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harnock Bradley.

Probably because the description given by the late Prof-
essor Wilhelm His of the development of the human hind-brain
was so clear and detailed, only a comparatively.small number of
investigators;, during the past twenty years, have turned their
attention to this province of mammalian embryology. Neverthe-
less, in the somewhat sparse literature which dﬁas exist, several
gquestions of importance have been raised, and conflicting opinions
expressedf : TO-menﬁion only one point.of surpassing interest
and importance, all are not:agreed as. to.the formation, degree
of developmant'and‘histogénetic:function.of.a:rhpmbto lip
(Rautenlippe) in the embryos of mammals other than Man. There
are those who-are not satisfied as to its formation even in the
human emobryo. .

In the conviction that the examination of even isolated
species of mammals may afford additions to the sum of facts
from which valuable generalisations may be deduced, it was decided
to investigate some of the steps of the development of the hind-
brain of the pig.

In most cases two émbryos,xef.equal size, were chosen
from the same litter; the one being sectioned in a sagittal;

the other in a coronal direction. In the case of the younger
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material more than two embryos were examined.

With the execption of two-embryos, where such a pro-

ceeding was not deemed necessary, models were made, according

to Born's wax-plate method, of the hind-brain of all the diff-

erent stages herein described.

In many instances it was con-

sidered advisable to make two models from the same embryo; one

of the whole hind-brain, and ‘another of part of this organ under

grqatér magnification. By this means, it is hoped, greater

acocuracy of description has been attained.

The following table shows the material employed in the

research:-

Age of

Length of

enbryo. embryo. Modelss

l. 19 days. (1) x b0,

(2).x 100
2. | 22 days. 8 m.m. (1) x 41%

(2) (part) x 88}3 ’
3. 25 days. 15 mem. (1) x-4L}é

(2) (part) x 8%/
4. | 284 days. 23 m.m. (1) x 27/

(2) (part) x 83/4
6. | 30 days. e (1) x 18

(2) (part) x 85%
6, 36 days. 32 m.m. (1) x 18

_‘ (2) (part) x _3_577'"

Ts 37 m.Mme =
8. 43 m.m.
9. 0 days. 52 m.m. 1% 367
10.| 48 days. 80 m.m. %2697
Vil Be avie. 100 m:m. x 86 77 >
12| 70 days. 160 m.m. (part) x 71/7
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Although éhe "age" of the different embryos is given
above, it is not intended that this should signify more than
the lengtih of time which elapsed between the time of coition
and the time when the mother was destroyed. An examination
of Keibel's Normentafel (1) shows that coition and fertilisation
of the ovum.are not by any means contemporaneous, or even ipprox-
imately so_in the pig. In embryos taken.from two litters, it

not infrequently happens that those which should be farther

advanced in development, Jjudging from the period which has
elapsed since sexual congress took place, are as backward as,

or even more padckward than those of the "younger" litter.

GENERAL DESCRIPTION.

19 days embryo.

In the embryo pig taken from the uterus 19 days after
coition the hind-brain is still in a rudimentary condition. The
Fissura rhombo-mesencephalica (Kupffer) is distinct, and the
cervical flexure is well marked; but the pontine flexure has
only begun to be formed (Figs 1). The hind-brain, as a whole,
is in the form of a_slightly pent tube, the calibre of which is
greatest at about the Jjunction of the anterior third with the
posterior two-thirds. Tpe roof of the tube is membranous f{rom
the cervical flexure to within a short distance from the con-
striction which marks the antefidr-limit=of the hind-brain.

The cerebellum is very rudimentary and indead_is difficult of
accurate definition. ‘“Immediately behind-the Fissura rhombo-
mesencephalica there is a short non-membranous dorsal union

between the two halves of the neural tube; buty with the excep-
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tion of this the primitive Anlagen f&em which the future cereb-
ellum arisesfare only connected by the Membrana obturatoria
quarti ventriculi (K&lliker) (Fig.9).

Transverse sections taken anywhere, except at the most
anterior part of the hind«brain, present a remarkable similar-
ity,whether they are from the medulla or the region of the cer-
ebellum. It is noteworthy that, though alar and basal laminde
are clear and distinct in the spinal cord and in the mid-brain,
it cannot be said that them are precisely defined in any part
of the hind-brain. In fact the hind-brain at this stage consists
of two lateral plates (Fig. 10), diverging from each other more
and more as the widest part of the neural tube is approached,
but joined ventrélly at an acute angle which is indicated on the

_surfaoe.of the model by a median ventral ridge, which, though
more pronounced in the region of the future pontine flexure,
can be readily traced all the way from the cervical to the
cephalic flexure. :

From the above it will be seen that there is practically
a uniformity of construction of the whole of the hind-brain
at this period of development. | |

In this embryo there are seven neuromeres lying between
the ceﬁhalic and cervical flexure (Fige. 2). Attention has
been called to these structures elsewhere (é). <1t i8% therg-
fore, unnecessary tq give more than a brief account of them here.

The interior of the neural tube presénts seven grooves,
of unequal extent and depth, corresponding to elevations on the
exterior. Following the lead of previous observers, these
grooves, with the external elevations produced by them,are held

to indicate the presence of neuromeres. Longitudinal sections

show that the height of the ridges separating the neuromeral
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grooves are often disproportionate to the depth of the con-
strictions vetween the external eievations (Fig. 11).,

The first neuromere is large and from it.the cerebellum
arises, as has been shown by Orr (3), Hill (4) and Kupffer (5).
The seventh neuromere is second in point of size and has a deep
and extensive internal depression. Whether it is a neuromere
of the hind-brain or of the spinai cord may be open to question,
since Hill, after careful examina{ion of the neuromeres’ of fishes
and the chick, has announced it as his conviction that there are

never more than six neuromeres in the rhombencephalon.

22 days embryo.

In the hind-brain of an embryo 22 days old the cervical
flexure is more aorupt, and the pontine flexure is better marked
than in the 19 days emoryo (Fig.3). The two lateral parts of
the cerebellum have increased in size,and their median connection
is more extensive. - As a consequence of these developments,
the outliné of the memoranous roof of the ventricle (Rautenfeld)
has changed. Those lateral bo¥ders of it which lie in front
of the greatest transverse width of the rhombencephalon are now
convex towards the middle line, instead of concave as previously.
This, and the subsequent changes in the outline of the "Rauten-

feld", are similar to those figured by Gronberg as occurring in
Erinaceus (6).
The distinction between alar and basal laminae can now
be traced from the spinal .¢cord into the medulla, but only for a
short distance. The median ventral ridge, spoken of in connec-
tion wiih the younger embryo, is now confined to the d;strict
*occupied by the-pontina-{laxure-and the 1sthmus-rhombencephali,

but in this situation it is even petter marked than previously.
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Seven neuromeres can still be detected (Fig. 4). Their
internal depressions are deep and. very clear, but the corresp-
onding external elevations and the intervening constrictions

have becdmo very faint. The seventh depression is more shallow
than before, and the sulcus between the alar and basal lamimae
(Sulcus limitans) is continued into it.

This embryo taken in connection with the younger one shows,l
in a very clear manner, . the nerve-connections of the neuromeres.
Stated briefly these are as follows. The N. trigeminus arises
primarily from the second neuromere, but establishes a second-
ary connection with the third also. ‘The acustico-facialis
root-complex is associated with the fourth neuromere; and the
glossbpharyngeus and Vagus with the sixth and seventh neuromeres
respectively. The nerve—;alaxienship,faa“hara stated, is almost
in entire accord with the description given by Prenaht () of
the conditionffound by him in a 14 m.m. pig embryo.

In the 22.d§ys empryo the otic vesicle lies opposite
the fifth and the greater part of the sixth neuromere. In thé
19 days empryo it did not extend éo far backwards, and it is,
therefore, concluded that the real relationship of the vesicle
is with the fifth neuromere; the association with the sixth being
merely the result of expansion of the vesicle.

A more detailed description of the neuromeres is given
in the paper already published.

Grénberg (6);in his description of the development of the
brain of the hedgehog; attaches zreat importance to the appear-
ance of two longitudinal grooves, lateral to the sulcus centralis,
in the anterior part of the floor of the ventricle in the earl-

tarﬂélages of development. The more lateral of the two he
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considers to be the true Sulcus limitans. The more laté}ai“ha
holds to be only a secondary structure, and names it the Sulcus

intermedius. This sulcus intermedius, however, he avers is
equivalent to what His has recognised as the Sulcus limitans
of the human emoryo. Thus Gronberg desires to shift the sulcus .
between the alar and pasal laminae into a more lateral posit-
ion. |

A comparison of Fig. 14 (transverse section throuzh the
hind-brain of a 22 days pig embryo) with Gronberg's Fig. 59
(Taf. 18) reveals a strong likeness. Gréonberg's figure is from
.a hedzehog embryo of abou£ the same stage of development as the
22 days pig:; and the section is from about the same level as
‘that from which Fig. 14 was taken. Both figures show two app-
arently'longitudinal groavas; but £he modél of the pig emobryo
disclpses the neuromeral natﬁre of the grooves. Is-there not
a possibility that the grooves in Gronberg's illustration, and
called by him Sulcus limitans and Sulcus intermedius, may bear
a like interpretation? This is merely a quéry, not an asser-
tion. Nothing short of making reconstruction-models of the
hind-brain of hedgehog embryos would_justify one in saying that
Gronberg's reading is not the correct one. At the same time

it is strange that the two figures should be so much alike.

15 mem emnrzo.
In an embryo 16 mem long (25 days old) the pontine flex-

ure is well marked (Fig. 5). This, in association with the
increased size of the cerebellmr lamina, has produced a great
alteration in the shape of the outline of the Rautenfeld. (E

is now in the form of a triang’le whose base, directed forwards,
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consists of a median notch flanked on each side Dy a convexity
produced by the lateral portions of the-posterior border of the
cerebellum. Its posterjor angle no longer quite reaéhes the
cervical flexure; and, since the lateral recesses are pezinning
to form, its lateral angles are curved slightly forwards.

In addition to the increased antero-posterior dihensions
of the lateral parts of the cerebellum, there has also been an
augmentation of their fhicxnass. The inner surf;ce of each half
is now convex; but this is no{ entirely due to an increase in
thickness , for there has been a concomitani production'of an
external concavity. The median part of the cerebellum has begun
to develope a marked convexity in the sag1tta1'and also in the
lateral direction; a condition of some moment, as subseguent
development will show.

Immediately vehind the posterior edgze of the cerebellar

lamina a choroidal fold has besgun to form. This begins later-

ally in the neighbourhood of the incipient lateral recess, and
'is continued for more than two-thirds of the distance between
this point and the middle line. Something léés than the median
third of the border of the lamina shows no sign of folding.

The median ventral ridge, present in the earlier stages,
has entirely disappeared, and has given place to a shallow groove
continuous with the ventral groove of the spinal cord. This
ZT00Ve exteﬁds forwards to a level with the origin of the N. Ttri-
geminus. ﬁnteriﬁr to the origin of the N. acustico-facialis
there is a low rounded ridge running along the floor of the
groove.

Alar and basal laminde can now be followed from the spinal

cord into the medulla for about half the length of the vgntricle,
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i.es nearly to the most anterior root of the IX and X cranial
nerves (Fig.16). Of the neuromeral grooves [ive are still

evident(Fig. o). The first, however, is shallow. The second

is of good depth, and the ridge between it and the first is very
prominent. The five grooves now present have the same nerve-
relations as had the most anterior five of the seven in the
earlier stages. The sixth and seventh neuromeres have, therefors,
lost their inteinal grooves, and it appears that this has
resulied from an anterior extension of the inter-zonal sulcus
(Sulcus limiLans)} - In support of this supposition may be cited
the fact that the sulcus is much wider in the position of the
former sixth and seventh neuromeres.

The fact that alar and basal laminde cannot be distin-
guished in the early rhombencephalon, and that, as growth proceeds,

they gradually extend, as recognisaole entities, farther for-

wards, appears to Jjustify emphasis.

23 m.m. GMOIYO.

The pontine flexure is so pronounced in this embryo that

E

the floor of the ventricle slopes gently.downwérds and forwards
from its posterior end to opposite fhe lateral recess (Fig. 7).
Anterior to this it is inclined s{eeply upwards and forwards.

The lateral recess is now deep and clearly bounded. Its
posterior limit has been defined partly as a consequence of the
inﬁrease of the pontine flexure whicn has-caused the ventrigle
to suddenly assume a much greater transverse diameter in front
of the N. acustico-facialis; but partly, also, as the result of
intrinsie development in this region. The cerebellum, because
of its increase in size, and its greater backward projection

produced by the accentuation of the pontine flexure, now com-
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pletely roofs in the lateral recess.

The increase in the thickness of the floor of ithe ven-
tricle has caused the distinction between alar and basal laminzp
to become a matter of difficulty. But there is still a faint
groove visible opposite the fascioculus solitarius.

1 will be moticed that, in the 5ig, delinits alas and
basal laminae separated from each other by a Sulcus limitans |,
have not peen mei wiih in the anterior part of the rhombenceph-
alon. The farthest anterior point at which they can pe dis-
tinguished is about the middle of the length of the ventricle,
and this only in an emobryo of 15 m.m. In younzer material
they cease to be obviogs a2t a more posterior level.

Although the indications of neuromeres are generally
held to disappear at a comparatively earlf period, there are
grooves in this and older embryos which it is difficult not to
‘consider as the direct descendants of the néuromeral grooves
of younger empryos. A comparison of Figs. 6 and 7 will demon-
strate the grounds for supposing that the grooves persist for
a much longer time than is generally supposed. That grooves
do exist in a 23 m.m. emoryo is shown in Fig. 7, and these .
zrooves- four in nuuper -~have the same topography as sim-
ilar depressions in Fig. 6. [f the grooves in the older embryo
are not the descendants of those in the younger, it is_strange
that they should be So very similar in position and relations.
Until the contrary is shown to be the case, the depressions
in the 23 m.m. and olaer embryos will be described as being
identical with those of the smaller embryos.

The first and second depressions are partly combined,
i.e. they are now included in one large concavity; but thair
*individuality is not‘completely lost: the grooves which extend
laterally from them into the lateral recess of the ventricle

are quite distinct from each other. The second depression
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is much deeper thén the first.

At this period of development the third groove has gained
the supremacy so far as depth is concerned. There is still\a
fourth depression, shallow and indistinct; and into it runs the
possiple represéntative of tqe Sulcus limitans. Microscopic
sazittal sections suggest the presence of even a fifth depression

% F . er .
but concerning this there 1s some roonm gf doubt.

25 m.m embryo.

In an embryo only 2 m.m longer than the one just descr-
ibed (25 m.m., 50 days old) the pontine flexure has attained
its maximum curvature. From this time onwards the flexure
gradually becomes more obtuse. The extreme degree of the
flexure at this period produces a great exaggeration in the
depth of the median fissure of the ventricle on a level with
the lateral recessaé. These latter ar{ now very definitely
bounded; above by the cerebellum, and below in a manner present-
ly to be descripbed (Figs. 38 and 39).

The connection between the two halves of the cerevellum
hés increased in thickness in its anterior portion. Posteriorly
it gradually thins away. The lateral halves of the cerebellum
are still concave on their outer surface; this being in strik-
ing contrast to a convexity occurring in the median region
(Fig. 39).

By this time the choroid plexus is well formed, and is
disposed in a curve whose concavity looks forwards.

0f the depressions considered in the last embryo as ves-
tiges of the neuromeral grooves, four can still be distinguished.
Internal to the opening from the body of the ventricle into the
lateral recess, the first and second grooves are more blended
than in the 23 m.m. embryo. But into the recess itself they

can readily be traced as separate entities (Figs. 40 and 4l).
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Their relative position, however, has been altered owving to the
increase of the pontine flexure. The first groove now lies
at a higher level than the second, instead of being directly
anterior to it (Fig. 41).

The third groove is still deep in the pody of the ven-
tricle, out it is with difficulty followed into the recess (Fig.
43) . The fourth groove is faint and indistinct, and can only

_ i ) ' sagittal
ve satislactorily demonsirated ingmicroscopic sections.

32 mem &MbIyo.

The rhompbencephalon of thnis embryo shows several features
of interest. The pontine flexure is less abrupt. The tran-
sverse and vertical diameters of the medulla are much greater
than those of the spdnal cord, the change occurring rather
suddenly at tﬁe cervical flexure. The fourth ventricle fails
to reach the cervical flexure; that is the intercalated portion
of the medulla (His' Schaltstick) has definitely begun to form.
The dorsal median fiséure of the spinal cord is continued into
this part of the medulla, but becomes gradually shallower as
it passes forwards. A éhort distance behind the posterior

tip of the ventricle the pottom of the dorsal median fissure
developes a ridge to which attention will directed later (Fig.44

Viewed from the surfaos; the two halves of the cerebellum
do not meet at so sharp an angle as formerly. The. outer sur-
face of each half has still a slight concavity about its mid-
dle (Fiz. B2), but its posterior portion is decidedly convex
(Fig. 61}. The external convexity of the median region of the
cerebellum, which has made its appearanoe'in the previous embr-
yos, is now very prominent, but doesgﬂot extend backwards as
far as the posterior border of the cerebellum (Figs. 5l, b2 and
B3) . Viewed from the inside, the two halves of the cerebellum

are separated by a median sagittal fissure which is very deep
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on a level with the external convexity just mentioned (Fig. 53).
This fissure has taken the place of a wiue groovespreviously
present, corresponding to the tinin median connection of thé two
mecieties of the cerevellum. The change from a fairly wide
s¥oove into a contracted cleft has doubtless been dus to two
ractors. In the first place, the ouiward bulging of this part
of the cerebsllum, without a commensurate increase in vertical
thickness, must have contriouted to the deeping of the groove.
Secondly, the lateral walls of the groove have becoms steeper
and taller cecause of the increase in thickness of the lateral
halves of the cerebellum, and the resulting increase in the
internal convexiiy of these parts.

In the posterior part of the cerebellar lamina, and in the
wider part of the [issure just descrioved, a prominent ridge has
made its appearance (Fig. b5l). This, however, disappears as
the deeper, more antergor, portion of the fissure is approached.
Thé occurrence of this raige is no doubt associated with the
initiation of the process of filling up of the fissure. It
is of interest to note that Schaper (8) figures a similar,
if larzer ridge at the potiom of the "Medianfurche' (ventral
surface of the "Deckplatte) in trout embryos (cf.,.for example,
his fizurs 28). It may be remarked that a similar ridge is
present (and was also visible in the 25 m.m. embryo) at the
bottom of what may for convenience be called the ascending

(anterdor) portion of the median fissure (Suicus centralis) in

the floor of the ventricle (Fig. 53). Even in the 23 m.m.
embryo the precursor of this ridge can oe detected (Fig. 28).
It should pe here noted that, at no time in its develop-

~ment, does the cerebellum of the pig present the internal feat-

ures described by K6lliker (9) as occurring the the rabbit.
Kolliker remarks that frontal sections-reveal, on the under
(inner) surface of the developing cerebellum, a deep median

fissure and two lateral fissures. This surface, therefore,
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he says, has four longitudinal ridges running along it; of these
the more lateral are the largest. This declafation is supp-
orted by the figure of a frontal section (Fig. 338) through
the cerebellium of a 16 days rabbit emoryo. In its lack of
the lateral fissures, the pig resemples thé sheep (cf Xuithan's
figures). '

The genefal character of the lateral recess has not altered
materially, though its roof and floor are nearer together
owing to the increase in thickness of the csrebellum by which
tie rooi is formed. Owing to a diminution in the transverse
diameter of the ventricle just oehind the opening into the
recess, the isolation of the latter is renaerad more conspicuous.

In the body of the ventricle there is ona'shallow.depres—
sion occupying the same relative position as the first and second-
grooves descriped in preceg¢ding parmgraphs as neuroﬁeral in
origin. From this depression a deep furrow rums outwards into
the lateral recess, in ithe outer and anterior part of which it
divides into two, thus, possibly, indicating its duplex const=:
itution. The third grooﬁs is of great depth in the body of the

ventricle, and can readily be followed into the lateral recess.

52 m.m. emeryo.

in the next older empryo (40 days) the intercalated part
of the medulla has materially increased in extent. The cereb-
ellum has developed rapidly and, examined from the exterior,

now shows a division into an elsmentary vermis and two lateral

hemispheres. ~The vermis is most markedly develpped anteriorly,
where it forms a roundsd projection overiying the rudimentary
anterior medullary ;alum and extending for some distance in front
of the anterior 1limit of the hemispheres. This early indicat-
ion of a vermis scems to militate against Bolk's contention

that such a part of the cerebellum is not a fundamental divis-
ion (10). :
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Tharalcan be little doubt that the vermis has sprung
directly from the median convexity present in the earlier embryos;
thus the median thin portion 6f the cerebellun onlf produces a
very small part of it; almost the whole of it being developed
from the more mesial parts of the lateral halves of the cereb-
ellar lamina.

The transverse measurement of the cerebellum is much
greater than that of the underlying portion of the rhombenceph-
alen. (Figs. 67 and 68). The sulcus,which has been previously
described elsewhere (11) as demarcating the nodulus and flocec-
ulus from the rest of the cerebsllum, is now present. The
deep sagittal median fissure found on the inner surface of the
cerebellum in the previous smoryo has become a veritable cer-
ebellar ventricle (Fig. 68), such as has been already described
“in mammalian embryos by Blake (12). This narrow cavity extends
forwards into the anterior projection of the vermis, so that its
communication with the rest of the fourth oentricle is directed
downwards and backwards, as Figs. 68, 69 and 70 would lead one
to conclude. In the depths of this cerebellar veniricle
there is still a trace of the median ridge already mentioned.

The under surfzce of the anterior medullary velum is marked
by & sagittal furrow which may be looksd upon as a shallow for-
ward continuation of the fissure out of which the cerebellar
ventricle has developed (Fig. 70).

It is perhaps worthy of remark that, where the cerebellum
joins the floor of the fourth veniricle, a ridge has nade its
appearance (Fig. 70) .

In the posterior part of the floor of the fourth ventrioler
the lateral halves of the medulla are ;nclined to each other

at a very acute angle, a condition which has been gradually

evolved since the earlier stages. & ridge can still be dis-

~tinguished at the bottom of the median fissure in the anterior
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part of the ventricle (Figs 66, 87 and 68), but this ig the
oldest embryo in which such a feature was found. |

The depression occupying the poesition of the firgt and
second neuromeral grooves is becoming very indistinct. The
third groove, on the other hand, is still deep and very evident
in the body of ihe ventyicle, and is continued into the lateral
recess as a conspicuous furrow.

The opening from the ventricle into the lateral recess

has become both reulatively and absolutely narrower.

30 MsMe EMDTYY 0.

The cerepellum in an 8C m.m. emoryo (48 days) has an
unmistakable vermis énd two.laierﬁl hemispheres. Fissures are
oeginning to separatelits lobes: the nodulus and flocculus
being already compleﬁely;isolated from the rest of the cereb-
ellum. The cerevellar ventricle has, to a larze extent, become
filled up, but it is not as yet completely obliterated. Where
the cerebellum meets the floor of the ventricle thefa-are now
fhree short ridgze-like elevations in the place of the one in
the younger specimen..

The groove occurring on the under surface of the antsrior
medullary velum is now very shallow.

The floor of the ventricle has altered scarcely at all
in the interval petween 40 and 48 days. The third neuromeral
groove is still represented by a deep depression in the body of
ventricle; but it now lies at a level slightly in front of the

opening into the lateral recess, whereas, formerly, it was on

a level with this opening. This change of position is to be
associated with a backward growth of the anterior wall of the
recess, rather than to a2 forward movement of the depression.

The subsequént history of the third neuromeral groove shows that

there is little reason to doubt that it becomes the anterior
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fovea of the floor of thagourth ventricle. And it may be again
repeated that, if the depression is not really a persisting
neuromeral groove, there is nothing n the series of eMOTyos

examined which militates agzainst the contention that it is so.

100 mem. emoryo.

The third neuromeral depression io still deep anda occupies
a position considerably anterior to the openinz into the lateral
rgcess,s into which no continuation of it can now be demonstrated.

‘ The three régge—liks eminences at the junction of the
énrebellum with the fioor of the ventricle are ﬁore prominsnt
than in the earlier stage. The anterior meduliary velum is
thin; its véntrioular surface showing a median sagittal keel,

corresponding to a dorsal furrow. There is still a trace of the

cerebellar ventricle.

THE RHOMBIC LIP.

In 1888 His (13) called attention to a folding over of
the dorsal edge of the alar lamina which he named the "Rauteﬁlippe”
and to which he attached great importance as a factor in the
development of certain portions of the medulla, and especially
of the cerebsilum of man. He statied that this rhombic lip begins
to form, in the human ambryo,-at the beginning of the fifth week,
and {hat it extends from the cervical flexure to the isthmus
rhombencephali; in’?gy}laces being larzer, in others smalle;.
Since the publioétion of His' paper séveral observers,
working at the development of the hind-brain in differant mammals,
have arrived at diverse oonclu;iqns as to the formation and
significance of the rhombic lip. Herrick (14) figures it as of
extensdve development in the guinea-pig, and dilates upon its
high poéition as én azent in tﬁe formation of the ceréballum.

Dexter (15), on the other hand, avers that, in the rabbit,
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there is no trace of it. Kuithan (16) also, after following
the development of the cerebellum of the sheep, expresses hinm-
self as doubtful of the occurrence of a rhombic lip.

Blake (12), in 1900, claimed that it is preseht in sev-
eral mawmals -pig, sheep, cat and rat- and gave an illustration
of a transverse section through the hind-brain of an embryo
rat (3 m.m. long) which certainly closely reésmblad some of the
fizures given by His. plake stated that "hitherto ii has not
been demonstrated in the 1oﬁer mammalia", and suzzested that
this bmission may.be due to‘the fact that "1t is ﬁrobably ext-
ramely tfansitory in an unfused conditioﬁ”.

Gronberg (6), writing still gﬁ%&_recently, and pasing
his statement on .the examination of Erinaceus emoryos, speaks
in no uncertain voice against the occurrence of a rhomnic lip.
Kot only does he deny its presence in hedgehoz embryos, but he
even éeriously questions its formation in Man.

So far as Man 1s concernsd, the occurrence of a rhomoic
lip ﬁay pe assumed to be pro#ed. In rezard to its presence
in the embryonic brain of the lower mammals, there is not yet
sufficient evidence toc prove that it is universal, or even common.
For this reason considerable attention has been paid to the con-
dition oflthe dorsal ﬁorder of the alar lamina in the hind-brain
of the pig emoryos employed in.this research. And the follow- - |
inz has peen found to obtain.

In the youngest embryos the édge of the alar lamina

passes in a simple manner into the membranous roof of the vent-

ricle. No indication of an outward folding is to be observed

- in any part of the rhombencephalon of the 18 and 22 days embryos.
: ney

In the next older embryo (15 m.m.) there is a considerable

difference. In the most posterior part of the medulla the

upper border of the alar lamina is no Ipngef thin, but has

oecome thick and rounded, forming an apparent eguivalent to |
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His' "Fluzelwulst"; along the lateral margin of which the men-
mranous yeof of the ventricle is attached (Fig. 16). When
sections are followed forwards it is [ound that, not only is the
porder of the lamina rounded, but there is also the appearance
of an outward bending. That 1s to say, there 1s distinct evid-
ence of the formation of a rhombic lip. with a well-marked
outerz and a shallow inner, "Lippenfurche'". This is well seen
on a level with the otic vesicle (Fig. 17). Towards ths anter-
ior limii of th. vesicle the folding over almost entirely dis-
appears, to be again well developed as scon as the vesicle is
conpletely passed. On a level with the orizin of the root-
complex of the N. actistico-facialis tﬁere is a slight dimin-
ution in the size of the lip; a diminutioﬁ doudbtloess associated
with the exif and entrance of nerve-fibres at this point (Fig.
18). Immediately in front of this root the lip assumes its
maximum development; both its outer and inner "Lippenfurchen"
being deep (Fig. 19). The root of the N. trigeminus is con-
nected with another diminutién in the size of the lip; which
is once more clearly.marked externally in the region of the lat-
aral recess, the outer "Lippenfurché being continued slightly .
beyond the anterior limit of the recess (Figs 5 and 20).

The neuromeral grooves cross the "Flligelwulst", so caus-
ing the production of a number of rounded eminences.

With certain reservations, it may be said that, so far :
2s concerns the rhomoic lip, seotions through the hind-brain of
this embryo bsar a mafxed resemblance to the figures given by His
of a five weeks human empryo. There is, however, none of that
flattening of the medulla, at the widest part of the ventricle,
so conspicuously present in Man. ‘There is, further, as has
been previously stated, no clear distinction of alar and basal
laminae in the widest part of the medulla. .

It 1s not possible to follow the rhombic lip for even the

=
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shoriest distance onto the cerebellum in this stage.

A considerabe advance has been made in the growth of the
rhombic lip between the 15m.m. and the 23 m.m. stages. In a
25m. m. emoryo ihe lip is a.ain poorly developed in the posterior
part of the medulla; and fusion iz apparently taking place petween
it and the wall of the brain-iube (Figs. 2o and 26). Opposite
the anterior part of the otic vesicle 1t would be difficult to
say that a rhombio 11p had ever existed where it not for the
evidence afforded by the younger embryo. In conngction with
the lateral recess, on the contrary, ithe lin has gro@n conszid-
erabiy and now forms a substantial floor to the recess (Figs.

30 and 31). This region obviously corresponds to the district
in which the lip was greatest in the 15 MeMe 6MDTYO.

At this stage there are unmistakable traces of a iolding
of the edge of the cereoellar lamina; but in no part is ithso

well marsed as was formerly the case in the medulla.(Fig. 32).

A cerebellar rhombic lip can be detected in both transverse and
sagittal sections, the latter showing that 1t is best marked in
the region of the lateral recess.  As sections are followed
towards the middle line the lip becomes gradually less and less,
but does not entirely disappear until the median plane is close-
ly approached.

In the posterior part of the medulla of a 25 m.m. embryo
there is a thickened hem appended to the border oif the former
alar lamina, and to it the membranous roof is attached. This
hem is shérply mar<ed off from the rest of the.wall of the ventr- |
icle by an internal furrow, above which a rounded ridge-like |

prominence (Figs 36 and 37). = The furrow began to appear in the
23 m.m. enbryo (c¢f. Fig. 25), and it does not seem altogether
unreasonable to compare it with a groove figured by His (Fig.
18 (13)) as oeing-present in a five weéks human embryo internal

to the "Fligelwulst". If such a comparision be allowed, then
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the rounded ridze above ?t must be the remains of the "FlUzel-
wulst". However this may be, the hem itselfl may be considéred
the representative of the rhombic lip; Blake having shown that,
in the lower animals, it has such an appearance.

In connection with the latersl recess the rhomoic lip
continues to zrow poth in thickness and also in an outward
direction (Figs. 38 and 39). Attention has already been called
oy Blake to the important role played by the lip in the format-
ion of the recess, and the material at present descriced $ends
support to nhis statement. It should pe added that the N. acus-
tico-facialis has established a2 close conneo£ion with the ven-
tral wall of the recess so formed (Fig. 38¢).

There 1s still a slight trace of a rhombic lip in con-
nection with the cerebellumiin the 25 m.m. embpryo, but this is
the latest stage in which.it can be detected.

As has been previously stated, the mest posterior portion
of the medulla nas become '"closed" in the 32 m.m. embryo;
this "closed" segment being provided with a dorsal median furrow.
Just beforethe central canal opens up into the ventricle, a ridge
makes its appearance in this furrow (Fig. 44). If this be
followed forwards it is found to be continuous with rhombic lips
such as were descrivced in the 26 m.m. embryol(Figs. 45 et seqg.).
That is teo say, the closure of the medulla has been causedaby
the fusion of the lips of the two sidss. From this point
the rhomoic lip can be easily followed forwardé. It presents
an appearance not unlike that of the next younger specimen,
and gradually increases in size as the entrance to the lateral
recess is approached (Figs. 48 and 49). .

‘ A slight exagzeration in the thickness of the lip is shown
in FPig. 49. This fpllows upon a narrowing of the roof of the
ventricle just behind the opening into the recess, which causes

the lip to incline inwards and forwards. Sections of it, there-
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fore, are cut somewhat obliquely. The obliquity of section,
howaver, does not account for more than a comparatively small
part of the width ot the lip as illustrated.

That part of the rhompic lip which is associated with the
lateral recess has increased in thickness as well as in lateral
dimenszions. Consecueni upon the ad&ition to its width, the
lip is now folded farther over the side of the medulla; but there
is still no very remarkable degree of fusion between the ﬁedulla
anad the lip. The independence of the two structures is well
shown in Figs. 49 and 50. fige 49 also demonstrates that the
lateral recess is zrowing pacuwards beﬁid the level of its
aperture of communication with the body of -the ventricle, and
that the N. acusticeo-facialis is now closely associated with the
rhombic 1lip. '

The "closed" part of the medulla has increased in length
in the 52 m.m. embryo. As in the younger specimen, there is
a dorsal median fissursz in this region. And, again, before
the central canal opens out into the fourth ventricle, a low
rounded ridgze appears in the fissure, thus materially reducing
its depth (Fig. 24).

In transverse sections there is an area of tissue, dif-
fering structurally.from that adjacent to it, stretching from
the surface of the medulla down to the central canal, and corr-
esponding in lateral extent to the width of the ridge ai the
pottom of the dorsal fissure (Fig. 54). This has evidently
been produced by the fusion éf the rhombic lipé; for the exam-
ination of serial sections shows a continuation of this area
with lips such as were seen in the 32 m.m. embryo (Figs. 54 and
555.

The disposition of the.epitﬁelium over the rhombic lip
in the neighbourhood of_the‘posteriof end of the ventricle is

noteworthy. Impediately upon the opening up of the central
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canal to form the fourth ventricle, i.e¢. as soon as ‘the area
of fusion of the rhombic lips is past,.thé epithelium, though
of the same thickness over the greater part of the wall of the
ventricle as in the central canal, becomes remarkably thin over
the lips (Figs. 55, 58 and 57). This peculiarity is retained
for some distance forwards. Afterwards the lip carries as thick
an epithelium as the-rsst of the interior of the ventricle.

Just as the opening into the lateral recess is veing
Iarr;ved at, there is again a conspicuous increase in the size of
the rhombic lip (Fig. 65), a condition not demonstrable in older
ETDIYOS. That part of the lip which assists in bounding the-
recess 1s beginning to lose its hithe:fo remarkable independence.

Tﬁe_series of figures, 72 to 77, illustratesthe appear-
ance of ihe central canal in an 80 m.m. embrﬁo. About the
Junction of tﬁg spinal cord and the medull; the canal is of fair
width, and, Jjudgingz from the arrangement of the epithelium, is
undergoing constriction by fusion of its wall both dorsally and
ventrally. If the canal be followed forwards, it is first
observed to.narroﬁ (Fig. 74); andlthen its latefal wallsgggg§;5-
to fuse about their middle, thus producing the appearaﬁce of two
canals - a dorsal and a ventral (Fig. 75). Into the dorsal
canal projects a slight dorsal ridge of epithelium. Still
farther forwards the dorsal canal enlarzes -the ridgze of epi-
thelium being still present- and finally appears to form the
single central canal which opens into the ventricle. Though
this is the appearance pregented by sections, it is very doubt-
ful if there is even an attempt at fusion of the lateral walls
of the canal. Some sections, which had douqtiess bsen rather
roughly handled in preparation, show the walls separated from
each other by a very ﬁarrow chink.

This condition of the cenaral canal would not have been

so fully described were it not that Balfour (17) was originally
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of opinion that diminution in the size of the oentggl canal of
the cord was producsd oy a median coalescence of its walls. It
#was thought that hers was possibly an appearance simiiar to that
which led Balfour to his conclusions. :

A dorsal medlan fissure in the "closed" part of the
medulla is not present in the 80 m.m. embryo. Its place is
taken by a triangular area of tissue, scantily_provided with
nuclei, which represents thé fused rhombic lips (Fig. Vi1
AY the apex of the ventricle the lips no longer project from the
edge of the medulla; but their extent is determinable as a spar-
sely nucleated area continuous with the similar fieid just
mentioned as occurring in the "closed" segment of the medulla
(Fige 78).,

In veiw of the conditidn exhibited by the older material,
it is well here to call attention to the fact that there 1s a
manifest thickneing of the epithelium about the lower limit
of the fused rhombic lips (Fig. 78 and 79). Over the major
part of the lip the epithelium is almost as thin as was found
fo be the case in thé next younger embryo.

On passing forwards the pale area gradually disappears,

.and the rhomoic lip forms a.projection such as has been 8223
previously (Figs. 80 and 81).

Fusion between the lateral recess and the medulla still

goes on, but there is no diffioulty in seeing the'line.along

which it has taken place (Figs 82 and 83).

In the embryo 100 m.m. in length there is again a trace
of a dorsal median groove in the most posterior part of the .
medulla (Fig 84). As stated above this was ot ko e found
in the 80 m.m. @mDXyo. It appears possible, therefore, that
{1t is 2 new formation produced by inequalities in the rate of
growth of different parts.or the medulla. As.the groove rgns

forwards it becomes obliterated by the presence of a pale tri-
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angular area such as was seen nefore (Fig. 85). Careful meas-~
urements show that the area increases in both its late;al and
vertical dimensions as it is‘followed forwards. I[ts continuity
with the rhombic lips is as it was in the younger embryo (Figs
85, 86 and 87). Contrary.to.the condition present in younger
material the bulk of the rhombic lip diminishes as the opening
into the lateral recess is approaoheﬁ (Figs. 87 and 88).

The character of the central canal in the 100 m.m. embryo,
and its modifications as it opens intoc the ventricle, seen
worthy of note. Somé little distance (less than 300 pb ) before
the canal reaoh&s.fhe ventricle, it has the form of a moderately
wide vertical slit wiih a median constriction, but no approx-
imation of its lateral walls sﬁch as was seen in the last embryo
( Fig. 84.). (The constriction is greater in a section 140 M
farther forwards than the one from which this figure was made).

This constriction produceg the appea}ance of two dilat#ations

in the canal. Nextly the slit is elongated by the occurrence
of a third dilatation dorsal in position (Fig. 89). ~Lastly
a cleft sunders the two halves of the pale aréa which represents
ihe fused rhombic lips. At the upper edge of the third dilat-
ation, and about the lower limit of the rhombic-lip-area is a
thickened patch of epithelium such as was seen pefore (Fig. 86).
The manner in which the centiral canal comes to an enq
differs somewhat in a 150 m.m. embryo. In this_speoiman the
pale triangular area is present on a level at which the canal
is still small; that is, the third dilatation mentioned in the
preceding paragraph has evidenly been obliterated by the coal-
escence of\the'dorsal part of the walls of the cgnal. The !
area itself is even more obvious than before, on aggoqnt of its
marked vascularity. (Blake has directed attention to the faot
that the extent of the fused rhombic lips can be determined

by the greater vascularity of the area of tissue so ‘produced) .

In addition it forms a prominent dorsal projection in transverse
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sections (Figs. 93 and 94). In this specimen the antero-post-
erior diameter of the area is absolutely less than it was in the
100 mem embryo. In the latier it measured 252K from its most
posterior recognisapdle limit to the point of separation of the
two rthombic lips. In the 150 m.m. emoryo it only measures
204H between similar paints.' Thié circumstance indicates a
gradual loss by the area of its distinctivelhistélo;ical char-
acters; this change occurring first posteriorly and advancing
towards the abex of the ventricle. The area clearly forms the
obex of the adult brain. -

As the central canal is entering the ventricle it shows
the constriction noted in the 100 m.m. embryo; but the fhird
—most.dorsal— dilatation is replaced by a rounded ridge on
each side of the canal. This i1s the funiculus separans of
Retzius (Fig. &); and the two funiculi blend posteriorly in
such a manner that there is a slight backward prolonga{ion of
the ventricle above them (Figs. 8 and ©4). The more dorsal
of the two dilatations of the central canal is continued into
the ventricle as the ala cinerea (Fig. 8). The rhombic lip
passing forwards from the obex forms the area postrema, which
bscomes gradually smaller and more and more separated from the
bulk of the medulla. A little behind the opening into ths
recess 1t is very small and forms & nazrrow projecting_lip; and
just as the opening is reached it can hardly be said to be
present at all.

That the rhomoic lip is an important facter in the for-
mation of the tubsroulum acusticum has been claimed by Blake.
The present research ! lends support to this claim (Figs. 97 and
98).

From what has been said above, it foliows that the rhom-
bic lip of the pig differs somewhal from the like structure in

Man. From the time of its earliest appearance it is much more
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perfectly formed in the region of the lateral recess. In the
posterior part of the medulla the lip ig small in the younger
material, but attains a good aevelopment later. In the middle
district of the meduila there is an imperfect development of the
lip during the ﬁhole embryonic life. Immediately behind the
opening into the lateral recess the lip is large enough to be
remarkable during the earlier stages covered oy the material
2t present considered; but later this comparative prominence
is lost (cf. Figs. 65 and 88). At no period is the folding
over of the lip so great as has been descrived by His as occur-
ring in the human embryo. There is never even an approach
to the condition as depicted in Hi#' Fig. 16 (18). It is
difficult to imagine that the rhompic lip of the pig froms the
olivary podies &c.; at any rate in the manner as related by His.
It seems more probaple that the fasciculus solitarius becomes
buried as the consequence of migration of neuroblasts indepen-
dent of the formation of a rhombic lip. This would harmon-
ise with the inability of GrGnberg and Dexter to find the lip
in ths hedgehog and rabbit.

Further, it cdnnot be claimed that the lip plays more
thzn a very small part in the formation of the cerebellum of the
pig. "he cerebellar rhombic lip appears later than the medul-
lary lip; is very much smaller; does not reach the middle line;
and all traces of it are.soon lost.

[t must be concluded, therefore, from these observations
on the pig, and from the puoiished results of other investi-
gations, that a rhombic iip is not invariably Ipresant in mam-
mals, and,when present, is not so important a factor in the
development of the medulla as it is in man. In connection

with the cerepellum its morphologic value is small.
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THE CEREBELLUMN.

Since the earliest observers wére of the opinion that the
hind-brain presented a yawning cleft in its roof during the
first stages of its development, it was natural that they should
concaive the.ce;eoellum as arising from a pair of lateral Anlage:
which, sradually growing towards each other, ultimately fused
in the middle line. This view originated, according to Mih%l—
kovics, wilh Fracassati (19), and was acquiesced in by all sub-
sequant_writers up to the time of the appearance of the first
edition of Kdlliker's Embryology (9). Tiedemann (20), Serres
(21), v. Baer (22), Valentin (25), Schmidt (24) and Xollmann
(25J-wére of this opinion.

Kdlliker gave pause to the prevailing theory when he
descripbed the cerebellum as developing as a thickaning of the
roof of the moét anterior part of the hind-brain; the thickening
éoqn attaining the fsrm of a transverse piate. Mihalkovics
(26) followed X8lliker in considering the cerebellum to grow
out of.a transverse curved "Kleinhirnlamella". Lahousse (1868,
(27)) and Hertwig (1893 (28)) are examples of moderns who hold
with an unpaired cerebellar Anlage.

Most recent writers, however, describe a palr of lateral
Anlagen. Goronowitsch (29) so represents the development in
Acipenéer. Schaper (8) believes that the cerebellum of Tele-
osts springs from a bilaterally symmetrioél Anlage.

Stroud (30) douots whether the cereoellum as a whole
grows out of a thickening occurring in the roof of the hind-
brain at the constriction of the isthmus. If this transverse
plate is tﬁe cerebellum, he asks "Where is the valvula?”. He
appears to inciine to the view that the ﬁerebellum proper dev-
elopes from a pair of Anlagen which appsar posterior to the
thickening; summing up by saying, "The mammalian cerebel lum

is developed from the caudal part of the epicoelian roof".
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Auithan (16), fiom his observatiocns on the shéep, 1s of the
opinion that the embryocnic cerebellum has at first an upalired
An}age; out later it passes through a stage in which paired
Anlagen can be detectéd. Prenant (31) joins the ranks of
those who adhere to the opinion that there are originally two
lateral structures from which the cerepbellum arises; and Gronberg
(6) is led to the same conclusion by his examination of hedge-
hog embryos.

There appears to be sufficient Justification for the
assertion that the cerebsllum of the pig developes from a pair
of lateral Anlagen. The median connection present in the youn-
gest embryo examined (19 days) is so thin that there appears
to be no reason for considering it of more importance than the
Deckplatte of the spinal cord. It is merely a connecting-link
between the alar laminae of opposite s;desof the rhombencephalon.
Further, the connection so established is of short sagittal
extent only.

The rudiments of the cerebellum which are present in
the 19 days embryo are not marked of f from the medulla by any-
thing more than the cccurrence of a maximum width of the brain
'tube; The main connection of the two halves of the organ is
the thin membranous rcof of the ventricle; each half having a
median border which slopes gradually inwards as it is followed
forwards. Speaking generally there is an interval between
the two parts of the cerebellum in the form of a moderately
elongated isosceles triangle whose base is formed by a line
drawn transversely to the long axis of thg rhombencephalon
on a level with its widest part, and whose apex points forwards.

As development proceeds, the superrioiai area of the two
moieties of the cerebellum increases; and their median connect-
jon is extended antero-posteriorly from an extension of their

line of contact. The median connection, though gradually
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pecoming thicker, does not do so in proportion to the increase
in its sagittal extent. The econseguence being,ihat, for a long
time, the two halves of the cerebellum are joined to each other
Oy a remarkably thin briage, internal to which is a longitudinal
fissure whose relative depth increases, rather than diminishes,
up to a certdin stage in development. How thé fissure devel-
opes into a cerebellar ventricle, and how this is not entirely
obliterated even in a 100 m.m. embryo, have been related.

Concerning the manner in which the originaily thin median
portion of the cerepellum increases in thickness, with a con-
comitant diminution in the depth of .he internal longitudinal .
fissure, there has been some divergence of opinion. Xujithan
inclines to the view that there is approximation of, and, finally,
fusion between the two walls of the fissure. Gronberg, on
the other hand, holds that Erinaceus embryos do not exhibit
any‘fusion of the ependyma. Schaper, as the result of bhis
investigations into the deve10pmeﬂt of the cerebellum in tele-
ostean fishes, concludes that the connectiﬂg lamina between the
two lateral halves does not develope into typical cerebellar
tissue. ; '

. The question is evidently not cne to which a satisfactory
answer can be readily found. In the emoryo of the pig there
is certainly some thickening produced by proliferation of cells
within the median part of the cerebellum itself. But there
is the possibility that these cells have migrated thithér from
more lateral zreas. [t is not without interest to note that
a ridge is present, in certain embryos, at the bottom of the
internal median fissure of the cerebellum (Figs. 51 and 68)
not altogether unlike that which appears in the depﬁhs of the
sulcus centralis of the floor of the ventriﬁle.

The extraordinary uniformity in the architecture of the

whole of the hind-brain in the youngest embryo recalls the
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guestion as to whether a division of the rhombencephalon into
two distinct sezmenis, as origiﬁally sugzested by v. Baar,.is
pased upon altogether good morphological grounds.

Edinger's assertion that the cerebellun is, in the high-
@st probability, oneof the oldest segments of the orain (32)
does not remove the inpression, gained from an examination éf
the litsrature, that the cerebellunm is fundamentally merely
a continuation of the posterior part of the rhombencephalon. Or,
as Spitzka has oxpressed it, a dorsal hypertrophy of the hind-
brain. :

That the cerebellum in the lowey animals is mainly, if
not entirely commissural has been shown by the researches of
Burckhardt (on Protopterus (33)), Osbérn (on Cryptobranchus
and Amphiuma (34)), Fish (on Desmognathus (35)), Kingsbury (on
Necturus (56))~and others. This leads to the deduction that
originally the cereoellum was not an important nerve-centre:
1ts subsequent attainment to a high morpliological position
being due fto an augmentation iu volume and an elaﬁoration of
"structure rendered necessary by physiological specialisation.

The structural continuity of medulla and cerobellum lends
support to the hypothesis thal they are merely different parts
of the same brain segmen{. In 1888, Gorenowitsch (29) made the
statement that, in Acipenser, the molecular layer of the cereb-
elium (with cells of Purkinje) is continued over the tuberculum
“acusticum as a crest to which he gﬁve the name of "Cerebellar-
leiste". A like condition has besen ifound to Ebtain in Amia
(Kingsbury (37)),Acipenser rubicundus (Johnston (38)),Mustelus
(Houser (38)) and Petromyzan (Johnston (40)). Johnston, in
particular, is very earnest in his insistenoe upon '"the morph-
ological unity of the dorsal horn, acusticum and cerebellun":

a unity rendering a dividing line between the cerebellum and

tuberculum acusticum an impossibility.
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The relationship beween the tuberculum and the cersbellum
is further shown by the fact that the N. acusticus has an end-
gtation in both. Thig has been demonst;ated Py a multiplicity
of observations upon all clugses of zaninmals. Cf those to whom
we ows kpowladge of this fact may be meniioned Hayser (41),
Sala (44), Brandis .(4%), and Nallenberg-(46}. .Even in Man
himself, in whom the cerebellum has become most nignhly spec-
ialised, the vestibular nerve sends fipres into the cerebellun.

In view of the facts which have been acéumuiated, and
which arve still rapidly aﬁcumulating, there ssems good reagon
for considering the cerebsllum and medulila as parts of cne and
the same segment of the brain; even if we do not go so far as
to say, with Haller (47), that beyond doubt the "Cerebellar-
leiste" and its associated ccrebellum have developed from the
outer sensory region of the medulla oblongata; thus reducing the
cereballum to the level of a ﬁere appendage to the medulla. That
even the latier, and more extreme conclusion is justified-by
scme -net Lo say many- facts, may, however, oé readily con-.
tended,

The ﬁbblem oeing one of much complexity, and further
evidence being still needed for its solution, it may be well
to éuspend judgement, and awéit further developments; conclud-

ind with Wildér (48) that fhere is no reason why we should not

- -

by the majority of later authorities upon the subject", at
the same time remaining alive to the possibility that the div-
ision of the rhombencephalon into two segments, though convenient,

may not be strictly scientific.

%
The italics are not in the original.



[HE PORAMEN OF MAJENDIE.

A'figure give by His (Fig. 33 (48)) shows the roof of the
empryonic fourth ventricle to bs of the same thickness through-
ouvs - In the process of development a relative thinning takes
place; and 1t seems probable that, in scme mammals at least,
thisg couiinuesluntil an aciual break occurs at certaln points
of the roof, whereby the c¢-vity of the ventricle is placed in
communication with the subarzchnoid Spaces That such a conn-
ection 1slestaolishéd in man and the higher apes, at least,
appears to have been proved beyond dount by careful work rec-
ently undertakens Whethey all the apertures found in man
occur with the same regularity ;n all mammals “2s not been so
clearly demons£rated. The older methods of research were not
such as lent theméaives to proving or disproving fhe existence
of small openings in so delicate a membrane as that which closes
in the fourth ventiricle. So long as the only method smployed
was that of ordinary dissection, it was only natural that diff-
erent’obéervers sﬁould arrive at different conclusions; the
amount of -tension requisite for the production of an artificial
opening peing so very-sﬁall. - Even when the process of embed-
ding and cutting section in paraffin or celloidin is used the
rssults may be untrustworthy if there has been any roughness
indulged in during extraction of the brain from the cranium.

The only way by which all danger of producing artifacts
can be obviated iS'by emoedding and cutting the whole bead:

a mafter of obvious difficulty in the case of larger-animals.
Emoryos lend themselves much more readily to this method than do
adult animals. But in the case of the use of embryonic mater-
izl negative evidence is oﬂgreatly }ess value than positive. /.
If there be no opening found in the embryo it does not follow
that there should alsc be none in the adult. It is easily

conceivable that an intercommunication between the ventricle
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and the suparachnoid space may be formed after hirthe 1f,
however, an opening is found to be present in the embryo thers
is &« strong probability of its being prezszent in the adult alszo.

In the early part of last century, Burdach (50) described
the hinder end of the roof of the fourth veniricle as being
verfectly closed. But,in 1842, Hajendie (Bl) pointed out that
there is normally and constantly aﬁ opening in the roof of the
human ventricle; this foraman beingz bounded by the choroid plexus
and the posferior medullary velum, and its size diffaring.very
much in different. individuals.

Since 1842 conflicting cpinions have been expressed
as to whether the Foramen of Mz jendie is 2n entity or a chimera.
Virchow (52) dsnied the existence.of any_connaction between the
ventricle énd the subarachnoid svace. Luschka (53) succeeded
in findingz an opening in the Tela choroidea ﬁnﬁerior in man;
but added that in many animals thelventricle is closed. In
1861, Reichert (54) averred that the foramen is only produced
during the process of removal and manipulation of the brain;
whereas, in the same year, Kollmann (25) not only described the
opening as being nétural, but also stated in what manner it is
bounded.

Quincke (66) saw in the foramen a very variable and not
always demonstrable opening in the connective tissume oif the
roof of the ventricle. Key and Retzius .(56) examined 100
human brains, znd found a foramen of Majendie in 98 of them.
Sée (57) declared himself on the side of those who denied the
existence of the foramen, and stated rgascns fof his attitude.
It is exceedingly easy, he said, to tear the fine membranous
roof of the ventricle during the removallor the brain; in sev-
eral animals, e.g. horse, goat &c, it has been shown that the

ventricle is closed; and the overfilling and distension of the
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ventricle,as the consequence cof pathological conditions,is not

1
reconcilable with the acceptance of ‘the presence of an opening.
Yolliker (8) held that there is complete closure of the ventricle
in the emoryo, and that this is the rule in the adult also. The
foramen of ia jendie, when present,'hé said, ig no regular str-
ucture.

In 1885 the problem was attacked by Hess (58). He
gxamined the brains of 30 adplt human beings, 10 new-born chil-
dren and 7 emoryos of diffareuf ages. In only one instance
did he fail tc find an opﬁning. " He came to the conclusion,
therefore, thét the foramen is congtant in man. He thought
that 1t is possible that tHe:e is always an-opening in the
roof of the mmbrypnio ventricle, since at five months the aper-
ture is wide. He also found a foramen in the emoryo of the
cate.

Later obserVafions by Wilder (535, Morton (80), Jacobi
(61), Kohlmann (62) and others appear to indicate that the foramen
ags described by Majendie is a natural opening in man at least.
Cannieu (63) is not so sure of the presence of a normal.open—
ing in the lower mammals.

The =zubjéct has reoeived-very.darefullattention 2t the
hands of Blake (12), whose results were pubﬁished in 1900.. He
deécrioes 2z protrusion of the roof of the ventricle in the form
of a glove-finger-like pfojection, which remains closed in the
majority of mammalsg, but bedomes an o?ening in man and the anthr-
opoid apes.

In the pig there is little that is remarkable in the

changes which occur in the roof of the ventricle berorg the

embryo has attained a length of 50 m.m. The only pointm which
needs mention is the relative thickness of the roof in different
rezions. In all the younger embryos (except that of 19 days) !

an oval patch of the membranous roof differs from the rest in
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being noticably much thinner. This occurs about the centre
of the "Rautenfeld", and &8& be distinguished as sarly as the
22 day. It is not due to a reduction in the number of the
layers of cells forming the memﬁrane, but rather to a flattening
of the individual cells; for the zone immediately surrounding
the patech is provided with no more than one layer of cells, as
is the patch itself.

Transverse gsections throuzh the "closed" pa}t of the
medulla of an 80 m.m. embryo show a backward extension of the
cavity of the ventriclie into 2 membranous cul-de-sac, which lies
on the dorsal surface of ths meédulla. At this stage the ocul-
de-sac 1s applied closely and is adherent to the medulla. Its
extent, in a sagittal direction partly, and in the lateral dir-
ection entirely corresponds to the triangular area formed by the
fused rhombic lips (Fig. 77). A younger embryo (52 m.m.)
shows the commerncement of this condition. It is evident that,
as the rhombic lips fuse, there is not a corresponding dimin-
ution in the antero-posterior diameter of the roof of the vent-
ricle; the "closed" medulla rather, in a sense, burrowing
under the roof, and so cauging the cul-de-sac.

The backward prolongation of the'cavity of thg ventricle
is very definite in an IQO m m. GUDTYO. It hés assumed the
form which may wéll pe likened to that of the finger of a glove.
It extends iérther back than the caudal limit of .the triangular
area produced by the fusion of the rhombic lips.And it is now
frae; its caudal extremity 5eing some distance removed from the
surface of the medulla (Fig. 84). _

A 150 m;m. emoryo shows the same kind of protrusion,

“ but ﬂow much better developed. It extends backwards almost
to a level wifh the most caudal part of the cerebellum, and is,
posteriorly, in even cloﬁer relation with the ogrebellum than

with the medulla. Although the walls of this caudal protrusion
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are thin, there is no indication of a foramen of Majendie.
The embryo of the plg. therefore, oorfoboratés the state-
ménts made py Blake. And, it may be added, a careful examin-
ation of the adult brain leads one to assert that the protrus-

ion never becomes an opening.

OPENINGS IN THE LATERAL RECESSES.

Although Bockdalek (o4), in 1849, stated that the chor-
oid plexus lies free under the arachnoid mater in the region of
the "Flllhorn", the description he gave wiés not susch as to
c¢ause modern morphologisis to associate his nawme with the open-
ings in the lateral recesses of the fourth ventricle.

Luschka (58), some years after the publication of Bock-
dalek's paper, descriosd the outer angle of the ventricle as
standing in connsction with the subarachnoid space, and the
latsral part of the choroid plexus as lying free under the arach-
noid. This, however, was not supported by Reichert (54), who,
aflier a minute description of the choroid plexus, concluded
wth the declaration that there is a membranous closure of the
lateral recesses of the ventricle. |

There seems little dount that to Key and Retzius (56)
should be given the credit of having provided the first clear
and detailed description of the connection of the cavity of the
ventricle with the subarachnoid space. Out of 100 human brains
examined by tuem the communication was found in all out three.

¥51liker (9) expressed himself as convinced that the
openings are even bess of regular structures than the foramen
of Majendie, which, as previously mgntioned, he held to be
usually absent. ﬁess (68) concluded that the apertures are
constant in man. Bland Sutton (65) attached zreat importénce
to the openings, and stated it as his opinion that their complete

apbsence, or their closure eitber before or after birth, leads
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to pathological results,

Morton (60) and Jacobi (81) have averred that the open-
ings are normal and always present; whereas, Cannieu (83)
casts doubt on their natural occurrence in the lower animalé.

Blake (12) included the consideration of the-occurrence
of these openings in the paper to which refersnce has already
been madez. The results of his investigations are of great
interest, since they indicate that the openings are always
present in mammals, and are even larger in the lower animals
than in man. It would appear that there is a kind of compen-
satory development. Whén the foramen of Majendie is absent
the openings in the lateral recess are larger than when the for-
amen is present.

The first rudiments of lateral recesses occur in the
15 mem. embryo of the pig, i.e. the same specimen in whigh a
rhombic 1ip is first to be observed. From this stage onwards
the recess 1s opounded ventrally by the rhompic lip. Its caudal
boundary is very indefinite in the 15 m.m. embryo, but in the
next older specimen (23 m.m.) thié limit is clearly formed, for
now the recess has a greater antero-posterior diameter than has
its opening into the body of the ventricle. [t extends farther
back, ag well as farther forwards, than the level of the bounds
of the opening into it. There has been, therefore, a bulg-
ing backwards of the caudal wall of the recess. Thisldisp—
afity between the antero-posterior measuremsnis of the recess
and of its opening into the ventricle be@omes exageerated as
development proceeds.

As early as the 25 m.m. stage the choroid plexus has in-
vaded the recess (Fig. 30). In the 25 m.m. embryo that part
of the plexus which invaginates_the outer wall of the recess
is more anterior in position than the portion of it which belongs

to the body of the ventricle.: Later the median part of the
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ploxus grows at a greater rate than the lateral portion.

A very important process bezins in the 80 m.m. EMLTYO0.
The most posterior part ol the recess in this specimen has very
thin walls, consisting solely of very thin epitheliun, which,
over blood-vessels especially, can scarcely be said to be per-
fectly continuous (Fig. 81). There is, however, as yet no
definite discontinuity of the epithelium. The rest of the wall
of the recess is co@posed of thick nervous tissue except along
the line of invagination produced by the choroid plexus (Figs.
82 and 83).

In the 100 m.m. embryo there is a wide area in the most
lateral part of the posterior end of the recess from which the
epitheljiunm has entirely disappeared. In Fig. 685 the terminat-
ion of the epithelium is shown to occur abruptly, the contour
of the recess remaining imperfectly preserved by loose and
delicate connective tissue. In some sections this tisgsue is
more scanty and interrupted than is the case in the section
from which the figure was made.

The oreak in the wall of the recess is complets in the
150 mem. enoryo (Fig. 97)_and the communication between the
cavity of the ventricle and the subarachnoid space is fully est-
avlished. Sections taken farther back than the one illusirated
in the figure show the choroid plexus lying free in the subar-
achnoid space at someg little distance posterior to the caudal
end of the recess. It seems worthy of not that the break in the
wall of the recess doeg not occur along the line of invagination
of the choroid pléxus. Both Fig. 88 (100 m.m.'embryoJ and
Fig. 97 (150 m.m. emoryo) show that the‘opening has been pro-

b.

duced oy the thinning of the lower part of the outer wall of the

TreCess.

The embryo of the pig, then, lends confirmation to the

statement as made by Blake that, while a foramen of Majendie
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The outline of all the figures representing sections
were made by means of a Leitz camera lucida.
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following objectives and ocuiars were uszed in draw-

Fige 28.

Fig. 32.

Figs. 9-20, 22-27, 29 and 30.

Figs. boc-64, 73-78, 54, 8b
and 88.

Figs. 21, 381, 33-535.

Figs. b4, b5, 6b-72, 79-83,

85, 87, 89-98.

The following reference-lettering is common to all the

figures:-s

a.= the part of the cerebellum from which the nodulus

and flocculus develope.

a.C. = ala cinerea.

-al. = alar lamina.

a.m.vV. = anterior medullary velum.

a.p. = area postrema.

b. = backward projection of the roof of the fourth ven-
tricle.

bl. = pasal lamina.

bl. vs. = blood vessels.

cb. = cerevellun.

c.ce = central canal.

c.v. = cerebsllar ventricle.

ch. pl. = éhoroid plexus.

de me = dura mater.

floc. = flocculus.

f. s. = fasciculus solitarius.

f. sp. = funiculus separans.

fw. = Fligelwulst.

hb = Wind braie &

1. Yo =

e ~hiedps

lateral recess.
mid-brain.

= Gasserian ganglion.

" nX. &c. = nucleus of X &c. cranial nerves.

0D =
Y Qe Ve =

pflo =

obex.

otic vesicle.

paraflocculus.

. p. M. V. = posterior medullary velum.
rec. lab. = recessus labyrinthi.
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r« i. = rhombic lip.

S-a. 8. = suparachnoid space.

Iy 2, &co = lst, 2nd 4c neuromeral grod%es.

V & = V &c cranial nerves.
5 19 days embryo. Model of the hind-brain. Exierior.
. = SR o waas 1 Interior.
. 22 days embryo. Model of the hind-brain. Exterior.
" i am wis via "~ Interior.
a 15 m.m. eabryo. ~Model of the hind-brain. Exterior.
. ae oo »e ‘ . Interior.

Mere than half of the brain has been modelled.
the cut surface, therefore, is greaier than 1t
middle line.

would bz in the

28 m.m. emDYYO. Model of the region of the lateral

recess. Interior.

150 m.m. embryo. Hodel showing half of the most post-

arior‘part of the fourth ventricle and the cen
tral canal. From within and in front.

1Y days embryo. Horizontal sections through
the hind- and mid—bréin.

18 days embzryo.

B to the left of

middle line, through the hind-brain.

Sagittal section, th

12-16. “2 days SMOTYO. Transverse sections through

‘the hind-brain.

lo-22. 15 m.m. emporyo. Transverse sections through

the hind-braine.

26 and 24. 15 m.m. embryo. Sagittal sections of the

hind-brain.

23 m.m. "Transverse sections through the
. hind-brain. Fig. 28 illustrates the arrange-
menf of the cells,and the incipient ridge,at
the pottom of Fig. 32

shows the amolg of the development of the
rhombic¢ lip of the cerebellum in the neighboub

EmDTVO.

the median fissure.

hood of the lateral recess.

m.m. embryo. Transverse sections through the

hind-brain.
25 m.m. embryo. Sagittal sections.

Transverse sections through the

MeMe« BMOTYO.

hind-brain.
Transverse sections through the
56-64 illustrate the form

M.M. EMOIYO.

hind-brain. Figsa
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and dimensions of the rhombic lip at different
lovels.
Tlie o2 m.m. emoryo. Sagittal seciion in the region of
the lateral recess.

724 80 meille BMOTYO. Transverse section of the "closed"
portion of the medulla.
T3-706. 50 . m.m. empryo. Illustrate the changes in the

shape of the central canal«

T7-88, 80 m.m. yo. Transverse sections through the

e:.

hind-pM@in.

B84-91, 100 meme ©MOYVYOe o .

92-98. 150 m.m. emnbryo. w “e
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