THE LEYMPHATIC SYSTEM OF THE DOMESTIC FOWL.

By
J.W,Dransfield, B.V.Se., M.R.C.V.S.

Thesls presented for the degree of Master
of Veterinary Science of the University of
Liverpool. June 1944.




CONTEDNT S,

Introduction.
Surmary of literature.
liethod of study.
The lymphatic system of the domestic fowl: Report
on the present investigation :-
The lymphatics of the head and neck,
The 1lymphatics of the forelimb.
The lymphatics of the hindlimb.
“he lymphatics of the trunk.
Summary.
Acknowledgement.
Bibliography.

Illustrations.

40,
43,
62.
77,
93,

126,

116.

117,



THE LYMPHATIC SYSTEM OF THE DOMESTIC FOWL.

INTRODUCTION.,

The lymphatic system only exlsts as a separate vascular
apparatus in vertebrates. In 1ts simplest form it consists of
a number of thin-walled vessels which ultimateiy unite with the
venous system through the medium of a few main trunks, formed by
the anastomesis of numbers of the original veasels. The lymphatic
vessels themselves are simllar to small velns in appearance, but
thelr walls are thinner, and thelr valves are more numerous in
most animals. Thelr course 18 much more irregular than that of
the veins, and the pfogressive increase in calibre as one passes
along a lymphatic vessel towards a maln %ymphatio trunk 1s very
slight, In additlon frequent anastomoses comnect lymphatic vessels
in thelir course.

In more advanced stages of development other structures may be

added to the system, such as lymph hearts and lymphatic glands.

dilatations of lymphatic vessels, which possess a covering of
transversely striated nuscle, and are capable of contraction.

They are present in the pelvic region of animals in which they

occur, but have also been observed in the cervical region. Lymphatic
glands are masses of lymphold tissue which are placed on the course
of lymphatic vessels. Thoracic ducts are large lymphatic vessels

which accompany the thoracic part of the aorta, and terminate by
Joining veins in the anterior part of the thorax. They may
commence from a dilation, the clsterna chyli. Where definite
thoracic ducts are present, they are responsible for the drainage
of most of the lymph from the hindlimbs, abdomen and thorax.
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Two thoracic ducts usually occur, but in the more highly developed
animals a single duct is the usual arrangement.

The lymphatilc system 1s present in its most primitive fornm in
fishes, since in these anilmals lymph hearts and lymphatic glands do
not occur, and there are no vessels whlch can be termed thoracic
ducts. Valves are only present 1n the lymphatics at the points at
which the vessels join the venous system. (The term "lymphatics"
will be used throughout this work with reference to the lymphatic
vessels.) Amphibians and reptiles exhlbit a more advanced state of
development In thelr lymphatic systems, since lymph hearts and
definite thoraclic ducts are present 1ln wost genera, The lymphatics
themselves possess valves along thelr course. Most authors consider
that the numerous plexuses which occur on the course of the
lymphatics in fishes, amphibians and reptliles represent the
lymphatic glands of the higher vertebrates.

When the mammal i1s considered, it 1s evident that the most

advanced degree of development is present im itz lymphetlc system.

cccurrence of definite thoracic ducts (in most genera a simgle
thoracic duct is visible) evlidence this advanced degree of
development.

Birds appear to present an Intermedlate stage of development
on their lymphatic systems as between amphibians and reptiles on
the one hand, and memmals on the other. The lymphatics themselves
and thelr velves are relatively fewer in number than in mammals.
Lymph hearts. have been observed in certaln types of bird, and
lymphatic glands occur, but only in certain aquatic birdas. Thoraclc

ducts are always present.
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As far as can be ascertalined, the first suthor to describe

lymphatlc vessels was Gaspard Asellil (2), who dlscovered the
lacteals in the mesentery of the dog in 1622, In the 17th. and
18th, centurles a few works were published 1n English which referred
to the lymphatlc system. The filrst appears to be by Birch (9), who
described in 1676, some Injected speclmens of the pelvic cavity of
birds made for the Royal Soclety. Hunter (31), in 1762, described
lymphatic vessels 1in reptiles and birds. 1In 1768 and 1769, Hewson
(27) (28) published papers giving detalled descriptlons of the
lymphatic systems 1In amphlbla, reptiles and birds, in which he
Incorporated much of Hunter's work. Later, in 1774, Hewson (29)
published his "Experimental Inquiries”, in which the lymphatic
systems 1n man and other animals were described. The only repres-
entative of the class Aves which appeared in the description was the
goose. In his "Comparative Anatomy", published in 1783, Monro (52)
gave a general account of the lymphatic system. (According to
Sumith (66), this book was a collection of the lectures of A.Monro
Prirms, which was published by A, Monro secundus,)

At about the same perlod, various continental authors, such as
Peyer (58) and Lister (47), were investigating the lymphatic system.

Since thesecarly beginnings, the study of the lymphatic system
in different animals has been continued, but the work has been mainly
performed on the mammal. The comparatively detalled knowledge of the
system in the domestic mérmals at the present time is mainly a result
of the painstaking work of Baum.

The amount of study pursused on the

system in blrds has, however, been very small.

This 1s mainly due to
the difficulty encountered in injecting the vessels, because of thelr

Small size in birds, and because of the absence of lymphatic glands
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in all but aquatlc blrds, the glands being of great assistance in

locating the most favourable sites of injection.

The early work on the lymphatic system was performed by the
1ﬁjaction of mercury, a method which was not very rellable, and
not until 1896, when Gerota (25) had evolved his injection mass,
was more detailed study possible. Even so, very few authors have
taken advantage of the opportunlty.

In the 19th. century, work on the lymphatic system of the bird
was mainly performed by continental authors, and evidence of this
cen be seen in the textbooks published In English at that time, In
his monumental "Anatomy of the Vertebrates", Owen (55) quotes almost
entirely Lauth (46) and Panlzza (56) in his chapter dealing with the
"absorbent system of birds"., Chauveau (15) pays little attention to
the lymphatic system of blrds,

WWnen one examines the standard textbooks on veterinary sclence
of the present day which deal with the lyrphatlic system of the
domestic fowl, 1t is evident that the works of Owen (55) and
Chauveau (15) have inspired most of the descriptions, and hardly any
new work has been incorporated. NMany of the old misconceptlons have
been perpetuated and mistakes have been made in quoting from the
original works. Such a mistake, which has been frequently made, is
to apply a general description of the lymphatic system as it occurs
in all birds to a speclal description of the system in the fowl,
which accounts for the contradictory statements which have been made
with regard to the presence or absence of lymphatic glands in thﬂl

domestic fowl.

The only works of real value dealing with the lymphatic system

of the domestic fowl are two comparatively recent ones. One 1s by




the Russilan, Josifoff (42), which was published in 193¢, and deals
with the system In the plgeon and hen. The ilnvestigation was
carried out mainly on the plgeon, and the results were incomplete
in many respects. As in the case of mammals, it has been Baum (8)
who has been the first to give a detalled description of the lymphatic
system as it occurs 1n the domestic fowl, This description was |
published under the title of "Das Lymphgeftsssystem des Huhnes" in
Vay, 1930, 2 months after the appearance of Josifoff's paper.,

It will be seen that, for all practical purposes, there has
been only one detalled descriptlon of the system in the fowl, namely
that by Baum (8). Becauce of the interest of the subject in the
flelds of comparative anatomy and avian pathology, it was felt that
an Investigation Into the anatomy of the lymphatic system of the
domestic fowl would be of great Interest, particularly as an account
of such an investigation was not avalleble in English. Thus, this

work consists of a detalled acecount of research carried out on the

anatomy of the lymphatic system of the domestic fowl.



SUMMARY OF LITERATURE.,

A general summary of the avallable literature as it applies
to the lyphatic systems of all types of blrd wlll now be gilven,
since, with the exceptlon of Baum (8), there are no suthors who
have dealt exclusively with the domestic fowl. In papers other
than that by Baum (8) any reference to the domestic fowl 1s closely
agssociated with references to other blrds. Nuch space need not be
occupied with the statements of the earliest authors, since their
work is mainly of historical interest, but it seems necessary to
give the more recent llterature in some detall, especially the
publications by Josifoff (42) and Baum (8).

At thls point it should be stated that the author is indebted
to the papers by Josifoff (42) and Baum (8) for many of the
references from the more lnaccessible continental publications.

The lywmphatlc system may conveniently be divided into 3 main

sections for the purpose of this summary: (1) Lymph hearts,

(2). Lymphatic glands, and (3). Lymphatic vessela. The statements

of the various authors on these 3 different subjects will be given
separately, including the references to these subjects in the
standard textbooks. As far as possible the statements will be
summarised in chronological order.

(1). Lymph hearts. As previously explained, these are dilations of

the lymphatics, which possess a covering of striated muscle in their
highest state of development.

Stannius (67) (68) appears to be one of the first authors to
have described lymph hearts in birds. He discovcred these bodles
in the ostrich, cassowary, goose, swan and stork, and he states

that they lle close to the kidneys in the pelvic cavity, and that
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the lymphatics which arise from the lymph hearts run to join the

reral vein. According to Stannius, there are 2 lymph hearts in
each specles mentlioned.
Oowen (55) quotes from Panizza (56) in describing "2 sacral

or pelvic plexiform vesicles of the lymph" situated at the angle

between the tall and the thigh. He states that esch is half an
inch long and quarter of an inch broad in the goose. According to
Owen, the lymph hearts are attached to the adjacent bone in the
ostrich, but iIn the cassowary, goose and stork they lie free, and
in all cases thelr pulsations correspond with the movements of
respiration. As will be seen at a later stsge, this latter
staterment 1s contradicted by the discoveries of Mdller (53).

Owen only mentions the above birds in connection with the lymph
hearts, and 1t 1s not clear whether he considered that lymph hearts

occurred in all birds.

lHuxley (33) states that lymph hearts or "non-pulsating sinuses

corresponding with them occur in Reptilis and Aves".
Chauvesu (15) makes no mention of lymph hearts in his

description of the lymphatlc system of birds.

Nuhn (54) discovered lymph hearts in the ostrich and in various

aquatic birds, and he quotes the findings of Stannius (67) (68).
Budge (12) and, later, Sala (60) were the first authors to

describe lymph hearts in connection with the domestic fowl. They

both state that they occur as translitory organs 1in the embryo chick,

appearing before the 10th. day of 1ncubdtion, and disappearing on
the first day after hatching. Sala, however, observed lymph hearts
in the chicken 30-35 days after hatching in a few cases.

Following Budge (12) and Sala (60), Apostoleano (1) describes




e

1ymph hearts in the chick embryo on the 17th. day of incubation.

Bronn (11), in his historic work "Klassen und Ordnungen des
rierreiches" states that lymph hearts persist in adult 1ife in
certain primitive blrds, but are only present in embryonlec life
in more highly developed birda. Ie considers that they arec organs
wiiich have been inherited from the reptliles.

Gegenbaur (24) describes lympn hearts in the Ratitae (Cursores
of Owen), and in some of the Palmipedes (Natatores of Owen) and
Grallatores. le claims that simple veslcular enlargewents, which
nave lost thelr coverlng of muscle, do occur in other bilrds, and
states that valves can be demonstrated in such enlargenents if
they =st%1ll possess the power of contraction,

In his work on the Anatidae, HMiuller (53) asserts that reguldr,
vniform pulsation of the lymph hearts does not occur, and clalms
that the contraction of the lymph hearts 1s a result of thelr
dlstension with lymph, and, thus, 1s due to thelr irritabillty
to mechanical stimulil.

Wiedersheim (71), quoting mainly from Sala (60), gives a
full account of the embryonic development of the lymph hearta,vn "
and clalms that complete development of these structures only
occurs in the embryo bird. He states that traces of the lymph
hearts may be vislble 1In some chickens 30~35 days after hatching

(a statement made originally by Sala), aslthough the question

whether they persist throughout 1ife in any specles of blrd
demands further investigation. This last assertion is made by

Wiedersheim despite the fact that so many earlier authors describe

persistent lymph hearts in certaln specles of birds.
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Gourln (26) gives azll the findings oflthe previous suthorities
on the occurrence of pelvic lymph hearts, which, he states, have
connections with the renal velins 1n the goose, moa, swan and
cassowary.

ihe next author to mention lymph hearts is Farther (22). In
his investigation into The lymphatic syatem of the goose he

l1scovered 2 vesicular lymph hearts, lylng under the hypogastric
veins, at the pcint where the veins are jolned by a transverse
branch at the outlet of the pelvlis. Ue states that each is
drained by a fine vessel which runs forward to end in the lumbar
lymph nodes, receiving numerous lymphatles from the pelvis and
the pelvic 1limb In its course.

In his text-book, Kaupp (43) quotes slmost entirely from
Owen (55) for his description of the lumphatic system of the
domestic fowl, but he maekes the mistake of applying the whole of
Owen's description to the domestic fowl, even in the numerous casses
waere Owen makee specific references to other Types of bird. Thus
Kaupp describes definlte lymph hearts with strlated muscular
coverings in the fowl, and gives Owen's dimensions of ﬁymph hearts
in the goose, but with reference to the fowl. These statements by
Kaupp are shown to be incorrect when one consults the findings of
Owen and all the other authorities.

Werd and Gallagher (70), in their section on the anatamy of
birds, make no reference to the occurrence of lymph hearts.

Ellenburger and Baum (18) state that, in the ostrich and
some aquatic birds, the main lymph vessel of the caudal and pelvic

regions possesses vesicular dilations on 1ts course in the caudal
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end of the body cavity. In the Ratitae, according to these

authors, these dllatlons have a muscular covering and are provided
with a valvular apparatus.

Josifoff (42) claims that he has often observed a lymph heart
on the dorsal wall of the abdomen in pigeons, anaesthetised with
ether. He states that 1ts position corresponded with the position
of the lyuph hearts In aquatic birds, and that it was i1dentified
by its pulsation, when vlewed under the mlcroscops. He does not
entlion a muscular coverling, and does not make 1t clear whether he
has observed such a structure In the domestlc fowl, although he says
at a later stage that "the lymphatic sustems of the pigeon and hen
are completely 1dentical". Discussing this statement by Josifoff,
Baum (8) considers that the "lymph hearts", which are described are
gctually simple dilations of the lymphatics at various situations,
such as were described by Gegembaur (24). DBaum does not comment
on Josifoff's observation of pulsation in these dllations, but
according to Schafer (61). pulsation definitely occurs in ths
lacteals of various animsls. Schafer states that the contraction is
rhythmical in the r&t and guinea-plg, but in othor animals the
lacteals only contract as a result of direct or indirect stimull.
Sueh contraction occurs even where no rmuscle is present in the walls
of the lymphatics. Taklng these staterents into consideration, 1t
appears that the "lymph hearts" described by Josifoff were probably
simple dilations of the lymphatics, and the contractlions which he
observed may have been especlally evident because the vessels were
exposed to the atmosphere.

Baum (8) only discusses lymph hearts in hls summary of the

avallable llterature, but 1t 1s evident that he éonsidered that
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they do riot occur in the domestlc fowl after hatching.

Bradley (10) and Sisson (65) do not refer at all to lymph
hearts,

To swauarise, 1t seems to e generally agreed that pelvic
lymph hearts, lylng In the angle betwesen the pelvis and the caudal
reglon, are present in the Cursores and ln certain aquatle birds in
adult 1ife. <They occur iIn all birds In embryonic life, but disappear
at the time of hatching in the more nlghly developed birds. In the
domestic fowl, they are definitely visible in the embryo chick, but
disappear at the time of hatchling, although they have been observed

30=35 days after hatching in some subjecta, " (2). Lymphatic Glands.

When one considers the literature dealling wlth these structures in
birda, it 1s surprising to find that few of the obssrvatlons which
asave been made by workers in thils field nave been incorporated into
the modern text=-books on veterinary sciance. 103t of these fLext-
books stlll rmaintaln that lymphatlc glands are definitely present
in the domestic fowl, though few 1ia number, despite the conclusivs
findings by many authors that they are totally absent 1n the fowl.

Of the earliest workers, Hewson (29) denles the exlistence of
lymphatlc glands in any bird. Thls clalwm 1s probably a result of
{ilewson's enquiries not covering a wlde encugh range of avian specles,
although it 1s strange that he dld not observe lymphatic glands in
the goose.

Later, Tiedemann (69) commlts the error of describing a chain

of lymphatlic glands lying on the course of the Jugular vein in the
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neck of the bird. It has been demonstrated by many authors that the

slandular structures are actually lobes of the thymus gland, which

usvally persist throughout 1ife, but Tledemann's error 1s
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perpetuated in meny textbooks and other publications,

Leuth (46) descrlbes lymphatic glands in the goose, but
occupies himself niainly with thelr microscopic structure.

Owen (55) states that lyiphatic glands are few in number in
birds, the most constant being at the anterlor part of the cnest, or
at the root of the neck. It 1s not clear whether thls 1s intenfled
to ap:ly to all birds, and also whether the glands to which he refers
are the structures which have been shown to be thyrms lobes. Accord-
ing to Owen, small lymphatic glands have been observed in the axilla
and groin of sea=-blrds. He states that, in all birds, the lymphatic
glands are replaced by plexuses of lymphatlc vessels in reglons
where pglands are not present, and that these plexuses surround the
adjacent blood vessels. This suggestion has been made by other
avthors, along with simllar statements concerning fishes, amphibians
and reptlles, and seems to be probably correct,

fuxley (33) considers that there are a few lymphatic glands
in the cervical reglon of birds, but once again 1t would appear
that he 1s actually referring to lobes of the thymus gland.

Chauveau (15), having said that lymphatic glands are few in
number in birds, follows the other authors in stating that fﬁey'are
"scarcely met with elsewhere than in the cervical region”.

According to Bronn (11), the lymphatic folllcles and Peyer's
patches in the caeca of the goose, and the lymphold tlasue in the
Bursa Fabricii take the place of lymphatlc glands.

Fleury (19) and Pensa (57) both confine themselves to

descriptions of the microscoplc anatomy of the lymphatic glands as

they occur 1in blrds.
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Barthels (4), referring to the lymphatlc system of birds,

states that the lymphatlc glands, which are few in number, lie

in the lower part of the neck, close to the entrance to the thoracic
cavity, and are less complete In form than in mammals. Presumably
Barthels 1s quoting from the previous authors.

'fne publications by Jolly (37) (38) (39)(40) are the first
autnoritative statements on the occurrence of lymphatic glands in
birds, and are the first accounts wiitich can be said to be based
on extenslve and detailed Investigations. Jolly states that, out
of 30 different specles of birds examined, lymphatic glands could
only be traced in the flat-billed and web-~footed types, i1i.e. they
appear to occur exclusively in most of the Natatores (or Anatidase).
He affirms that lymphatlc glands are readily found 1n the duck, but
not so readily in the goose. According to Jolly, the maln groups
of glands, where present, are in the cervical and lumbar regions.
The cervical lymphatic glands lie in the angle between the jugular
attalning a length of 15 m.un, and a breadth of Sm.m. in the duck.
“mall subsidisry nodes lle close to the main gland, Jolly describes
various differences in size and arrangement wiich occur in other
birds. The main lymphatic trunks of the neck lie lateral and
medlal to the jugular vein, the lateral one being the vas afferens
to the main gland, and the medlal one belng the vas afferens to
the subsidiary nodes. The dfferent veesels from the glands join
the veins of the neck, a fact which Jolly demonstrated by Injectlion
into the glands, or into their afferent vessels. The lumbar glands,
which are described, lle between the aorta and the kldney,

extending from the origin of the femoral (crural) artery anteriorly,
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to the origin of the ischiadic artery posteriorly. These lumbar
glands were injected by a puncture into the foot, but no description
of the course of the lymphatlcs in the leg 1s given. In the swam,
small lymphatle glands are described which lie ventral to the root
of the middle sacral artery, and also on the course of the lymphatics
following the ischiadic artery. After extensive microscopic
examination, Jolly asserts that lymphatic glands are riodifications
of the walls of the lymphatlcs. He 1s qulte definlte in stating
that lymphatic glands only occur in some members of the order
Natatores and that they are not present in the domestic fowl.

Retterer (59), in his publication, deals with the histology
of the lymphatic glands in the duck and goose.

Further (22), after extensive research, considers that
lymphatic glands are only present in aquatic birds (Natatores), but
not in all birds'of this type. He describes 2 pairs of lymph nodes
which 1le on the course of the larger lymph channels. They are
spindle~shaped bodles of considerable size, the first palr lying
close to the entrance to the chest, and these are termed "cervico-
thoraclc nodes" by Firther. The second palr lie in the abdominal
cavity, close to the genital glands, and are placed on the course
of the lymphatics following the aorta. These are referred to as
"ﬁumbar nodes". This description largely confirms the statements
rnade by Jolly (37) (38) (39) (40).

As in the case of lymph hearts, Kaupp (43) mainly follows the
description by Owen (55) when he deals with lymphatic glands. He
states that the glands are for the most part replaced by plexuses

of lymphatics surrounding the blood vessels, and then describes a
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lymphatic glend, which rests on the jugular vein in the domestic
fowl. Thils latter statement 1s, of course, a result of applying

a deacription of the glands of all birds to a speclal account of

the glands in the fowl, In dealing with the histological structure
of the varlous reglons of the alimentary canal, Kaupp states that
masses of lymphold tissue are present in some sites, although he
fails to mention the large amount of lymphoid tissue which is
demonstrable 1in the mucous lining of the Bursa Fabricii, According
to Kaupp, Eberth has dlscovered an elevated body in each caecum,
4m.m. from 1%s opening which is composed entirely of lymphoid tissue.
These bodies are referred to as "Caecal tonsils" in more recent
publications (see liinshaw and McNeil (30) ).

Krause (44), in nis textbook, asserts that lymphatic glands
do not occur in any blrd.

Martin (50) quotes from the publicatlons of Jolly (37) (38)
(39) (40) and Further (22).

Viard and Gallagher (70), who appear to quote from Chauveau (15),
state that the lymphatic glands ere few in number in birds, the most
conspicuous being at the base of the neck and in the anterior
thoracic region.

Ellenburger and Baum (18) confine themselves to the
statement that glands are usmally present in the lymphatic system .
of the bird, but state that they are small in size and few ln number,

Seifried (62) (63) follows Jolly (37) (38) (39) (40) and
Murther (22) in making a really authoritative statement on the

absence of lymphatic glands in the domestic fowl. He emphasises
that lymphatic glands are not present in the fowl, and he states

that the glandular structures, erroneously considered to be cervical




lymphatic glands, are actually elther the thymus (in the neck)

or the %hyroid ( at the entrance to the body cavity).

Iwanoff (34) cltes the above statement made by Selfried (62)
(63), but also makes the contradictory assertion that the "abdoninal
lymph nodes" and the "glands found in the neck" are greatly enlarged
in tuberculosis of the fowl.

Gamauf (23) repeats the error of deseribing lymphatic glands
in the neck of the fowl.

the only mention of lymphatic glands in the bird which
Schafer (61) makes 1s that ﬁhemal lymph glands have been found in
birds, although he does not indicate the specles of birds to which
he is referring.

Josifoff (42) conflrms the statements of Jolly (37) (38) (39)
(40), FMurther (22) and Seifried (62)(63) that lymphatic glands do
not occur in the hen and pilgeon. He came to tnis conclusion after
frequent microscopical examination of the areas where glands are

e

found in aquatic birds, particularly of the angls

Pravmmad +
formed between the

Jugular and subclavian veins. He states that "star-like" enlarge-
rients of the lymphatics are present in regions where lymphatic
glands are found in mammals. Presumably Josifoff implies a
plexiform arrangement when he refers to these "star-like"
enlargements.

Baum (8) also affirms that lymphatic glands are totally in
the domestic fowl. He does mentlion the suggestion, which 1s made
by many of the previous investigators, that §1exuaea of the
lymphatics replace lymphatic glands in reglons where glands would
be expected to be present.
Hutyra and Marek (32) assert, in their 3rd. English edition,




that the abdominal and cervical lymphatic glands are enlarged and

caseated in tuberculosis in fowls, but this has been corrected in
the 4th. English editlon, in which is found the statement that
"sometimes the glands of the neck (thymus lobules) are affected
and become enlurged and caseous in thelr centre".

Despite all the previous affirmations by authors who have
made a speclal study of the lymphatic glands, Bradley (10) still
maintdins, in the most recent edltlon of his textbook on the domestic
fowl, that the"lymph glands are few and small". He describes
lymphold tissue in the wall of the alimentary canal and in the
mucous lining of the Bursa Fabrleli, and he mentions the dlscovery
by Zuerth of the mass of lymphold tissue in the wall of the caecum
which, as has been stated, 1s now referred to as the "caecal tonsil".

Similarly, Sisson (65) states, 1in his section on the anatomy
of the chlcken, that "lymph glands are very small and are in the
form of lymph nodules, which are very numerous in the alimentary
tract, and a few are found in the cervical region”.

In an important recent publication, Jordan and Robeson (41)
consider that the marrow of the bones of birds contalne = relatively
large amount of lymphold tissue, which compensates for the total
absence of lymphatic glands in most specles of birds. These workers
have demonstrated the formatlon of actusl lymph nodules in the
femoral and tibial marrow of plgeons after gaéial or total splenec-
tomy, and they state that these nodules take the place of the spleen
as the main source of lymphocytes..

Disregarding the statements of the various textbooks, which

appear to be quotations frem previous textbooks, without the addition

of more recent work,in the majority of cases, 1t seems that the



absence of lymphatlc glands in the domestic fowl has been definitely
proved. Lymphold tlssue 1ls only present in the spleen, in the thymus,
in the wall of the allimentary canal, in the Bursa Fabricii and in the
bone marrow. It 1s interesting to note that Clara (16) records the
frequent presence of accessory spleens in birds, these organs being
placed on the course of the splenlc vessels, on the course of the
pancreatic duct or belng embedded In the pancreas. It 1s strange
that the fowl with such a small amount of lymphoid tissue in its
body, should possess relatively more lymphocytes, whose origin is
from the Iymphold tissue, then marmals. Dukes (17) glves the
percentage distribufion of lymphocytes as 64 in the fowl, as 38 in
the horse, and as 23 In man. Acording to the statement of Jordan
and Robeson (41), cited previously, it would appear that the spleen
is the raln source of thls large number of lymphocytes.

(3) . Lymphatic vessela, Under this heading, the literature which

deals with the course of the lymphatic vessels in the blrd will be
consldered. Untll the description of superficial ljymp
skin of the domestic fowl by Baum (8), the various authors are
unanimously agreed that & superficlal stratum of' lymphatics does ndt
occur in the bird. It 1s extrenely difficult to Inject these
vessels In the skin, amd this would appear to be the reason for the

fact that they were not observed by the earlier investigators. As

previously stated the publications of the earliest authors are
solely of historical interest, since they deal malnly with the
discovery of lymphatic vessels in the bird, and they will not
be summarised in any detail. :

The first description of lymphatic vessels in the bird is

in the publication by Birch (9), in which he gives an account of
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some injected speclmens of pelvie cavities of birds prepared for
the Royal Soclety. At about the seme period, Peyer (58), Jacoboeus
(35), Lang (45) and Lister (47) published papers in which they
describe lymphatics iIn variocus types of bird. Lacteals were
discovered 1in the mesentery of the stork by Jacoboeus (35), and in
the ﬁesentery of the duck by Lang (45). Hunter (31) describes
lymphatics in some specles of bird. Hewson (29) gives an account
of the lymphatic system in the goose, and includes dlagrams to
1llustrate this account. By the Injection of mercury he had
demonstrated lymphatics 1n most of the abdominal viscers, and a
single lymphatic in the hindlimb. His results, however, are lacking
in detall. Monro (52) alsc describes lymphatics in the bird. In
hiz textbook Tiedemann (A9) gilves an incomplete account of the
course of some of the lyrphatics in birdas. Fohmann (20) succeeded
in injecting a few lymphatics in the hindlimb and intestine of the
bird. INagendle (48) discusses the statements of hls predescessors,
but claims that"absorbent vesselsa" are only present in the cervical
reglon, and are only visible in that situation in the awan and the

goose. He pasertz that the veins assume the functionas of the
lyuiphatics in other situations in birds. These sté%menté are made
by Yagendle in spite of the fact that lymphatlc vessels were
demonstrated in other reglons, and in other birds, by earller
authors.

All the statements by these authors are incomplete, and the

vublication by Lauth (45) is the first to describe the course of

the lymphatica of birds in any detall, probably because the
technique of injection had been considerably improved. His

description covers the lymphatics of the hen, turkey, heron,
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stork, arctlc gull, goose and duck, and he gives an illustration of
the course of lymphatlcs in a goose, which, consldering the period
at walch it was produced, 1s very illuminating. He describes the
course of the thoraclec ducts and of the lyuphatlics of the abdominal
viscera, nindlimb, forelimb and head and neck. Hevertheless, his
account is still Incomplete, and one difflculty encountered in
following his statements 1s that they apply to all the species
gxariined and no comparative differences are glven. It should be
noted that Lauth conslders that the thoracic ducts termlnate in the
jugular velns, and are jolned by the lymphatlics of the forelimb

and head and neck before Jolning the venous system. He also states
the 1lymphatlcs frequently anastomose, In the area of the coellac
arivery, with the velns lying in that region.

Panizza (56) describes the lyuphatlcs of the ;roventriculua,'
¢lzzerd, duodenum, rectum, spleen and kidneys in the goose, and
1llustrates his description with a ciagram.

weckel (51) states that the lymphatlics, wihich nave few valves,
do not run so superflclally as in mammals, and follow the blood

“vessels, around which they form plexuses. He clalms that the
lymphatics open into the blood vessels withln these plexuses.

Owen (55) quotes mainly from Lauth (46) and Panizza (56) 1n
als desceriptlion of the course of the lymphatics. He states that the
valves 1n these vesssls are fewer in nmumber and less complete in
formotion than in mammals. Owen makes the assertlon that "they

(the lymphatics) do not form two strata, as In Hamusls, at least

those only have been observed which correspond to the deep-seated

absorbents wnich accoumpany the larger vessels". The statement made

by Lauth (46) that the thoraclc ducts end in the jugular velns 1s
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Huxley (33) maskes no reference to the disposition of the
lymphatics in birds.

Chauveau (15) states that the lymphaitics, which are abundant
in the viscera of blrds, unite to form 2 thoracic ducts. "These
ducts commence at the coellac Trunk, and pass along the lower face
of the lung, recelving the lymphatics of that orgun and those of
the wings, and finally open into the jugular veins, a little in
front of thelr unlon with the axillary velns. A transverse branch
forms a communicatlon between the two thoracic ducts towards their
termination”.

Bronn (11) glves a comparatively detalled account of the
course of the lymphatics 1n the bird:tgs with the previous authors,
certain errors and omlssions are present. le states that the
lymphatics form frequent plexuses around the larger blood vessels,
wnich they follow. Uith the exception of the coccygeal reglon,
the lymphatics of the whole trunk unite wlth one another to form
a large vessel, wnich runs forward with ihe aorta to ithe origin
of tne coeliac artery, where it has a plexiform arrangement, and
this plexus is drained by 2 thoraciec ducts. ILach thoracic duct,
according to Bronn, jolns the anterior vena cava of its own side,
just proximal to the junction of the jugular and subclavian velins.
He claims that the lymphatics of the head and neck, the forelimb
and the lungs join the thoraclc ducts.

Mliller (53) reports on his resesrches on the penis of the
dreke, and includes some statements on the course of the lymphatlcs
in the pelvic cavities of birds. It Is to IAMfller that 1s owed the

first suthoritative statement on the junction of abdominal and

pelvic lymphatics with the veins of these reglons. Le states
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that it 18 only througn the medium of sacral and pelviec lymph
hearts that lymphatics unite with the abdominal or pelvie velns,
and in types of ovirad In walch such lymph liearts do not persist
after hatching, the union of lymphnatics with the abdominal or
pelvic veins deoes not occur., T1hus the claims made by Lauth (46)
and eckel (£1l) on this subject are lancorrect.

Parthels (4) quotes from the previous authors, and states
tuat the lymphatic system of the bird 1s joined to the brachio-
cephalic velns (anterior venae cavae) by 2 thoracic ducts.

Wiedersheim (71) nskes the ambiguous staterent that the
thoracic ducts 1n tne blrd are found 1n tihs reglon Letween the
thyrold gland and the coellic artery. He agrees with the earllier
guthors that the valves In the lyuphatics are rather loose and
gre poorly developed.

"arther (22) was one of the f{irst investigstors to use
Gerota's injectlon mass when studylug the lympnatic system of the
blrd, and, as a wresult, hls descriptlon presents much more detail.
Fe was, however, primsrily studylng the lymphatlc glands of the
bird, workling ralnly on the Anatidae (iLatatores), so iils statements
are still relatively iancauplete. e is the first author who points
out thal the lywphatlics of the forellmb usually unlte wlth the
veins in the anterior part of the thorax lndependently of the
thoraclc duct. Thls contradicts the statements made by Lauth (46),
Chavesu (15) and Bromn (11) that the lympnatics of the wlngs joln

trie thoracic ducts. e states that the lymphatlics followling the

jugular veln joln the venous system wlth the thoracic duct. Further

does not mention any lymphatic vessels 1n thie abdomen and thorax.

Kaupp (43) edds llttle to thes descriptlions of Owen (55) and
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Brann (11), Trom which it appears that he is quoting. lle states
that each thoracic duct ter:iinates by Joining the jugular vein

of 1ts own slde.

Krause (44) glves a general account of the lymphatics of
the bird, tut does not mention the termination of the tioracic
ducts and of the other main lymphatic trunks,

Vard end Gallagher (70) vake the assertion, frequently found
in other publications, that superficlal and deep strata of the
1ymaphatics do not occur in birds, the deep stratum alone being
present. Yhey also clalm that each thoraclic duct jolns the
jugular veln of its own side.

llenburger and Baum (18) state that lymphatics are present
in lerge numbers 1n the iird. The unlte to form right and left
thoraclc ducts, whlch run in a cranlal direectlion, being frequently
joined to one znother by anastomatic branches, and each terminates
by joining the jugular vein of its own side. It is also stated
that the lymphatics flow Iinto the velns in the pelvic region in
many specles, without citing the statement of Mfller (53) that
this only occurs when lymph hea’ts are present.

In his textbook, Awtokratoff (3) glves an account of the
lyuphatics, in wnlch he states that the main vessels accompany

the coceygeal arteries and the descending aorta. These trunks
ere contimied by right and left thoracic ducts, wiich unite with
the anterior venae cavae. - |

Josifoff (42) carried out his work on the hen and the pigeon,
but primsrily on the pigeon. Ile employed a new technique of
injection, in which he iInjectead Endian ink into the digital pads,

the rmiscles and the subcutaneous tissues of the live bird,
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anaesthetized with ether, and combined this method with injections

of Gerota's mass iIn the dead blrd. The method of injection in the
live bird will be dealt wlth more fully in the section dealing with

the technique of Injection. Vhen Josifoff's account 1s studied, it

1s evlident that he has added little to the knowledge of the lymphatic

system of the bird. Ie fgiled to demonstrate lymphatics in the skin,
heart, lungs, liver, pancreas and geﬂpial organs, snd his description
1s very simllar to all the preceding statements. ( It should be
noted that lymphatics draining the liver of the blrd were observed
by many of the earller investigators, and lymphatics of the testes
are clearly shown in the drawing by Lauth (46).) Josifoff also
stategfgaperficial lymphatlics ere not present in the bird. The
lymphatica follow the blood vessels, mainly following the veins
outside the abdominal cavity. He describes the thoracic duct of
each side jéining the “éhgulus venosus" formed by the junction of
the jugular and subclavian velns. The lymphatics of the head and
neck, and of the forelimb have independent openings into this same
"Angulus Venosus".
Baunn (8), as previously stated, glves the first detalled
description of the lymphatic system of the domestic fowl, and
nils account 41s the first to describe lymphatics In. the skin'of
any bird. As the present work covers simllar ground, Baum's
publication will not be summarised in any detall at this stage,
but frequent reference will be made to Baum's description in the
report on the present investigation. It may be mentioned here
that Baum describes 2 palrs of thoracic ducts, 1.e. a palr of
"lumbar thoracle ducts", running from the origin of the ischiadic

artery to the root of the coellac artery, considered by Bronn (11)
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to be a single trunk, and a pair of "thoracic thoracic ducts",running
from the coellac artery to end In the anterlor venae cavae. According
to Baum, lrregularltles often occur in the formation and arrangement
of the thoracic ducts in the fowl, includling the total absence of the.
right or left duct in some cases. In addition to the termination of
the "thoraclc thoraclc ducts" in the anterlor venae cavae, medial to
the junction of the jugular and subclavian velns, Baum describes the
lymphatics of the wing joining the subclavian veln, close to the unlon
of that vein and the jugular veln, the lymphatlcs of the head and

neck joining the jugular veln, and he states that the lymphatics of
the lungs, heart and proventriculus all open Iindependently into the
anterlor vena cava, DBaum agrees with many of the other authors in
stating that the lymphatics follow the main blood vessels, but he
asserts that plexus formatlon i1s only rarely encountered in the body
of the fowl, with the exception of the abdominal region. This
contradicts the statements of scme of the previous authors. He states
that the 1ymphatics are very few ln numper WhASH conparsa wioh bthess
vessels 1n mammals,

Bradley (10) only mentions that the lymphatics are numerous in
the fowl, and that the largest vessels, the thoracié ducts, open into
the jugular veins.

Sisson (65) gives an account similar to that by Bradley (10),
but adds that, before entering the jugular velns, the thoracic ducts
‘"recelve the ducts from the head, neck, thoracic llmbs and anterior
part of the body". '

It will now be seen thet many contradictory statements have
been made concerning the lymphatics of the bird, particularly with
It i1s generally

regard to their termination in the venous system.
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agreed that the lymphatics follow the main blood vessels, but
until the discovery by Baum (8) of lymphatics in the skin of the
domestic fowl, 1t was consldered that superficial lymphatics did
not occur In the blrd. There 1s little agreement on the question
whether plexuses are or are not frequently formed. E
Lauth (46) and Meckel (51) claim that some of the lymphatics |
joln the abdominal and pelvlic veins in all birds, but this assertion
1s corrected by MUller (53), who states that this can only occur in
birds walch possess lymph hearts.
The authors Lauth (46), Owen (55), Chauveau (15), Kaupp (43),

Ward and Gallagher (70), Ellenburger and Baum (18), Bradley (10)

and Sisson(65) all asgree that the thoracic ducts join the jugular
veins in birds, and most of these authors claim that the lymphatics
of the head and neck and of the forelimb unite with the thoracic -
ducts. Bronn (11), Barthela (4) and Awtokratoff (3) assert that
the thoraclc ducts joln the anterior venae cavae, and they seem
to imply that the thoracic ducts are joined by the lympuatics of
the head and neck and of the forelimb. Josifoff (42) describes
the thoracic duct of one side, the lymphatics of the head and =y
neck and the vessels fram the forelimb opening independently of

one another into the "gngulua venosus" between the jugular and
subclavian veins of the same side in the hen and pigeon. These
statements refer, in most cases, to all birds, and this may account
for their contradictory nature, 1f variations in the termination
of the lymphatics occur as between different specles. Baum (8)
referring to the domestic fowl, states that the thoraclc ducts

join the anterior vense cavae, thus agresing with Bromnn (11),

Barthels (4) and Awtokratoff (3), but he points out that the




lymphatics from other reglons of the body have independent openings

into the venous system. Baum (8) 1s the o:ily author who describes

£ the frequent absence of elither the right or the left thoraclec duct.




METHOD OF STUDY.

It 1s agreed by all who have studied the lymphatic system of
the blrd that great dliflculty is encountered in injecting the
lymphatic vessels. Thls 1s due to the fact that there are relat-
ively few lymphatics In the blrd, and that those walch are present
have a very small calibre. The thoracic ducts,in the subjects
walch have veen examined durlng the present work have never exceeded
In.m. in diameter in the largest fowls, and the other lymphatics
have, of course, a smaller dlameter than the thoracic ducts.
Microscoplc examination 1s always necessary to trace the smaller
lymphatics,e.g. in the skin, even when they are filled with injec-
tion fluid. The absence of lymphatic glands in most types of bird
1s a contributory cause of this diffilculty of injection, since,
where lymphatic glands are present, one 1s certain to inject many
of the main lymphatlics by injection directly into the glands.
Because of the difficulty of injecting the lymphatics, it aﬁpaars
to be inevitable that lsolsted branches of

observed, but 1t has been the intention throughout this investi-
gation to give as coﬂﬁibte a picture as possible of the lymphatic
system of the fowl.

The earlliest investigations were carried out by the injectlion
of eir, tallow or wax into the lymphatics (see Chauveau (15) and |
Gerota (25), but these methods were soon discarded and, until 1869
the injection of mercury was the common riethod of study. Various
types of injection syringe were used, but the cannulae were always
of glass, drawn out in a flame to as fine a bore as possible.
Because of the fragility of these cannulae, injection was only

carried out in soft tissues and, even so, breakages were frequent.
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The introduction of metal hypodermlc needles of very small callbre,
such as are sultable for lymphatlec injection, is a comparatively
recent event. As well as the defeécts in the instruments which were
available, the earliest workers had to contend with the dilsadvan-
teges possessed by the mercury itself for the purpose of injection.
Great pressure was necessary to produce an injectlon of the
iyuphatics, and these vessels were, as a result, frequently
rupbured. As soon as the sllightest breach occurred in the wall

of a lymphatic all the mercury ran out, rendering further study

impossible. In addition, the mercury could not be fixed in the

vessels by any method, so permanent specimens could not be prepared,

For the purpose of injecting the lymphatlcs, the fluid to be
injected must be of such a_consistency as to travel easlily and
rapldly, along the vessels, and 1t should be possible to fix the
fluld in the vessels, so that detalled macroscopic and microscopic

study is possible. The mass may be constituted in such a way that

it fixes itself in the vesssls b v

5y the evaporation of one of the

compounds which 1t contains, but this must only teke place gradually,

slnce injection is a long and time~-consuming process and once
fixation has occurred, no further injection of the vessels is
possible. The material should also be of a colour which contrasts
well with any colour which may be encountered in the tissues of the
body, and the colour should be in the form of a suspension, since a

solution of a dye will tend to pass out of the walls of the vessels

and so will stain the tilssues.

In 1896, Gerota (25) evolved an injectlon mass which satisfied

His mass consists of the artists! oll colour

all these conditions.

Berlin Blue (Prussian Blue and Paeris Blue are equally effective),




mixed to a thlek cream in a mortar with oil of turpentine, and

the resultlng materlal 1s suspended in ether. According to Gerota's

instructlons, 2 parts of the colour, 3 parts of turpentine and 15

parts of ether are the correct proportions. This suspension is
then stralned through linen to remove large particles which would
not pass throuvgh the.Vessels, and 1s preserved in g scrupulously
clean bottle, wilch 1s tightly stoppered. Gerota describes other
injection masses all depending on the same principles of suspension,
the dlfferences being in the colours which sre employed, but Gerota
and most of his successors agree that the blue injection mass is
the most readily visible In the lymphatics. <The mass gradually
becomes fixed in the vessels as a result of the evaporation of the
ether, but this fixatlion may be accomplished almost Immedliately

by irmmersion Iin a solution of formalin. Gerota's mass has been
rmodified by other workers and the common variant now employed ia
that descrlbed by Baum (5). In thls 3 parts of the oll paint,

2 parts of oll of turpentine and 15-28 parts of ether are the pro-
portions used, and wash-leather 1s recommended for the purpose of
filtration. DBaum used this mass for sll his work on the lymphatic
systems of the varlous animals which he studied. The mass which

Josifoff (42) employed was 1ldentical with Gerota's, but more ether

was added, thus glving a more lightly coloured appearance. Whatever i

the smounts which are used, Gerota's mass is extremely efficlent.
A great advantage of this type of mass 1s that 1t can readily be
removed from the instruments and from the surface of the tissues
surrounding the site of injection by wiping with swabs soeked 1in

turpentine or ether.

Other'lnjeetion masses have been used by some investlgators,




such a8 dllute Indlan Ink and other watery suspensions., These
watery suspensions, however, do not travel so repldly along the
veasels and do not penetrate s¢ far. Also, in the authort's

experlence, it 1Is much more dlfficult to remove stains left on the

tissues by watery suspenslions than to rerove those left by Gerota's

messe Indlan Ink may be used without danger in the 1iving aninal,
g8 shown by Josifoff (42), but Gerota's mass repidly couses death
because of the ether wnich 1t contains. Another materlal used 1n
the injectlon of the live animal is Pstent Blue V., described by
Burch (14), but this 1s mainly employed for microscopic investig-
atlons.

The Instrumente which have been used 1a the more recent
researches have been the "Record" type of hypodermic syringe,
fitted with a needle of asc fine a bore as possible, DBaum (7)
had his best results with a needle .20m.m. In dlameter. Jamleson
and Dobson (36) devised a special pump which ensured an even
pressure throughout the perlod of injection, but other suthors
consider that this is no advantage, since differing degrees of
pressure are needed in different sites of Injection, and s gradusl
Increase of pressure, which 1s so frequently necessary, can besat
be attained by the control of the hand on an ordinary hypodermlc
syringe. Constant practice 1s the means of attalnlng success In
the injection of‘%ymphatic vaésels, since too raﬁid an increase
of pressure in injecting a vessel will result in the rupture of
that veesel, and to ensure a gradual increase In pressure 1t 1a

an advantage 1f the barrel of the syringe is falrly narrow.

The method of injecting fluid into lymphatic vessels consists

of stabbing the needle into the tilssues which are belng studled,
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end gradvally exerting pressure on the plunger of the syringe.
If the needle has penstrated the wall of & fine lyuphatic, or
bas entered a tlssue space drained by a lymphatic, the injectlon
fluld %111l pazs into the vessel, znd will be vislble woving along
the interlor of the vessel. Often, “efore a vessel can be Injected,
rcpeeted stabs have to be madg into the tissue. After stabbing
into the tissue and injecting some fluld, it 1s an advantage %o
riassage the area concerned. It will now be seen thst a very fine
needle ls absclutely necessary. Baum's (8) statement thet the
lymphatlcs are few In number in the fowl has been found to be
correct, and thls obvliously lncreases the difficulty of iInjection
in the fowl, since tiere are wide tracts of the body where no
vessels can be demcnstrated. It sometimes happens that only
g srmall armount of fluld has entered a lymphatlc, but the course
of the vessel iay be followed, 1f the fluld has not become fixed
In the vessel, by forcing the flvid along its course with a probe
spplied to the exterlor. A direct injection into a large
12 poscsible wlth the aid of a dissecting microscope. During the
pregent lavestlgation an attempt was made to Inject backwards
elong the thoraclc ducts to produce a retrograde Injection of
some of the lymphatics, but this was unsuccessful in all cases.
Thus 1s would appear that the valves are efflclent in preventing
retrograde flow aven though, &s nmany authors state, they are
loose and poorly developed in the bird.

Magnus (49) recommends the Injectlon of Hydrogen peroxide
into the reglon where a stab injection has been wade. He clalms .
that the oxygen bubbles which are liherated carry the coloured

fluld along the lymphatic vessels. Baum (8) wsed this method
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successfully in some reglons of the fowl's body where no results

E; had been achleved wlth a simple Injection. In the present work
L this Instillation of hydrogen peroxide was frequently pefformed i
|

in many different sites, but the results were poor, and the method
b was dlscarded in favour of the stab Injectlon alone.
VWhen Injecting the lymphatics, it frequently happens that
ﬁé' tributaries of veins are injected at the same time, or a vein alone
P: may be filled with the fluid, and 1t may then be difficult to 4
decide whethner one 1s concerned with a vein or a lymphatic, It is
only by continued practice and observation that this can be decided I

with certainty. The differences between small veins and lymphatics

have been admirably summarised by Shore (64). A lymphatlc vessel
1s sraller than the vein with which 1t corresponds, has a mnore
tortuous course, does not show a marked lncrease in dlameter as it
E_ passes8 towards a maln trunk, and usually the walls of a lymphatic
retaln particles of the Iinjection mass even 1f most of it has run
out of the vessel. In some tissues the veins and lymphaetica are;
alqggthwlthout exception, both filled from the same injectlion, and
Béum (8), who also observed this, queries whether this may not be J
due to lymphatico-venous connections. A discussion of this con-
troversial subject 1s given in an early article by Baum (6).

¥ith the avowed object of avoiding this difficulty of the
veins and lﬁmphatics belrig filled with injection fluid at the same
time, Josifoff (42) utilised his method of injection in the 1living
bird. le anaesthetlised the bird with ether, and injected Endian ink i

I
into various reglons of the body. He states that the fluid remains ’

in the lymphatics, and that these are readlly observed when the I
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subject 1s destroyed %-2 hours later, but any fluld which enters
the veins 1s removed by the blood and is filtered out in the lungs
and the liver. It 1s clear that such an Injection rust be carried
out rapldly, and so anything like complete results cennot be
achleved, and this 1s borne out by Josifoff!s description., It
appears that this method only results in the demonstration of a
few of the main lymphatic trunks.

llost authors agree that lnjection of the lymphatics 1s most
easlly performed on the young subject, but differing opinions are
expressed on the stage after death when the most successful results
are obtained. Barthels (4) malntains that injection should be
carried out as soon as death as possible, but Baum (7) disagrees
and asserts that the onset of putrefaction is the only limiting
factor. TForbes (21) working on ioetal skin, allowed his material
to degenerate in a warm room -for 14 days. He states that injection

vas rendered more easy because the vessels were dllated with the
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the lacteals and most of the remaining lymphatics usually become
fllled with gas on the 4th. day after the death of the subject, but
In tids case the gases prevented rather than alded the injection of
the vessels. However, 1f the injection 1a made before the onset of
putrefaction, the gases of putrefaction, when they are produced,
will often carry the mass along the vessels.

In the 1nvestigation which has been carried out the variant
of Gerota's mass wilch has been described by Baum (5) was employed,
with the oll colour "Prussian Blue" as the suspension. It was found

that the mass could be further diluted with ether without 1limiting

its efficlency; and if any evaporation had occurred from the umass,
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more ether could be added to bring 1t up to its original

volume.,

At first, the mass was flltered through wash-leather, as recommended

by Baum (8), but 1t was found that a large amount of the ether

.evaporated during thils process, so linen was substituted and this

allowed for more rapld filtration. The mass will keep almost
indefinltely, and 1f there 1s a tendency to settle on the part of
the suspended colour, vigorous agitation of the container soon
restoreg the suspension.

The syringe used was of the "Record" type, with a capaclity
of 2c.c,, which had a slender barrel and plunger. For most tissues
the finest needle obtainable, of.3m.m, dlameter, was used at first,
but later, due to the enterprise of the manufacturers, a needle of
«25m.m, diameter was speclally made for this work, and thls gave
excellent results. The disadvantage of such slender needles 1s that
breakages are frequent. For injecting the lymohatlics of bones these
filne needles were too delicate, and a needle of .45m.m. dlameter
was used. The subjects for injectlon were fowls of all ages;
different sges proving most sultable for the successful injection
of the lymphatics of different tlssues. The fowls were all
destroyed by the administration of 1lluminating gas by inhalation
to the subject, after 1t had been ansesthetised with chloroform.
The Carboxyhaemoglobin 1n the blocod vessels rendered them plalnly
visible even through the skin. The subjects were plucked irmed-
lately after death, and injection was commenced as soon as this
process had been campleted. Throughout the whole of the work the

simple stab injection with the coloured mass was used in preference

to all other methods. When injection had been completed or when

putrefaction prevented further injection (usually after 4-6 days)




the body was lmmersed in 10% formalin for 24 hours in order to
fix the Injection mass, and then the course of the lymphatics
could be traced In detall. At one stage of the investigation, an
attempt was made to Inject the lymphatics of a subjeet whieh had
been placed In formalin lmmediately after death; but the results
were neglligible, although such a process had been found to be
mocderately successful in the mammal.

Injection of the lymphatics of the skin is very difficult, due
rainly to the extreme thinness of the skin in the fowl and to the
relatively small muubers of lymphatics which occur in the skin.
Even with the finest of needles 1t 1s difficult to avold passing
the needle right through the skin into the subcutaneous tissues.
Baum (8) recommends taat the needle should be passed through the
skin Into the subcutaneous tlssues,and then passed back into the
skin from 1ts deep face,1f an injection into the skin 1s to be
easily effected. Certainly this method 1s oftén successful, but,
after considerable practice, it was found possible toc atitain =an
intradermal injection directly from the exterlor. As in some other
tissues, massage of the small arount of Injection fluld which has
been instilled 1s usually necessary. Following on the discovery
that the lymphatics of the skin primarily follow the veins,
injections were mainly carrled out in the areas where the various
cutaneous velns commence, these veins being visible through the skin,
and excellent recults were obtalned. To trace these lymphatics, the
ekin has to be reflected in order that the vessels may be clearly
seen, and microscopic examination 1s necessary in the case of all

but the lergest vessels. These lymphatics are closely attached to

the deep face of the skin, and only when they pass deeply between
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the superficlal muscles 8o they lose thelr attachuent to the skin,
The lymphatics of the skin seem to be most readily demonsztrated

in tirds waich have not reached adult 1life, but the length of time
after death when injection takes place has little effect on the
results obtained.

The lymphatics of the muscles were injected by repeated
puncture 1lnto these structures, followed by massage of the areas
wilch had been Injected. The best results were cobtsined in young
birds., The period of rigor riortls was always avoided, although if
Injection had taken place before the onset of rigor wmortls, the
contraction of the rmuscles appeared to force the mass along the
vessels to a certaln extent.

'The lymphatics of jolnts ray be derionstrated in birds of all
ages by the method evolved by Baum (7) (8). A direct injection is
made into the jolnt cavity until the surrounding llgaments are
tense, and then the joint 1is manipulated through 1ts normal range
of rove:rents. Tnis manipuletion 1s continued for some time, and
the vessels draining the jolnt will gradually fill with injection
fluid., It has heen fourd that where the rmuscles have been injected
on the same specimen, the movements of the jolnts also helps to
f11ll the lymphatics of the muscles.

Baum (8) states that a chick a few days old 1s necessary for
the injection of the bones, but the author has Injected these
successfully in fowls up to the age of 4 months. The injection was
usually made’into the extremitiea of the long bones, where there 1s
only a thin layer of compact bone. With a long needle 1t was found
possible to inject the medullary space of the longest bones from

thelr extremities. It 1s difficult to puncture the actual shaft

e
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of these long bones in any but the youngest chicks. Injection

of the remalning bones was relatively simple. During the puncture
of bones the needle often became blocked by a plug of bone, so the
needle was introduced with a stilette in its cavity to avoild this
blockage, and jwien the puncture had been made,the stilette was
removed, the lnjectlon then belng eaéily performed. As with all
other tlssues, frequent microscopic examination is necessary to
follow the.lymphatics of bones. The lymphatics leave the hones

by nutrient and medullary foramina, and in all cases are joined
by periosteal lymphatics at their point of exit from the bone.

In nearly all cases the velns, as well as the lymphatlics, which
ran out of the bones became filled wlth injection fluid.

The' lymphatics of most regions of the alimentary canal may
be injected with relative ease. The puncture 1s made into the wall
of the canal, and, for success, it should be made as superficlally
as possible, and preferably on the lateral surface. Baum (7) (8)
describes a method in which 2 ligatures are placed on a portion oI
the gut, and the intervening part 1s filled with injection mass.
lle states. that by manipulatlon the fluld 1s forced intoc the
lymphatics draining the region. However, a simple puncture into
the wall of the canal has been found to be quite as effectlve,
and more rapldly performed. The absence of a serous covering to
the oesophagus and crop renders injectlon more difficult 1in these
areas, particularly as they possess relatively few lymphatlics, but
a superficlal puncture into the nuscular coat of these organs is
usually effective. The lymphatics of the liver, which are few 1in

number, may be filled with fluid by a dlrect puncture into the

substance of the liver. Most authors state that this, to be
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é effective must be performed while the carcase is still warm, but
é these vessels were Injected successfully, during the present
¢ investigation, In subjects 4 days after death had occurred.

The lyrphatlcs of the trachea are very difficult to inject,
injection belng most easily performed when the rmicous membrane or

the tissue between the tracheal rings is punctured. VWhether such

vessels arise from the cartilage could not be ascertailned, but

Baum (7) has demonstrated lymphatics arising from the cartilage
of the trachea in the calf.
The 1ymphatic$ of the lungs are injected by superficial and

a
deep punctures into these organs, but a complete injection 1s/rare

occurrence. Baum (8) employed Magnus' method, but thls method was
not succesaful at all in the author's hands.
The lymphatics of the ovary are most readlly demonstrated in

gn immature blrd, because there are so rany large ova in the laying

i fowl and injection into the commectlve tissue 1s practically
lmpossibls. ‘
Lymphatics only occur in the capsule of the spleen (Schafer
(61)), so injectlon Into this organ must be as superficial as possible.
There are no speclal points which need be mentioned in
connection with the injectlion of the lymphatics of other organs of
the body, but 1t rmst again be emphasised that Injection 1s only
successful after continued practice, and that microscopic

exarination 1s essential 1f the course of many of the smaller

vessels 18 to be observed.




T

THE LYMPHATIC SYSTEM OF THE DOMESTIC FOWL

: REPORT ON THE PRESENT

INVESTIGATION.,

Liymph hearts have not been observed in any fowl which has been
exarined, even in day-old chicks, but, in some subjects, slight
dilations have been seen on the course of the lymphatics following
the middle sacral artery, close to the junction of the sacral and
cocecygeal regions. In addlition, lymphatic glands are totally absent
in the fowl, and the author agrees wlth other investigators that
plexuses of the lymphatlcs appear to take the place of such glands.
Areas in which lyviphatic glands occur in other birds and in mammals
have been exsmined in detall, and 1in rany of these areas plexuses
have been demonstrated. These plexuses will be dealt with in
connection with the lymphatics on the course of which they are placed,
but it may be mentloned here that such plexiform arrangements are
particularly noticeable because the occurrence of plexuses in the
domestic fowl is comparatively rare. In regions such es the skin,
plexuses are scarcely ever present, and 1t 1s only on the course

of the lyuphsatlics of the abdominal viscera that they are at all

plentiful. Vhere 2 or more lymphatics are running a common course, i

they are often united to one another by successlve transverse or

oblique anastomosing branches, but these can hardly be called plemnaes.'

Thus, 1n the domestic fowl, the lymphatic system conslsts
solely of an arrangement of lymphatic vessels which have several
commmnlcations with the venous system., The lymphatlcs are
relatively few in number, and, wlth very few exceptlions, they

follow the course of the blood vessels. They are closely applled

to the blood vessels, and appear to be attached to the wall of the § 

artery or vein in question by comective tissue. It has been found
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that where an artery and & veln lave a common course outside the |
body cavity, the lymphatlics msinly follow the veln, but 1f the |
courses of a corresponding artery and vein sare widely separated

from one another, lymphatics follow both blood vessels., Within the

body cavlty, the lymphatlcs usually follow the arteries. It is

x08t commion, 1n all parts of the body to find 2, or even 3,

lymphatics followling an artery or a vein, Wit sometimes a single
lympnatic is present. Also any lyuphatic vessel may be double in
gsome parts of 1ts course and slngle in other parts. As stated,
wnere a lymphatlc 1s double, or where 2 lymphatlics are following
tne course of the same blood vessel, the 2 are joined to one another |
tucougiuout thelr course by numerous bransverse or oblique anastom- ﬁ
osing branches, whlch curve around the wall of the blood vessel,

belag closely attached to it. In most of the appended 1llustrations ;
the lymphatlcas are shown as single trunks for the sake of clarity, FE

ané 1t should be Lorne 1n mind that the occurrance of 2 or even

|
S vessels running together 1s very freguent. Although the main [
trunks of the lymphatics have a regular course, 1t must be i
emphasised that the tribubary branches are subject to some gﬁ
varleticn, as in all animals,

Valves are present in the lymphatics of the fowl, but, as

¢laimed by uany authors, they are few in number when compared with
the valves of memmusliar lymphatics. They appear to be rather
loosely arranged btut are efficlent in preventing retrograde flow.
As stated, this was demonstrated by the complste lack of success when
an attempt was maede to Inject backwards along the thoracle ducts

and other lymphatics. As far as can be ascertained, no previous

statement has been made on the presence of valves at the junction




description, the body may be divided Ilnto the followlng regions :

of the lymphatic trunks with the venous system.

When ex&minéd

with the aid of a mlcroscope, such valves are definitely visible
at the actual termination of the lymphatic vessels, and they are
usually in the form of 2 small cusps.

When writing an account of the course of the lymphatic vessels,
one 1s faced with the alternatives of glving either a systematic or
a topographlic deseription of these vessels, In a systemabic
deseription the courses of the lymphatics draining wdilfferent
groups of organs or tlssues are given separately, and this is the
general plen of the publication by Baum (8). The dlsadvantage of
tihils method of descriptlon appears to be that 1t entails much
repatition, and, taking Baum's statement as an example, the course
of the mein lymphatlic trunks 1s frequently not at 21l clear. A
topographic account describes the courses of the lyuphatics of a
“nole reglon of the body, includiag the relatiohs of the lymphatlics

to one another, and this method of description will be followed

in the present report, since 1t seems to glve a more detalled and
orderly outline of the lymphatlc system. TFor the purpose of

(1) llead and neck, (2) Forelimb, (3) Hindlimb and (4) Trunk. At

the end of each section the lymphatic dralnage of the varlious organs
and tissues of the reglon will be summarised.

Baum (8) glves definite neme to some of the main lymphatic
trunks:; for example, Vasa lymphacea jugularis, Vasa lymphacea
axillarle, Vasa lymphacea intestinalia, etc. The exact course and

extent of some of these vessels i3 not defined with any certalnty

in Baum's description, and it 1s not intended to use these terms in

the present sccount. It 1s felt that the Lymphatics can best be
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indlcated by the names of the velns or arterles which they follow, ww??
without Introducing any addltlional nomenclature. fThus, where it is
necessary to refer to any lyﬁphatic vessels by name the terms : il
the lymphatics following the —---= veln", or "the lywmphatics of

the =--- veln" will be used. As previsusly stated, Baum (8) con- ;\

slders that each thoracic duet consisis of 2 parts - sz "Ductus

thoracleus thoracalis" corresponding with the thoracle duct of

other authors, and e "Ductus tioracicus lumbalis" lying in the

abdominal cavlty by the slde of the aorta, and he states that the
latter corresponds with the cisterme chyll of the mevmal. This i
descrijtion seems to be rather artificial and the term taoracic duct |

will be applied only to the large vessels lying within the

thoracic cavity.
Throughout the description the terminology of Kaupp (43) will
be vsed, since hls 1s the only really detalled statement in English

on. the anatomy of the fowl. | [
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THE ILYMPIATICS OF THE HEAD AND NECK. The main lymphatic

trunks which draln the head and neck folliow the jugular veins,

' and are formed by the confluence of lymphatlics followling the anterlor

!

!

1

|
‘ and posterlor cephallc veins at the junction of the head and neck. 4
t The courses of the numerous lymphatic vessels wilch unite to form

these main trunks will ziow be described.

Lymphatics following thé cutaneous faclal vein., (Figs.l. and 1A.)

arise from the anterior two-thirds of the comb, and these unite to i-q

form a single vessel which 1s frequently double In its course. It

‘ On each side of the riddle line of the head 3 fine lymphatlcs

follows the cuteneous faclal vein, and passes downwards, anterior
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to the orbital region. DBelow the orbit it curves backwards, still

in company with the vein, and comes to 1lle just above the malar bone,
rmmning parallel with the upper border of that bone., The vessel
passes over the outer surface of the masseter ruscle, and under

the lateral temporomaxillary ligament, to reach the posterior edge

of the masseter muscle. It then runs deeply behind this border of
the ruscle Lo pass between it and the anterior edge of the quadrate
bone, Having curved obliquely downwards asnd backwards between the
quadrate bone and the pterygold rmscles, 1t reaches the space between
the posterlior extremity of the inferlor maxilla and the pointed
process of that bone which projects Inwards, and here the lymphatic
unites with the common trunk of the vessels following the palpebral
and teméoral veina. The comblned vessel follows the external

facial vein.

Trlbutarx branches.

{(i). iIn the early part of its course, anterior to the orblit, the
vessel following the cutaneous faclal veln recelves several
lymphatics from the skin which lles anterior to the orbit.

(2). 2 lymphatics, dralning the anterlor parts of the upper and
lower eyelids, also joln the main vessel independently of one
another,anterior to the orbit.

(3)s At the point where the lymphatlc from the lower eyelld flows
into the main vessel, several fine lymphatics arising from the
anterior part of the nasal chamber and the regilon of the anterior
nares also join 1it, and,

(4), 1t 1s jolned, in approximately the same area, by same delicate

vessels from the faclal bones.
the skin of the upper beak and the

(5)s A lymphatic, which dralns



upper weak ltself, runs norlzontally backwurds to unite

with the

vzgsel following the cutaneous feclsl vein as 1t curves backwards
to 1le parallel with the malar bone.

(6} Tust before ithe maln vessel passes undsr the lateral temporo-
maxlliary ligement, 1t recelves & branch wilch drains the skin over
ine lovwer jaw and the wutile, This Sributsry zlso drains the part
oi the massster ruscle wiiicit 1les below the wmalar, and it runs deep
to he nalar to reach the 1.aln vessel, This is the last (ributary
Lranch efore the Llynphatic of the cutaneous faclal vein unites
it the cormmon trunk of the vzssels of the palpebral and temporal

veins.

Lympnatbics following the palpebrsl vein. (Figs, l. and 1A.)

The main lymphatle, which agaln 1s usually double, is formed
0y the junction of 2 small vessels, which draln the skin over the
temporalis wuscle. The maln vessel curves around the anterior wall
of the external andltory meatus, following the contour of the wall,
and Lt passes downwards in thls way to join the 1lymphatlc of the
terporal veln on the inferlor aspect of the wall of the external
tuditory meatus.

Triout 2T branches.,

(1)« ©On the anterior part of the wall of the exbternal audltory

meatus the maln vessel 1s jolned by a lymphatic dralning of the

temporalls rmscle,

(2). & little later, s tributary is vlisible which is formed by
3 separate branches. A lymphatic draining the posterlor part of

the lower eyellid and the adjacent area of the skin of ths face rIuns

directly backwards across the upper part of the masseter ruscle, |




=l G
and across the superficial face of the upper part of the lateral
temporo-maxlllary ligament. After crossing the llgament, 1t 1is
joined by a vessel arising from the part of the masseter miscle

lying above the malar, which runs deep to the lateral temporo=-

mexillary ligament. In the same regilon the vessel so formed unites

with a lymphatic from the posterior part of the upper eyelid, and
then thls tributary jolns the main vessel.

Lymphatics following the temporal vein. (Figs. 1 and 1A).

The double nain vessel which follows the temporal vein
cormences as a lymphatlc draining the skin over the posterior part
of the temporalls muscle. As in the case of the lymphatic of the
palpebral vein, it follows the contour of the wall of the externmal

auditory meatus, but runs around the posterlor aspect of the wall

to reach its inferlor face, where it unites with the vessel followlng

the palpebral vein.

Iributary branches.

(1), A vessel which drains the skin over the roof of the cranium
and the posterigf third of the comb, and which recelves lymphatics
from the bones forming the lateral wall of the cranium, joins the
rnain lymphatic at the point where i1t lies on the posterlor part of
the wall of the external auditory meatus.

(2). In the same region, the main vessel receives a small branch
which arises from the deep face of the biventer mexillae muscle,
turning around the anterior edge of that rmscla to reach the main

vessel.

(3). Just before the termination of the main trunk, i1t 1s jolned

by a cutaneous lymphatic fram the skin lying over the biventer




‘maxillary joint is a single fine lymphatiec, which unites almost

maxlillae muscle. ‘;,

Lymphatics followlng the cormmon trunk of the palpeb
temporal veins. (Figs.l. and 14). palpebral and

The vessels following the palpebral and temporal veins, unite
on the lower aspect of the wall of the external audltory meatus, and
the resulting lymphatic passes deep to the anterior edge of the
biventer maxlillae muscle, Iimmediately above the posterlor extremity ?
of the malar bone. It crosses the posterlior edge of the quadrate
bone just above 1ts lower extremlity, and runs downwards and backwards
to unite with the vessel following the cutaneous faclal vein, at
the point where this latter is lylng between the main part of the
posterior end of the inferior maxilla and 1ts inwardly projecting

process.

Thus, the lymphatics following the cutaneous faclal,palpebral
and temporal veins ultimately unite to form a common trunk which

then follows the external faclal veln.

Lymphatics following the external éacial vein.( Fig. 1A).

The lymphatic of this vein 1s frequently double, and continues

the course of the vessel following the cutaneous faclal vein.
Having passed between the posterior extremity of the inferior
maxilla and 1ts inwardly projecting process, 1t runs obliquely
downwards end backwards and, after a very short course, 1t unites
with the lymphatic following the internal faclial vein.

Trlbuta:z_branch.

(1).. Arising from the postero-medlal aspect of the temporo -
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immediately wlith the maln vessel. Baum (8) states that this vessel

joins the lymphatlcs of the jugular vein through the medium of the
lymphatic plexus formed on the vena transversa., However, according
to the subjects examined, this vessel joins the lymphatic of the

external faclal veln and, as will be seen later, 1t does eventually
join the lymphatics of the jugular vein, but not through the plexus

formed on the lymphatics of the transverse vein.

Lymphatics followlng the Internal faclal vein, Numerous small

lymphatics which follow branches of the internal facial vein, drain
the extrinsic muscles of the tongue and the muscles of the inner
side of the inferior maxilla. They joln one another to form a
cormon lymphatic trunk which follows the internal faclal wein, and
runs vetween the posterlor part of the internal pterygoid muscle
and the pharyngeal ruscles to join the veassel which accompanies

the external faclal vein. .

Tributary branch.

(1). Lymphatics draining the orblital muscles unite to form a

trunk following the opthalmic vein, and this jolns the vessel

which accompanies the internal facial veln.

The lymphatic vessels of the internal and external faclal
veins unite snd form a coammon lymphatic, which 1s frequently
double, and follows the anterior cephalic or common faclal veln.

Lymphatics following the anterior cephalie vein. (Fig.l.)

The main trunk following this veln céontinues the course of

the lymphatic of the external facial veln, and runs downwards and

backwards, st first being deeply placed to the genio-hyoideus muscle

TS e e
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and the hyold apparatus. Contimuing this course it leaves the
cover of the genlo-hyoldeus muscle and, running over the rectus

capitis antlcus minor muscle for a short dlstance, 1t finally unites

with the lymphatic of the posterior cephalic veln about the middle

of that rmscle,

Tributary branches,

(1)s Close to its formation, the main vessel receives a lymphatic

wiich dralns the tongue and follows the course of the lingual vein.

(According to Kaupp (43), the right lingual vein may join the vena
cephallica posterior, but such an arrangerment has not been observed in
any of the subjects examined.) Several lymphatics arise from the
micous r:embrane and intrinsic musculature of the tongue which unite
to form a single trunk. In 1ts course this frunk is joined by
vessels frqﬁ the extrinslic muscles of the tongue, which are
additional to those following the internal faclal vein, and, later,
by branches which drain the wall of the pharynx. The vessel
following the lingual vein then runs outwards and backwerds to
unite with the lymphatic of the anterior cephaliec vein,

(2). A lymphatic which drains one half of the Inferior maxilla
joins the main vessel at the point at which the lymphatic of the
lingual vein flows into i1t, the 2 vessels often having a short
common Lrunk before unitilng with the main vessel. The‘lymphatic
from the inferior maxilla 1s formed by the uhion of 2 branches,

One arises from a foramen on the inner side of the ramus, close to
1ts junction with the body ( Baum (8) considers that this arises
from the body itself), and this runs backwards on the medlal surface

of the ramus. About the middle of the ramus, it receives the

second vessel which masses out of a large foramen on the medlal
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surface of the ramus. The lymphatic then runs backwards over the
lateral wall of the pharynx, being jolned by several fine branches
from tiae skin of the intermaxillary space, and terminates In the
menner already descrlibed. This vessel exhibits a regular, well
defined plexus close to 1ts termination which may possibly
represent the submaxlllary lyuphatic glands of the mammsl. Baum (8)
states that thls plexus lies just behind the inferior maxilla, but
its position seems to be considerably further forward.
(3)« A lymphatic vessel, which is frequently double, arises on
each side of the :1ddle line from the hard pslate, and runs back=-
wards under the mucous membrane of the pharynx where it is joined
by branches arising from the posterior part of the nasal chsmber
and from the pharynx 1tself. The main vessel then curves outwards
over the lateral wall of the pharynx to joln the lymphatic of the ;
anterior cephalic veiln, immediately before 1t leaves the cover of
the genlo-hyoldeus ruscle. Baum's (8) statement that the lymphatics
from the nasal chamber join the vessels following the jugular vein |
18 not striétly correct, since vessels from the anterior part of
the nasal chamber follow the cutaneous faclial vein, and vessels
from the posterior part of the chamber join the lymphatica of the

anterior cephalic vein. Eventually, of course, they do joln the i

vessels following the jugular veiln.

(4)., Close to the point where the preceding lymphatlc enters the
rain trunk the latter recelves a short vessel draining the lowér 1
third of the genlo-hyoldeus muscle.

(5). When the main vessel has left the cover of the genlo-hyoldeus

misele and lles on the commencement of the neck, 1t 1s qoinad by a

lymphatic arising fromthe middle of that rmscle, which drains the
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middle and upper thirds of the muscle, aml which runs downwards

and backwards to reach the main vessel,

(6) A little later, the main trunk recelves a lymphatic which
drains the larynx and the commencement of the trachea ang oesophagus,
This arises as several small plexiform branches in the wall of the
early part of the ossophagus which unite with one another. The
resulting trunk runs downwards and forwards to reach Ehe latersal
face of the commencement of the trachea, where 1t receives branches
from this part of the trachea and from the larynx. It then curves
upwards and forwards to unite with the maln vessel of the anterior
cephalic vein. (Fig.3). It should be noted that the lymphatics
draining the 2 sides of the larynx appear to anastomose with one
snother on the lower face of the larynx.

(7). Joining the main trunk at the same point as the preceding

vessel 1s a trunk which follows the transverse veiln and connects

the vessel of the anterior cephalic vein with the same lymphatic

of the opposite side of the body. It Tuns between the ocesophagus
below and the rectus caplitls anticus ninor and flexor capltis
1nfe£io; muscles ebove. This lymphatic i1s nearly always doubled

cnd possessea??ﬁs course a wide plexiform network which surrounds
the vein., The vessel and the vein which 1t follows are not strictly
transverse, but run obliquely downwards from the left side to the
right, (It 1s after thls transverse esnastamosis has occurred that
the discrepancy in size between the right and left anterior

cephalic and jugular veins is visible). The plexus on the lymphatlc
following the transverse veln recelves branches, on either side

of the middle line, from the bones which form the floor of the

cranium, It is possible that the plexus represents the pharyngeal




(retropharyngeal) lymphatic glands of the mammal, lying as

1t does

above the dorsal well of the pharynx. The transverse lymphatic

vessel 18 responsible for the pheriomenon, which has been frequently
obgerved when Injecting the lymphatics of the head, and which 1is
noted by Baum (8), of a puncture into one side of the head
producing an Injection of the vessel following the jugular vein
on both sides or on the opposite side of the neck.

(8). The last tributary of the mein vessel Joins it close to 1ts
union with the lymphatic following the posterior cephalic vein.
This 1s a cutaneous branch which drains the skin of the inter-
moxillary space and the skin on the outer surface of the inferior
maxille posterior to the sttachment of the wattle. It passes
backwards on the deep face of the skin and, reaching the larynx,

it curves upwards over 1its lateral face to reach the main lymphatic,

Lymphatics of the posterior cephalic vein.(Fig.l.) Several small

vessels arise from the bones forming the roof of the cranium and
these unite to form one lymphatic, which 1s sometimes double and
follows the vena cephalica posterior. Thls lymphatlic runs backwards,
through the rectus capitls posticus major and complexus muscles,

to appear superficlally behind the genlo-hyoldeus nmscle about the
middle of the »uscle. It then runs downwards and backwards to unite
with the vessel following the anterior cephalic veln, the resulting

trunk following the course of the jugular veln,

It can now be seen that all the lymphatic vessels which

dradn the ticsues of the head eventually unite with one another to

form s vessel or vessels which follow the jugular vein on each side




of the neck.

The foregoing description augments to a considerable degree
the account given by Baum (8), who, in most cases, confines himself
to the statement that the lymphatics of the different tissues of
the head run to joln the lymphatics of the Jugular vein, without
describing the course of these vessels or the way in which they

unite with one another,

Lymphatics following the jugular vein, (Figs. 1, 2, 3, and 7).

A falrly large vessel follows the jugular vein and it 1is
frequently double intits course., However, there may only be a
single vessel throughout the neck with occaslonal sections which

are double. In any case, the vessel nearly always becomes single

Joined to one another by frequent transverse and obligue ansstomosing

branches, and lle dorsal and ventral or ventro-medial to the vein, ;f
This agrees with the statements of Owen (55) and Bsum {8). It may
be noted here that Jolly (39) considers that the lymphatics lle !

lateral and medlal to the vein. Where a single lymphatiec is present,

} Just before its termination. Where 2 trunks are present, they are
! it seems to lle most commonly on the dorsal wall of the jugular vein,

but this 4is not constant. The right jugular vein of the fowl has a .
considerably greater calibre than the left, and Baum (8) states that j
the lymphatics on the right side appear to be wlder than those on i
the left side. The duthor cannot agree with this since, in all '

subjects exsmined, no difference in size between the lymphatics of i

the right and the left sides could be distinguished.
The lymphatic (or lymphatics) following-the jugular vein

contimues the course of the vessel of the anterior cephalic vein,

1
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end the course ol the vessel has sligntly different relations on
tne rignt and left sides. On the right side, the lymphatic runs
with the veln along the dorsal surface of the oesophagus, lying
between that organ and the musculature of the neck. In the upper
part of the neck it lles on the rectus capitis anticus minor and
recbus capltlis lateralis muscles, bﬁt &l the junction of the upper
and middle thirds of the neck it comes to lie on the intertransver-
sales colll muscles. It passes down the neck on these muscles,
bebween them end the dorsal wall of the oesophagus. Anterior to
the shoulder reglon the vessel 1lies 1in relation to the dorsal wall
of the crop. The lymphatic runs on to the medlal face of the
shoulder joint, diverging downwards slightly to lle on the lateral
surface of the upper part of the crop. It is covered laterally by
the clavicle at first, later by the interclavicular aponeurosis,
and 1t then pesses between the cervical alr sac and the crop to
enter the thorax. Inside the thorax, 1t lies on the lateral aspect
of the thoracic part of the oesopnagus and terminates by uniting
with the right juguler veln immediately before the vein joins the
subclavian vein to form the anterior vena cava. In the lower third
of the neck the lymphatic is mainly concealed by the lobules of the
thyrmus gland.

On the left side, the lymphatlc vessel following the jugular
veln 1lies on the dorso-lateral aspect of the trachea, between 1t
and the cervical muscles., Having passed over the rectus capltis
snticus mimor rmuscle, 1t immedlately comes tc¢ lle on the inter-
transversales colll muscles, and lies on these muscles as far as

the region of the shoulder jolnt. It will be seen fram this

statement that the lymphatics of the left side are placsd rather
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nearer to the inferior border of the neck than those of the right
side. Just before 1t reaches the shoulder reglon, the vessel
diverges upwards slightly from the trachea to lle on the Inter-
transversales colll rwuscles. The remainder of 1ts courss is
similar to that of the vessel on the right side. The lymphatic
following the left Jugular veln 1s usually covered by thymus lobes,
which, of course, persiast throughout 1life, In the lower half of the
neck. It appears to be the usual arrangewent for the right trunk
to be covered by thymus lobes in the lower third of the neck, while
the left trunk 1s covered In the lower half of the neck,

The usual point of termination of the lymphatic of the jugular
veln 18 the one which has been described, narely, In the jugular
vein close to 1ts junction with the subclavian vein, but occasionally
the opening may be more anterlorly pleced. In any case it 1s always
considersbly behind the point where the vertebral vein jolns the
Jugular vein. Baum's (8) statement that 1t may join the jugular
or vertebral veilns cranial to their union with omns ancther has not
been substantiated in any of the subjects examined.

As stated, 1f 2 vessels sre present following the veln, they
usually unite before thelr termination, but 1f they remaln separate
from one snother, their junctions with the veln are close together.

Tributary branches.

Numerous branches join the lymphatic following the jugular f
veln, same of which occur on both sldes of the neck, and some of
which are only present on one side. The former will be described
firat, .

(1). Vessels draining the skin of the neck joln the main lymphatle

Srunk at-regular intervals in 1ts course down the neck, Baum (8)
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states that 2 or 3 vessels are present draining the skin of the

dorsal part of the neck and 2 or 3 dralning the skin in the ventral
part, but, during the present study, 4 or 5 lymphatics have been

found to occur most frequently in each case. Each vessel arises as
several dlstinct branches which then unite with one another, and
duplication of these trunks 1s relatively infrequent. The lymphatics
from the dorsal part of the neck drain the skin over the cervical
muscles, l.e. the skin dorsal and posterior to the jugular vein,

while those from the ventral part of the neck drain the skin over

the trachea and, on the right side, the oesophagus,i.e. the skin
ventral and anterior to the jugular vein. As in the case of all
cubtaneous lymphatlics these vessels remaln on the deep face of the

skln throughout most of thelr course, and the ventral lymphatics
usually joln the corresponding dorsal lymphatlca close to their
termination. If they do not form a short common-trunk, they join j
the main vessel at approximately the same point. The most posterior
dorsal branch drains the skin directly above the dorssel wall of the -fﬁ
crop, and the cormsponding ventral branch drains the skin just
1anterior to the reglon of the crop. Where these cutanseous i;.
lymphatics lie in relation to the lobes of the thymus gland, they ;fﬁ
pass over the outer surface of the lobes and dip betweén adjacent f ﬂ
lches to reach the maln vessel. L,f

In addition to these lymphatics, there 1s a vessel wnich i ‘

drains the skin over the shoulder joint, particularly the pad of iﬁ
fibro-fatty tissue which lies dorsal to the ioint., The vessel runs
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dovnwards and forwards in front of the shoulder region, recelving

in this area, and joins the main trunk anterior to the shoulder.

a branch from the skin lying over the longus colll posticus muscle ig
!
}
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(2 Also jolning the main vessel at regular intervals in its

course e=wm ¥® meel are 7 or 8 lymphatics on each side of the

neck, which draln the muscles on the lateral and Inferior aspects

of the neck. 7 appears to be the usual number. Each vessel

arises from the muscles in the area of an intervertebral articulation,
and passes between the longus colll anticus and intertransversales
colll muscles to reach the main vessel. The first arlses between

the 4th and 5th cervical vertebrae and plerces the rectus capitis
anticus minor rusecle to galn the main trunk, and the last usually
arises between the 10th and 1llth cervical vertebrae. (Fig.2,)

Baum (8) only mentions 2 of these vessels.

(3). BSmall lymphatics, which can 6n1y be injected with difficulty,
arise from the lobes of the thymus gland, 1 or 2 vessels arising

from each lobe. They emerge from the deep faces of the lobes,

which are closely applied to the underlying jugular veln and its
lymphatic trunk, and the vessels join the main lymphatic trunk

after a very short course. !
(4). Before the main vessel passes deep to the clavicle and the
interclavicular aponeurosis, it 1s joined by 2 vessels (or a

common trunk of the 2 vessels) whlch arlise as numerous branches

from the skin lying over the wall of the crop, and unite with the

rmain trunk at the same point as the branch from the skin over the i
shoulder jolnt.

(5). TImmedlately after the main trunk has passed deep to the

clavicle and the interclavicular aponeurosis 1t 1s jolned by a |
vessel which drains the muscles at the proximal extremity of the |

humertus and the shoulder joint. This lymphatlc arises as

numerous smell branches from the deltold, scapulo-humeralis, tensor
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patagli brevis and the upper end of the triceps muscles.

These

unlte to form a common trunk which lles at first on the outer

aspect of the upper extremity of the humergus, following the

course of a small veln. It pssses under the anterior edge of the
deltold rmscle, lying at first between this rmscle and the humerjus,
and 1t 18 jolned here by a lymphatic which emerges from a nutrient
foraemen on the upper crest (external tuberosity) of the humeraus.
Later, 1t runs vertlcally upwards to cross the outer surface and
upper edge of the scapula close behind the glenoid cavity, and

then curves downwards to reach the medial aspect of the shoulder
joint, where 1t 1s jolned by a branch from the upper end of the
clavicle and by a vessel arising from the shoulder joint. It lles
posterior to the latter vessel before receiving it, and the
combined lymphatic runs downwards to unite with the maln trunk
following the jugular vein (Figs.6 and 7.) Baum (8) makes no
mentlon of these vessels,

(6)s In the same area the rain lymphabtic recelves a branch. which
18 rarely double, and which follows the subscapular vein. (Kaupp
(43) states in one section of his book that the subscapular vein
jolns the jugular veln and In another that 1t jolns the vertebral
vein. In all the subjects encountered 1t jolned the jugular vein.)
This vessel drains all the muscles of the scapular reglon, with $
the exceptlon of the latissimus dorsl, teres et infraspinatus and
supraspinatus muscles, It runs downwards and forwards on the deep
face of the subscapularis rmuscle, being jolined by a branch fram the H
anterior half of the scapula, to reach the medlal face of the ]
shoulder joint where 1t unites with the main vessel.(Fig 7). §
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(7). At the same polnt, the main trunk recelves a short vessel

arising from the thyrold gland.
(8). Later, opposite the lith. cervical vertebra, the main vessel

1s joined by a lywphatie which follows the vertebral vein. (Fig.2).

This received branches from all the cervical vertebrae and from the
ruscles lylng dorsal and lateral to the vertebrae. (Baum (8) states
that branches whlch joln the vessels of the vertebral vein only
arise from the muscles Iin the lower thlrd of the neck and from the
vertebrae in the lower three-fourths of the neck). The vessel
formed by these branches runs down the neck through the chain of
vertebral foramina and, having passed through the foramen in the
10th. vertebra, 1t dlverges outwards between the scalenus medius
and longus colll antlcus muscles to join the main trunk posterlor
to the thyrold gland. Before 1t joins the main vessel, 1t recelvea
a branch from the muscles walch lle above the rmore anterior dorsal
vertebrae (longus colli posticus, biventer cervicis and longlssimus .;
dorsi), This branch also drains the last few cervicasl vertebrae.
(2). Close behind the junction of the lymphatics of the jugular
end vertebral veins,‘tha vessel fcllowing the jugular veln receives
a small lymphatie which followa the common carotld artery. (Fig.=2).
Altnough Baum (8) states that this drains the muscles of the middle
thlrd of the neck and the vertebrae in the whole of the neck, 1t |
appears, according to the present study,only to draln the muscles

of the lateral and inferior surfaces of the neck, and the vertebrae,
in the lower three-fourths of the neck. The vessel runs down the

neck in company with the common carotid artery of its own slde, |

lying on the lower face of the chaln of vertebrae, deesp to the [

longus colll anticus muscle. At the 9th. cervical vertebrad it
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becomes superficially placed, diverging outwards from its

fellow,

and runs downwards and backwards to join the mailn vessel.
The remalning Uributaries drain the oesophagus, the crop

and the trachea and thelr arrangement 1s different on the right

and the left sides of the neck.

(10)s In its course down the neck the :aln trunk followlng the
right jugular vein 1ls jolned by about 10 fine lymphatics which
arise at regular intervals from the cervical part of the cesophagus,
excluding the commencement of that organ, which, as stated, 1s
drained on each side by a lymphatic which flows into the vessel

of the snterior cephalic vein. The branches may arise from small
plexuses in the wall of the oesophagus, and they primarily drain
the upper and right surfaces. They have a short course and join
the main vessel independently of one another.(Fig.3)

(11)., Anterior to the region of the shoulder joint and deep to

the clavicle, the maln trunk of the right jugular veiln recelves

5 or 6 lymphatics from the right surface of the wall of the crop.
Again, although they are small, plexuses do occur in the wall of
this organ. The lymphatics run upwards on the right surface of the

crop to join the main veasel of the right side independently of

one snother. In no subject did these vessels form a common trunk
before uniting with the maln lymphatiec, an arrangement described j

as typical by Baum (8). The most posterior of these 5 or 6

branches 1s joined close to 1ts termination, by a vessel which 1s

T TR

8 result of the union of several branches frcm the anterior and

middle thirds of the thoracic part of the oesophagus, but this

latter may flow independently into the vessel of the Jugular

— et

veln. (Fig.3.)
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(12) s On the left silde the mein vessel is Jolned, anterior to the
thyroid gland, by a large lymphatic which is responsible for the
drainage of part of the cervical section of the oesophagus, the

left surface of the crop and the whole of the trachea, with the
exception of its commencement. (Figs.3., and 13.). This vessel

arises as several swall branches draining the ventral part of the
anterlor extrenlty of the oesophagus, just behind its cormencement.
These branches unite to form a trunk, which is rarely double, and
which runs along the inferlor wall of the oesophagus in compeny
with a veln. - In 1ts course down the neck it receives numerous
branches from the ventral end left surfaces of the ocesophagus,

which join 1t Independently and at regular intervals., Reaching

the crop, the lyuphatic trunk runs across the upper part of 1its

left surface and receives 5 or 6 branches from this surface of

the wall of the crop, which are similar to those on the right
surface. At the posterior extremity of the crop the vessel

zes towards the left side. crossing the middle line by passing
between the trachea below and the longus colll antlcus ruscle above,
and reaches the main vessel of the left jugular veln, as stated,
just in flont of the thyroid gland. Irmediately 1t has passed above
the trachea, this branch is joined by a lymphatic which drains the
trechea. Branches arising from the early part of the trachea, just
behind 1ts commencement, unite to form 2 dlstinct vessels, one
running along the dorsal aspect of the trachea and the other
ruming along 1ts ventral aspect. The dorsal vessel recelves |
branches from the dorsal and right surfaces on the trachea, and

the ventral vessel 1s jolned by branches from the ventral and

left surfaces. These branches emerge from the tissue between the
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tracheal rings., At the posterior extremily of the crop, the vessel
1ying on the dorsal surface curves downwards over the right surface
of the trachea to joln the vessel lying on the ventral surface. The
comblined vessel then curves towards the left slde, across the ventral
surface of the trachea, recelving, soon after 1t has been formed,
a branch which drains the termlnal part of the trachea and the
early parts of the bronchi, and 1t then unites with the trunk which
dreins the oesophagus and the left surface of the crop.

This description differs considerably from that glven by
Baum (8), the most obvious dlfference belng that Baum states that
the vessels of tne left side of the crop foma common trunk which
joins the lymphatic of the right jugular vein, snd that the branches
draining the trachea form & vessel whlch leaves the middle of the
trachea to join the right jugular veln, Baum may have injected a
very small vein which does arise from the middle of the trachea,
but this always jolne a velin followlng the inferlor surface of the

ocesphagus and not the rignt jugular veln.

It will now be seen that all the lymphatics which draln the
t1ssues of the head end neck and parts of the shoulder reglon
eventuslly join the vessels following the jugular veins, which
end by uniting with the jugular veins close to the point at which

the veiln jolns the subclavien vein.

YHE LYNMPHATICS OF THE FORELIMB. Under this heading are

included the lymphatlcs draining the pectoral reglon and part of

the shoulder regicn. In the manus and forearm the main lymphatic

trunks follow the profunda ulnaris, profunda radlalis and basilic




veins, while 1n the arm they follow the basilic,brachial ang

- profunda humerl velns. Ultimately all the vessels unite to form

a trunk wihich follows the subclavian vein. Although Kaupp (43)
considers that the formation of the subelavian vein 1s a result of
the confluence of the brachial, basilic, external thoracic, coracoild
and sternal veins, 1t appears to be more convenient, and more
accurate, to describe the brachial and basilic veins joining to

form the subclavian vein, which then receives the remaining veins

as tributary branches. In additlon, the profunda ulnaris and the
profunda radlalls velns usually appear to join the basilic vein
rather than the brachial veln, but the brachial and basilic veins

are often united by anastomosing branches in the same area.

Lymphatics following the profunda ulnaris vein.(Figs.5. and 6.)

The main lywmphatle trunk following this veln is usually
double and commences on the outer surface of the manus as several
small branches which drain the skin of the 3rd. digit. These joln
cne another to form a vessel which runs upwards on the ocuter face
of this digit and crosses the metacarpo-phalangeal articulabion of
the digit. It then passes across the anterior edge of the distal
extremity of the 3rd. metacarpal bone and dips between the
Interosseous dorsalis and interosseous palmaris muscles, thus ;
lying in the space between the 2nd. and 3rd. metacarpal bones. i
Running vertically upwards, 1t plerces the upper end of the inter-
osseous palmaris muscle and becomes superflcially placed on the
Inmer aspect of the mams. Almost immediately it passes deep to

the ligementous band which connects the anterior border of the

carpal reglon with the back of the 3rd. metacarpal bone, and in ‘
flexor carpl ulnaris muscle. 5

this area passes over the tendon of the
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on emerging from the cover of the ligamentous band, it crosses

the carpal joint and runs straight up the forearm, followlng the
anterior border of the flexor carpi ulnaris rmsclie. In its course
1t 1ies at first on the flexor digitorum profundus miscle, and
later on the pronator longus rmscle. It ends just above the elbow
joint, anterior to the origin of the flexor carpl ulnaris miscle,
by uniting with the lymphatic wnich follows the tasilic vein.

Tributary branches.

(1). Close to its camencement, the main vessel 1s jolned by a
branch which emerges from the outer surface of the phalanx of the

3rd. diglt.

(2)., & little later, after the vessel has passed over the metacarpo-

phalangeal articulation, 1t recelves a lymphatic which arises from
this joint, and

(3). at the same point a cutaneous branch from the skin of the
posterior part of the 2nd digit also unites with the main trunk.
(4)., In the reglon where the main lymphatic is dipping bensath
the posterior edge of the Interosseous dorsalis rmscle, 1t rececives
5 small tributaries yhich drain the distal ends of the 2nd. and
3rd. metacarpal bones, the branch from the 2nd. metacarpal running
upwards and backwards, and that from the 3rd. metacarpal running
upwards and forwards, to reaqh the main trunk.

(5). & fine vessel arises from the Interosseous dorsalis muscle
wnich unites with the main vessel as 1t lles between this muscle

and the interosseous palmaris ruscle, and & branch which drains

part of the 1attermscls joins the vessel at the point at which

it plerces the muscle.

(6), 2 cutaneous lymphatics fram the skin on the inner aspect of

T e e ot
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the 2nd. dlglt joln the main trunk when it has perforated the
interosseous palmaris muscle.

(7). When the maln vessel i1s lylng deep to the ligamentous band
connecting the carpus with the 3rd. metacarpal bone, 1t receives

a ves<el wnich emerges from the reglon of fusion of the proximal
extremlties of the original lst. and 2nd. metacarpal bones, and a
second vessel Ifrom the proximal extremity of the original 3rd.
metacarpal bone.

(8). A lymphatic arises from each carpal bone and the 2 branches
unite to form a trunk which runs distally te joln the maln vessel
before it leaves the gover of the llgamentous band.

(9). Vhen it has left the cover of thils ligamentous band, the
main trunk is joined by a lymphatic which drains the skin on the
inner side of the lst. diglt, the phalanx of the lst. digit and
the metacarpo-phalangeal joint of this digit. This branch runs
deep to-the ligamentous band to reach the main vessel.

(10). The rain trunk is now lylng, with the profunda ulnaris vein,
on the medlal surface of the carpal joilnt, and is connected to the
lymphatic of the basilic vein in thls reglon by an anastomatic branch.
(11). A little later, a vessel which arises from the carpal joint
flows into the main lymphatic.

(12)., At about the same point, the vessel recelves a branch from
the skin 1ying over the anterlor part of the distal third of the
forearm on its medlal surface, and

(13). & lymphatic which arises from the medlal aspect of the

lower end of the ulna.

(14)., 1In 1ts course up the forearm, the vessel 1s jolned by

2 lymphatics draining the skin which 1lles anterlor to 1t on the
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medial surface of the upper and lower thirds of the forearm.

(The mlddle third 1s drained by the lymphatic of the flight membrans).
(15). Also In its course up the forearm, the main trunk receives
tributaries from the flexor carpl ulnaris and the underlylng muscles

wnlch lle behind the vessel, and from the flexor digltorum profundus

and the 2 pronator muscles which lie in front of it.

Lymphatics following the profunda radlalls vein.(Figs.5, 5A, 6, and
6A.)

The lymphatic which follows this vein may be considered to
arise as a small vessel whlch emerges from a nutrient foramen on the
medial surface of the lower end of the radius. This vessel runs
up the forearm, lyling between the radlus and the flexor digitorum
profundus muscle on the medial aspect of the limb in the early part
of its course, Later 1t passes deep to the pronator longus muscle
and runs up the remainder of the forearm in this position. At the
upper edge of the pronator longus muscle., 1l.e. distal to the elbow
joint, 1t comes to lie superficlally on the inner side of the 1imb
by curviﬁg between the pronator brevis and extensor metacarpl
radialis longlor rmscles, It then runs vertically upwards, anterior
to the elbow jolnt, and, crossing the medial surface of the tendon
of insertion of the biceps muscle, 1t ends by jolning the veasel
which follows the basilic veln, some distance proximal to the
elbow joint.

Tributary branches.

(1). About the middle of the shaft of the radlus, a branch emerges

from the large medullary foramen of the bone and this joins the

lymphatic of the profunda radlalls vein after a very short course.
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(2). In the same region, a simllar branch arising from the
medullary foramen of the ulna also joins the main trunk.

(3)e In the upper third of the foresrm the lyphatic receives
branches from the pronator brevis, pronator longus, supinator brevis
and extensor metacarpl radialis longlor miscles. These branches

ray form a common trunk. (Fig. 5A).

(4). The next vessel jolns the main trunk at the upper edge of

the pronator longus muscle and drains the skin and some of the
ruscles on the outer side of the forearm. (Fig.6. and 6A,) It
commences as numerous branches wihich arise from the skin lying

on the outer aspect of the forearm. These unite to form a single
vessel which passes upwards on the extensor digitorum communis
muscle, and which becomes deeply placed just below the elbow by
curving around the anterior edge of this rmscle, between it and

the supinator brevis ruscle. At this point it receives branches
from the extensor digitorum communis and flexor metacarpi radialils
rmgecleg, which may form a cammon trunk. A 1little later the vessel
passes between the shaft of the radius and the anterior edge of the
anconeus rmscle, where 1t 1s joineﬁ by a branch from this mscle
and the supinator brevis muscle. In the same region a lymph;tic

is visible, which emerges from the outer aspect of the upper
extremity of the radius, and runs distally to join the main tributary
vessel, The latter then passes through the upper end of the radio-
ulnar interossecus space Lo join the main vessel of the profunda
radlalis vein.

(5). A second lymphatic draining the proximal extremity of the

radius passes out of its medial surface, and, runming betweeen

the pronator brevis and the extensor metacarpl radialis longlor




ruscles, it oins the rain trunk following the radialis profunda
veln lmrediately after the latter has left the cover of these é
mascles.

(6). As soon as the msin vessel has crossed the tendon of insertion
of the biceps rmuscle it recelives 1ts last branch, which drains the

skin and other tissues of the flight membrane. (Figs.5 and 6.)

'Thls 1s formed about the centre of the membrane, towards its free

edge, by the unlon of 2 long vessels whlch drain the skin of its
free edge. The more distal branch recelves a lymphatic from the
skin over the pronetor brevis and extensor metacarpil radialis
longlor muscles in the rilddle of the forearm., The main lymphatic
draining the flight membrane then runs directly backwards towards
the elbow reglon, being jolned by 1 or 2 further branches from the
mnembrane, and passes between the tendon of insertion of the ﬁicepa
rmagcle and the shaft of the humerdus to join the vessel of the
radlalis profunda vein., Just before 1ts termination, the lymphatlc
of the Pllght membrane 1s joined by a common trunk of 2 vessels
arlsing from the distal extremity of the humerus. They both arise
.frum the anterior surface of the bone, one passing around the inner
surface of the origin of the brachialls aniicus rmscle, and the 1

other passing around the upper edge of the origin of that muscle, ;

Lymphatics following the basilic vein.(Figs.b and 6.)

The main lymphatic 1s frequently double and cemmences as
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severel small branches which drain the skin on the anterlor border

of the outer aspect of the 2nd. digit. The vessel runs up the

anterior border of this digit and, at the junction of the upper

and middle thirds of the metacarpal region, it diverges backwards,
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running across the outer surface of the interosseous dorsalis

miscle, to reach the back of the carpal jolnt. The lymphatic

turns around the back of the joint to galn the medlal surface of

the 1imb, on which 1t lies for the remainder of 1ts course. In

the forearm, it lles on the shaft of the ulna, along the posterlor
edge of the flexor carpl ulnaris muscle, being closely related to

the follicles of the secondary feathers. Just distal to the elbow
joint the vessel, still in company with the basilic vein, turns
sharply forwerds across the origins of the flexor carpl uinaria

and pronator brevis muscles, following the anterior edge of the |
tnner surface of the triceps muscle. It runs along this edge of

the triceps muscle as far as the mlddle of the amm, where it comes

to 1lie on the medial surface of the muscle, behind the posterior

edzge of the biceps muscle. At the junction of the upper and middle
thirds pf the arm it curves backwards and, having reached the .
posterior border of the arm close to the upper edge of the pectoralit;:
major miscle, 1t unites with the lymphatic of the brachlal veln, |
the resulting vessel following the subclavian vein.

Tributary branches,

(1). VWhere the main trunk lles on the outer surface of the 2nd. :f
digit, it receives several cutaneous branches, eand also vessels b
which arise from the phalanges and the interphalangeal and

metacarpo-phalangeal jolnts of this digilt.

(2). About the middle of 1ts course across the interosseous i

dorsalis ruscle, the main vessel 1s joined by a lymphatic from

branch from the phalanx of this diglt.

l
i
the skin on the outer side of the lst. digit which receives a i
£
i
!
{

(3). A vessel, which 1s the result of the fusion of several
— 4l
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branches from the skin on the lateral surface of the metacarpal
region, jolns the main trunk at the posterlor edge of the inter-
caseous dorsalis muscle.

(4} At the polnt where the vessel following the basillc vein

1s curving around the posterior border of the carpal joint, 1t
receives a branch which emerges from the outer surface of the lower
end of the ulna.

(5). As soon as the main trunk has reacned the inner surface of the
1ixb in ths reglon of the carpus, i1t 1s jolned by a cutaneous vessel
from the skin of the inner side of the 3rd. dlglt, which recelves a
lymphatic arising from the posterior part of the interosseous
palraris muscle. Thls comion trunk runs deep to the ligamentous
band walch cornmnects the carpus with the back of the 3rd. nietacarpal
bone.

(6). The vessel receives 2 or 3 lymphatics from the skin lyling

over the flexor carpl vlnaris muscle in its course up the forearm,
and (7). 1t 1s joined by a small vessel from the follicle of each
secondary Ifeather.

(8). 1In its course up the forearm, a few branches from the flexor
carpl ulnaris ané the underlying muscles, whlch lie anterlor to
the vessel, unite with 1t.

(9). At the anterior edge of the origin of the flexor carpi
ulnaris muscle, the vessel following the basilic veln 1s jolned

by the lymphatic of the profunda ulnaris vein.

(1¢). In the same ares, & Vessel arises from the inner surface of |
the upper end of the ulne and curves around the anterior edge of Ik

the origln of the flexor carpl ulnaris muscle to unite with the

main trunk.
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(11). A branch emerges from the inner surface of the elbow joint
(Baum (8) considers that it arises from the flexor surface) ang
passes upwards end forwards, along the anterior border of the
triceps muscle, to joln the main vessel proximal to the lower
extreralty of the humerus.

(12). At the same point, the vessel receives a branch which drains
the orligln of the extensor metacarpi radialis longlior mscle.

(13)s A 1little later, the junction of the lymphatic following the
profunda radlalis vein 1s visible.

(14). The cutaneous lymphatics of the inner surface of the arm all
unite with thils maln vessel, there being 3 or 4 vessels draining the
skin over triceps muscle, which have independent terminations, and
S or 4 draining the skin over the biceps muscle, which unite to
form a common trunk.

(15)s Close to its junction with the vessel followlng the brachial
veln, the main trunk is joilned by a lymphatic which 1s usually
double and follows the profunda humeri vein. (Figs.6. and 6B.)

This vessel commences as a small lymphatic emerging from the
external surface (extensor surface, according to Baum (8)) of the
elbow joint. It runs up the arm, lylng at first along the anterior
edge of the outer part of the triceps muscle, but later 1t runs
deep to the triceps rmscle, lying between 1t and the humerus, and
here 1t 1s closely related to the brachialls longus superior nerve,
About the middle of the arm, a lymphatic, which emerges from the

redullary foramen of the humerus, runs upwards and outwards to

joln this vessel, and it 1s also jolned in this reglon by branches
It then passes over the medial face of

from the triceps muscle.
the tendon of insertion of the latissimus dorsi ruscle and, just




gbove this tendon, 1t 1s jolned by a common trunk of several
vessels which draln the skln over the outer surface of the arm

and the skin over the posterior part of the shoulder region. This
commion trunk dips between the triceps and deltold muscles in the
upper part of the arm to gain the vessel following the profunda
humerl vein. The latter then passes medlally between the long
scapular head and the remainder of the triceps muscle, and after
a short upward course, 1t jolns the vessel following the basilic
vein. Just before thls junction, the vessel of the profunda
humeri veln 1is jolned by a lymphatic draining the latissims dorsi,
which runs along the posterlor edge of that rmscle after emerging
from it.

Lymphatica following the brachial vein. (Fig.5). The main vessel

which follows this veln 1s rarely double in its course, and is
formed by the union of a few branches which emerge from the deep
face of the lower end of ths blceps rmscle. The veasel lies
between the deep face of the rmuscle and the anterior surface of
the humerus, and it runs up the arm in this position. Distal

to the proximal extremity of the humerus 1t curves upwards and
backwards and, passing between the blceps and triceps ruscles

to become superficilally placed on the imner surface of the arm,

it jolns the vessel following the basllic vein close to the upper

edge of the pectoralis major muscle.

Tributary branches.

(1). Before 1t passes between the biceps and triceps mmuscles,

this trunk receives a branch from the tensor patagii longus muscle




and the upper end of the biceps muscle,

(2)e Close to 1ts termlnation, it 1s jolned by a vessel which is

compounded of 2 branches, one arising from the posterior surface
of the shoulder jolnt (the only lymphatic of the shoul dor Jolus
which 1s mentloned by Baum (8)), and the other emerging from the

lower crest (internal tuberosity) of the humerus, anterior to its

pneunatic fossa.

Lymphatics following the subclavian vein. (Figs. 4, 5, 7, and 7A.)

The lymphatic which results from the union of the trunks |
following the brachlal and baslilic veins follows the subclavian
vein. It 1s formed close to the edge of the pectoralis major
rmscle and 1s frequently double In 1ts course. Soon after its
formatlon the vessel curves over this edge of the muscle, passing
deep to 1t, and follows the anterior edge of the thoraco-scapularis
miscle to enter the thoraclc cavity. It runs downwards and backwards !
inside the thorax to end by uniting with the subclavian vein, close
to the confluence of this vein end the jugular veln to form the
anterior vena cava.

Tributary branches.

(1), Immediately after the main vessel has passed deep to the
upper edge of the pectoralis major ruscle, 1t recelves a lymphatlc {1

following the vena cutanea abdamino-pectoralls and its branches.(Figs. |

4, 7, and 7A.) This vessel drains the skin lylng over the thorax, i

and commences as & result of the union of several small branches |
\

arising from the skin over the posterior part of the sternal crest. J
il

It runs upwards end forwards in the skin lying over the pectoralls li

major muscle, being joined, anterior to the knee joint, by 2 branches ?E
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which drain the skin over the anterfor part of this joint.

Continuing thls course 1t receives several branches from the skin

over the pectoralis major and dermg-ulnaris muscles, and eventually
gains the upper edge of the pectoralis major muscle. Here a common
trunk of the numerous vessels fram the skin lying over the

latlssimus dorsl and teres et Infrasplnatus ruscles joins this
lymphatlc, snd, at the same polnt, it receives a branch from the

teres et 1nfraspinatus muscle and the posterior half of the scapula,
which runs along the posterlor edge of the muscle after emergling

from 1t. The vessel then curves over the upper edge of the

pectoralls major muscle, dipping beneath 1t, posterior to the point l
at which the trunk following the subclavian veln passes beneath 1t,

and 1t unites with the latter maln trunk almost at once. At 1ts
termination, the veassel of the vena cutanea abdomino- pectoralis
possesses a wide regulsr plexus on its course. Thls plexus

envelopes the veln and 1t also envelopes part of the subclavian

vein, It may possibly represent some of the axillary lymphatic
glands of the mammal.

(2). TLater, the trunk following the subclavian veln 1s joined by
a lymphatic following the extgfnal thoracic vein. (Figs.7 and 7A.)

(Kaupp (43) considers that the vena cutanea abdamino-pectoralis and
the external thoracic vein form a common trunk, the external
pectoral vein, but in all the subjects examined thelr junctlons
with the subclavian veln were distinct from one another,) The
vessel of the external thoracic veiln is formed by the junctlion of |
2 branches wnich drain the larger part of the pectoral nuscles. E
The posterior lymphatic origlnates from the posterior parts of the '

|
pectoralis major and secundus muscles, and runs through the subatanco}

e |
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of these ruscles. I[n 1ts course 1t receives three branches which

originate from the stermum. Cne branch emerges from the outer

surface of the body of the sternum and runs upwards and forwsrds
between the sterrmum on the one hand and the pectoralis secundus
end tertius muscles on the other. It drains the body, the costal
process and the adjacent part of the sternsl crest. A second vessel
emerges from the mlddle of the sternal crest and this drains the
metasternum and most of the sternal crest. The third vessel drains
the postero-lateral process of the sternum, and emerges from it at
the point where 1t 1s d}viding into its 2 branches. The anterior
lymphatic branch of the vessel following the external thoraclc vein
dralns the anterior parts of the pectoralis major and secundus
ruscles and the whole of the pectoralls tertius muscle. At the
point where the 2 lymphatic vessels unite, an extenslive plexus is
formed, which 1s situated malnly on the anterior branch, end thls
may represent some of the axillary lymphatic glands of the mammal.
From this plexus a short iymphatic trunk arises, which is ususlly
double and which jolns the trunk following the subclavian veln.

(3). The next branch to unite with the maln trunk is a lymphatic

following the coracoid vein. (Fig.7A.) A branch arising from the

inner side of the shoulder joint unites with a branch which emerges
from the outer surface of the upper end of the coracold bone, and
the resulting vessel runs bavkwards for a short distance on the
upper edge of this bone. It 1s jolned by branches from the coraco~
brachialis muscle, and then turns upwards and backwards to flow into
the main trunk following the subclavian veln.

(4). The last tributary 1s a lymphatic following the sternmal vein.

(Fig.7A). Several vessels which drain the entero-inferior parts on
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the pectoralis msjor and secundus rmscles unite ﬁo form one trunk
in the substance of the latter muscle. This trunk passes upwards
tarough the rmscle, recelving branches from the anterior part of
the sternal crest and the hypocledium of the 2 clavicles. It then
runs deep to the Inferlor border of the coracold at its lower end

to gain 1ts medial surface, and here it 1s jolned by a vessel from

_the sternc-coracold articulation and the lower end of the inner

surface of the coracold. A 1little later, a lymphatic which emerges
from a nutrient foramen on the dorsal surface of the body of the
sternum, just behlnd the pneumatlic foramen, unites with the trunk
following the sternal vein. The latter then runs vertically
upwards to unite wlth the lymphatic of the subclavian vein close to

the terminatlion of the latter,

Thus, all the lymphatlcs of the forelimb and the region of
the thoracic wall unite directly or indirectly with a vessel (or
vessels) following the subclavian veiln, and this vessel jolns the

venous system by uniting with the subclavian veln close to 1its
termination,

This description of the vessels of the forelimb inciudes
numerous lymphatics from the various tissues which are noy given
in Baum's (8) statement. Baum's descriptlon of the lymphatics in
this region 1s rather incomplete since, in most cases, he merely
states that the vessels joln the "Vasa Lymphacea axillaria". Thils
term 15 used with reference to the lymphatics following the brachial
and basllic veins and the vena cutanea abdaomino-pectoralis, a fact

whlch renders pﬂrtﬂ of Baum!s statement very difficult to follow.




THE LYMPHATICS OF THE HINDLIMB.,

A large vessel which 1s often

double and follows the popliteal veln and, later, the external
11igc veln, 1s the trunk which receives most of the lymph from
the nindlimb, but some of the lymphatics follow the ischiadic
vein. The skin over the upper part of the thigh is drained by
vessels which will De described In connection with the lymphatics
of the trunk. Some of the lyrphatics of the nindlimb aelso drain
the skin of the abdominal wall.

In the reglon of the pes, the main lymphatics follow the
externel metatarsal, internal metatarsal and deep dorsal metatarsal
veins, ''hese receive the lymphatic veasels which run along the |
lateral and medial surfaces of the digits, draining the tlssues
of the dlgits. The courses of these latter vessels are similar
in all digits, so a descriptlon common to all these vessels will
be given first, and then the drainage of the lymphatlcs by the
trunks following the 3 metatarsal velns wlll be Indicated. :

Lymphatics of the digits. (Figs.8 and 9,) The terminal phalanx

of each digit is drained by 2 smell lymphatics, one on its lateral
surface and the other on 1ts medilal surface. Each vessel passes
along 1ts own surface of the digit, being joined at each inter-
phalangeal jolnt by a trunk which drains the joint and the proximal
end of the more distal of the 2 phalenges. The vessels from these
structures may have independent openings Into the main trunks, and
they may be absent on the lateral surface of the diglt in the case
of a few of the joints and phalanges. The trunk also receives
small branches from the skin. With the exception of the vessels b

of the lst. diglt, each is Jolned, close to the metatarso -phalangeal

joint, by a large branch from the slkin ‘and fibrous tlssue of the
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main central digltal pad, and, a 1little later, in all the digits
py & tributary Ifrom the metatarso~phalangeal joint and the proximal
end of the 1lst. phalanx. The vessels of the lst. diglt also recclve
lympnatics from the intermetatarsal joint and the proximal end of
the 1lst. metatarsal bone.

From this point the coursesz of the digitel lymphatics differ
from one another, and will be described separately. (it 1s assumed
1n this description that the 1lst. diglt is directed backwards in 1ts
normal position.) The lymphatlc of the deep dorsal metatarsal vein
drains the vessels of the lateral face of the 2nd. diglt and the
nedial face of the 3rd., the lymphatic of the external r.etatarsal
veln drains the vessel of the lateral face of the 4th. dlgit, and
the lymphatic of the internal metatarssl veln drains the vessels
of the medisl face of the 1lst. digit and the medlal face of the 2nd,
The vessel of the lateral face of the 1st. diglt jolns an anastomatlc
branch between the lym phatics of the extermal and internal metatarsal
veins, snd the vessels of the wedlal fece of the 4th, digit and the
lateral face of the 3rd., are dralned by a branch of the vessel

following the deep dorsal vetatarsal veln,

Lymphatics following the deep dorsal metatarsal vein.(Figs.9 and 10). i

The main vessel following this vein is formed by the union of the i
lymphatics of the 1ateral face of the 2nd. digzit and the medlal face
of the 3rd. diglt at the polnt at which these dlglts are continuous H
with one another. It runs upwards and inwards, beneath the division _@
of the tendon of the extensor digitorum longus ruscle whlch passes nﬂ L
to the o2nd. diglt, to reach the medial edgs of this tendon,along | }]
iAo At heisl K ‘the function of the.tlaATe ARG Lower thirds ;
I s (2 e O
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of the metatarsus it diverges outwards to run deep to the extensor
digltorum longus tendon, lylng on the anterior surface of the bone,
and nsalubalns this poslilon for the rest of its course up the
netatarsal reglon. At the front of the intertarsal joint (tiblo-
netatarsal jolnt) 1t becomes more superficially placed by coming to
1le betwesn the extensor dlgltorum longus and tibialls anticus
tendons, close to the insertion of the latter. At thls point the
vessel dlvides 1nto 2 branches, one following the anterior tiblal
vein, with waleh it will be described, and the other running upwards
and outwards over the tendon of the extensor digltorum communis
miscle to unite with the vessel which follows the iInternal metatarsal
velil,

Tributary branches.

(1)s In 1ts course 1t usually rccelves 2 fine branches from the
skin 1lying on the anterlor aspect of the metatarsus,

(2). As soon as the vessel has passed under the tendon of the
extensor digltorum longus ruscle at the lower end of the metatarsus,
1t 1s joined to the lymphatic following the internal metatarsal veln
by an anastomatic branch, which runs upwards and backwards to joln
the latter vessel close to 1ts formation.

(3). At about the same point it recelves a branch which drains the
lower end of the metatarsal bone, and emerges Irom a nutrient foramen
above the space between the trochleae for the 2nd. and 3rd. digits.
(4). At the middle of the metatarsus, the maln lymphatic 1s jolned

by another enastomatic branch to the vessel following the internal

This oranch follows the vena metatarsalis dorsalls

netatarsal vein.

interna gnd has a curved course, with the convexlity of the curve

directed downwards.




(56)s ©Some fine branches arlise from the muscles on the anterior
aspect of the upper third of the metatarsal bone, and these join

the main trunk almost at once,

(6)¢ In the same area, the lymphatic is joined by a vessel which
receives the lymphatlcs of the lateral aspect of the 3rd, digit and
the medial aspect of the 4th. diglt. It runs up the metatarsus

deep to the tendon of the extensor digitorum longus muscle.(Fig.8).
(7). At the upper extremity of the metatarsal bone, it i1s joined

by a tributary which emerges from a nutrient foramen in the bone,
which lies just above the anterior opening of the canal which runs
through its upper extremity.

(8)s A lymphatic vessel which runs through the canal 1n the upper
extremity of the metatarsal bone, and which 1s considered by Baum (8)
to be present in all cases, 1s, according to the subjects examined,
only rarely encountered. When it 1s present, the lymphatic connects
the vessel following the deep dorsal metatarsal veln with that
following the external metatarsal vein by passing in an antero-
posterlor direction through the canal, and curﬁing upwards through

the canal in the hypotarsus. It 1s always a very swall vessel.

Lymphatics following the external metatarsal vein.(Figs.8 and 1.)

The main vessel commences on the outer aapebt of the meta-
tarsus as a direct continuation of the lymphatic which drains the
lateral surface of the 4th diglt. It is often double, and runs
straight up the metatarsal region in the groove between the

podothecal sheath surrounding the flexor tendond and the outer

surface of the metatarsal bone. I¥ crosses the intertarsal joint




by following the outer edge of the gastrocnemius tendon, and Just
above the jolnt, 1t passes between the gastrocnenlus tendon and the
underlying flexor muscles of the dlgit, running towards the inner

slde of the 1limb. It terminates by uniting with the vessel which
follows the internal metatarsal vein, above the intertarsal joint,

and the resulting vessel follows the posterior tibial vein.

Tributary branches. :

(1)» In 1ts course 1t receives 2 or 3 fine branches which drain the
1 skin lying over the outer surface of the metatarsus.,
(2). A short distance above the trochlea for the 4th,dlgit, a branch, |
which draiﬁs the lower extremlty of the metatarsal bone, and emerges
from a nutrient foramen in the bone in this reglon, runs upwards to
join the maln vessel.
(3)s In the same area, the trunk is joined by an anasstomatic branch
to the lymphatic of the internal metatarsal vein. This branch runs
across the back of the podothecal sheath of the flexor tendons, being

curved in 1its course, Wi
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downwards, It receives a branch from the central digital pad, and
it also receives the lymphatic of the lateral surface of the lsat.
digit.

(4). A amall vessel emerges from a nutrient foramen on the external

SO

surface of the upper end of the metatarsal bone and unites with the
main trunk.

(6). Above the intertarsal joint, before t he main vessel passes
beneath the gastrocnemius tendon, 1t receivesla branch from the

late ral surface of this joint.
(6). At the point at which the vessel 1s lylng between the

5 gastrocnemius tendon and the flexor rmuscles, 1t may be joined by




the connecting branch from the trunk following the deep dorsal

metatarsal veln. As already stated this branch 1s rarely present
s

but when 1t occurs it runs through the canal in the upper end of

the metatarsal bone, and through the canal in the hypotarsus, to

‘reach the vessel followlng the external metatarsal vein.

9
Lymphatics following the internal metatarsal veln.(Figs.8, 10 and 11).

The rmain vessel In this case 1s formed by the unlon of the
lymiphatlics draining the medlal surfaces of the lst. and 2nd. digits.
The vessel runs vertically upwards over the tendon of the extensor
nallucls brevis to galn the groove between the podothecal sheath of
the flexor tendons and the internal surface of the metatarsal bone.
It preserves these relations in its course up the Iinner surface of
the metatarsus as far as the upper extremlty of the bone. It then
passea upwards and forwards to cross the intertarsal joint on its
anterior surface, where 1t lies close to the inner edge of the
axtensor digitorum longus tendon. Having crossed the joint, 1t
inclines upwards and backwards across the lower end of the inner
supfece of the tibla, end dips beneath the Inner edge of the
gastroenemius tendon. Between this tendén and the flexor muscles
1t unites with the main trunk following the external metatarsal
vein, The lymphatic which results from this union follows the
posterior tibial vein.

Tributary branches.

(1). 1In 1ts course up the metatarsal region it is jolned by 2 or 3

vessels from the skin lying over the inner snd posterior surfaces

of the metatarsus.

(2). GClose to its formation, the main vessel is jolned by &




lymphatic which connects it with the vessel followlng the deep

dorsal metatarsal vein. This branch runs upwards and backwards

on the 1nner surface of the linb.

{3). A little later, 1t is joined to the lymphatic of the external
metatarsal veln by another snastomatic branch, As stated, this
branch 1s curved, with the convexity of the curve directad downwards,
and crosses the back of the podothecal sheath of the flexor miscles,
recelving a branch from the central dlgital pad and the lymphatic

of the lateral surface of the lst. digit.

(4). About the middle of the metajarsal region, an anastomatic
branch, which uvnites thils trunk with thelymphatie following the

deep dorsal vein and which liea with the internal dorsal metatarsal

veln, flows Iinto the maln trunk.

(5). Above the intertarsal joint, it receives one of the 2 terminal
branches of the vessel which follows the deep dorsal metatarsal
veln, after thls branch has crossed the tendon of the extensor
digitorum longus rauscle.

(6)e A 1little later, 1t 1s jolned by a small lymphatic which arises
fran the front of the intertarsal joint, medial to the tendocn of the
extensor digitorum 1onguﬁ mscle.

(7). At about the seme point, a vessel, which arises from the tibla
just sbove the inner attachment of the ligamentous band (ossified in
the adult) retaining the tiblalis anticus and extensor digltorum
longus tendons at the lower end of the bone, joins the mair vessel.
This branch runs downwards and outwards in 1ts course.

(8), When the lymphatic following the internal metatarsal vein 1s
passing beneath the immer edge of the gastrocnemius tendon, 1t 1s

joined by a branch fram the upper extremity of the metatarsal bone.

e |
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This arlses from the inner aspect of the bone and runs upwards
along the Inner edge of the podothecal sheath of the flexor tendons

and along the inner edge of the gastrocnemlus tendon,

As stated, the lymphatics which follow the external snd
internal metatarsal velns joln one another to form a trunk which
follows the posterlior tibial vein, and one of the terminal branches
of the vessel following the deep dorsal metatarsal vein accompenies
the anterlior tibial vein. In the leg, these lymphatics of the
enterlor and posterior tiblal veins are the main trunks and
eventuslly unite at the back of the knee joint to form a vessel
which follows the popliteal veln.

Lymphatics following the anterior tibial vein.(Figs.l0 and 11l.)

The malin vessel is nearly always double, the 2 trunks being
joined to one another by numerous anastomatic branches. At its
cormencement i1t lies between the tendons of the extensor digitorum
longus and tiblalis anticus rmuscles, but 1t soon passes deep to the
tendon of the latter muscle and runs with 1t through the ligamentous
band on the anterlor aspect of the lower extremity of the tibila. In
1ts course up the leg 1t lles between the muscular belly of the
tibialls anticus rmuscle and thé shaft of the tibla. Below the
proximal extremity of the tibia the trunk diverges outwards to

reach the lower of the 2 tibio-fibular arches, through which it i

runs to gailn the posterior aspect of the tibia. It unites with
the vessel following the posterior tibial veln soon after passing
through this lower tibio-filbular arch.

Egibutagl_branches.

(1). Close to its commencement, it is joined by a vessel which
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emorges from the anterlor surface of the intertarsal jolnt vetween
the tibialls anticus and extensor digltorum longus tendons.
(2), Later, it receives a branch which drains the lower extremlty
of the tibia. It emsrges from a forawmen which lles deep to the
1igsrientous band which retalns the t1biallis anticus and extensor
digltorum longus tendons and runs upwards and outwards Lo reach
the main vessel.
(3), Below the middle of the tibla, a cutansous vessel flows into
the maln lymphatic. This drains the skin over the outer aspect of
the intertarsal jolnt. It curves around the posterlor edge of the
peroneus longus muscle snd passes upwards and forwards, between the
tiblalis antlcus nuscle and the tibla, to reach the main lymphatic.
(Mg.8.)
(4). At the middle of the leg, a large branch dralning the extensor
dizitorum longus muscle runs upwards and outwards to unite with the

raln lymphatiec, and,

-

5). a 1ittle leter, a vessel, which drains the tibialls aenticus

¥

and peroneus longus ruscles, Truns through the substance of these
miscles to join the main trunk.

(6). As soon as the lymphatic following the anterior tiblal vein
has passed through the lower tiblo-fibular arch, 1t receives a

vessel which drains the distal extremity of the tibla. 7This arlses

from the ilnner surface of this extremlty of the bone and runs upwards

and outwards on the posterior surface of the tibia, between the
flexor muscles and the bone. About the middle of the tibla, 1t
reaches the posterior aspect of the interosseous ligament between

the tible and fibula. It is jolned at this point by vessels

and for the rest of its course 1t runs

draining the flexor muscles,




yp the posterior surface of the tiblo-fibular interosseous ligement.
1t temalnates by jolning the raln vessel soon after 1€T§eceived a
large branch walich emerges from the medullary foramen of the tibia,
just below the lower tiblo~flbular arch. :

(7). The last branch to joln the main vessel 1s formed by the union
of numerous lymphatics which arise from the upper ends of the
peroneus longus, tiblallis anticus, gastrocnemius (inner head) and
extensor digltorum longus ruscles. These branches unlte to form a

vegsel which follows the perfoneal veln and which i1s jolned, close

to the upper tiblo-fibular arch, by a lymphatle draining the upper

end of the tibila. The main tributary then runs through the upper !
tibio~-fibular arch, recelving a branch from the flbula, and unites
with the lymphatic following the anterior tiblal vein, close to the
junction of the latter with the lymphatic of the posterior tiblal y
vein. 1In some cases it may join the vessel followlng the popliteal
vein.

tibial
Lymphatics following the posterior vein. (Fig.1ll). As stated,

the r.ain vessel following this veln commences between the gastroc-
nemius.tendon and the flexor ruscles, just above the intertarsal
joint. It is usually double in 1ts course and lies towards the
medial side of the 1limb, between the soleus tendon behind and the
flexor perforans digitorum profundus muscle in front.ef #=. It
maintains this relationship, under the cover of the inner head of
throughout most of 1ts course up the leg.

the gastrocnemius rnuscle,

Just below the upper end of the tibia, the lymphatlc becomes more

deeply placed and lies between the soleus muscle and the back of

the {1bia. AL this point 1t unites witn the trunk following the

——pram = T
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anterior tibilal vein.

pributary branches,

(1) In 1its course thils vessel receilves branches at regular

intervals from the ruscles at the back of the tibila.

Lymphatlcs following the popliteal vein. (Figs., 9. 11 and 12.)

The maln vessel, which is usually double,is formed just
below the knee joint by the unlon of the lymphatica following the
anterior and posterlor tlbial veins., At its comwencement it lies
on the lateral face of the soleus muscle. Running vertically upwards |
across this face of the rmscle, it passes between the outer head of '
the gastrocnemius muscle on the one hand, and the inner and tibial
heads of that muscle on the other. As 1t lies between these parta’
of the gastrocnemlus ruscle, at the back of the knse joint, 1t usually
exnibits a large plexus on its course which may represent the
popliteal lymphatic glands of the mammal. The vessel passes upwards
between the semimembranosus ruscle and the outer head of ths gastrod=
nemius muscle, and thus comes to 1lle in the thigh. It runs up the
thigh under the cover of the gluteus primus musclie, lylng on the
lateral surface of the semimembranosus ruscle, and 1t 1s related
anterlorly to the back of the ferymr and posteriorly to the biceps }
flexor crurls ruscle. (It should be noted that Baum's (8) references
to the rmscles of this region, in his drawings and in his text, are
not strictly accurate.) <The lympnatlc maintains tnis relationship
wntil 1t reaches the lower edge of the insertion of the adductor
nagnus muscle., At thils polnt it curves forwards with the popliteal |

vein, away from the lachladic artery and nerve, and passes across

the medial aspect of the femur, just below 1ts articular head. i
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1t lies for a short dlstance between the fermur and the amblens

muscle, above theborigln of the vastus internus ruscle. Anterior

to the femur, the lymphatic following the popliteal vein lies between
the gluteus primus and the abdominal imuscles, In front of the

extensor femoris rmscle., It runs upwards and forwards to pass

between the lower edge of the gluteus ninirmus rmscle and the abdominal
wall, and at this polnt it unites with the lymphatic following the
anterior femoral veln, forming a trunk which accompanies the external
111ac vein. (Kaupp (43) states that the vena cutanea abdominalis
femoralis, the anterlor femoral veiln and other velns have a common
trunk, the vena cruralls, which jolns the popliteal veln to form L
the external ililac vein. In all the subjects examined the veins

nad separate terminations, and it seems more accurate to describe

the anterilor ferioral and popliteal veilns uniting to form the external
iliac vein.)

Tributary branches.

a2\ y, 7 T
\L/e its

trst tributery may be the lymphatic which follows the

peroneal vein, wialch drains the muscles at the supero-external part

of the leg, the tibla and the fibfh, but, as stated, this veassel
usually joins the trunk following the anterior tibial veln.,

(2). 1In the same area, the main vessel recelves 2 branches which

may possess a snort common trunk and which drain the upper ends of
the soleus and outer head of the gastrocnemius miscles,

(3). The next tributary originates as several branches which arise ﬁ
from the deep surface of the lnner head of the gastrocnemius muscle.
They form a common trunk which runs upwards and backwards along the 3

posterior edge of the semimembranosus ruscle. In its course this

vessel recelves branches fram the semimembranosus and vastus internus
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mscles, and a lymphatic wihich ererges from a nutrient foramen on
the medlal surface of the upper end of the tibia, deep to the
gastrocnemius muscle. The tributary runs backwards to join the
nain vessel following the popliteal vein, at the point where it
exhiblts the large plexus on 1ts course. Before it joins this
plexus 1t bccasionally recelves a branch from the posterior surface
of the knee joint.

(4). When the main vessel has passed between the semimembranosus
and the outer head of the gastrocnemius nuscles to 1lie in the
thigh, 1t is jolned by a tributary which drains the lower ends of
the biceps flexor cruris and semitendinosus ruscles,

()« In the same region, the maln trunk receives a large lymphatic
which drains the lower ends of the gluteus primus and biceps flexor
cruris rmuscles. In 1ts course this branch i1s jolned by a common
trunk of lymphatics arising from the posterior surface of the knee
Jjoint and from the outer surface of the lower and of the femur.
Bewn (8) demcribes a lymphatic arising from the lateral surface of
the joint, but this appears to occur only in isolated cases. When
present 1t joins the vessel arising from the femur in this area.
(6). A%t the junction of the middle and lower thirds of the thigh,
a cutaneous vessel unites with the main trunk. Thls commences as
mumerous branches draining the skin on the outer surface of the leg,.
These all run upwards towards the back of the lkmee jolnt where they
unite to form a common trunk. Thls trunk recelves branches from
the skin on the inner side of the leg, the skin over the lower part
of the abdominal wall and the skin over the postero-inferior part
of the outer slide of the thigh. The trunk then passes deeply

between the gluteus primus and biceps flexor crurls muscles,
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mnning upwards and forwards to joln the main vessel following the
popliteal vein. (I"igs. 8 and 9.)

(7)s In 1ts course up the thigh, the main trunk receives branches

gt fairly regular Intervals from the muscles which lle around i¢,

1,6, the biceps flexor crurls, extenscr femoris, semimembranosus

and gluteus prirus rmscles,

(8)e At the 1:1ddle of the shaft of the fermr a vessel arlses from

the medullary foramen on the posterlor surface of the bone, and

runs upwards and backwards to unite with the main lymphatic.

(9)s Immedlately below the lower edge of the adductor magmus rmuscle, |

a cutaneous vessel, which follows the vena cutanea abdominalis 1

ferroralis, unites with the maln vessel. (Fige. 8. and 12). This
commences as several branches which drain the skin of the lateral ;
surface of the abdomen and the skln of the posterior part of the
outer aspect of the thigh. These form a cammon trunk which 1is

joined by some vessels fram the abdominal muscles and passes

between the semitendlnosus and biceps flaxor cruris muscles,running
across the medial face of the latter muscle, just above the middle

of the thigh. In its course it receives large branches from the
semitendinosus and biceps flexor cruris rmuscles, and, at the anterior
edge of the biceps, 1t curves upwards to galn the main trunk. The
cutaneous parts of this tributary riay be absent on one or both sldes
of the body, in which case the other cutaneous vessels of the abdomen
and thigh have correspondingly longer and more extenslve courses.
(10). At the same point, the main vessel recelves a common trunk

of branches draining the adductor and gluteus primus muscles.

(11)., As 1t 1lles on the medial surface of the femur, the lymphatic

following the popliteal vein is jolned by a trunk which accompanies
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the vena femoralis interna profunda. (Fig.9.)

This branch is
formed by the unlon of a vessel arising from the inner aspect of

the knee jolnt and a vessel emerging from the inner surface of the
lower end of the fermir. It runs vertically upwards on the medisl
surface of the thigh, lylng between the vastus internus and
semimenbranosus muscles, and it receives many branches from these
ruscles in 1ts course. It joina the maln vessel at the upper
extremity of the vastus Internus muscle. :
(12). Close to the junction of the preceding vessel with the main
lymphatic, the latter receives a tributary which drains the ohgurator:
externus, gewellus and adductor ruscles, and which is joined by a
branch emerging from the inner aspect of the upper end of the femur,
(13). At the lower edge of the gluteus mintmué ruscle, the last
tributary jgins the main trunk, This formed by the union of several
branches from the gluteus primus, extensor femorls, sartorius and
smbiens rmuscles, and 1t also receives some branches from the

abdomlnal rmscles.

Lymphatics following the anterilor femoral vein.(Fig.l2) The main

lymphatic 1s formed by the confluence of numerous branches arising
from the skin over the central and anterlor parts of the outer side
of the thigh. The trunk passes between the sartorlus and gluteus
prirus rmusclea at the junction of the ;pper and middle thirds of the
thigh, end runs upwards and backwards, deep to the gluteus primus
mscle, It terminates by jolning the lymphatlic of the popliteal
veln beneath the gluteus minimum muscle.

Iributary branches.

(1), In its course, deep to the gluteus primus muscle, it recelves
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1 or 2 branches from the sartorius muscle.

Lymphatics following the externsl iliac veln. (Fig.12).

The main
vessel formed by the union of the lymphatics followlng the popliteal

and anterior femoral velns, contimies the course of the former and
runs unpwards and forwards, deep to the gluteus minirms rmscle, It

is usually plexiform In its course. After a very short course it
galns the lateral edge of the 1lium, about its middle, and perforates
the abdﬂ}nal muscles to enter the abdominal cavity. Its course
within the abdomen wlll be described in connectlon with the lymphatics
of the trunk.

a
Tributary branches.

(1) At 1ts formation, the lymphatic 18 jolned by a branch compounded
of vessels arising from the gluteus medius and minimus ruscles and a
Lymphatic wnich arises from the anterior surface of the hip joint.
(2). Close to the point at which the vessel perforates the abdominal
wall, 1t is joined by a lymphatih emerging from a nutrient foramen

on the outer surface of the 1lium, anterlor to the cotylold cavity.

Some of the tissues of the hindlimb are dralned by a
lynphatic trunk which follows the ischladlc vein. I
Lymphatics following the ischiadic vein. The main vessel is formed i

by the junction of several branches from the obturator externus, i
gemellus and adductor muscles. It runs vertically upwards on the :ﬂ

a |
outer surfaces of the pubis and ischlum to agln the 1schiadic foramen, |

through which it passes. Its course within the pelvis will be dealt |||
with at a later stage. It 1s often double and may exhiblt a large

plexus on its courss.




rributary branches,

(1) When it 1s passling through the ischladic foramen, it receives
a branch which drains the pubis and aschium, Tnis emerges from a
small forsmen posterior to the ischiadic foramen and runs forwards
along the origin of the obturator externus muscle, deepn to the
biceps flexor cruris and semitendinosus ruiscles.

(2). In the same area, a common trunk of vessels arising from the

back of the upner end of the fermr and the posterior surface of the

hip joint flows into the main vessel.

"(3)., As 1t 1lies in the ischiadlc foramen, the trunk 1s jolned by

branches from the obturator internus muscle. 'd

It will be seen from the foregolng statement that all the
lymphatics of the hindlimb and some of the vessels from the abdominal
wall are joined directly or indirectly to the vessels following the

external 1liasc and ischladic veins. As will be seen at a later stage,
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The deseription of the lymphatics of the hindlimb, as with
hat of the vessels of the forelimb, includes many branches which
are not found in Baum's (8) statement. Also, Baum states that the
various branches join the "Vasa lymphacea f{schiadica" without glving
details of thelr courses, although it appears that the term "Vasa |
lymphacea ischiadica®™ is applied to the lymphatics of the popliteal |

and extermal 1liac velns.

OIE TYMPHATICS OF THE TRUNK. It has already been stated that in this |

work the term thoracic duct will only be applied to the vessels

accompanying the aorta within the thorax, {.e. to the lymphatics |
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1ying by the aorta after they have been jolned by the vessels which
follow the coellac axis and the anterior mesenteric artery. This is
ar; arbitary distinction since the vessels are not dllated to any
extent within the thorax, but 1t seems preferable to Baum'a (8)
description of “"lumbar” and"thoracic” thoracic ducts.

Plexuses are frequent and extenslive on the course of the
lymphatics draining most of the tissues of the abdominal and thoraclc
cavities and it seems llkely that these plexuses represent some of
the lymphatic glends of the abdominal and thoracic cavities of the
marmal. The plexuses are rather lrregular and are so extensive that
they tend to merge with one another. As a result it is not considered
possible to make any detalled suggestions as to the lymphatlic glands
which are represented by such plexuses. Plexuses occur in the wall
of the different parts of the alimentary canal, and these appear to
be quite as extensive and {ntricate in formation as in the mammal.

Within the abdominal cavity, the main lymphatic trunks (or
trunk) follow the aorta and are formed by the union of vessels
followlng the middle sacral and common pudendal arteries. As already
stated, the lymphatics of the trung_grimarily follow the arteries.

Lymphatics following tThe middle sacral artery. (Fig.13). There are

usually 2 vessels following tnis artery, one lymphatic being placed
on each side of the artery, and these vessels are joined to one
another by frequent anastomatic branches, They commence &as several
small branches arising from the muscles and bones of the coccygeal
region. These unite %o form a common trunk on each side of the

middle 1line, each trunk following the coccygeal veln of 1ts own side.

The 2 vessels lie on the jnferior surface of the vertebrae, deep to

and between the 2 bundles of the tnfracoccygls mscle. Running
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forwards the 2 vessels recelve numerous branches from the skin on

the under aspect of the uropyglum, the follicles of the rectrices

end the dorsal 1lip of the cloaca, and pass through the connective
tissue between the dorsal wall of the cloaca and the coccygeal

reglon to enter the cavity of the pelvis. (Fig.8). At this point
they lose thelr relatlonship to the coceygeal veins end come to lie
on elther side of the middle sacral artery. The lymphatics run
forwards with the artery on the under surface of the sacral vertebrsae
and, after a very short course, unite with the lymphatics of the
cormon pudendal arteries, The trunks so formed pass forwards on
each side of the terminal part of the aorta.

Tributary branches.

In addition to the branches from the coccygeal region, other
tributaries flow Into the trunks following the middle sacral artery,
(1)» The main vessel of each side 1s joined by a lymphatic which

follows the common trunk of the cutaneous caudal and cutaneous pubic

de the pelvic cavity. Thls lymphatlic 1s formed by the
junction of branches following the 2 veins and these branches are
rarely dcuble in their courses. The lymphatic following the

cutaneous caudal vein (Fig. 8 and 12.) 1s formed by the union of

srall branches draining the skin of the dorsal surface of the
uropygium. It runs downwards and forwards across the levator
caudae, transversus perinel and femoro-caudal muscles to reach the
posterior border of the semitendinosus rmscle. In its course this
trunk receives branches from the coceygeal muscles and vertebrae,
and a lymphatic which drains the skin over the uropygial gland and
the gland itself. The trunk passes deep to the angle between the

upper part of the posterior border of the ischium and the coccygeal




vertebrae,wnere 1t jolns the vessel following the cutaneous public vein

The lymphatle following the cutaneous pubic vein,(Figs.8 ang 12) 1is

formed by the union of branches from the skin over the upper and
posterior parts of the abdomlnal wall. It receives a branch from
the posterior extremlty of the pubis (which 1s not mentioned in the
description by Baum (8)), and runs upwards and forwards to pass
underneath the femoro-caudal muscle. It Ffollows the posterior
border of the lschium, deep to the semitendinosus ruscle snd, close
to 1ts junctlion with the lymphatic of the cutaneous caudal vein, it
18 joined by a branch wiiich dralns the ventral 1lip of the closca
and the skin of the supero=posterior part of the thigh. This latter
runs deep to the transversus perineil and femoro-caudal ruscles and
recelves lymphatics from these rmscles.

i‘he common trunk of these lymphatics following the cutaneous
caudal and cutansous publc velns pierces the abdominal wall in the
space between the supero-posterior angle of the ischium and the
coceygeal vertsbras, and thus enters the pelvic cavity, where 1t
loses its relationship to the vein. It joins the vessel of its
own slde which accompanies the middle sacral artery.
(2). Just before the junction with the vessels following the
common pudendal arteries, one of the anastomatie branches between j
the trunks following the middle sacral artery is joined by a single
nedian lymphatic which drains the rounded anterior end of the Bursa
Fabricili., This, of course, disappears at the time of the regression
of the Bursa. (Baum (8) does not describe any of the lymphatics of

the Bursa Fabricii.)




L_erphatics followlng the cormon pudendal artery. (Fig. 13)

The main trunk 1s sometlmes double and 1s formed by the union
of branches draining the terminal part of the large intestlne or
rectum,l.0., the verminal part of the reglon of the gut which
extends from the junction of the caeca and the 1leum to the cloaca.
This trunk runs forwards on the slde of the large 1£$est1ne,and the
Bursa Fabricii if the bird is young, and, diverglng upwards and
inwards, 1t joins the vessel following the middle sacral artery,
in common with its fellow of the opposite slde. A slight plexus
18 vsually formed at this junction.

Tributary branches.

(1). At 1ts commencement it 1s joined by lymphatics from the
¢cloacal wall and from the posterior part of the Bursa Fabricii, 1if
thls is present.

(2). Later, the maln trunk receives a branch from the terminal
part of the ureter of 1ts own side.

{3). In the mals, the vessel 1s joined by a branch from the final
part of the vas deferens of its own side, which forms a common
trunk with the lymphatic arising from the ureter.

In the female, the vessel on the left side 1s joined by a

lymphatic draining the posterior third of the oviduct.

Lymphetice following the abdominal sorta. (Fig. 13) . As already

explalined, the maln lymphatics result from the unlon of vessels

following the middle sacral and common pudendal arterles. Usually

a lymphatic trunk 1s present on each slde of the aorta, the 2 trunks |
being joined by frequent ansstomatic branches, but occasionally & F

single trunk may occur in part or the whole of this part of the
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course of the aorta. If a single lymphatic 1s present 1ts

relationshlp to the aorta is very variable. The vessels ( or

vessel) run forwards on each side of the aorta, lLrmediately beneath

the vertebral columm. Each 1s closely related to the kidney of its
own side in the greater part of 1ts course. At the root of the ’
anterior mesenteric artery, i.e., juat before the dlaphragm, sn
extensive plexus is formed around the sorta, and this plexus extends
forwards into the thoracic cavlity in company with the aorta. The
plexus is relnforced by the plexiform terminations of the lymphatics
of the anterior mesenteric artery and the coellac axis, which join
1t respectlvely behind and in front of the diaphragm. Only a small
part of the plexus lles wlthin the thoracic cavity, asnd it 1is
drained by the 2 thoracic ducts (or occasionally by the single
thoracie duct) wiich run forwards fréom 1t€t. Thus, the thoracic

ducts ray be considered to arise from a plexus, surrounding the
aorta in the region of the diaphragm, which is formed by the
confluence of the lyrphatic vessels following the abdominal aorta,
the anterlor mesenteric artery and the coellac axis,

Irivutary branches.

(1), In 1ts course on the lower surface of the lumbo-sacral part
of the vertebrsl columm, the lymphatic on each side of the aorta
is joined by 4 or 5 cutaneous vessels from 1ts own slide of the ﬁ
hody.(Fig.8). These join the main trunk independently of one

enother end drain the skin lying oﬁar the upper part of the thigh.

In each case numerous branches from this reglon unite to form a
vessel, which 1s also jolined by branches from the skin lying over

the levator coccygls rmscle. Thls vessel passes between the lateral

edge of the levator coccygls rusacle and the innominate bone, |




recelving branches from t:is muscle, and runs towards a foramen
between the original transverse processes of 2 lumbo-sscrsl vert-
ebrae, through wiich 1t passes., There does not appear to be any
regularity 1 %he position of the foramen through wiich any one of
these vessels passes. Bach vessel runs dewnwards ané Iinwards to

unlte with the rgin trunk, belng joined, close to its termination,

by branches fvors the lumbo~-sacrel vertebrae. One of these vegsels

recelves & Lyrphetic draining part of the 1llum end ischlunm close to
L

the point at which 1% 1s passing through the foramen in the lumbo-

sscral region. 'Wils branch arises from the parts of the bones which

-
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tn» the origins of the biceps £lexor crurlis and glubeus pripus
ruscles and 1t passes through the upber parts of these origins.
(2). Soon after thelr formation, Lhe trunks recelve lymphatics

whten follow the postexlior mesenteric artery. (Fig. 14). These

vesgels arlse as oumercus plexiform branches in the wall of the
large intestine with the exception of its terminatlon, viiich 1s
drained Ty hranches follovwing the Corwon pudendal. ertery. The

hranches from the posterior nalf of the large intestine form a

21 to the cotyloid cavity. It runs vertiecally upwards, deep

trunk woilch follows the course of the artery in the nesentery, while

tne vessels Ceor 1lhs anterior nalf form « trunk which runs upwards

in the mesentery, & siort dlstance jn front of the srtery. This
latter 38 onz of the excepitions to the rile that the lyuphatics
1 gourse ol the blood vessels, slihough its branches do

follow branches of the artery on the well of the gut., DBoth trunks

join the lyuphatlce following the abdoinal sorta close to the root

of the nosterior mesenteric artery, 2 plexus being formed in this

e ﬂ;lon.

.
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(3). In the same area, the trunk on each side is Joined by a
lymphatlc wiich drains part of the ureter of 1ts own side In the

nale, this lymphatic receives branches irom the vas deferens. It

runs inwards across the lower face of the internal 1lisc veln to
reach the maln vessel.

(4). lidway between the junctions of the lymphatics following the
posterior nmesenteric and Ischiadlc arteries with the nain vessels,
each 1s jolned by another tributary from the ureter and, in the male,
the vas deferens,

(5)« As the trunk on each side 1s lylng between the kidney and the
aorta, 1t recelves 5 or 6 fine lymphatics which arise from the
rnedial border of the kldney at regular Intervals., Their courses,
wirlch do not follow the blood vessels, are very short. (Baum (8)
considers thet these vezsels emerge from the lower surface of the
kldney, and they are the only ly:phatics of the kidney wihich he
duscribes,) ~Plexuses are not formed by these lymuphatics in the
substancs cf the kidney.

(6). At the level of the 9th. or 10th. lumbo-sacral vertebra,
approximately at the junction between the middle and posterlor
lobes of the kldney, the vessel on each side of the aorta is jolned
by the lymphatics which follow the ischiadic artery.(Fig.l3). The

lymphatic vessel which follows the ischiadic vein In the hindllimb |
has already been dealt with in the descriptlion of the vessels of

the hindlimb. As stated, it passes through the 1schiadic foramen

to enter the pelvic cavity, where 1t loses 1ts relationship to the

veln, and it accompanies the lschladlc artery for the rest of 1its

course. It runs forwards and inwards across the lower surface of

the kidney at the junction of its middle and posterior lobes, and
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it recolves branches from these parts of the kidney

In the male,

the lymphatic passes above the vas deferens and the ureter being
1 s _

joined by vessels which arise from these structures. In the female
v ey

1t passes above the ureter and receives branches from it. The vessel
of the left side of the female fowl runs over the upper surface of
the oviduct and at thls point a lymphatic dralning the middle third
of this organ joins the trunk, It runs over the oviduct before it
reaches the ureter. The vessel following the lschladlc artery is
usually double, and a plexus, which surrounds the aorta is usually
visible at its termination.

(7). In the.male, midway between the junctions of the lymphutlcs

of the ischiadic and crural arterles with the main vessel of each
side, the latter 1s joined by a tributary which drains the posterior
fourth of the testicle of the same side.(l1g.1l7). The lymphatics
from the upper and lower surfaces of the testlcle unlite between the
medlal border of this orgen and the epididynls, the resulting trunk
running inwards across the lower surfece of the epldidymia. It 1s
joined by a branch from the latter structure and from the comience=
167t of the vas deferens, and 1t joins the main vessel after a very

short course. It may be mentioned here that the lymphatics of the

testlcle form an extensive, intricate plexus In the fibrous capsule, .

and this plexus is drained by 4 or 5 (usually 5) lymphatics which
Tun medially. Thus all the Lymphatics which are responsible for

the actual dralnage of the testlcle are connected with one another
by 1means of this plexus. The 4 vessels drailning the anterior three=-
fourths of the organ jolin either the lymphatics of the anterlor

nesenteric artery, or the plexus at the root of ths-anterior

mesenteric artery.

| 8
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(8). At the 2nd. or 3rd., lumbo-sacral vertebra, the tiunk of each

side 1s jolned by a vessel following the crural artery of its own

side.(Figel3). This vessel, wanich is usvally double, 1s the direct
continuation of the lymphatic following the external 1liac vein in
the hindlimb. As already explained, the latter enters the abdominal
cavity by perforating the abdominal wall close to the middle of the
lateral edge of the 1lium. It immedliately becomes related to the
crural artery, and, at its entrance to the body cavity, 1t is

jolned by a vessel, following the eplgastrlic artery and vein, whilch

drains parts of the obturator intermus and the abdomlnal imuscles.
This runs upwards and forwards on the deep face of the abdominal
rmseles to reach the lymphatic following the crural artery. At the
sarie point, the latter reccives a tributary from the kidney wiich
energes from the middle of 1ts lateral edge in company with the

internal 1lisc vein. The lymphatic of the crural artery then runs

forwards and inwards, between the dorsal surface of the kidney and
the roof of the abdomen, to galn the vessel following the sbdominal
aorta. It 1s joined by some branches from the mnterior part of the
kldney.

(9). In the region wiere the plexus is belng formed at the root of
the anterior mesenteric artery, the trunks 118y be joined by tributare:
foor: the Lestlcles or the ovary, but in the rajority of cases these ]

branches join the plexiform termination of the anterlor mesenteric

artery.

It must be mentioned at t1is stage that an error appears in

Baum's (8) statement and drawings in that he transposes the des-

following the anterior mesenteric artery

criptions of the vessels
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end the coellac axls. Where Baum refers to the lymphatics
following the coeliac axis, he 1s actually descrlbing those which
follow the anterior mesenteric artery, snd vice versa. This accounts
for the differences between the followlng statements on the

lymphatics accompanying these vessels and the description given by
Baur.

a
Lymphatics following the anterior mesenteric Artery.(Fig.l4).

In this descriptiqn the terminal part of the small intestine
wnlch 1l1les between the 2 caeca will be referred to as the ileum, the
2 parts of the small intestine between which the pancreas is found
will be referred to as the duodenum, and the intervening, freely
suspended part will be named the jejeunum,

The lymphatics which follow branches of the anterlor mesen-
teric artery are frequently double and exhibit plexuses on their
courses, ‘lhey are always plexiform where they lle on the wall of
the gut, beneath the serosa, and they lie wlith the corresponding
srterial branches. In the mesentery, the majiority of the lymphatlca
accompany the arteries, but occaslonal branches from parts of the
intestine, at the middle of arterial arches on the dorsal wall, may
run 1ndepend§ntly in the mesentery for a consliderable distance
before gaining a branch of the artery.

The maln lymphatic vessel following the anterior mesenteric
artery may be consldered to commence as a mumber of fine branches
draining the anterior, blind extremities of the caeca, and the

comaencement of the 1leum which lies between them. These form a

single vessel which runs- forwards and upwards in the great mesentery, |

across the right surfaces of the glzzard and proventriculus, and

eventually rcaches the roof of the abdomen. Gaining the root of
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the antorior mesenteric artery, it divides into nume

ous nlexiform
branches which form part of the plexus at the roots of the anter

lor
megenteric artery and the coellac axis.

Tributary branches.

(1)» The vessel 1s joined by lymphatics which drain successively
rnore anbterlor sections of the jejeunum. These join it at fairly
regular intervals In lts course in the mesentery. The last branch
from the jejeunum, draining the cormencement of thls part of the
allmentary canal, jolns the main trunk at about the 1:iddle of its
COUrsSe.,

(2)s 4 short distance from 1ts ter: inatlion, the rain vessel is
Jolned by a tributary which receives branches from the posterior
nalves of the 2 caeca and the section of the 1leum lying between
ther, Thls trlbutary runs forwards in the mesentery to gain the

maln trunk and follows the recurrens lleo-coeliacus branch of the

anterlor mesenteric artery.

(3). TIn the male the plexiform termination of the maln lymphatic

is joined, on each side, by a common trunk of 2 or § lymphatics

witlch drain most of the anterlor three-fourths 2; the testicle. (Fig.1l7).
hs stated, these common trunks occaslionally join the terminal parts

of the lymphatlcs followlng the abdominal aorta. Each of the 2 or 3
branches results from the union of lymphatics which drain the plexuses!
on the dorsal and ventral surfaces of the testlcle, the most posterior
lymphatics unlting between the testlicle and epldlidymis and receiving
branches from the latter organ. The cormon trunk 1s formed on the
lower surface of the termination of the external 1llac veln on each

side. On the left side, the trunk runs directly forwards to join

the maln vessel following the anterlor mesenteric artery, but on the |
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right slde, 1t usually curves around the left surface of the

posterlior vena cava before it joins the main vessel., In a few

cases 1t crosses the right surface of the posterior vena cava.
In the female, a vessel which drains the ovary and the anterior
third of the oviduct is visible on the inner face of the ovary,

snd this runs forwards and inwards to join the plexiforrm termination

of the main lymphatic.(Pig.13)

The plexus which surrounds the aorta receives some branches
as 1t lles between the anterlor nesenteric artery and the coeliac

axic, posterlor to the dlaphragm.(rig,13)

(1)s On each slde a dellcate vessel arises from the adrenal gland
and joins the plexus after a short course.

(2)¢ In the male, a vessel runs forwards from the extreme anterlior

end of eachtesticle to unite with the plexus.,

Lymphatics following the coeliac axls.(Figs 15. and 16) The maln

trunk may be considered to be formed by the union of plexifcrm
branches fram the middle of the duodenum,i.e. the junction of the

2 arms of the loop of the duodenmum, close to the posterior extremlty
of the pancreas., It runs forwards and upwards between the 2 halves
of the pancreas, and between the 2 arms of the duodenal loop, beling
mainly concealed by the pancreas. At the anterior extremity of the
pancress 1t leaves the cover of the gland and, continuing 1its

course forwards and upwards, 1t runs along vhe anterior border of
the spleen and across the right surface of the proventriculus. It
then passes forwards and upwards on the posterior surface of the

liver to reach the roof of the abdomen. Passing through the upper
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border of the dlephragu, 1t dlvides Into numerous

plexiform branches
surrounding the root of the coellac axis and the aorta
2

and thus
forms the anterior part of the plexus which has alrcody been

described.

Tributary branches, !

(1). As 1t lles between the 2 halves of the pancreas, it is joined
by branches from the 2 arms of the duodenal loop wiilch run tarough
the substance of the pancreas and receive lympiastics fram the gland.
These join the nialn vessel at regular intervals.

(2)s 48 soon as 1t has left the cover of the pancreas, the main

vessel recelves a lymphatic which follows the recurrens ileo=colicus

branch of the coellac axis. (Fig.l5) This drains the anterior halves
of the 2 caeca, with the exceptlon of the anterlor, blind extremities,
end the corresponding part of the lleum,

(3)s A vessel whlich is formed by the unlon of plexiform branches

from the right surface and upper border of the glzzard, unites with
thie : ain trunk in the same region as the precedlng tributary, and

the 2 vessels niay have a short comon trunk. (Fig,15)

(4). At toae'point at which the maln vessel lles on the anterior
border of the spleen, it 1s joined by 1 or 2 vessels which drain

the lymphatic plexus in the splenic capsule. - il

J“

(5). A4t the same point 1t receives a lymphatic which drains the
right lobe of the liver and emerges through the portal fissure. This '?
brauch 1s joined by vessels from the wall of the gall bladder. ?;
Occasionally it joins the nain trunk further slong 1ts course.
(6). At the lower edge of the proventriculus, a vessel unites gl

wlth the main trunk which follows the recurrens sinister branch of il

i
the coeliac axis.(Fig.l6) This commences a8 several branches which i
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drain the left surface and lower border of the glzzard.

These

for: a trunk at the anterlor border of the gizzard which irmediately
receives a vessel ererzing fror a fissure in the left lobe of the
liver, and a vessel wiich drains the left surface and lower border
of the posterior half of the proventriculus. 7The branches from the
latter organ usually commence as plexuses In 1ts wall, The trunk .
following the recurrens sinlster artery then runs forwards along

the lower border of the rp§Ventriculus to reach the lyaphatic
following the coeliac axis. Rarely, the most anterlor branch from
the posterior half of the Inferior border of the proventriculus may
be connected with the cormencerent of the vessel following the vena
proventricularis communis which drains the anterior half of the left
side of the proventriculus, ¥als arrangerent is slightly similar to
the arrangement which Baum (8) describes as the typical one. He
states that the vessels from the dorsal half of the left side of the
glzzard run with the common proventricular vein and not with the
coeliac axis, but such an arrangerent has not been observed in the
present investigation.

(7). As 1t lies on the right surface of the proventriculus, the

aln vessel 1s jolned by its last branch, wiich dralins the upper

border and right surface of the posterior half of thils organ.(Fig.ls)iw

As stated, the plexus formed by the junction of the lymphatics!

following the abdominal eorta, the anterlor nesenteric artery and

the coeliac axis 1s drained by the 2 thoraclc ducts.
The 2 thoraclc ducts. (Fig.1l3) These arise at the anterior end of

the plexus, at the root of the coellac axis, and just within the

thoracic cavity.

I,l
i

1

They run forwards, one on eacn lateral surface i

’
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of the thoraclc part of the aorta, and are joined to one another
by frequent transverse and obllque anastomatic branches, They are
the largest lymphatlc vessels of the body but, even so, their
peximmm diameter is about lm.m, At the level of the 2nd. or 3rd.
thoracic vertebra, tihey dlverge outwards, away from one another
and from the aorta, and each passes dorsal to the pulmonary artery
and vein, between these vessels and the lung, to unite wlth the
anterior vena cava of lts own side, midway between 1ts formatlon
and ter ination. Baum (8) shows the left thoraclc duct rumnning
below the pulmonary vessels in one of hls diagrams, but this
appears to be an error in the drawing 1tself. A slingle thoracic
duct may occur 1n part or the whole of its course, and occasionally
a single duct may bifurcate close to 1its ter: ination, thus having
2 cormmunications with the venous sysfem. Where a single termination
18 present, 1t may be on elther the right or the left side. These

variations occur quite frequently.

Tributary branches.

(1). A lymphatic wiich drains the skin over the longissimmus dorsi
ruscle, snterior to the sartorius ruscle, runs downwards and back-
vards, deep to the latter rmuscle, and receives branches from the
rmuscles of the thoracic wall. It passes between the 6th. and 7th.
ribs, at the posterior edge of the serratus magnus antlicus ruscle,
to enter thé thoracic cavity, and then runs upwards between the
lung and the thoraclc wall to join the thoracle duct of its own
stde., It 1s joined by branches from the tnoracic vertebrae and

1t 1:ay receive vessels draining the costo-vertebral articulations.

(Iig.4)
(2). A cutaneous vessel dralning the skin over the upper end of -
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the sartorius rmuscle passes through the longissirmus dors;4 5636

at the anterlor edge of the sartorius ruscle, and this vessel is
joined by branches from these muscles. It runs between the heads
of the 5th. and 6th. ribs to enter the thoracic cavity, and it
gains the thoracic duct of 1ts own side, with which it unites, by

passing riedlal to the lung of its own slde. It recelves branches

from the thoraclc vertebrae and the costo=vertebral articulations.

(Fig.4)

(3). Similar branches to the precedlng lymphatic draln the skin
over the back and pass between the heads of the 4th and S5th.ribs
and the 3rd. and 4th. ribs to join the thoracic ducts. They also
receive branches from the vertebra and the cost-vertebral
articulations.(Fig.4)

(4). The left thoracic duct 1s joined, in the reglon of the 3rd.

thoracic vertebra by a vessel which is formed on the dorsal border

of the proventriculus by the union of branches from the right

surface and dorsal border of the anterlor half of the proventriculus

and branches from the posterior third of the thoraclc part of the

oesophagus. This vessel runs inwards across the lower face of the

left lung.

(5). At 1ts termination, the thoracic duct of the left side may
be joined by the common trunk formed by the union of the deep
lyuphatics of the lungs and the lymphatic following the common
proventricular vein, but these vessels usually join the venous

system independently of the thoracic duct and of one another, and

they will be described separately.
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The lymphatics which remain to be described are those which

drain the lungs and the heart and those which follow the common

proventricular vein and the internal thoracic asrtery.

Lymphatics of the lungs.( Fig.1l5) Superficlal and deep groups of

lymphatics are déknstrable in each lung. The superficial vessels

form an interconnecting network, with wide spaces between the vessels,
on the lower surface of each lung. This network 1s drained by

vessels which run from 1t on the extermal border of the lung to

join the vessel followlng the internal thoraclec artery, and they !
wlll be described at a later stage. The deep lymphatics of each

lung comrmunicate freely with the superficlal vessels, and they

appear to follow the branches of the pulmonary artery and vein in

the substance of the lung. They unite to form a trunk which 1s
usually double and emerges from the lower surface of the anterior
extremity of the lung, in company with the pulmonary vein. A plexus
1s formed around the vein. The trunk following the right vein
crosses the wmiddle line, lying on the junction of the 2 pulmonary
veins, and unites with the trunk fram the left lung., The vessel

so formed runs upwards and outwards to terminate by joining the

left anterior vena cava, medial to the junction of the left thoraclic

duct, As stated, 1t may joln the thoracic duct of the left side

cloge to 1ts termination.

phatics following the internal thoraclc artqu;(Fig.lS) The main

ouble, commences &s several branches which

Lym
vessel, which 1s rarely d

drain part of the abdominal rmuscles behind the last rib. These unite

to form the main vessel which passes between the dlaphragm and the

It runs forwards on the

thoraclic cavity.

last rib and enters the
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thoraclc wall just above the articulations between the dorsal and
ventral segments of the true (éternal) ribs. It usually lies along
the outer edge of the lung, but it may be placed between the outer
part of the upper surface of the lung and the thoracic wall, At the
1st.rib 1t curves inwards to join the anterior vena cave, close to
the junction of the internal thoracic veln, 1.e. soon after the
formation of the anterior vens cava.

Tributary branches,

(1). As 1%t passes into the thoracic cavity, it is joined by a branch
walch drains the diaphragm.

(2). In its course within the thorax, it recelves branches at
regular Iintervals which arlse from the Jjunctions between the dorsal
and ventral segments of the true (sternal) ribs and from the lower
ends of the false (asternal) ribs. These branches drain the ribs

and are joined by vessels arising from the lntercostal ruscles,

(3)s 6 or 7 lymphatics, which emerge from the network of the
superficial lymphatlcs of the lung at the outer edge of the lung,
also joln the main vessel within the thorax. Baum (8) states that
these branches form a margindl vessel (Randgefasse), but it 1s not
clear whether he considers that this follows the internal thoraclc
veln. He states that 1t occasionally unites with the pulmonary i

vein, but no such terminatlion has been observed in the present

Investigation.

Lymphatics following the vens proventricularis communis. (Fig.16) -

The main vessel, which 1s an exception to the statement that the

lymphatics of the abdomen usually follow the arterles, results from
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border of the anterlor half of the proventriculus.

These branches
cormence as plexuses and the maln trunk is often plexiform in its

course. It runs forwards on the Iinferfior border of the provent-
riculug, and ends by joining the left anterior vena casva, close to
or in cormon with the left thoracle duct. As previously stated, the
posterior part of thls vessel nay be connected with the vessel
draining the left surface and inferior border of the posterlor half
of the organ, in wilch case it has a connection wlth the lymphatlcs

following the coellac axls., Such an arrangement 1ls rarely present.

Lyzphatlics of the heart. (Fig.18) The lymphatlc vessels which

drein the wall of the heart do not follow the courses of The
coronary arteries and veins. 2 maln lymphatic vessels are present,
one draining the left aurlcle and ventricle and parts of the right
guricle and ventricle, which will be referred to as the left

lymphetic trunk, ané the other draining most of the right auricle

and ventricle, which will be referred to as the right lymphatic

trunk.

(1)« The left lymphatic trunk of the heart. Thils is formed on the

ventral (gternal) surface of the heart by the union of branches
draining the apex of the heart, i.e. the apex of the left ventricle, |
at the lower end of the ventral interventricular groove. It
frmediately turns sround the right border of the heart, lying in
or near the lower end of the dorsal interventriculer groove, to i
reach the dorsal (hepatic) surface. It runs up thls surface to the l
right of the dorsal snterventricular groove, and receives branches

from +he wall of the right ventricle. Just below the coronary

groove, 1t crosses the coronary artery and vein as they lie in the
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interventricular groove, and at

this point it receives a long

vessel wnlch drains the apex of the heart on this surface, and
L]

runs upwards on the left of the interventricular groove. The main

vessel then rune up Lo the coronary groove and for the rest of its
course 1t 18 concealed by the large amount of fat which is usually

present in this region. Having reached the coronary groove, it 1is

joined by a branch from the right ventricle and the adjacent part
of the »ight auricle. It runs in the coronary groove, dlstinctly
separate fram the coronary artery and vein, towards the left border
of the heart, and recelves several branches from the dorsal surface
of the left auricle and ventricle., These branches are all obscured
by a covering of fat in the later parts of thelr courses, Curving
around the left border of the heart, the left lymphatic trunk
reaches the ventral surface, As 1t continues 1lts course in the
coronary groove, several branches frow the ventral surfaces of the
left auricle and ventricle unite with 1t. The vessel then crosses

the root of the pulmonary artery and receives 3 or 4 tributaries

from the part of the right ventricle which lles close to the ventral

interventricular groove., It may be joined at this pelnt by the

right lymphatic trunk of the heart. It passes deeply between the

pulmonary artery end the right suricle, and at this polnt a lymphatlc §il

from the left auricle runs between the pulmonary artery and the
sorta to unite with it. (Baum (8) states that this latter tributary
jolns the right lymphatic trunk). The left lymphatic trunk passes
over the medlal face of the right aurlcle, receiving branches from
1t, to reach tne roof of thls aurlicle and it terminates by opening

Into the medisl side of the right anterior vena cava, close to its

junction with the auricle. It usually opens into the vena cava in
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comon with the right lymphatic trunk,

(2). The right lymphatic trunk of the heart. This vessel is formed

on the dorsal surface of the right ventricle, some distence to the
right of the dorsal interventricular groove. It runs upwards to
reach the coronary groove, in which i1t lies with relationships
similar to those of the left lymphatlic trunk. It courses towards
the rlght border of the heart, recelving branches from the right
auricle and ventricle, and turns around this border to galn the
ventral surface. Continuing its course in the coronary groove, it
reaches the root of the pulmonary artery, where it may ter:inate by
joining the left lymphatic trunk. Usually 1t runs deep to the latter
trunk to curve around the root of the pulmonary artery. The vessel
then Tuns towards the right, across the dorsal aspect of the aorta,
to reach the roof of the right auricle., Branches from this auricle
join the trunk, which ends by joining the right anterior vena cava
at the point at which the left lymphatic trunk joins the veln. As
stated, these 2 trunks usually open in common into the right
anterior vens cava. DBeum (8) states that the right lymphatic trunk
may joirn ti:e left anterior vena cava, but such an arrangement has not
been observed.

Tpese lywphatic trunks of the neart lie within the fibrous

pericardum throughout the whole of thelr courses.

To summarise the above description, the lymphatics of most

of the trunk (and of the nindlimb) sre ultimately drained by the
thoracic ducts, which join the anteTlor venae cava® ridway between
the commencements and terwinations of these veins. Lympnatics from

the deep parts of the lungs end fram the proventriculus mey join
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either the left thnoraclec duct at its terminstion or the left

anterior vena cava 1ndependently. Vessels fram the chest wall

and from the superficial parts of the lung form a trunk which

always has an Independent opening into the anterior vena cava

of its own side.




(1) The &ito atu“P apoertaining to the lymphatic

systen as it
oscurs In the class Aves ig revieved.
(2). The tecunique of injectlon of the lyuphatlic vessels 1is
discussed. For the nresent study the method of Geroba was employed. '
(3}. A btopographic descrintion of the lymphatic system of the
! gomestic fowl (Gallus domestlcous) s glven.
(2), The lymphatic vessels are reiatlvely few in nuxber in the
fowl and, with & few exceptions, they follow the course of the blood
vessels, They primarily follow the arteries within the abdominal
and thoracic cavlties. Rlsewhere, they malnly follow the veins.
(5). The lymphatic system has several dlstinet compmuuications
with the veins in the anterior thoracic reglon in the fowl.
! (5). 2 Tnoracic ducts are usually present in the fowl, dut a
single dueh 1s sometimes observed. These ducts unite with the
anterior venae cavae and not with the jugular veins, as 1s 80
freyquently asserted in the gtandard textbooks.
(7). TLymph hearts have not been found in any fowl which has been
exexiined. -
(8), Contrary to the many statements 1n the textbooks, 1ymphatic
alands do not occur $vy the fowl and 1t appears that they are raplacad{

.' |
3
»

by plexuses of the 1lymphatic vessels. Several of these plexuses are

deseribed. Such plexuses aré particularly noticeable because the

sccurrence of plexuses 18 relatlvely infrequent in the fowl. 4;
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TILLUSTRATIONS,

For the sake of clarity, the lymphatics are shown 2as single

vessels in most of the illustrations and, with some exceptionsy

the blood vessels are omitted.

Abbreviations used in the legends are as follows: Ac.ATtery.

V,Vein, N.Nerve. L.Lymphatice

In asccordance with what appears to be the usual convention,

£ a lymphatic is shown by a small circle at the

the cut end O

end of the vessel.
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Superficial lymphatics of right side of head and neck

Diagram to show relations of 1 haties i '
tenporo-maxillary joint. = TSR

Lymphatics of muscles and vertebrae of right side of neck. !

Diagram of lymphatic drainage of oesophagus, crop and
trachea, ’

Superficial lymphatics of right side of thoracic region.
Superficial lymphatics of inner surface of right forelimb.

Part of course of iymphatics following profunda radialis
vein.

Superficial lymphatics of outer surface of right forelimb.

Part of course of lymphaties following profunda radialis
vein.

Part of course of lymphatics following profunda humeri
vein.

Lymphatics of right side of anterior thoracic region.

Diagram to show terminations of lymphatics of forelimb,
thoracic wall and head and neck.

Superficial lymphatics of abdominal wall, pelvic region,
coceygeal region and outer surface of right hindlimb,

Superficial lymphatics of Inner surface of right hindlimb,
Lymphatics following right anterior tibial vein.
Lymphatics following right posterior tibial vein.

Deep lymphatics of right thigh and right side of tail., f;‘
Lymphatics of trunk. |

Lvmshatics following anterior and posterior meseateric
arteriese.

Lymaphetics followingz coeliac axis. b
Lymphatics following coeliac axis.

1
Lymphatics of male genital organs. sf

Lymphatics of heart.




Figs 1. Superficial lymphatics of right side of head and neck.
Figs 1A, Diagram to show relations of lymphatics in region of
temporo=maxillary Jjointe.

9, Le following V. jugularis. b. L. following V. cephalica
anterior. c¢» L. following V. cephalica posterior, d. L. following |
V. transversa, €. Ls Tollowing V, facialls cutanea, f, L. following | |
Ve palpebralis. g. L. following V, temporalis. he L. draining skin El
of necke. js Lo draining skin over shoulder joint. k., L., draining {ﬁ
skin over crop. 1. M, biventer maxillae. 2. M. genio=hyoideus, |
3» M, temporalis. 4. M. maesseter. Y. . biventer cervicis. e
6s M. longus colli posticus. 7., M. obliquus colli, 8, M., complexus.
9, M. rectus capitis lateralis. 10, Oesophagus. 11, Crop. 12, Lobe
of thymus gland. 13. External auditory meatus, l4. Zygomatic
process of squamous temporal. 15. Supraorbital process. l6.Quadrate.

17. Inferior maxilla, 18. Malar.
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Tig. 2., Lymphatics of muscles and vertebrae of right side of neck,
(Oesophagus, crop, trachea, and forelimb removed, )

a, L, following V. jugularis, b, L. following V., cephalica anterior,
¢, L. following V. cephalica posterior. d. L. following V, transversa:
e. L, following V., vertebralis, f. L. following A, carotis communis,.
g. L. draining thyroid gland., h. L. draining muscles on lateral and
inferior aspects of neck. h', L. draining muscles and vertzbrae of
posterior cervical and anterior thoracic regions. 1l. M, complexus.

2. M, rectus capitis anticus minor. 3. I rectus capitis lateralis,

4, 1%, flexor capitis inferior. 5. M. biventer cervicis. 6. I longus
colli posticus. 7. M. obliquus colll. 8. I intertransversales 1
colli., 9, I, longus colli anticus. 10. M. scalenus medius. |

e

11, M., longissimus dorsi.

{ lle
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Fig. 3. Diagran of lyvmphatic dralnage of oesophagus, crop and
trachea, (Crop removed, ) ;

a, L., following V. jugularis, receiving L, from dorsal and right
surfaces of cervical part of oesophagus and from right surface [,
of crop. be. Lo following V. cephalica santerior., c¢. L. following '
V. cephalica posterior. d. .. following ventral surface of

cerviecal part of ocesophagus, receiving L. from its ventral and

left surfaces. Ce L. Tollowing dorsal surface of trachea,

receiving L. from its dorsal and right surfaces. f, L. following
ventral surface of trached, recelving L. from its ventral and '
left surfacese e Common trunk of L. of trachea. h. L. draining
bronchi. J. Le draining anterior cwo-thirds of thoracic part of 2|
oesophagus. K. 1. draining larynx and commencement of trachea
and oesophaguSe 1. Neck (right side). 2. Cervical part of
oesophaguse 2t e Thoracic part of oesophagus. %, Trachea.

4, Cavity of croPe. 5., Bronchi.
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Tig. 4, Superficial lymphatics of right side of thoracic region.
(1, sartorius partly removed.) '

a, L., following V., cutanea abdomino-pectoralis. a'. L. draining
skin over anterior part of knee joint. b. L. following V.subclaviae
c. L. following V. basilica, d. L. foilowing V, brachialis. 7.

€. Lo following V. profunda humeri. f, Cutaneous tributaries of C.
g. Cutaneous tributaries of thoracic ducts and L., following
abdominal aorta, he L. draining skin over i, longissimus dorsi.

1. M. pectoralis major. e M, dermo-ulnaris. 3. M. teres et
infraspinatuse. 4. M. latissimus dorsi. 5. M. serratus nagnus
anticus. 6. Thoracic walle 7, M, triceps. 8. i, biceps. 9. l.tensor
patagii longus. 10. 1, tensor patagil brevis. ll. Elastic ligament
at free edge of flight membrane. 12. M. sartorius., 13. M. gluteus
primus. 1l4. M. gluteus nedius. 15« Ms peroneus longuse.




Fige 5. Superficial lymphatics of inner surface of right forelimb.

Flg. 54. Part of course of lymphatics following profunda radialis vein.
(Mom, pronator brevis and pronator longus partly renoved. )

8. L, following V. gubelavia. b. L. following V. basilica. C» L.

.

following V. brachialis.

d, L. following V. profunda humeri. €. L.

following V. profunda ulnaris. £f. L. Tollowing V. profunda radialise.
2. L. of flight membrane, h. Cutaneous tributaries of b, j. Cutaneous
draining muscles. 1. L. draining articulations, |

tributaries ofE €, Ko Le
m, L, draining bhones. T.

Tributary of f. from skin on outer surface of

forearm, 1. M, interosseous palmaris, 2. M. flexor carpi ulnaris.

3,

., flexor digitorumn profundus. 4. 1l pronator longus. 5. lie

pronator brevis. 6. i, extensor metacarpi radialis longior. 7. HM.tensor
patagii brevis. 8. 1, tensor patagli longus. 9, Elastic ligament at
free edge of flight membrane., 10. M. biceps. 11. M. triceps. 11'. Long
head of 11. 12. M. pectoralis major. 13,1, latissimus dorsi. 1l4.M.
teres et infraspinatus. 15. M. supinator brevis.




Bigs e Ssuperficial lyaphatics of outer surface of right forelimb.

Fig. 64, Part of course of lymphatics following profunda radialis vein.
(Mems fTlexor rmetacarpi radialis and extensor digitorum comaunis partly
removed. ) '

Fig. 6B, Part of course of lymphatics following profunda humeri vein.
(M. triceps retracteds) :
8, L. following Ve basilica. be L. following V, profunda ulnaris. c.Le %
following cutaneous tpibutaries of V. profunda radialis. d, L. -
following V. profunda humeri. d'. Cutaneous tributaries of d. e. Yis. OFT
f11ght membrane. Te Le draining M.m. at proximo-lateral part of arm,
which join L. following V. jugularis. g. Cutaneous tributary of Le
following V. jugularise. h. Le draining-muscles. jo L. draining bones. |
¥, 7. dpeiwning articulations, 1., interosscous dorsalis. 2. M. el
anconeus. B. e Tlexor metacarpi radialis. 4. M. extensor digitorum |
communis. 5. . supinator brevis. 6. M. extensor ossis metacarpl
pollicis, 7. M. extensor metacerpi radialis longior. 8. M. triceps.
9, V. deltoideus. 10. . scapulo=hunmeralis. 1l. M, tensor patagii
brevis, 12, Flastic ligament at free edge of flight membrane. 13, Ma




FizsS. B, O1e, and 6B, contimued,
latissimus dorsi. i4. Humerus, 135. 4, biceps. 16.
interosseous space, 17, Radius. 16. 7. brachialis

Radio=-ulnar
longus superior.
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"ige 7. Lymphatics of right side of anterior thoracic regions (Merle
pectoralis major, pectoralis secundus, pectoralis tertius and
tensor patagiil brevis partly removed. Coracoid, clavicle and inter-
clavicular aponeurosis partly removed. Some tributaries of L.
following V. subclavia omitted. )

Fig. 74. Diagram to show terminations of lymphatics of forelinb,
thoracic wall and headr and neck.

a. L. following V. subclavia. a', Termination of 4. b. L. Tollowing
V., basilica. Ce = 20llowing V. brachialis. de ke following V.
nrofunda humeri. €. 1,, following V. cutanea abdonino=-pectoralis.
e', Plexus on course of e, f. L. draining i1, latissimus dorsi which
joins de £'e Lo draining 1. teres et infraspinatus. g..L. Qraining
shoulder joint. Ne L. following Ve jugglaris. h'. Terminatlon of he
3, L., draining wall of crop. K. Le draining anterior two-thirds of

e

thoracic part of cesophagus. 1. Le from M.m. ag proximo-lateral part

Of arm. Tn.. i—*. - 0 P =
externa, n'e. Plexus on course OT M. O« Le following V. coracoidea.

= L e L

1. following V. subscapularis. n. Le following V. thoracicea

ic

1.
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gs. 7, and 7i, continued.
«» Lo Tollowing V., sternalis,
pectoralis secundus., 3. . pecto

~
=y

1. ¥, pectoralis najor. 2, M.

ralis veriius. 4. Coracoid,

. Clavicle, 6..Interclavicular aponeurosis. 7. . subeclavius.

8. ', thoraco-scapularis, 9. I serratus magnus anticus. 10. Thoracic

wall, 1ll. M. teres et infraspinatus. 12 i, latissinus dorsi, 13. IM.

triceps. 14, il. tensor patagii brevis., 15, M, tensor patagii longus,

16, Elastic liganment a% free edge of flight membrane. 17. 1.

biventer cervieis. 18, M, longus colli posticus, 19. Me obliquus
sgland, 22, Anterior vena cava,

15'. K. biceps.

O g

colli. 20, Orop. 21. Lobes of thyrus







Fig. 8. continued.
absdominal zorta. t. Cutaneous tributaries of 1., following

v. femoralis anterior. 1. Tendons of i, extensor digitorun
longus. @, Podothecal sheath of flexor tendons, 3. M, tibialis
anticus, 4. M, vDeroneus longus. 5. ¥, gastrocnenius. 6. M., flexor
perforatus indicus secundus pedis. 7. M. flexor perforatus medius
secundus pedis., 8, M. semitendinosus. 9, M. biceps flexor cruris.
10. Ms &luteus primus, 1ll. M, sartorius., 12, ll. femoro-caudalis,
13, lie transversus verinei, 14, M. levator coccygis. 15. M. levator
caudae, 16, Innominate bone, 17. Uropygial giand. 18, Abdoninal
wall, 19. Thoracic wall.




Fig., 9. Superficial lymphatics of inner surface of right hindlimb,

a., L. of medial surface of 2nd, digit. b, L. of medial surface of 3rd.
digit., c. L. of medial surface of 4th., digit. d. L. of medial

surface of lst. digit. d'. L. of lateral surface of lst. digit. e. L.
of lateral surface of 2nd, digit. f. L. following V. metatarsalis
dorsalis profunda, g. L. following V. metatarsalis interna. g'.Cut-
aneous tributaries of g. he. L. connecting L. following V.v.
metatarsalis dorsalis profunda and metatarsalis interna. Jj. L.

jowing V.v. metatarsalis interna and metatarsalis
llowing V. metatarsalis dorsalis interna. 1, Terminal
branch of f. m. L. draining upver end of metatarsal bone. n. L.
tibialis anterior, o. Cutaneous tributaries of L,
jtealis. pP.p'. Cutaneous tributaries of L. following
no-pectoralis. g. L. following V. femoralis interna

g muscles. s, L., following V, poplitealis on
per end of femur,
extensor hallucis brevis.

connecting L. fol
externa, k. L. foO

following V.
following V. popl
V. cutanea abdomi
profunda., Ts Le drainin S
medial side of femur, te L. draining up
of M, extensor digitorum longus, 2. M.

Tendons

|
'|
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ifF. Ye continued.

. Podothecal sheath of flexor tendons., 4. gastrocnenius
inner head). 4'. e gastrocunenius (outer Nend e Je Me tibialis
n €

Crl ™

ticus. iy sartorius. 7. anbiens. Be. e vastus internuse.

'Umu—-n.

5o .
: 1. semimenbranosus. 10e lie senitendinosusa.

- -

o Tk e :




Pig, 10. Lyaphatics following right anterior tibial vein. (anterior

aspect of leg, with li.,peroneus longus and ligamentous band at

lower end of tibia partly removed, and M, tibialis anticus retracted.)

Fig, 11, Lvmphaties following right posterior tibial vein, (Internal

aspect of leg, with M.m. gastrocnenius (inner head), soleus and i

semitendinosus partly removed.) '

a, L. following V, netatarsalis dorsalils profunda. b. L. following

V. metatarsalis interna, c. Terminal branch of a, d. L. following V.

tibialis anterior. €., L. following V, netatarsalis externa. f. L.

following V., tibialis posterior. g. L. following V. peroneal$s. he. L.

following V. poplitealis. h'. Plexus on course of h. je. L. draining

r muscles. k. L. draining articulations. l. L. draining bones. |
m, Tributary of d. from skin over infero-lateral part of leg.

1, M, peroneus,longus, 2, M. tibialis anticus. 3. M. extensor

digitorum longus. 4. 1, gastrocnenius, 4', Inner head .of 4. 4", Outer

head of 4. 5. Llgamentous band at lower end of tibia. 6. Tibia.

7. Lower tibio~-fibular arch. 8, Upper tibio-fibular arch. 9. M. flexor

perforans digitorum profundus. 10, M, soleus. 1l. M. semitendinosus.

11'. Tendon of 1ll. retracted. 1l2. M. seminembranosus.




Fiz,. 12. Deep lymphatics of right thigh and right side of tail.
(Mems ¢luteus prinus, gluteus nmedius, ¢luteus mininus and seni-
tendinosus partly removed.)

2. Le Tollowing V., poplitealis. b, L. Tollowing V.femoralis anterior. .
b'. Cutaneous tributary of be. c. L. following V, iliaca externa.

d. Tributary of a. from skin of leg and abdominal wall, e. L.
following V. cutanea abdoninalis femoralis, f. L. Tollowing V.
cutanea pubica. £'. Tributary of f. f". L, draining ventral 1lip of
cloaca, s Ls following V. cutanea caudalis, g'. Cutaneous tributary
of g. h, Common trunk of L. following V.v. cutanea pubica and

cutanea caudalis. j. Le draining dorsal 1lip of cloaca. k. L. draining
muscles, k'as L. draining M, gluteus vrimus (cut). l.L. draining :
articulations. m. L. draining bones.. 1. M, gastrocnemius. 2. M.
flexor =mERix perforatus indicus secundus pedis., 3. M. flexor
perforatus medius secundus pedis. 4, M. peroneus longus. 5. M.
zluteus primus. 7. M. biceps flexor cruris, 6. M. semitendinosus.

8. M. adductor magnus, 9, M, extensor femoris, 10. M. sartorius,

11, ¥, semimembranosus. 1l2. I gluteus medius. 13. M. gluteus
minimus, 14. M. levator coccygis, 15, M. levator caudae., 1l6. M.
transversus perinei. 17. M, femoro-caudalis. 18. Uropygial gland. r
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Ischium, 80. Pubis, 21, Iliunm, 22. ibdonminal wall,
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Fig. 13, Lymphatics of trunk. (Most of alimentary system removed.
Parts of posterior vena cava and V.v. iliacae communes rernoved,
Heart retracted.)

a., L. following A. sacralis media, a'., Tributary of a, b. L.
following A. pudenda comunis, b'e Tributary of b. from posterior
third of oviduct. Cce Ls following abdominal aorta. d., L. following
Ao ischiadica. d'. Tributary of d. from middle third of oviduct,

e. L. following ie. cruralis. f. L. draining kidney. f', L, draining
kidnev which follow V. iliaca interna. g. L. following A.
epigastricas he Le draining ovary and anterior third of oviduct,.

j. Plexus formed by L. Tollowing abdoninal aorta, anterior
mesenteric artery and coeliac axis, kK, L., draining adrenal gland.
1. Thoracic ducts. m. L. following 4. thoracica interna. nt, Trib-
utaries of m. from ribs and intercostal muscles. n. Network of
superficial L. of lungs, n'e. L. draining n. o. Common trunk of deep
L. of lungse. o', L. following V, pulmonis dextra. o". L, follow;ng
V. pulmonis sinistra. p. L. following V, jugularis, q.L. following
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Fic. 135. continued.

V., vertebralis. r. L. following V. subclavia. S. L. draining
thyroid gland, t. L. draining ventral and left surfaces of
oesophagus and left surface of erop. u, L, draining traches,

ve Common trunk of t. and u. 1. Cloaca. 2. Rectun (Large
intestine). 3. Bursa Fabricii. 4. ¥, obturator internus,

5, anastomatic branch joining V.v. iliacae internae, 6. V, iliaca
interna. 7. Ureter. 8. Kidney. 9. Ovary., 10. Heart. ll.,Posterior
vena cava, l2. Cron.




Fige l4. Lymphatics following anterior and posterior mesenteric
arteries. (Viscera viewed from right side and bhelow.)

a, L, following Ae nesenterica cranialis. a',. Tributaries of a,
from jejeunum, ileumn and caecf, b. L. following s, recurrens ileo=-
coeliacus. b'. Tributaries of be CoC's Le following ie nesenterica
caudalis, of which o', does not follow artery in the uesenterye.

d. L. following coeliac axis., e. Le following A. sacralis nedia.
f, L. following abdoninal aorta. g. Plexus formed by Le. following
abdominal aorta, anterior mesenteric artery and coeliac axis,

1. Cloaca. 2., Rectum (Large intestine). 5. Caeca. 4. Tleumn,

5, Jejeunum. Be Duodenurs 7. Gizzard. 8. Proventriculus, 9. Spleen.
10, Pancreas. 1ll. Liver. 12, Gall bladder. 13. Heart., 14. KIdneye.




Fig.15, Lymphatics following coeliac axis. (lost of jejeununm

removed. Duodenun drawn forwards, Viscera viewed Irom right side

and from belowa )

a, L, following coeliac axis. a', Tributaries of a, from duodenun. ;
b. L. following Ae. recurrens 3leo-colicus. b', Tributaries of b. i
¢c. L. draining right surface and dorsal border of gizzard, d. Plexus
in splenic capsule., d'. L., draining d. e, L. draining left surface
and ventral border of posterior half of proventriculus and lert
surface and ventral border of gizzard. f. L. draining right lobe

of liver. gZ. L. draining right surface and dorsal border of ;

i posterior half of proventriculus, h. L. following A, mesenterica
eranialis. j. Ls following i, mesenterica caudalis. k. L. Tollowing
i, sacralis media. 1. L, following abdominal aorta. M. Plexus formed
by L. following abdominal aorta, anterior mesenteric artery and
coeliac exis. 1, Cloaca, 2. Rectun (Large intestine). 3. Caeca.
4, Tleum, 5. Jejeunum, 6. Duodenum. 7. Gizzard. 8. Proventriculus,
9. Tiver. 10, Heart. 1l, Pancreas, 12, Gall bladder. 13. Kidney.




Fiz. 16, Lymphatics following coeliac axise. (Left lobe of liver
drawn Torwards. Viscera viewed from left side and from below. )

. Le following coeliac axis. a'. Tributaries of a, from duodenum,
b, L. following i, ileo-colicus recurrens. Ce L. draining rignt
surface and dorsal border of gizzard, d. Plexus in splenic capsules.
', L, draining d. e. L. draining right lobe of liver, e'. Tributary
of e, from wall of gall bladder. f. L, draining left surface of
gizzard. 2. L. draining ventral herder of gizzerd. h. L. draining
left lobe of liver {cut). je L. draining left surface and ventral
border of postericr half of proventriculus, k. Common trunk of T.,
ey Da and'j. l. L. Fcllowing V. proventricularis comrunise.

1. Duodenum, 2. Gizzard. 3. Proventriculus. 4, Pancreas. 5., Left
lobe of liver. 6. Right lobe of liver. 7, Cystic duct. 8. Hepatic
duet, 9. Heart., 10. Left anterior vena cava,

“ e




Fig. 17. Lymphatics of male genital organse

8a L.Ifollowing A, sacralis media. b. L. Tollowing A. pudenda

communis. b'. Tributaries of b. from vas deferens and ureter, c. Le

f following abdominal aorta. c's Tributaries of c, from vas deferens {
E and ureter. d. L. following i, mesenterica caudalis, e. L. following

' A, ischiasdica, €' Tributaries of e, from vas deferens and ureter.

£, Plexus in capsule of testicles, 2+ Lo Graining posterior fourth

of testicle, epididymis and part of vas deferens, h. L. draining
anterior three=fourths of testicle, h'. Tributaries of he Jeo Le
following A, mesenterice eranialis, k., L, draining anterior

extremity of testicle. 1., Flexus formed by L. following abdominal
aorta, anterior mesenteric artery and coeliac axis. M. Le following
coeliac axis. n, Thoracic ducts. o, L. draining adrenal gland.

1. Rectum (Large intestine). 2, V, iliaca internsa. 3. Anastomatie
branch between V.v, iliacae internae, i coccygeo-nesenterica.

5, Ve iliaca externas 6. V. ilica communis. 7. Posterior vena cavd. !
8 ¥idney. 9. Vas deferens, 10. Ureter. 1l.Fpididymis. 12. Lung. {

e e —— e ———— L




Fig. 18. Lymphatics of the heart, (Ao Ventral or sternal surface.
B. Dorsal or hepatic surface.)

a, Left lvmphatic trunk of heart. b. Bight lynaphatic trunk of
heart. c. Common bermination of a, and b, d. Tributaries of 8.

from left ventricle, e, Tributaries or a., from right venuricle.
£. Tributaries of a, from left auricle, g. Tributaries of a. fron
right auricle., Ii. Tributaries of b, from right ventricle.

j. Tributaries of b. from right auricle. l. Left ventricle,

2, Right ventricle. J. Lef% auricie. 4. Right auricle. 5. Ventral
interventricular groove, 6. Dorsal interventricular groove.

7.8, Aorta, 9. 4 brachio-cephalica, 10, &, pulmonis. 1ll. Right
anterior vena cava., l2. Left anterior vena cavi, 13. V, pulmonis.
14, Posterior vena cavi,
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