that which represents the continuation
of the hypoglossal column, contains the same small eells and nuclei, but posteriorly,
near the entrance of the posterior division of the auditory nerve, the cells are at
first small, and oval, fusiform or crescentic in shape; a little further inwards they
are quite large, some of them being very much elongated, oval, fusiform or semi-
lunar in shape, measuring in the sheep ;15 to 51 of an inch in length.  In the
cat they are smaller, measuring 515 to 45 of an inch.  The lateral and postero-
lateral border of the main nucleus, together with its contignous network, contains
very many large multipolar and stellate cells, sending out their processes in
every direction, especially among the longitudinal bundles which penetrate the
network and are inclosed in meshes of fibres formed chiefly from the interlacing
processes of these large cells.  Some of the cell-processes pass inwards towards
the deeper lying portions of the mucleus or towards the cerebellum, while
others pass outwards among the longitudinal fasciculi towards the restiform
body, where they often form a very complicated system of radiating fibres,
connected with the root-bundles and with the longitudinal fibres of the resti-
form column. Some also pass longitudinally upwards or downwards, and serve
to connect different planes of the medulla and trapezinm, The eells situated
in the outer network of the auditory nuclens are the largest I have anywhere fonnd,
measuring in the sheep from ;15 to 41, of an inch in diameter, in the cat from
¢4 to 51 of an inch. In the cat they are especially numerous, quite filling the
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directions ; some join the numerous bundles (€') which either pass into or originate
from the cerebellum, or pass into the restiform body; while others join the bundles
(B) which pass out into the antero-lateral portion of the medulla, forming with
other transverse fibres a very beautiful network around the longitudinal bundles.

Fig. 43, Plate X11, represents a group of the very large cells found in the pos-
terior portion of the anditory nucleus of the sheep, showing their connection with
the numerous and distinet bundles of fibres which radiate from this part of the
nucleus towards the cerebellum.

The Roots—The anditory nerve, as is well known, consists of two portions,
anterior and posterior, which, as Stilling has shown,' take a slightly ascending
course as traced from without inwards, this course being more oblique in man than
in most of the mammalia, the great thickness of the pons pressing the roots down-
wards, while in some of the lower mammalia in which the pons is very thin, the
roots of the auditory nerve may be traced in a direct course to their nucleus,

Clarke has given in a few words an accurate description of the course pursued
by the posterior division of the auditory root; as stated by him, this portion of the
nerve takes its origin from both parts of the nucleus, * and winds outward as a broad
convex band over the restiform body. In this course it contains, at first, a few small
eells, elongated in the direction of its fibves; but as it proceeds, the cells gradually
hecome larger and more numerons, until at the anterior border of the restiform body
it enlarges into a pyriform ganglion, which is crowded with nerve-cells, similar in
appearance to those of the inner nuclens. The nerve is also reinforced by fibres
radiating from the centre of the restiform body as it winds round the latter,”

In Plate XTIV, Fig. 8, we have the first appearance of the posterior auditory root,
as a thickened band of fibres proceeding from the group of rather small, oval and
fusiform eells in the posterior portion of the nuelens.  In Fig. 9 the fibres are seen
arising from a similar group; some of the cells are of musmnmhlc size and are
arranged mostly with their longer axes turned in the direction of the entering
fibres: these cells are also connected with a little group near the flocenlus, with which
a few of the fibres of the posterior root seem to be connected.  As the roots proceed
onward through this cell group, it increases in size, and finally spreads out, as noticed
by Clarke, into a pyriform mass containing numerous cells (), among which some of
the fibres interlace before passing outwards, The fibres from the restiform column,
though mostly pursning a longitudinal conrse, will not unfrequently be seen turning
off at an angle more or less acute to reinforce the posterior root as it winds round it
(Figs. 8, 9, 10). In the eat the posterior root is especially large and conspicuous
(Plate IX, Figs. 34, 35), the pyriform enlargement being very evident; the fibres
which constitute it appear to take a somewhat wavy course, many of them are
obliquely ascending or descending fibres, interlacing among the cells at a great
variety of angles resulting from the somewhat obliquely eurved course taken by the
root while winding round the restiform body.

The fibres of the posterior root are constantly reinforced by little cell-groups,
until they arrive within the nucleus; some of them pass towards the large multi-

i Pong Varolii, 39. * Proceedings of the Royal Bociety, June 20, 1861,
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polar cells of the outer network, through which a few small bundles may be traced
for a considerable distance, ronning around the inner border of the restiform body,
and sometimes apparently joining the anterior division of the auditory nerve. By
far the greater number, however, pass along the floor of the fourth ventricle,
occasionally turning off to join the oval cells near which they pass, until the anterior
border of the nucleus is nearly reached, in the neighborhood of the fusciculus teres
(Plate XVI, Fig. 44). Here they turn off in every direction, joining numerous
bundles derived from the cerebellum, as well as those derived from the anterior
division of the root, with which they pass across the root of the facial or interlace
with its fibres, forming the very beautiful fringe so often spoken of and which may
be seen very distinctly in Plate XVI, Figs. 44 and 12%. These fibres pass into the
antero-lateral network between the facial roots and the raphd, some of them probably
entering the numerous small cells found in this locality; others may be traced
across the abducens roots, interlacing with some of their fibres and then passing
onward towards the raphd, where some of these bundles are plainly seen to decus-
sate with those derived from the opposite side,

With regard to the anferior division of the root, Clarke states that it “consists
of two portions: the principal portion penetrates the medulla beneath the restiform
body, and running along the outer side of the caput cornu, enters both parts of the
auditory nucleus; the other portion runs backward along the upper border of the
restiform body, which it accompanies over the superior peduncle to the inferior
vermiform process of the eerebellum.”™ To this account, with which my own obser-
vations entirely agree, I shall add a few details. The anferior division of the audi-
tory penetrates the arciform plexus in a broad, compact mass of fibres, which soon
spread out somewhat, being separated by intervening longitudinal fibres into
numerous smaller bundles. A portion of these tum off shortly after passing
through the arciform plexus, and joining the posterior division of the root wind
round the outside of the restiform body, in which course they are constantly joined
and reinforced by other fibres, often very numerous, derived from the restiform
body itself (Figs. 97, 10°, 12°); sometimes these fibres instead of turning off and
winding round the outer border of the restiform body, pass directly through its
substance (Fig. 107). Their ultimate destination cannot be distinguished from that
of the fibres belonging to the posterior division of the root which they accompany.
These fibres not unfrequently penetrate the restiform body to so great an extent
that the latter nearly disappears, seeming almost hidden beneath the network of
transverse fibres (Plates I1T and TV, Figs. 1, 2, 13, and Plate IX, Figs. 35, 36).

The principal portion of the anferior division of the root is subdivided into a
considerable number of smaller bundles, which pass behind the caput cornu separat-
ing it from the restiform body, and enter both portions of the nucleus, just at the
apex, where the anterior portion of the nucleus is prolonged laterally to join as it
were, the outer network. Through the apex the fibres pass onward, spreading out
into an almost inextricable network, crossing at different angles the fibres derived
from the restiform body and from the cerebellum.

' Proceedings of the Hoyal Society, June 20, 1861
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Some of the fibres from the anterior division of the anditory enter the cells lying
in the immediate vicinity of the apex, the processes from these cells serving to
connect the roots with the ecaput cornu, which is also brought into very intimate rela-
tion with this portion of the nucleus by means of wavy bundles of fibres, some of
which are apparently continuous with the roots (Plate X VI, Fig. 44). Schrider van
der Kolk, who considers the caput cornu as the trunk of the great trifacial nerve,
thinks that a connection is established between this nerve and the auditory by means
of these fibres radiating from the nucleus of the latter, but this conclusion is T think
incorrect, The caput cornu, as has been shown by Clarke, and fully confirmed by
my own observations, contains in its substance numerous longitudinal bundles which
are descending roots from the trifacial, but is certainly mainly composed of quite
distinet cell groups constantly increasing in number as we ascend. 1 have not
been able to trace a direct communication between any of these longitudinal bun-
dles and the fibres radiating from the auditory nucleus, and the latter more probably
enter the cells of the caput, which are especially numerous near the upper part of
the auditory tract. The nuclei of all the nerves of the posterior colwmn, spinal accessory,
vagus, glossopharyngeal and anditory appear to be connected with the caput cornu,
which finally becomes itself a part of the nucleus of the trifacial, and may possibly
serve to a certain extent throughout the medulla, to co-ordinate and bring into
harmony all these different nerves. Another set of fibres from the anterior
division of the auditory enter more deeply into the nucleus, and bend forwards
into the antero-lateral network, either with or without passing through cells.
Many of these fibres join the numerous bundles coming down from the cerebellum,
and pursue the same course, radiating into the antero-lateral network; they cross
the facial roots, and occasionally join their course for a short distance, but I have
been able to satisfy myself that no direct connection is established.

Schrider van der Kolk states that many slender fibres pass from the nucleus
of the auditory towards the facial nuclens, “ so that no doubt can exist of a connec-
tion between these nuelel.”™  Though I have earefully examined many specimens
in which the course of the fibres could be studied with great certainty, and have
often been able to trace fibres from the auditory nucleus across or even into the
substance of the facial nuclens, I have never been able to trace them with certainty
into the cells of the latter, and although a connection to seme exfent is quite probable,
"I have been unable to see any sufficient grounds for so elaborate a theory of the
reflex action of the auditory on the facial as is attempted to be established by
Schrider van der Kolk (7. ¢). Many of the fibres from the anterior border
of the auditory nucleus may be traced across or behind the fasciculus teres to the
raphd, where they are either seen crossing directly to the other side, or sometimes
passing along the raphé for a short distance before erossing. Some of these fibres
are undoubtedly either direct continuations of the anterior and posterior divisions
of the root, or fibres derived from the cells entered by these, while others seem to
be bundles coming direetly from the eerebellum. At any rate by means of these
bundles which are very numerous, and in many preparations very easily traced, the
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and may be traced inwards, winding among the cells of the nuclens, and apparently
becoming continnous with some of the cell-processes. This is especially the
case in the human medulla, where a very considerable portion of the fibres may be
traced, winding among the cells, and either joining them, or passing onward to
the raphé. In the sheep this is rarely to be seen, the fibres of the facial seeming
to take a sudden bend just at this point, so that they are cut off quite abruptly by
the plane of section. A little higher up (Plate X VI, Fig. 44), the fibres of the facial
in the sheep, are seen to pass behind the nuclens, crossing over the roots of the
sixth nerve, some of them passing in front of the column of longitudinal fibres
(called by Stilling the constant roof of the trifacial); others passing behind this
column to the raphd, where they decussate with those derived from the opposite
side; a few may be traced into the nuclens. Still higher up, the whole bundle
may be traced inwards to this longitudinal column, where the central portion of the
root abruptly terminates, the outer fibres tuming off behind and in front of the
longitudinal column, which is thus completely eneircled by the roots which after-
wards pass onwards to the raphé. Those fibres, however, which reach the raphd,
seem to be few in number as compared with those which terminate abruptly in the
vicinity of the longitudinal eolumn, and even in the upper portions of the facial
course (Fig. 16°), where the whole bundle scems at first sight traceable to the
raphé, the number of bundles actually decussating or passing into the raphd, seems
so small when compared with the great thickness of the root, that I am inclined to
think that many of the fibres do actually turn downwards, passing down in the
longitudinal columns on each side of the raphé to the underlying nucleus, justifying
in this respect the conelusion of Stilling. 1 have been confirmed in this supposition,
by frequently observing in the columns which Stilling has ealled the constant roots
of the trifacial and Schriider van der Kolk roots of the auditory, great numbers of
fibres obliquely cut across, which are especially noticeable in connection with the
abrupt termination of the facial roots just at this point, and I am inclined to con-
sider these columns as, at least, partial channels by means of which the upper
portion of the facial roots are conveyed downwards, either to the underlying nucleus
or to decussate below in the raphd.

The greater part of the facial roots undoubtedly decussate at the raphd directly,
but I was unable to trace their farther conrse. It is not improbable, however, that
they may enter the nucleus of the other side, the cells of which are very numerous
on the side nearest the raphé, and send out many fibres in that direction. Schroder
van der Kolk is undoubtedly right in the statement, “ that no other nerve of the
medulla oblongata has such an intimate connection with that of the other side,
whether directly or I:ht'{:-llgh the intervention of g:-mgliﬂni[: cells, as the facial,™

The cells of the fasciculus teres are very numerous in the sheep, filling a large
space between the roots of the facial and abducens. They are mostly oblong or
obovate in form, measuring about ;1 to (15 of an inch in their longest diameter,
and send out their processes in various directions, mostly, however, either laterally
in the direetion of the roots, or anteriorly towards the raphé, as well as longitudi
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which the fasciculus feres is subsequently developed, by numerous bundles of fibres,
along which cells of medium size are frequently scattered.

Higher up (I'late X1V, Fig. 97), the outer border of arciform fibres has increased
in breadth and in the number of bundles, and reaches backwards to the upper
olivary bodies which are penetrated by the internal arciform fibres in a wavy course,
the cells being quite regularly disposed among the fibres constituting the plexus,
and thus becoming gradually arranged into a somewhat convoluted form.

From this region upwards the prineipal changes consist in the development of a
still more convoluted arrangement of the cells and fibres, the cells being finally
separated into two or three distinet masses, forming a lamina, which, in the sheep,
is folded in a manner much more nearly resembling the convoluted lamina of the
human olivaries, than the structure of the lower olivary bodies in the medulla of
the same animal. In the cat, as noticed above, the structure of the lower olivary
bodies approaches the human type more than in the sheep, and we find a coincident
development of the upper olivaries, the structure of which is quite complicated
(Plate XII, Fig. 42).

Schrider van der Kolk has already pointed out the striking differences which
exist between the different classes of mammals in the development of the upper
olivaries. Ile found the greatest development in the Carnivora, less in the Rodentia,
and still less in the Herbivora; these bodies being so slightly developed in the
ass as to be easily overlooked, These observations are quite in accordance with
my own; the upper olivary body in the sheep consists of two or three distinet
spherical bodies rather than a conneeted and convoluted lamina: on the other
hand, in the rabbit the conveluted lamina is very distinet, and often quite uninter-
rpted, and in the cat the convolutions are very decided (Plate X1II, Fig. 42, Plate
I1X, Fig. 36).

In the sheep the upper olivary body consists of a mass of small cells which rarely
exceed {44 of an inch in diameter, varying in form from oblong or oval, to stellate;
they are multipolar, their processes being everywhere continuous with the numerous
bundles which either penetrate or radiate from the interior of the mass. The
olivary body is completely surrounded by fibre-bundles chiefly radiating or turning
off from the arciform plexus, many of the fibres of which penetrate the mass, form-
ing a somewhat similar system of fibres alternating with layers of cells, to that
noticed in the lower olivary bodies of the sheep. Sometimes a central bundle may
be noticed in the interior of the mass, from which fibres radiate in all directions,
but the type of structure is usnally exceedingly simple,

As the great bundles of external arciform fibres forming the frapezium
sweep down from the restiferm body and posterior portion of the medulla, after
erossing the roots of the facial, they pursne a wavy course (Fig, 107), in which they
are joined by numberless deeper lying bundles, The more external of these sweep
around the olivary body, many scparate bundles turning off and curving quite
around the mass, either penetrating its interior or completely surrounding it, till
the upper side is reached, where the bundle frequently turns still more and enters
the central portion of the mass, radiating in the same manner as the bundles which
enter the convelutions in the lamina of the human olivaries.
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In the rabbit the upper olivary body is represented by a very complete convolu-
tion, presenting three or four turns, entered and penetrated by the arciform fibres
both external and internal as well as by numerous transverse and radiating fibres,
In the mouse the upper olivaries consist of a wavy mass of quite large and numer-
ous cells. :

The strueture of the upper olivary body is especially distinet in the cat, and T
have, therefore, given an accurate representation of the entire mass, the outline
being drawn by a power of about 20 diameters, to which some details were added
as seen by higher powers (Plate XII, Fig. 42).

In this figure it will be noticed that the lamina is convoluted, and arranged
much on the same general plan as in the lower olivary bodies of the same animal
or of man. The bundles which surround the entire mass and radiate among the
foldings of the lamina, are principally derived from the external and internal
fibres of the arciform plexus. These bundles surround the outside of the olivary
body pursuing a beantiful wavy course, and tum off at varying angles to enter
different portions of the lamina, the cells of which are everywhere brought into
connection with the fibres. As these bundles approach the inner or posterior side
of the mass, they are joined by other bundles derived from the radiating fibres
proceeding from the posterior gray substance, some of which seem to connect
the olivaries with the fusciculus teres or nucleus of the facial and abducens. These
bundles sometimes form quite large stems (Plate XIT, Fig. 42, D), and are well
scen in Plate IX, Fig. 36, where the general situation and relations of the olivary
body to the surrounding parts is also well shown. The course of the fibres within
the folds of the lamina bears much resemblance to that in the lower olivaries in
man ; in the cat it may be briefly described as follows :—

1st. The entire mass is surrounded by a broad marginal band (Plate XTI, Fig.
42, B, B), principally derived from the arciform plexus (4, A), from which, however,
single fibres and sometimes considerable bundles constantly pass off, penetrating
the lamina, and either entering cells, or passing onward to join deeper lying bundles
with some of the fibres of which they appear to be continuous, or else entering still
more distant folds of the lamina (some of these fibres are seen at €, (). In its
course around the margin of the olivary body the band is frequently joined,
especially on the upper side, by fibres derived from the posterior gray substance,

2l, Traced from within outwards their course is as follows: (1). The fibres
from the centre of one of the bundles (D) penetrating the lamina, proceed forwards,
either joining cells or passing directly across the lamina, often curving around and
joining the marginal band or crossing its fibres nearly at right angles, soon becoming
lost among the fibres of the arciform plexus. (2). Those fibres forming the external
portion of the bundle (D), penetrate the lamina and diverge more and more, radiat-
ing in all directions among the cells, some of which they enter, the remaining fibres
passing outward into more distant folds of the lamina, or into the parts surrounding
the olivary body, usually joining ultimately the bundles of the arciform plexus.
From the anterior part of the olivary body numerous fibres radiate transversely into

the trapezium, crossing its wavy bundles at right angles, and often forming quite a
@
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thick stem, which may be traced like the nerve roots to the outer limits of the
medulla (Plate X VI, Fig. 12, ).

Schrider van der Kolk' has deduced from the connections between the upper
olivary body and the nuclens from which the facial arises, the theory that the upper
olivary body is a sort of accessory nucleus to the facial, establishing the same relation
between them which he supposes to be established between the hypoglossal and the
lower olivary body. A conneetion between these nuelei undoubtedly exists to some
extent in those mammalia which I have examined, but the chief and by far the most
important connection of the olivaries, both upper and lower, is with the arciform
fibres, and I am therefore inclined to think that the upper olivary bodies, like the
lower, are eo-ordinating centres for the different nuclei lying in the same region
with them, with all of which they are brought into more or less intimate relation
by means of the plexus of arciform as well as transverse fibres with which they are
connected.  Within the human pons Varolii a collection of cells is found near the
facial, undoubtedly representing the upper olivary body of the mammalia, but in
man, the office of co-ordination would seem to be chiefly fulfilled by the numerous
scattered cell-groups, which are so frequently found in the meshes of the intricate
plexus of fibres constituting the pons Varolii. .

Several other cell groups are found, both on the outer and inner side of the upper
olivary bodies, and very many cells are found secattered throughout the whole
anterior and antero-lateral network. Among these groups, the largest and most
constant are, one on the inner side of the olivary body in the vicinity of the roots
of the sixth nerve, consisting of stellate, multipolar cells of moderate size, and
another on the outer side of the olivary body, near the entrance of the facial roots
(Figs. 107, 12, ), consisting of quite large multipolar cells, and sometimes, as
noticed by Schroder van der Kolk, forming two distinct groups, the cells of which
become more and more numerous, and at the same time are pushed inwards as we
reach the upper part of the course of the facial, continuing to increase both in size
and number as we approach the fifth nerve, to the motor root of which, T suspect,
this group is related as well as to the facial.

METHODSE OF PREPARATION.

Among all the different and numerous methods of preparing specimens of the
medulla for microscopic examination, I have found none at all comparable to the
methods given by Clarke (Philos. Trans, 1859), and 1 have therefore availed myself
exclusively of these, with some slight modifications, Specimens colored by a solution
of carmine in glycerine® have often been used for special purposes ; but for the general
study of the course and destination of fibres, T have found specimens hardened in
chromic acid and made transparent by Clarke’s method, particularly well suited.
These specimens have usually been immersed for a few weeks in a solution of
chromic acid, of about the strength given by Clarke (1859), and subsequently put

—_— — —

! Medulls Oblongata, 165 8 Mem. of the American Academy, 1861,
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into aleohol, by which means the specimens are hardened, without becoming so
brittle as is often the case if they are kept for a long time in a solution of chromic
acid or of bichromate of potash. I have also continued the use of copal-vamish in
the place of Canada balsam as recommended in a former paper (Spinal Cord, 1861),
as it still seems to me on many accounts more advantageous than the balsam,

The preparation of specimens for photographic use required some modification of
the methods employed, sinee here the object in view was to obtain as much contrast
of structure as possible, rather than that extreme transparency required for the use
of higher powers. The sections, for this purpose, were immersed for a short
time in very strong aleohol, and after careful washing placed in chloroform, where
they shortly become semi-transparent ; they are then placed on a slide on which a
couple of drops of copal-varnish have been put, so that the section lies on the surface
of the varnish: as the chloroform evaporates the varnish takes its place, and the
section is kept soft for about twenty-four hours by adding at intervals either varnish
or chloroform, or both, according to the degree of transpareney required; a little
practice only being neeessary to attain any desired result. The varnish is then
slightly softened by warming the slide over a lamp and the preparation covered
with a thin glass as usual.

The methods employed in photographing the specimens were simple, and will
readily be understood by those versed in the details of ordinary photographic
manipulation. My apparatus consisted of a brass adapter, the tube of which fitted
closely into the body of the microscope (Smith and Beck’s first class), so that
after removing the eye-piece and draw-tube I was enabled to attach the micro-
scope very firmly to a common photographic camera. After a variety of experi-
ments with different sources of illumination, I found the direct sunlight the only
one on which I could rely with any degree of certainty, and although it will often
appear that much time is lost in waiting for an entirely unclouded day, still, so far
as my own work was concerned, T found that T lost much more time in endeavoring
to work in uncertain weather, The common plane mirror may be used for reflect-
ing the sunlight, or what is still better, the right angle prism which accompanies
Smith and Beck’s microseope. The objective with which the accompanying photo-
graphs were taken was a three inch, and T was able to enlarge the field of illumina-
tion to a considerable extent, by introducing directly behind the stage, as suggested
by my friend Prof. Rood, a double convex lens, the focal distance of which
measured a little less than the distance between the objeet and the back diaphragm
of the objective; the exaet focal length of the lens is, however, practically of little
importance, and by diaphragming the lens to some extent, the central spot of light,
should one appear, may be removed without sensibly diminishing the field. What-
ever the power used may be, whether high or low, too much care eannot possibly
be expended on careful and perfect illumination, not only in obtaining the greatest
amouni possible, but also in so modifying it according to the character of the objeet
as to obtain the greatest degree of contrast between different parts, and this not
only visnally but also actinically, which of course is only to be determined by care-
ful and repeated experiment.

The Wet Process was the one used for the majority of the photographs, the Dry
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Process presenting difficulties which render it in some respects less suitable. In
using as low an objective as a three inch, the first difficulty encountered is in
adapting the collodion to a light which is so extremely brilliant as the direct
sunlight refleeted in the manner deseribed above, it may therefore be well to give
the formula used. In so brilliant a light not only is an ordinary collodion altogether
too rapid, it being almost impossible to cover the lens quickly enough, but the
resulting negative is excessively thin, and destitute of that intensity which is requi-
site in order to give a clear and brilliant print.

The pyroxyline used was chiefly the French (Poulenc-Wittman), and the plain
collodion prepared as follows :—

Aleohol (.805) ] z : ; : . ; . 10 ounees,
Ether (.725) ; . : ‘ i : 5 i 5 Eare
Pyroxyline 5 ’ : . : . ; : . 300 grains,

The iodizing solutions were prepared as follows, the formule being taken from
Hardwich (Manual of Photographic Chemistry, 1861).

No. 1. (Potaszium Jodizer.)

Todide of Potassium ; : - . ; : .- 185 graing,
Aleohol (816} : : . - : : ; . 10 ounees.
No. 2, (Bromo-Jodizer.)

Bromide of Ammoninm R . i . . A0 grains,

Todide of Ammoninm : ; : A . . D
Todide of Cadmium : , : : A COE ¢ JE
Aleohol (.816) ‘ " . . i ; . . 10 ounces,

Two separate portions of the plain collodion were iodized with No. 1 and No. 2
respectively, in the proportion of two parts of iodizer for six parts of plain collodion,
and the iodized collodion mixed after a few days, in the proportion of } or } of
No. 2 with No. 1. The resulting collodion gave the best results after keeping from
two to six months; it had then acquired a decidedly red color, and gave a thin, very
even film, giving pictures remarkably free from imperfections of any sort, and though
exceedingly insensitive for common purposes, requiring in the brilliant light of the
microscope an exposure of only 8 or 10 seconds, which is much more easy to manage
than any shorter time, The film was sensitized in the ordinary Nitrate Bath, prepared
with distilled water, the strength being about 40-45 grains. For developing the
picture, I have preferred the use of pyrogallic acid to the ordinary developer prepared
with sulphate of iron, as I have found it much more controllable than the latter, and
giving with more certainty the requisite degree of intensity. T have prepared it as
follows :—

Pyrogallic Acid ; 2 ; : : : : + 1% grain.
Acetic Acid, No. & . - - : ! . : . B0 minima.
Dhistilled Water - . N 4 - : ; . L onnee.

The picture required no re<development, and I invariably made it a rule to throw
away any picture which after the first development appeared deficient in intensity,
as any attempt to re-develop injured very much the finer details of the picfure,
The fixing solution consisted of the usual saturated solution of hiyposulphite of soda.
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