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Introduction

In order to understand many of the problems of the normal and morbid
anatomy of the skeleton a knowledge of 1ts blood supply 11 essennal.

Angography of the living subject has increased our knowledge of the normal
and pathological vascular anatomy of the soft parts, but the usual procedure
gives no informauon on the vessels of the bones. These are too fine 1o be
visualized by sandard contrast radiography

Injection 1nto the spongiosa results in filling of vessels within only a lumited
region up to the nearest vens leaving the bone. In children, injection 1nto the
marrow cavity has resulted 1n filling of the larger venous tamks throughout
the diaphyns

Most roentgen ssudies on the vascular anatomy of bones have been performed
on post mortem matenal however

It 15 the anatomy of the vessels of long bones during the growing peniod that
has been the main object of my studics, since opinions vary greatly especally
with regard to the blood supply of the epiphyses.

In parucular T have examined by means of angiography the tibia of calf
and cow and have also performed sumilar investigations on some human
matenial. The hustological invesnganons are intended to confirm the roentgen

findings, espeially with regard o the vascular canals of the epiphyses
calves and human feruses.



CHAPTER I

Earlier Research

Lancer s great work Uber das Gefdssystem der RGbrenknochen was pub-
lshed in 1876 He examined the hurman uba and femur by 1njecting dye mto
the vessels, and then making casts of the vascular system. Both macroscopic
and microscopic mvesngations were performed. He studied 1n detasl the vas-
calar network of the periosterm and demonstrated the entry of the vessels
into 1t at the attachments of the muscles, aponcuroses, and fasciae. In the femur
these vessels enter the periosteum along linea aspera, and in the nbia along
fasera cruns and membrana interossea. The persosteal vessels form nngs en
airching the bones, and they often consist of an artery accompamed by two
vens, There are also longitudmal vessels connecting the periosteal rings, and
producing a persosteal vascular necwork which, 1n both bones, has anastomonc
connexions with the capsular vesscls. The periosteal artenes also anastomose
with the large artenae nurricrae before these enter the nutnent canals. The
vessels supplying the epiphyseal penchondrum anse from the caprular vessels,
and are parucularly obvious on the femoral condyles, where they are radally
arranged on the outer surfaces, While the epiphyseal plare permsts, the
perichondnal vessels of the epiphyses have no connexon with the periosteal
vessels. The periosteal vessels give off branches that penctrate wto the bone,
and these branches are Jargest 1n the metaphyseal regions. In the epiphyses the
vessels from the perichondnum enter chiefly on the lateral and medial sides,
and, 1n the case of the lower femoral epiphyss, 1n area intercondylans.

By squeezing the diaphyns with a powerful forceps, Lancer demonstrated
the paths by which the blood leaves the bone, viz, vena nutriaa and the vens
dramning the metaphyses. Another of his experiments was to iject 2 rennous
rubstance 1nto the bone, thereby obtamning a cast of the veins dranng it In
the lower femoral epiphyns the largest vewns leave the bone postenorly m
area mtercondylans, and 1n the upper tibal epiphyss the largest veins are
found 1 area mtercondylans anterior The wntra-osseous vemns arc very thm-
walled Ouwtnde the bone valves are present. The vascular canals wsually contan
an artery and one vein, but after leaving the bone the vein commonly branches
into two vessels.
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Lancer demonstrated communucations between the vessels of the marrow
caviey and those of the penosteum v1a vascular canals in the cortex iz, the
Haverman canals. These canals are largest in the metaphyscal regions.

Lancer also demonstrated that vena nutriaa of the diaphysis divides tnto
several brasches as 1t approaches the metaphyss, there to anastomose with
extra-oncous vessels entening via the cortical canals.

Lancer also descnbed vascular canals in the cpiphyseal cartlage. He
examined the distal femoral epiphysis of a 51/s-months fetus, and pointed out
that the arrangement of these canals comresponds with that of the vascular
canals of the adult bone. In the canals he described an artery and one or two
vemns. He mamtained thar the arterses within the canals are end artenes. He
also showed that some of the canals penctrate to the draphyms. The earliest
stage at which Langer demonttrated vascular canals in the carulage was in a
3 months fetus.

Langer demonstrated vascular channels penctrating the epiphyseal plates,
and was of the opinion that these are epiphyseal vessels. In a new born infant
he found 15-20 such vascolar canals in the lower femoral epiphyseal plate,
These canals contain the same vessels as the carulage canals in general. LANGER
also pointed out that vessels perforatng the epiphyseal plates are found 1n
horses and cartle.

From LANGER s impremive work 1t 15 difficult to obtain a clear picture of the
large intramedullary vessels, however Not unnl roentgen methods were 1ntro-
duced did this become posnble.

The finst to carry out extenmive investigations on the anatomy of the vessels
of the bones by contrast radiography was Lexex at the begmning of the twen
ueth century With a number of collaborators he injected into the osseous
arteries contrast medium consisting of mercury and terpennine. His expenments
were carmed out on human material and the injections were as a rule made
o one artena carous, the contralateral vena jugulans having been opened
The procedure was sometines complemented by injecnon directly 1nto the great
arteries of the extremiues. On complenon of the mjection stereoscopic radio-
grams of the sheleton were taken first wath the perosteum m sitw and then
after remowing 1t In children 3 vascular regions were eanly disunguished, the
epiphyscal the metaphyseal and the diaphyseal According ro Lexex the
branches of amena nutnaa of the diaphysis only excepnonally penetrate as

far a5 the epiphyseal plates here artenes from the metaphyseal region are
responuble for the blood supply He mamntuned that a few of the mn:ph) seal
artenes branch towards the epiphyseal plates, and penetrate them The arteries
enter the epiphvses ar the attachments of the jomt capsule and ligaments, and
the epiphveeal vessels converge from all ndes upon the ossification centre. This
5 also the case in the apophyses. Some of the epiphyseal vessels give off
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branches to the yount cartnlage before entenng the osuficanion centre. Some of
the vessels turn towards the cpiphyseal plates and penetrate them The three
groups of vessels anastomose more and more with increanng age. The region
supphed by arteriz putnaa diminishes as growth proceeds, and instead the
metaphyseal arteries increase 1 nomber Numerous anastomoses develop
between the three groups of vessels towards the end of growth. Lexex main
tained that in the adult arterra nutricia of the draphysis 15 connderably less
sigmificant than the arteries of the epiphyseal and metaphyseal regions.

In 1906 Bipper described vascular canals of epiphyseal carnlage 1n growing
children. As a rule he found an artery and two vemns i the canals, and con
ndered the arteries to be end arreries. He also demonstrated vascular canals
prerang longitudinally the epiphyseal plates, and providing connexrons with
diaphyseal vessels. He maintained that these canals played a sigmificant part
i the nutrition of the carulage and in the osnfication of the epiphyses. Biopex
assumed that there were also vessels perforaung the apophyseal plates, but
never succeeded 1n demonstratmg them.

These three researchers were thus of the opinion that even during the growing
period there are anastomoses between the vessels of the epiphyses and mew
puyses, via vascular canals perforaung the epiphyseal plares. Most later
workers however deny the exustence of such vascular connexions.

In 1921 Gnicoire and CAXRIERE carried out an invesngaton on infants
aged 0-2 years. They injected cinnabar or red lead and terpentine into the
aorta, and reported that the branches of artena nutricia of the diaphysis did
not reach the epiphyseal plates, and that the metaphyses were supplied by
metaphyseal artenies. They were unable to state whether anastomons took
place between these two groups of vessels, but they demied the exutence of
anastomoses between penosteal and medallary vessels. They conndered the
epiphyses to be devoid of vessels, unce they assumed they were made up of
non vascular hyaline carnilage.

In 1924 Nussaunm introduced dye and contrast medram nto the artenies
of the skeleton, by injection 1nto the aorra, and then treated the speamens by
Spalteholz s technique. (In this, the bones are rendered transparent, and the
blood vessels are seen filled with dye) Nussaun clamed that dunng the
growing period there are no connexions between epiphyns and diaphyns. He

regarded the vascular system of the epiphysis to be completely independent.
The vessels 1n the carulage canals he regarded to be end artencs unul the
appearance of the omfication centres, when he clumed that anastomoses de
veloped

H. A Haxms (1930) inpected carmine gelatine into the grear artenes in
children and young amimals, and then exammed the long bones. He demonstrated
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arteries 1n the epiphyses, even during the cartilaginous stage, but never found
any 1n the epiphyseal plates which he regarded as a barner

In 1932 Rusascuewa and Puves published an account of a roentgen n
vesuiganon on the vessels of long bones of adult dogs and puppies They used
white lead or red lead 1n hqud paraffin and terpenune. In the case of the
anterior extremities 1njection was made into artena axllans, and with the
posterior cxtremuties into the aorta immediately above the bifurcanon The
bones were examined after removal of the soft parts, in the same manner as
Lexer employed. They concluded that the branches of artera nutnaa reach
as far as the epiphyseal plates, and there anastomose with metaphyseal vessels.
In the epiphyses they demonstrated several vescls passing from the perichon
drium 1n towards the centre. In the distal femoral epiphyns they found that
the largest vesnscls enter postenorly in area intercondylars, and branch in
stellate fashion In the upper unbial epiphyss the largest vessels enter in area
ntercondylans anterior and posterior These researchers are of the opinion that
in the young arumal the epiphyseal plate consututes a total barner 1solatng
the epiphysis from the dizphysis. Anastomoses develop they maintain with
increanng age, as the epiphyseal cartilage disappears.

In 1951 pe Mannerre published a work with the utle Recherches swr la
vascularisation ossewse based on extennive morphological and experimental in
vestigatons on rats, guinea pigs, rabbits, and dogs. He employed several
techniques.

1 Inpction of India ink (25 per cent suspension in phywological saline)
into the aorta of Living ammals. The bones were examined post mortem both
macro- and microscopically after considerable preparanon.

2 Injection of banum sulphate m gelaune solution, by the same method

as | The wuolated skeletal parts were radiographed before and after decala
ficanon

3 Casts of the vessels were prepared after injecuon of plastic substances
such as Neoprene-Latex

DE MARNEFTE reports that the branches of the diaphyseal arterae nutnciae
of the femur and ubia extend as far as the epiphyseal plates, where they branch
to form a nch subchondnal network. These longitudinal branches he regards
as end artenes. In addinon the main tunk and major branches of artena
numnaa give off ransverse branches that anastomose with cach other

or Mamrxerrr describes a large venous trunk in the duaphyss, into which
veant from the capillary network dran. This trunk 1s connected with vena
nutnaa In addiuon, there are large venous trunks erior to
nbiae that drain into large metaphyscal vens. These h::rﬂvmeh h:“izz:;
as a speaial duaphyseal venous system
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According to DE MaRNErFE, the cpiphyses are supplied by one or more
arteries and therr accompanying veins.

The capillary system of the epiphyses 15 bult up in the same manner as that
of the diaphyses He maintains that the vascular canals of the carnlage convey
veasels bound for the ossification centre and not concerned with the putrition
of the cartilage. He derues the presence of vessels in the epiphyseal plates. He
thus claims that during the growing period the vascular systems of the epiphysis
and diaphysis are separate. The compact bone 13 supplied by the medullary and
peniosteal networks, and pE MAXNCFFE 15 of the opuron that these are quite
dustinct. He has also noted that the compact bone of the upper diaphysis (nbia
and femur) 15 largely supplied by medullary vessels, whereas the compact bone
of the lower diaphysis receives 15 blood supply mostly from the perosteal
network. Fig 1 15 a diagram of the tibial vessels of a rabbir, taken from
DE MARNEFTE 3 book.

Hurmi (1956) carned out invesuganons on the arteries and veins of caput
femoris from human adults, The arteries he filled with contrast medium by
1njecuon of cinnabar into arteria arcumflexa femons medialin The veins were
filled with India ink by intra-osseous inection into the femoral head. He found
that arteries are always accompanted by vems. In pauents with medial fractures
of the femoral neck he made intra-osseous injections of contrast medium 1nto
the head fragment. In cases 1n which he obtamed no filling of the extrn
osseous veins he concluded that both arteries and veins to the head were torn
And 1n these cases necrosis of the head took place.

Comprehensive research has been carred out mn recent years by TrurtA
and collaborators. The mamn object of their attention has been the upper part
of the femur They used Micropaque, wjecting it 1nto major arteral
Both standard and micro-roentgen methods were employed, together with
hustological investiganon Taurra also used the transparency techmique of
Spalteholz after mjection of 2 per cent Prusuan blue. He had access to much
post mortem material consisung of chuldren of all ages, and classifies these as
follows,

1 Buirth-4 months,

2. 4 months—+4 years (infants)

3 4-10 years (intermediate)

4 10 years onwards (pre-adolescent)

5 Adolescent.

At birth, the oanficauion of the femur has reached the region of the future
neck and trochanter magor In newly born infants vessels from the metaphysis
penetrate 1n their medial part those carnlage cells that later are ro form the
epiphyseal plate. This 15 a large group of vessels, which run verncally In
addition the head receives vessels that ron honzontally from the lateral side
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o the epiphysis. There are also irregular vessels entering from Ligamentum
teres,

At 4 months at about the ume the osufication centre anses, TRUETA states
that the vessels from hgamentum teres duappear At 8 months the ascending
metaphyseal artenics have dimnished 1n number and the remaining ones enter
the epiphysis after having perforated the periphery of the epiphyseal plate.
The lateral vessels are sull large.

In the third age group the metaphyseal vessels have disappeared, and the
epiphyseal plate has become a twtal barmer The epiphyms 1s supplied only
by the lateral group of vessels.

In the fourth group vessels have agan appeared 1n ligamentum teres. In the
adult the barmer formed by the epiphyseal plate 13 broken, and anastomoses
develop wach the vessels i the metaphyseal region.

TxUETA 13 of the opinion thar the epiphyseal plate 13 quute deverd of vessels.
Nutrition of the carrlage 15 denved from the vessels supplying the ossificanon
centre, and from below from the richly vascular metaphyns.

TrurTA and HAxnison (1953) investugated the upper femur of human adules
of 20-100 years of age, and were unable to demonstrate regression of the
skeletal vessels with advancing age.

Lew1s (1956) carried out experiments on young rabbits and rabbit embryos.
He injected dye paste 1nto major artenes, and then examined hustologcally the
long bones. He reports that mniually the metaphysis 1s supplied solely by artenz
nutricia of the diaphyss, but the metaphysesl arteres take over this funcuon
as the bone grows. He was unable to demonstrate any vessels perforaung the
cpiphyseal plates.

DaLe and W R. Haxws (1958) nvesugated monkeys. They introduced a cao-
nufa into the left ventricle of living animals. First they 1ngected vasodilatory and
anticoagulant drugs, and then 2 muxture of India 1k 1 5 per cent gelaune.
The ammals were then killed, and the epiphyses dissecred out, fixed 1n formalin
and treated by Spaltcholz s technique. Dare and Haxns disunguuh two types
of cpiphyss, (1) those entirely surrounded by joint cartilage, and (2) those only
partially enclosed by joins carnlage. In (1) vessels entering the epiphysis must
penctrate the perichondnum surrounding the epiphyseal plate. In (2) the blood
vessels enter the epiphyss directly without comung nto contact with the
perichondrum of the plate. These rescarchers, o believe the epiphyseal plare
to form a barner since they have never found any vessels passing through 1.

Rocexs and Granstone (1950) examned the distal part of the human femur
at different ages. They pad parucular anenuon to the vascular foramine,
which they clasufy into supracondylar condylar and mtercondylar The inter

condylar group 13 especually large, and they term 1t area cribross vasorum
intercondyloideas femons. They demonstrated that both artenes and veins pass
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through all these foramina, They examined the arteries after injecting a mixture
of mercury and terpentine mto arteria femorals. In children they found that
the artenies of the epiphyss converged on the omficanon centre. They mention
nothing of vesscls perforaung the epiphyseal plate. The conmderable blood
supply of the dural portion of the femur they consider to prevent necross in
fractures 1n this region.

Most nvesugatons on the vascular anatomy of long bones are concerned
chiefly with the arteries Hasumoro (1935 1936) has also carried out con
niderable research on the veins. He used adult rabbus, vital stzinung the vestels
and subsequently treanng the preparauons by the transparency technique.
He performed both macro- and microscopical examinations. He descnbes a
large vein running from metaphysyy to metaphysis, about which the artencs
wind. ‘The vemn has anastomotic connexions with the extra-osseous venous
network, via the mam vena nutncta of the diaphysis, and the large veins
draining the metaphyseal regions Concerning the finer intramedullary branches,
he describes peripheral venous sinuses into which the artenial capillaries open
The peripheral sinuses flow into a larger sinus that opens into the large vein
above-mentoned. Haematopoiesis takes place outside the peripheral sinuses, and
the blood corpuscles burst through the single-layered sinus wall and enter the
lumen. Tn the yellow marrow the peripheral sinuses are atrophuc,

Doan (1922) demonstrated a shunt between the artenal capillanes and the
larger sinuy, which enables the blood to pass from the artenies to the vens
without entering the penpheral minuses

Ecorrren ProT Guurm, and Catacu (1956) wvesngated the vesns of long
bones of adult and growing rabbim. They injected Micropaque into the bones,
and thus filled the intra-osseous veins. The preparations were examined radio-
logically (including micro-roentgen invesngation) and histologically They too
demeonstrated a central venous trunk anastomosing with the extra-osscous veins
in the metaphyses and via vena nutrteia of the diaphys. Secondary branches,
which have anastomonc connexions wath the pnmary venous channels, dran
into the main trunk

They poimt out that the capaaty of the vemns 15 much greater than thar or
the artenes, and that the veins folfil a double foncuon drunmng the nssue 1n
the ordinary way and also serving to collect the products of the bone marrow
In growing ammals the pnmary channels are more numerous than in the adules.
The epiphyseal vascular system they consider to be isolated from that of the
duaphvuis the epiphvseal plate constituung 2 barner

SrEss (1950) wnjected contrast medium (Perabrodil) into the bone marrow
of hiving puppies and adult dogs. He studied the drainage channels, which he
found to be greatest in the metaphyseal regions. He was unable 1o distnguish
amv veuscls penctrating the epiphyseal plates which he regards as a barner
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Rarmi Acuzzi and MarLey (1956) carried out extensive research on the
venous endo-otseous circulation 1n living subjects (osteomedullography) They
injected contrast medivm (Joduron Urograf and Pielonl) into the bone marrow
of the metaphyses of children and adults, by means of a sternal puncture needle.
They often obtained filling of the large venous trunk of the diaphysis and 1ts
exit paths via the main vena nutnaa and the metaphyseal veins. Among
children they obtained opacity of the ossification centre which they artribute
to retrograde filling from the capsular network of vemns. The epiphyseal plates
they regard as a barner through which contrast medium cannot pass Occa
sionally they obtamned filling of another type of vessel, which they term the
reticulo-vascular type —fine vessels within the endosteum. In these cases the

Fg 2 Bbodvmbof.lon;bonsdurh;mv\:h.mdm-dnhhood
(From T xthook of Hintology Maxmow and Bloom.)
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large venous trunks of the marrow were not filled, the contrast medium leaving
the bone v1a fine corncal paths They conclude that this picturc 13 scen when
the pomt of the needle 1s Iying 10 the regrion of the endosteum

Modern research thus denes the presence of anastomoses berween epiphyns
and diaphysis during the growing years (with the excepuon of that of Truera,
1n the case of the upper epiphyseal plates of the femur of children aged less
than 4 years) and thuis 15 the predomunaung teaching i all textbooks of ana
tomy and hustology

In most textbooks, the carulage within the epiphyses 13 described as avascular
The vessels are clamed to penctrate 1nto the epiphyses only when the osnfica
tion centres arse. Maxtiov and Broou wnite, in theirr Textbook of Hustology
(1957) that the cartilage 15 an avascular nssue and if vessels are present they
are only passing through the carnlage to some other tissue. Only i the pen-
chondnum are there any vessels that are concerned with the numtion of the
cartlage. Thus, dunng the cartilaginous stage, the central parts of an ep1
phyns are poorly supplied wath blood, and are the parts which are first become
calafied. Not unul ossficauon has commenced do vessels start to enter the
osufication centre. BuchEn 1s of the rame opinion 1n hus Histologee und Mikro-
skopische Anatomie (1956) as 13 also BarGMANN 1n Ius Histologre wnd Muikro-
skopische Anatormie des Menschen (1956)

Fig. 2 15 taken from Maxmovw and BLoous textbook and shows the plan
of the vascular system dunng growth and adulthood.



CHAPTER 11

Material

Investiganons have been carried out on calves and cows, and on a small
human senies.

The calves were aged 1 day-2 months, In the calf the preparauon extended
from above the knec jomt to below the ankle jomnt, all soft parts except the
skin bemng present. The vascular system of the tibia was the man object of
study but the distal femoral epiphysis was also cxamined 1n these preparatrons.
A few invesnganions were also carried out on the calf humerus and femur
after removal of the muscles.

In the cow the tibia only was mnvestgated.

The bwman material was very limited. I have exammed immature and full-
term fetuses, and cases aged 2 months, 6 months, 10 months, 7 years, and 11
years.,



CHAPTER 1II

Techmque

Sclective angiography by injection into artery or vein in camalis nutricius
and angiography wia arteria or vena femorals were carned out. A few m
vesugauony were performed by intra-osseous 1mjection.

1 Inpection nto vasa nutricia

Selecuve invesuganon of these vessels has previously been made 1 order to
obtain casts of the intra-osscous vessels, or to fill them with dye but as far as
I know the procedure has never been employed with contrast media for the
purposes of seral roentgenography

I have repeatedly succeeded 1n filling vena nutrica in the tibial diaphyns
of the calf by cannulation of canalis nutricius. The vein occupies almost the
entire lumen of the canal which 15 clearly visible on screening I introduced
the cannula dunng screening after puncture of the soft parts.

Artena nutricia of the tibial diaphysis of the calf were filled wath contrast
medium after dissection. As a rule I dusected out arteria ubialis antenor
opened 1t up and introduced the catheter or cannula through the ongin of
artenz nutnicia.

The following method was also employed. The catheter was paned down
the unopened arteria nbralis via artenia poplitea as far as artenma nutnicia of
the tibal diaphyns. When the up of the catheter reached the onigin of this
branch I ligated arteria tbialis above and below the up of the catheter {(NB
In the calf artena nutniaa commonly gives off oae or two small branches to
the soft parts before 1t enters the foramen and these must be ned off )

In the tibial eprphysis 1 dissected down to the largest foramma nutncra, and
ntroduced a cannula 1nto the vein or artery The up of the cannula must be
Passed beyond the valves that are alway s present jost outside foramina nutnaa

Selective angiographv of the ubial epipbyses 1s very difficult because the
vessels are extremely narrow  and because there 1s no great artery or vein which
My serve as starung point

In mvesuganng the upper ubia! epiphyns, artena genu mediahs, which passes
obliquely downwards and forsards from the medial nde of the joint capsule

G Tilismy
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may be traced A branch of thus artery passes through the infrapatellar pad
of fat and continues to the largest nutnent foramen, which lies ruedually n
area intercondylaris antenor The artery 1s accompanied by two vens. It 1
necessary to dissece to this foramen, and try to enter the fine vessels

I confirmed that the cannula or catheter was lying properly 1 the lumen
of vessel by injecting physiological saline. When the instrument had been cor
rectly introduced, I often fixed 1t by dropping melted paraffin wax about the
site of 1njecnon

The contrast medium used for selective angiography was 70 per cent ‘Urokon
(Pharmacia) This consusts of the sodum salt of 3 acetylammo-2 4 6 tn
1odobenzoic zcid.

The contrast medium must be water soluble. Suspensions of the dionos! and
banum-sulphate type are too thick dionosil passes through the capillanes only
with the greatest difficulty and the barum suspension does not pass them
at all

The exposures were made on roll film using Gidlund s single plane changer
With thrs appararus 11 15 possible to make several exposures per second dunng
the injection 'The first exposure was made at the commencement of the mjec
uon which was performed by hand with a record synnge. Occasionally during
the course of the experiment I made a brief pause 1n the injection to rorate the
preparaton in order to obtmn both frontal and lareral projections.

2 Inpection mto arteria and vena femoralis

This procedure was followed in a few cases, and barium-sulphate suspension
(equal quanuues of Micropaque and physiological saline) was employed. The
thigh was divided, and the skin left in place. The parucles 1n a banum suspen
sion are smaller than red blood cells, but this contrast mediam does not pass
through the capillaries, probably owing to aggluunation of the particles.

Infection 1nto the femoral ven uader high pressure cawses overfilling with
valvular insufficiency as result. Contrast medium can then emter the mma
osscous veins.

The advantage of selective angiography 15 that it enables the examuner to
trace the path of the contrast medium through the intra-osscous vessels. The
water-soluble contrast medium passes the capillaries without difficulty The
disadvantage 15 that the highly concentrated 1odine salts that are used diffuse
out of the vessels after only a short nme, o0 that the outhines become blurred
and the soluton may even crystallize 1n the vessels 1f 2 long pause 13 made
during the mnpction

An advantage of the Micropaque method 15 that the banum suspension 15
wnert, and remains unaltered m the vessels, Another advantage 15 that different
vascular regions are filled smultancously in the same preparation A dis
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advantage 15 that 1t 1s difficult to examuine the skeletal vessels in detal owmg
1o filling of vessels in the overlying soft parts. The films are read more eanly
when the soft parts have first been removed. Further small vessels may fail to
fill owing to the nature of the contrast medmum

3 Intra-osseons myection
Intra-osscous 1jection was performed in 2 few of the human preparanons
i which selective angiography had been unsuccessful. A cannula was in-
troduced 1nto the spongiosa, and Urokon mjected after withdrawal of the
sulette. It has been found that blood vessels filled by intra-osscous injecnion
are always vens the lumina of the skeletal veins are so much greater than
those of the artenes that the contrast medium flows into the veins.

In all investigations involving intravascular mjection it must be borne in
mind that the injected fluid takes the path of least renstance Conclusions may

therefore be drawn from pomnve roentgen findings, but neganve findings
should be assessed with caunon.



CHAPTER 1V

Roentgen Investigations 1n Calf

1 The venoxs system of the tibral diapbysis

The vean which 1s single, fills out almost the entire lumen of canalis nutricus.
Externally the foramen opens posteniorly on the lateral nde of the tbial diz
physs, about 3 cm below the epiphyseal hae. It 13 fairly easily accessible, uince,
10 the calf the fibula 1s absent or rudimentary In the new-born ammal the
canal 1s about 5 cm 1n length. The internal opening lies at the junction of the
upper and middle thurds of the diaphysis. Vena nutricia to the diaphyss anse
from vena tibralis anterior

After vena nutricra has passed the internal opening of the canal 1t gives off
three large ascending branches. The main vein then procceds downwards,
becoming rapidly narrower unul at about the muddle of the diaphyss, 1t
divides into 2 or 3 descending branches. All these ascending and descending
branches and the mamn ven iself give off many amall branches that in turn
divade repeatedly

On injection imnte vena numea of the duphysis the contrast mediom
traverses a network of small vens in the upper and lower metaphyses, finally
to enter longitudinal veins that perforate the epiphyseal plate at its centre. The
venous systems of the epiphyses are filled 1n this manner (Fig 3)

1 have seen up to three large perforanng veins in the upper epiphyseal plate,
and one large vein 1n the lower plate.

The contrast medium enters one of the major ascending branches of vema
nutricia pasung behuind cnista tibiae, traverses & network of vemels, and then
enters another fairly large ven. This vemel perforates the apophyseal plate
between tuberositas tibiac and the metaphyns, on the lateral mde of the
tuberosity Withm the carulage this vein contnues as two parallel metaphyseal
vens thar traverse the cartilage and pass to the pertosteum of the metaphyus,
where they are eanly seen (Fig 4) Between these veins lies an artery

In additron to the metaphyscal vans of tuberositas tibiae the network of
vewns in the osuification centre of tuberontas tibiac 1s also filled and when the
contrast medium has penetrated this network, a van perforating the apophyseal
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plate between tuberositas tibiae and the epiphyss becomes filled. This latter
vein has connexions with the epiphyseal vens.

Tuberositas tibuae 15 therefore a meeting place of epiphyseal metaphyseal and
diaphyseal veins (Fig 4)

2. The venons system of the tibial epiphyses

Upper eprpbysis

The largest foramen nutnicrum 13 siwated in arca ntercondylans antenor
shghtly medial to the mid line. This contains 2 vens and one artery branches
of the capsular vessels. The larrer ven gives off first a large branch which
passes throngh the apophyseal plate on 1ts way to tuberositas nbue. (Fig. 5)
It then continues towards the centre of the epiphyss, where 1t branches in all
directions. It communicates with other veins passing through smaller foramina
at eminentia intercondy lans and area intercondylans posterior

From the mam cpiphyseal vena nutnica anse longitudmal perforating veins
which penetrate the epiphyseal plate, and pass to the metaphyseal venous net
wotk Thus on injection of contrast medism 1nto vemns of the upper ubal
epiphyns, vens perforating the epiphyseal and apophyscal plates are also
filled (Fig 5) These are the perforanng veins described on page 20 They
are primary branches of the central veins of the epiphysis. T have observed
that on injecting mto vena nutnaa of the diaphysis the veins perforaung the
cpiphyseal plate are not filled until after the contrast medium has passed
through a network of mmall vans in the metaphy sis. The perforaning veins then
continue direct 1o the great central vens of the epiphy ns. Morphologically the
perforating veins would seem to belong to the epiphyseal group

Lower epiphysts

Here the largest foramen nutnciom 15 on the antenor surface shightly medial
to the mid line Injection of contrast medium 1nto the vein lying in this foramen
reveals 2 s stem simular 1o that in the upper epiphysis, with a large ven passmg
1o the centre and there branching in all directions. From this vein runs a2
Tongitudmal vein that perforates the lower epiphyseal plate at about 1ts centre
(Fig. 6)

1 have succeeded in filing the greater mtra-osseous venous channels of the

entire tibia by injecung contrast medium into the vein of the lower eprphyas
(Fig. 6)

3 The venoxs system of the lower femoral epiphyns

There 15 2 large foramen nutnaum postersorly berw een the condy les of the
lower femoral epiphvait Through this pass large veins that dram into vena



Fg J Calf prd 2 weekn Cannola Iyng 1 canals sunclus of the tbul
disphyns. Urckon. A, and D, lateral views, B 20d C, frontal views.
| Vema wmncu and asending and descending branches

2 Vew perforatmg the lower epiphysal plate. Befors entering this  ersel

the contrast medium parses through a vascular petwork in the metaphysa
Note
The rocargen ﬂm:nnm-nnn.kmonfromdﬁemlﬂpoﬂm:mdcdunund:

They o m | order and the course of the
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A an o wea ka mg the boner epiphyso by a f mme aotnaiom sl ghily rirdial to the
mid lme antenoty (at 3)

\an perforatmg the upper epiphyseal plate Via thn  em contrart medinm passcs 10 veus
m the epphyne.

Vem parung. behund ctma disar and perforau & the apopbrical plase ber ern raberoms
tubuae 1 d the metaphyus It o the centre of tibuar

After pami g throoth a rnowm\odmthrdxmum,coummcd'm enreny vens
perforanng the  pophyseal plate berveen the twberowny 20d the epiphyns (ar 6) and
th panet o em wm the epuphyne The eprphyseal vemt dram 1o 2 vewel leaviag
by a foramen  otnaom (at 7) 1 area mter-oadylans astenor

NB o a wmall metaphyseal enat 8 filled » th contran medrom
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Fig 4 Calf aged 2 weeks. Injection 15to vena nutncis of the tibul daphyss by cannulation
of canalls nmncius. Uroken

A and D frontal views. B and C, lateral vaews

1 Vema Dutnoa

2 Ve pasang belnd criscs thue and flied with contrase medium that has firse passed
through s enom network
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3 Filling of metaphyseal e ns 1o the lateral part of the apophyveal plate, berween tuberoanas
tbise and the metaphysds These veiseh pass towards the sarface of the bone and con-
tinue n the penosteum a5 tvo parallel veins (at 4)

5 Von perforanng the spophyseal plate between tuberontas wbue and the eprphyss. Via
this, contran mediom enters epiphyseal vens which drain to caprular veins wa the large
foramen nutrcram lymg gt medsal to the mud line o area intercondylang antenor (at 6)
A mmall ena nmnaa €2 be keen at emmenua antercondy lans (ar 7).
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A 3

Fg 5 Calf aged 2 weeks. Cansola Iying in the vem to the oppe  tibul epphyus. Uroloo
A. B, and C, froneal views D lateral vaew

1
2
3

Cannola Ipag in vem 1 foramen potrlaum m area mtercondylans antenor

Ve perforatiag the upper epiphyseal place.

Vens mmmci of the duphysn filled with contrase medium that has first pamed throagh
& octwork of seall vewns.
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Vein perforating the apophyical plate betwern the epiphyvan and ruberontas tbae

Vem perf ratmg the apophyteal plate berw een rubtrontas tbeae and the metaphyus. Only
veny lirtle cont ast medram has taken this path o0 this ovcaton,

Note the cxtenn e branching of epiphyseal vans 2od nanomoses berween different vems.
The @ limg n the small foramen nitnaum at eminenta intercondy larm (at 6) 19 £lled

>
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Fy & Calf aged under 2 monthe. Canuula lyiag in v m to the lower tibaal eptphyns Urskon.

A-D lateral visws E, froatl view

1 Camnule lyi g n em m the antero-medea) foramen  atrcrom.

. Ve perforaung the lover epmphyseal plate and pammg directly o ean nmnca of
the diaphyns.

3 Ascending branch of reza urnan of the duphyns
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4 Yon perforan g the opper eprphyseal plate filled with contrast medimm that has firy
pased throa h a metaphyseal venous persork Epiphyseal vems extending to foramen
nuncem m arca mtercondylang antenor are filled vi the perdforaung vem

Ingcron of contrast mediam snto en to the lower epiphyws rosmlts 1n filling, v1a perforanng

s, of the entire venows system of the tbu.
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Fig 7 Calf 2 weeke. Same preparation as fip. 1

A-E, frontal views F lateral wew

Coatrast medrum has crysallized 10 venz nmnaa of the uba On
coannoed 1npecnon most contrast therefore pames through vena popls-
tea. Occlonon of vena femorahs forces the contram mediom mewo the
venows sysem of the lower femoral epiphyms. Large vems cater
emtrally vou large foramina nmnas o area mtercondylany Semal
radography dricloses the radial arrangement of the branches, which
pass w0 all pares of the epphyus

3
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3 ¥

Fg 8 Calf | day lnpection of Micropague into vema femoral s Sernl radiography A-D
A B, and D fronul vews C lateral 1ew

The uba molated, and the penortenm remo ed. E, lateral xew T froata] view

The radua) rmangement of the wentral ent of the lower fomoral epphris u dearly seen
w A-C

Atl 2 be swen ens entenng the epiphyus from the penchondrum, and anastomoimg with
branches of the entral veins Otherwiwe Littde s ducernible owing to the conatran mediom m
the soft part o the film of the molated bbia are seem apper eprphyacal vems perforatmyg
the apoph seal (1) and eprphyseal (3) plaws

4 \ena winao 3 of the ubial duphvn

& Tomg
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Fig 9 Calf 2 weeks. Cannnla lying m venx nutrxm 1o the humeral duphyms. Urokon.
Moscles removed A larersl vew B, frootal view
1 Vaus perforating the apophysesl arnlage between tuberculom marms and the metaphym
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Fig 10 Calf . weeks Upper pant of humerws after mpecnon of Mxcropaque into vena an!
lans. After npecnion the soft parms, inJuding the penostenm, were removed.
A, frontal view B lateral view
1 Vema nutrwem of the duaphymr.
Nem perforating the apophyseal plate berween the diaphyus and tberulum mayow
3 Vens paming o capat humer: 13 the epiphyseal plate
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poplitea. These veins pass to the centre of the epiphyss, and branch i all
directions (Fig. 7)

In addition there are a number of smaller vessels in the perichondnium, and
these enter the skeleton at various points (Fig 8) The largest vessels are those
that enter through the large foramen nutrictom however

4 Sonultancous filling of the epipbyseal and diaphyseal vens after
myection wnto vena femorals

A few expenments were made by this method using Micropaque One of
these, where the hind leg of 2 calf was nsed, 13 sllustrared 1n Tig 8 The central
vemns, which enter the lower femoral epiphysis posteriorly tn area intercon-
dylans, arc clearly seen The radial arrangement of the branches, which pass
to all parts of the epiphysis 15 obvious and the perichondrial veins, which
anastomose with branches of the central epiphyseal vessels, are also scen The
perforating veins from the venous system of the upper ubial epiphysis are also
clearly demonstrated.

5 The venows system of the bumerns

The upper part of the humerus of the calf was examined to ascertain
whether there are any veins perforanng other apophyseal or epiphyseal plates.

Injecnon 1nto vena nutncia of the humeral diaphyss 1n 2 preparavion freed
from muscles revealed several veins perforanng the apophyseal plate and con
tinuing to tuberculum majus (Fig. 9)

Another expeniment, 1n which Micropaque was injected into vena axullans,
showed filling of vemns perforatng both the cpiphyseal plate berween capur
humenri and the metaphyns, and the apophyseal plate between tuberculum
majus and the metaphyss (Fig 10)

6 The artertal system of the tibral diaphysis

Artena nutnicla of the diaphyss leaves artenz tibialis anteror at an angle
of almost 90° (Fig 11) Immediately after entering canalis nutricius the artery
gives off some small branches to soft parts. After leaving the canal 1t gives
off 3 large ascending branches (Fig. 12) The artery then conunues to about
the muddle of the diaphysms, where 1t divides 1nto two or three descending
branches. Both ascending and descending branches give off branches that run
longitudinally to the epiphyseal plates. Noteworthy 15 the tortuous course of
the large branches 1n the muddle part of the diaphysis. No branches of artera
nutnaa perforating the epiphyseal plates were filled.

On filling of artena nutnicia of the daphyns with contrast medium the
vessely of the nchly vascular metaphyseal regions adpacent to the epiphyseal
plates and to the apophyseal plate at tuberomitas tibiae, quickly become filled.
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poplitea. These vens pass to the centre of the epiphysis, and branch 1n all
directions (Fig 7)

In addition there are 2 number of smaller vessels 1n the perichondrium and
these enter the skeleton at various points (Fig 8) The largest vessels are those
that enter through the large foramen nutricium however

4 Srmultancous filling of the epiphyseal and diaphyseal veins after
wjection into vena femoralis

A few expenments were made by this method, using Micropaque. One of
these, where the hind leg of a calf was used 1s tllustrated in Frg 8 The central
veins, which enter the lower femoral epiphysis posteriorly 1n area wntercon
dylaris, are clearly seen The radial arrangement of the branches, which pass
to all parts of the epiphyss 15 obvious and the perichondrial vemns, which
anastomose with branches of the central epiphyseal vesscls are also seen The
perforaung veins from the venous system of the upper tibial epiphysis are also
clearly demonstrated.

5 The venons system of the bumerns

The upper part of the humerus of the calf was examined to ascertain
whether there are any veins perforatung other apophyseal or epiphyseal plates.

Injecton 1nto vena nutricra of the humeral diaphysis 1n 2 preparation freed
from muscles revealed several vens perforating the apophyseal plate and con
unuing ro tuberculum majus (Fig. 9)

Another experiment, 1n which Micropaque was mjected into vena axillans,
showed filling of veins perforating both the epiphyseal plate between capot
hument and the metaphysis and the apophyseal plate between tuberculum
majus and the metaphysns (Fig 10)

6 The artenal system of the tibiel daphysis

Arterna nutricia of the diaphysis leaves artena tibialis anterior at an angle
of almost 90° (Fig 11) Immediately after entering canalis nutnicius the artery
pives off some small branches to soft parts. After leaving the canal 1t gives
off 3 large ascending branches (Fig 12) The artery then continues to about
the middle of the diaphyss, where 1t divides into two or three descending
branches Both ascending and descending branches give off branches that run
longitudinally to the epiphyteal plates. Noteworthy 1s the tortuous course of
the large branches 1n the middle part of the diaphyus. No branches of artenz
nutnicia perforating the epiphyseal plates were filled

On filling of arterna nutncz of the diaphyms with contrast medium the
vessels of the nchly vascular metaphyseal regions adjacent to the epiphyseal
plates and to the apophyscal plate at tuberonras ubiae, quickly become filled
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poplitea. These veins pass to the centre of the epiphyss, and branch in all
directions (Fig 7}

In addinon there are 2 number of smaller vessels 1n the perichondrium and
these enter the skeleton at vanous points (Fig 8) The largest vessels are those
that enter through the large foramen nutricrom however

4 Simultancous fulling of the epiphyseal and diaphyseal vewns after
wmpection mto vena femorals

A few expeniments were made by this method using Micropaque. One of
these, where the hind leg of a calf was used 1s 1llustrared in Tig 8 The central
vemns, which enter the lower femoral epiphysis posteriorly 1n area intercon-
dylans, are clearly seen The radial arrangement of the branches, which pass
to all parts of the epiphysis, 15 obvious and the perichondral vewns, which
anastomose with branches of the central epiphyseal vessels, are also seen The
perforating veins from the venous system of the upper tibial epiphysis are also
clearly demonstrated

5 Tbhe venoxs system of the bxmerns

The upper part of the humerus of the calf was examined to ascertain
whether there are any veins perforating other apophyseal or epiphyseal plates.

Injecnon 1nto vena nutricia of the humeral diaphysis 1n a preparation freed
from muscles revealed several veins perforanng the apophyseal plate and con
tmuing to roberculum majus (Fig. 9)

Another experiment, 1n which Micropaque was injected 1nto vena axillans,
showed filling of vemns perforanng both the epiphyseal plate between caput
humeri and the metaphyss, and the apophyseal plate between tuberculum
majyus and the metaphysis (Fig 10)

6 Tbhe arterial system of the tibial diapbysis

Artena nutncia of the diaphysis leaves artena nibialis anterior at an angle
of almost 90° (Fig 11) Immediately after entering canahs nutncius the artery
gives off some small branches to soft parts. After leaving the canal it gives
off 3 large ascending branches (Fig 12) The artery then continues to about
the middle of the diaphyms, where it divides 1nto two or three descending
branches. Both ascending and descending branches gve off branches that run
longitudinally to the epiphyseal plates. Noteworthy 1s the tortuous course of
the large branches 1n the middle part of the diaphysis. No branches of artena
nutraa perforatng the epiphyseal plates were filled

On filling of artera nutricia of the diaphysis with contrast medium the
vessels of the nchly vascular metaphyseal regions adjacent to the epiphyseal
plates and to the apophyseal plate at tuberonitas tibiae, quickly become filled.
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Fg 12 Calf 2 wecks Catheter lymg in artena nutncla of dee thual duphyse Drooosil
A B, and D latenal miens. C, fronmal vaew
1 Catheter

2 Mam nem of artena pmncu
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Vol gt nuon wendmg and dewending branches.
4 longruhinal branches rmning toward the metaphy eer,

S Cont axt med wm ollevted in the meaphysea] renwoor



Fg 17 Calf 2 weeks. Cather r lying In arera wocia of the vl daphy 5. Urokon
AB andE laeral ewe G, D and F fronul views

1| Catheter n amern maa, i foramen nmnciom.

2 Anena uncm and asendmyg and dewends g branches.
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3 Meuaphyseal an

4 Igphyseal eos

5 There  alight opaany  f the osficanon centre of wuberosntas thize doe to contran
med om
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A 2 c

Fg 14 Calf 2 weeks. Catheter lying 1n artena numcua of the tinal duphyms. Uroken
A C and F lateral mews B, D and E, fronnal views,

1 Catheter Iying m artena potnca 1n canabs pomam.

— Artera nutnaa. end ascending and descendmg brancher.



3 Ve n upper metaphym
4 Lpphysal vems filled from perforanng vans
3 Coatrar med wm in ruberontas tRLe Vans are scen 1a the apophyacal plater.
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Fig 15 Calf 2 weeks. Catheter bpog wn artern ububs antero  the tp bevel with the ongla
of amena  utnaa of the nbul duphyus Ligarure sbo ¢ and below Urokon

A B.CandF laenl ww D d E fronal viens

1 Tpof the catbeter

2 Amena winios and bra ches

3 Ve pasung bebind crmta obue



Veins penctrating the apophyscal plater a d entenng tuberoutas tinae

Ven in foramen nutncim.

Metaphrseal vein.

Contrast mediom cscapr ¢ from  ema wirkia 1a foramen nmnaem of the daphyus. The
von wa dimaged donng dmcction
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Fg 15 Calf 2 weeks Catheter lymg 1n artera tiwalis antenor the up level w th the ongin
of artens  wnacis of the tiual diaphyns Ligature above and bel w Urokon

A B, C and T lateral vews D and E, fronmal wiens

1 Tpof the catheter

1 Anens wenca and branches

3 Va puu g behmd s ubu



4
H
-
7

Vans penetranng the apophyscal plates and entenng wberontas tbuae.

Ve m foramen nmtnicum

Meraphyscal vem

Comran mediom escaping from  ena nmnca i foramen  wtnamm of the duphyns The
vem was damaged duning disecnon
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Fg 16 Calf 2 werke Camnala lymg m arena nuneis of the epphyns, in are intercon
dylan antenor Urokoa.

A-E,H,I and L, bl vuwy. F G J and K, frooul views.

1 Cannule

2 Anem muincu nmmng towards the omte of the epiphysi

3 Retrograde fillmg, w12 ansxonsoscs, of an artena putnen In arca mtercondylan portenor
4 Contran {lling of the upper part of the oenficaton centre of taberositas tibeae
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1

Tulli ¢ of the meuphyrls.
Metaphyseal atwery
Metaphyeeal vewns.
Trnge of camlapmons vemels. See alw G
Vene noricia of the disphyus.

Anena popl tra.

Vena poplites.
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Fig 17 Calf 2 moethy. Canmnlz lpng 1n arvera nmnca, m ares intercondylam antenor

Urckan A and G, lateral vaews. B frontal view

1 Cannula

2. Amer nutnas rmmng rowards the erntre of the epiphyas.

3 Branch of artery perforatiog the apophyseal carnlage betwaen the epiphyns and ruberosicar
tibuae

4 T llog of tberowtay tibue.
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Gradually duning the course of injection the enure bone marrow becomes
filled wath contrast medium and becomes evenly opaque. The capillaries are
then filled. The contrast medium penetrates the capillanes and can be traced
out mto the draining vems (Figs. 13 14 and 15)

The passage of the contrast medium into the metaphyseal and epiphyseal
vemns 15 clearly seen, and also nts dramnage via vena nutricia of the duaphyns.
This 13 best damonstrated when the catheter 13 not introduced into the actual
canal (Fig 15) In this expeniment the up of the catheter 1s lymg 1n artena
wbialis anteror at the origin of arteria nutnaa. The corncal vessels of the
tibial diaphysis are too narrow to be visualized by this method. Dunng injec
tion blood can be scen escaping at a few places through the cortex.

After injection 1nto arteria nutrica of the tibial diaphysis, then contrast
medium leaves the bone by the following routes,

1 vena nutricia of the diaphyss,
the metaphyseal verns,
the epiphyseal vens, and
the cortical veins of the diaphysis.

FRUIENY

7 Tbhe arterial system of the ubtal epipbyses
Upper epiphysis

The largest artery enters through foramen nutnaum 1n area intercondylans
anterior  Together with 1ts corresponding vein 1t pases towards the centre
of the epiphymns, and branches 1n all directions. It 2nastomoses wath artenes
that enter by other smaller foramimna It also has a branch that perforates the
cartlage between the tbial epiphysis and tuberositas tibuiae and there are
branches perforating the epiphyseal plate.

Fig 16 illustrates an injecnon by cannolation of artena nutneia in area
tercondylans antenigr The artery passes towards the centre, and 1s seen to
anastomose with another artena nutnaa entenng 1n area intercondy lans
posterior Thus latter vessel appears to be a small branch of arteria pophtea,
which 13 also filled wath opaque substance. Contrast medium 15 seen 1n whberositas
tibiac and m the upper tibial metaphyss at an early stage duning the injection,
before the veins are filled this indicates that there are artenes perforaung the
apophyscal and epiphyseal plates. A metaphyseal artery 15 also seen to be filled,
lymg between the parallel vewns in the periosteum. In nme practically the
crure epiphyns becomes filled, and the contrast medium passes into the venous
system, both veins and artenies ulumately beng filled at the same tmme.

The contrast medum passes into epiphyseal metaphyseal, and dizphyseal
vemns

The vessels of the carulage surrounding the bone appear as a fine millimetre-
thick fringe best scen on the lateral tibial condyle. The vessels are clearly seen

G Tillmy
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1n the actual preparaton, glistening through the carnlage. They are particularly
obvious after injecnions when blood 15 forced out nto them

Fig 17 1llustrates another injection into arteria nutricia of the upper tibial
epiphysis of the calf Here an artery 1s clearly seen perforating the apophyseal
plate between the epiphysis and tuberositas nbiae.

Fig 18 illustrates injection 1nto an artery supplying the lower tibial epipbyss
Here, too 13 seen a fairly large artery pasung to the centre and branching in
all directions. The enure epiphysis ulnmately becomes filled with contrast
medium which also enters the metaphyss via perforanng vessels. It 11 m-
posmble here to dustnguish between perforating arteries and vens. Vena
nutrniaa of the dizphyms are clearly filled, and contrast medium 1s seen 1n the
two venae tibiales anteriores and 1n artenia tibialis anterior

Contrast medium mnjected 1nto artena nutricia of the epiphyses leaves the
bone by the following routes,

1 anastomosng arteries,

2. epiphyseal vens,

3 metaphyseal vens and

4 diaphyscal vens.

8 The artenial system of the femoral diaphysis

There 15 only one canahs nutnicius in the femoral diaphyms of the calf
Externally 1t opens postenorly on the lateral side of the diaphyss, at the junc
uon of the muddle and lower thirds. Tt 15 directed obhquely upwards, and the
canal 18 very short. Arteria nutricaa connnues to the middle of the duwphyns,
where 1t divides into tortoous ascending and descending branches which extend
to the epiphyseal plates and to the apophyseal plate at trochanter major The
metaphyseal regions adjacent to the epiphyseal and apophyseal carnlages are
nchly vascular

Fig. 19 dlustrates an injection into arteria nutricta of the femoral diaphyss
of the calf The mascles have been removed.

9 Stmultaneons filling of artenes of the sibal epiphyses and dispbysis
after inpection into arteria femoralts

A few experiments were done. The leg was divided through the thigh and
the skin was left intact.

Fig 20 shows the uolated tibra after the injection. The muscles and perr-
osteum have been removed. Arterta nutncia of the diaphysis 15 evidently the
largest artery of the tibia. The nich vasculanity of the metaphyseal regions 1s
clearly seen. The epiphyseal arterres are also obvious. In the upper epiphysis,
arteries denving from the perxchondrum are also filled these are most readily
seen at the lateral ubial condyle.
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10 Simnltaneons filling of arteries of the lower femoral epiphysis and
upper tibial epiphysis after mpection wnto artena poplitea

In this expentment (fig 21) the leg 15 divided below canalis nutncius of the
femoral diaphysis, Canalis nutricius of the tibial diaphysis 13 occluded. Contrast
medium cannot therefore enter v1a the diaphyseal arteries.

The arteries cntenng the lower femoral epiphysis in arez intercondylans
postenior and the upper ubial epiphysis 1n area intercondylans antemor are
seen well filled These are the largest artenes of these epiphyses. They pass
towards the centre, and branch 1n all directions.

In addition the penchondnal artenies are filled. These branch at the pen
pherres of the epiphyses, and anastomose with branches from the central arteries
of the epiphyses. Filling of the metaphyns also takes place via metaphyseal
artenies,
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Fig 18 Calf 2 weeks Caonols hymg i srena nomen of the ower tbual epphysis.
Urckon. A, B D asd F fronal wiews. C, and E, lateral views.

t Cannala.

2. Artera nutnem.

3 Vessels perforaung the epiphyseal plate.
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4 Fillog of the metaphyns.

5 Vena omnca of the daphyus.
6. Venze nbules antenores.

7 Anens nbuls aatenor
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Fig 19 Calf 2 wetks. Cannula lying m artern nomcs of the femor! duphym. Musdes
remo ed. Urokoa.

A, lateral view B fronnl view

1 Can da

2 Arera nomas.

3 Ascending and descendmg branches.

4 Fulmg of the metaphyses adjacent to the eprphyseal and apophyseal carnlage
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4 s

Fig 27 Calf 2 weekn. The artenal symem of the obua flled by myction of Micropaque wrto
arteru femoralo. The soft pars, incloding the penosteum, are removed.

A lateral view B froaral veew

! Anena amnaa of the duphyns

1 Anena omnau of the upper epiphrus.

3 Arena nomaa of the Jowe epiphyis

4 Arenes enterrmg the upper tinal epuphy sis from the perichondnem.
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fig 2t Calf 2 weds The lower femoral and opper
obeal epiphyres afrer mpection of Muropaque iato arrena
popltea. A, and B, lateral niewn. C, D and E, fronnl
views. 1o B and C the maxcks and jome caprle are
removed.

In D and E the penoseum and perichondrum are removed.
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o 3

1 Canmola lying in amema pophitea

L Arenes ronomyg wowards the cemtre of the femoral epiphys
3 Anenes nmomg tomards the centre of the mbul epphrms.
4 Penchondrual arterucs






CHAPTER V

Roentgen Investigations 1n Cow

1 The venows system of the tibal diapbysis

Canalis nutneius of the tibial diaphysis of the cow 13 situated more dustally
than that of the calf the distance between the external opeming and the upper
epiphyms being about 1/4 of the length of the diaphysis (in the calf 1t 13 about
1/5 of this length) The lumen 15 narrow er than m the calf

The main vena nutricia and 113 major branches are largely similar to those
of the calf

Fig 22 illustrates an injection of contrast medium into vena nutnaa of a
young cow in which the apophyses and epiphyses have parually umited After
leaving the canal the main ven gives off parrow ascending branches. Just
below the muddle of the diaphysis 1t becomes narrower and gives off fine
descending branches. Small branches anse from the mam vein and from the
awending and descending branches. The contrast medium leaves the bone via
cortical veins 1n both upper and lower metaphyses. In the upper metaphysis
the vein can be seen passing behind cnista tibiae, As in the calf contrast medium
mjected 1nto vena nutricia of the diaphysis passes a fine venous network before
this vein 15 filled. At the apophyseal plate the vein enters the parallel veins in
the periosteum of the lateral side of the metaphvns. Filling of the epiphyscal
veuns was not achieved in this experiment the corucal vens draining the
metaphyseal regions are so large that the contrast medwm leaves the bone by
them alone.

In another expenment (Fig 23) 1n which contrast medium was injected 1nto
vena nutricia of a tibia the muscles of which had been removed the opaque
substance was also seen 1o leave the bone via cortical vans 1n the metaphy seal
regrons. Furthermore a cortical vein of the middle of the draphysis 13 seen filled
at one point, revealing a ven situated i the pertosteum

2. The venoxs system of the upper tibval epipbysus
The foramen nutnaum situated in area intercondylans anterior 15 also very
obvious in the cow
Injection of contrast medium 1nto the vemn entenng by this foramen reveals
15 course towards the centre (Fig 24) The vein branches in all directrons, and
anastomoses with the intra-osscous veins of the metaphysis. The contrast medium
leaves the bone via epiphyseal and metaphyseal vens, and, because it pises 10

readily through these channels, filling of vena nutnaaz of the diaphysis 5 not
obtained.



Fg 2L Young cow Cathewer lymg  vena utow  of the thul duphysh.
Urckon A B a2d D fronal vwws. C, latenal view
1 Vent w2 and ascending and descend ng branches.
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2 Ve pamag behmd comma tibue, ar 3 erousng the apophyseal plate o
connnos a1 two penonral vant oo the meaphyns,
4 Ve of the soft parm, f fled via corncal patha,
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Fg 23 Cow Canauls lyiogp in vena numen of the bl duphyss Mmcles
remo el Urckon A, 2od C, lateral vews. B, and D, froneal viewr

| Vens mnas with ascendmg and descending branches

2 Vem pasung behund crum ubsc
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3 Peroneal vem oo the opper metaphyus
4 Contrat ecdiom outnde the bonc
3 Perontcal vem of the duphym
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3 The artenal system of the tibral diaphysis

The man artery and 1ts major branches closely resemble those of the calf
but the longitudinal branches running rowards the cpiphyseal plates have be
come much less proncunced in the cow and do not extend to the epiphyses.
In the metaphyseal regions branches of artena numaca of the diaphyss
anastomose with mewaphyseal and epiphyseal artenes.

The dense contrast filling of the bone marrow obtained on arteriography 1n
the calf 15 never seen in the cow This indicates that in the cow the capillary
system of the marrow has become greatly reduced.

In the muscle-free preparation arteria nurricsa 13 seen as a large vessel
(Fig. 25) After leaving the canal, the man artery gaves off two tortuous,
ascending branches, and then itself contnues downwards to divide, slightdy
below the muddle of the diaphyms, into three descending branches. In the
metaphyses the longitudinal branches divide w form a fine network and the
contrast medium leaves the bone viz corucal paths in the meraphyseal regions.

Fig. 26 1llustrates mpection of contrast medium via a catheter introdoced
Into artena nutncta of the diaphyss., The muscles are in sity In this experiment
the main vena nutnaa of the diaphyss was also filled. In fig 26 A contrast
mediom 15 present only n the artery but in the subsequent films the main ven
15 seen as a faurly large vestel accompanying it. Contrast medium must there
fore have penetrated the aapillary system. This has taken place without be
comng obvious on the films which indicates that the capillary system 15 much
gmaller than m the calf

The fact that artena numeaa of the lower epiphyns becomes filled 13 evidence
that anastomoses are present between the varous arterial regions. This vessel
1s 2 branch of arteria nbialu anterior which 1s entered retrogradely by opaque
substance. In addition, contrast medrum leaves the bone via venous channels,
both venae tibuales anteriores beconung filled. The corresponding artery 1s
situated between these vems.

4 Simxltancous filling of the arteries within the tibia after
inpection 1o arteria femoralts

‘The tibta was examned after removal of jount capsule and muscles (Fig. 27)
Artena nutriaa of the duaphysis 15 seen to be the largest vessel supplying the
bone. In the periosteom 13 1 network of arteries, but the corucal channels are
so fine that contrast medium does not enter them.

As in the calf the artery entering the upper ubial epiphysis v1a area inter
condrlans antenor 1s the largest artery of the epiphysis.
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Fig 35 Cow Cannola bing i arera amncm of the ubual daphyne Masler removed.

Urckom A Literal veew B, fronal view C, obliqoe view

! Arera wmnca with ascending and descending branches.

2 Contrasr mediom omnde the bone, after panage rhrough cornal paths 1 the metaphyseal
Tegon,



Fg 26 Cow Cathetrr Iymg m artena numnch of the tibul diaphyrs. Urokoo
A CadE frooul miewe B D god T lirenal vaewr.
1 Catheter

2. Aneria nutncia and ascendieg and decending branches.



3 Mam wonk of ena numnca of the dphyss filled with contran mediom.
4 Anery o the lower epiphyns.

3 Arena wbuly astenor

¢ Vemie vbiales antenores.
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Fig 27 Cow Tibua after injecnon of Mxropaqoe into artena fernoraln
A 2nd G luteral vewr. B and D frontal vews. A, 2 d B, penortrum 1n sitn. G and D
penosteum remo ed
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1 Artena nmrcu of the dlaphyss
2. Anena nmncua of the epiphyss.

3 Perosteal anener



CHAPTER VI

Roentgen Investugauons in Human Matersal

The human materal available was imited. My main object was to demon
strate connexions berween the varous vascular regions of the bonet 1n question
Selective angiography 1s very difficule 1n human bones the vessels are much
smaller than those of the calf

1 The venoxs system of the tibial diaphysis of the full term fetxs

In the full term fetus I dissected down to foramen nutricum of the ubial
diaphyss, and introduced 2 blunt cannula into canalis nutncius. The canal 1
situated posteriorly It opens externally at the junction between the upper and
muddle thirds of the duaphysis, and passes medially downwards (Fig. 28)
On injecoon through the cannula fairly large ascending and descending vemns
become filled as far as the metaphyses, where the contrast medium leaves the
bone by corucal vessels passing to the vens of the soft pars. In addinon 2
vein 15 seen perforaung the anterior part of the epiphyseal plate, ma which
venous channels 1 the anterior part of the epiphysis become filled. These
channels drain into a vein lcaving the epiphysis in area intercondylans antenor
shightly medial to the mid line A small branch from the epiphyseal vens
passing towards the osnfication centre 15 also filled

2. Intra-osseons and tntracartilaginous injections into the mpper
tibral epipbysis in the child

Fig 29 illustrates a nearly foll term fetus wath a small ossificaton centre at
the upper tibial epiphysis The tip of the cannula 1s Iying 1n the carulage distal
to the centre of osaficaton. On injection of contrast medimm & vemn 13 setn
filled passing downwards and laterally ro the metaphyns, the antero-lateral
part of which becomes filled. The contrast medium leaves the metaphyses
chiefly v1a metaphyseal veins to the veins of the soft parts. Parnal filling of
vena nutricta of the diaphyss 15 also obtained.

Fig 30 shows a full term ferus with a cannula lying 1n the ossification centre
of the upper ubial epiphyns. The centre becomes opaque, and from it are filled
several venous channels in the epiphyseal cartilage. One of thete channely,
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Fig 28 Toll term feros. Cannula lying m canabs nmnces
of th tbul duphyns Urokon.

A, B and G, Lateral views. D frontal wiew

1 Ascending and descending branches of vema nunoa
2 Meraphyseal vam

3 \ew perforaung the upper epiphyseal plate

4 Brnoth of thus von, drammg the ossficatwon centre
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Fig 29 Nearly full term ferns Canoula introduced 1nto the cartlags of the upper tibal
epphyns. Urokon.

A, B and C, frootal viewse D lateral view

1 Cannula,

2 Vem 1n the sarenor part of the epiphyns, paming to the metapbyss.

3 Contraw medimm m the metaphyns.

4 Vems of the soft parts.

5 Vens nutrica of the dusphyss, pannlly filled.

fig 30 Tall term fetws. Canoula introduced 1o the omnficanon centre of the upper thbil
epiphyss Urokon

A, and B, laters] mex G, froamal view

1 Ond canon cencre filled.

2 Yen 1o the aral g

3 Contraxt medsum 1n the antenor part of the metaphyse
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Fig 31 Infa t aged 2 months. Cannula ntroduced o the osfication ceatre of the opper
tibaa! eprphyns. Urokon.

A.l.ndC.Inenlnnn.B and D frootal veews.

Vens m the antenor pant of the epiphym.

Veins m the upper part of the epiphyns.

Vens m the postenor part of the epiphyms.

Ihag of veus m the anteror part of the metaphyns

Vena poplitea.

Vena saphens.

s
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passing antero-laterally has anastomoses with veins 1n the metaphyns, which
becomes partly filled with contrast medmum.

Fig 31 illustrates an intra-osseous injection mnto the upper tibial eprphyns of
a child aged 2 months, The up of the cannula 13 lying in the antenor part of
the osuficanon centre. The centre becomes filled with contrast mediom, and
from 1t filled veins pass anteriorly superiorly and postenorly to foramina
nutriciac 1n area imntercondylaris anterior eminentiz intercondylans, and area
intercondylaris postertor ‘The opaque substance escapes via the capsular vens,
and many vems 1n the soft parts become filled. In this expenment too the
antenzor part of the metaphyss becomes opaque.

Fig 32 shows the cannula introdnced into the upper ubial epiphyns of 2
7 year-old chuld, the up lying 1n the middle of the omificanon centre. To
prevent escape of contrast medium to the capsular veins, the epiphyns and
metaphyns are nghtly bound wath clasuc bandages. On ijection of contrast
medium & longitudinal vein perforaung the central part of the epiphyscal plate
becomes filled. This van has anastomotic connexions with metaphyseal vens,
which drain via cortcal channels to veins of the soft parts on the lateral nde
of the leg

3 The arterial system of the lower femoral diapbysis of the fetus

Fig. 33 shows that the ossification centres of the lower femoral eprphyws have
not appeared. The fetus 1s therefore not full term A blunt cannula 13 mtroduced
into artera nuwricaia of the lower part of the femoral diaphyns. Externally the
canal opens posteriorly shightly above the middle of the diaphyns, and pases
anterorly downwards, The main artery 15 rather trtous. The fine branches
are too narrow to be evident on the radiograms. The contrast medium passes
quckly to the metaphyss, which becomes opaque. The contrast leaves by
cortical vessels which pass to vews 1n the soft parts.

4 The artennal system of the tibial diapbysis of the child

Fig 34 shows a catheter lying 1n artena nutnaa of the tibal dizphyns of
a 10-month-old child. After leaving the canal the man artery gives off &
tortuons ascending branch, and shghtly below the centre of the duphysns
another tortuous, descending branch. The conurast medium diffuses rapidly
and 1n subseq films 1t 15 1mpossible to distnguuh small anatormical detasls.
The contrast mediom leaves both metaphyses by metaphyseal venous channels.

Fig 35 illustrates a smular investgation on a chuld aged 6 months. Even
opaaty of the enture diaphyss up to the epiphyseal plates 15 obtained, as 1n
the calf Here, too, 1t 13 1mpossible to distinguush the finer branches: the
technrque 13 too coarse for this. The contrast medium leaves both ends of the
bone by metaphyseal veins.




c
Fit 37 Quild, aged 7 years. Cannnls sarroduced 10t0 the oeuficanon centre of the upper
thal epiphymt. Urokon
A B aad €, laeenal viene. D fronnal view
1 Tip of the casmola m the omficanon centre
2 Ven perforaung the cpiphysesl plate at m centre
Letaphysea)

s vemm
4 Vens of soft paru
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Fg 33 Human ferws. Cannuls mtrodoced into artera nutnca of the Jower
temoral diaphyns Urokon. A, end E frontal views B C, D and F lateral vrewn

1

PR

Tp of the cannuls.

Mam tronk of the artery

Met physeal filling.

Mecaphyseal vewns.
popliren.
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A » c D E

Fig M Infant, aged 10 months. Catbeter lyng 1w amema nutnaa of the bl diaphyur
Urokon A, B and L, lateral vews. C, and D fronnl nens

1 Catheter

~ Anena onoa

3 Awending branch,

4 Descending branch.

3 Vant druming the metaphyss.
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A » c D x

Fig 35 Infant, aged 6 months, Catheter | n artena

Urokor. A, B and E, frontal views. C, and {)mfanl Tiews, mownes of the ghal gk
1 Tip of the catheter

2. Artera nutnca.

3 Metphyseal vant

In D and E, contran mediom 15 seen to pan nght op to the ep physeal plater.
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In fig. 36 the catheter 18 lying 1n artema nutnaa of the ubial diaphyss of
a child aged 11 years who was tall for huis age. The canal 15 relanvely long
After leaving the canal the main artery gives off tortuous, ascending branches,
and then continues downwards, giving off tortuoms, descending branches just
below the middle of the diaphysis. Before reaching the epiphyseal plates the
contrast medium passes via cortical channels in the metaphyses.

5 Arteries of the lot.er femoral metapbysis of the child
Fig. 37 shows a catheter lying 1n a branch of artena poplitea of a 10-month-
old child. Large numbers of capsular branches are filled about the upper part
of the omt capsule. From these branches anise artenes to the metaphyns at the
lower end of the femur and opacity of the metaphysis 13 thus obtained

6 Smmultaneows flling of arteries i the lower femur and the tiba
after injection mto artena femoralis

Fig 38 illustrates an invesuganon on a child aged 2 months. All vascular
regions are seen to be filled. Dense vascular networks are demonatrated 1n the
penosteum and penchondnum but fithing of the corteal vesiels of the middle
of the diaphyns is not obtained (the contrast medium 13 unable to penetrate
these narrow vessels) The main artenes and magor branches in both femur and
tibia are well filled but the smaller branches to the metaphyses cannot be
distnguished. In the metaphyses, however marked filling 1s obtained probably
both from metaphyseal and duphyseal arteries. Artenies can be seen running
to the centre of the epiphyses, and causing filling of the omnficauon centres
and penpheral artenes annng from penetraung branches of penchondnal
vessels can be seen. In the distal ubial epiphyms several vessels in the cartilage
are seen filled. No centre of ossification has yet appeared here
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Fy 36 Child, aged 11 yeaon Catheter Iy ng 10 anens nmees of the thal dia
phyus. Urokon. A and C, Iateral views. B and D frooul views.

Catheree
Main trunk of the artery
Tortaous, ascending branch.
Tortuoms, descending branch
Veins leaviny the mewaphys

-k e
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Fig 3 Infane, aged 2 monthe The obu and Jower femur after inpeenon of Micropaque mto
artena femonl.

A, and C laeral viewe B and D froaml sews.

A, and B, peromrenm 1nd penchondnum 1o am

C, 10d D peronewn and perichondrram removed
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Arens amnaa of the duaphyser
Meaphyseal filling

Tilling of ep physes] esmuficanon centres
Anrenes m the epiphyseal carulage
Peromeal artenes.

1

2
3y
4
5



CHAPTER VII

Histological Investigations

Histological invesugauons were made on preparatons from calves, immature
human fetuses, and full term fetuses. In the calf I examined canalis nutnicius of
the tibial diaphysis and the upper tibual epiphyss. In the homan matenal I 1n-
vestigated the upper tibial eprphyns and the lower femoral epiphyms.

The histological investigation s not clamned to be a comprehennive one.
The object has been to confirm the roentgen findings, especially with regard
to the blood vessels of the carulage.

1 Canalis nutricins of the tibral diaphbysis of calf

In Fig. 39 1t 15 seen that almost the enure lumen of the canal 15 occupied
by a large, thin walled vena nutricia, the thick walled artery lying to one nde.
If 2 cannula 15 introduced 1nto the canal the chances of the up entenng the vein
are very great.

A nerve 15 also seen 1in the canal accompanying the vessels into the bone
Anyone who has performed tntra-osscous 1njections on living subjects wall have
found that the procedure 15 exceedingly painful, even when only physiological
sahine 15 injected. Bone 15 extremely sensitive to changes in pressure within 1t
In the preparation the cortical canals (both the larger canals of Volkmann and
the smaller of Havers) are also clearly visible. Volkmann s penetrate the external
and internal bone lamellae, and the Havernan consutute the finer canals of
the bone that connect Volkmann s canals with each other

2. The upper tinal epspbyseal plate m calf

Fig 40 15 a longrtudinal section of the ubia through the upper epiphyscal
plate. Two longitudinal vascolar canals are clearly seen perforaung the caru
lage. That to the nght 15 divided along almost 1ts entire length whercas only
a part of the other s shown in section. Irregularly arranged, hypertrophic
cartilage cells are seen in the eprphyseal plate, on the side of the osmificaton
centre On the metaphyseal side the carnlage cells are arranged in columns they
ncrease in size towards the metaphyms.



A, upper part of the canal

B eaddle part of the czral ( 3. Haemawx Eoun)
In A the penoveam forms part of the cana! wall

[n B the wall cousms cunrely of beme.

1 Amera mutnaa — Yem1 nmn 3 Nerv

4 Volimanns canals 8 Havernan asals 6. Bone
marron
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Fig 40 Calf 2 weekn Loopuudinal secuon of the

upper tibs ar the level of the epiphyseal plate (<30

Haerputox Eown.)

1 Osmfiatwa centre of the epiphyws.

2. Metaphym.

3 Hypertrophx carmnlage cells adpacent 1o the ossifica
non centre.

4 Probferaung cartilags el with hypertrophic cells
sdpcent to the metaphyio.

5 Vascular casals perforadiog the prphyseal plate,
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Fig. 41 15 a transverse secnon through the cpiphyseal plate at s junction
with the metaphysis the preparanon thercfore shows partly metaphyss and
partly epiphyseal carnlage. The cartilage contains many vascular canals trans-
versely and obliquely cut.

3 The xpper ibial and lower femoral epipbyses in the buman fetxs

Fig. 42 shows a longitudinal section through the upper tibial epiphysis of a
nearly full term human fetus. There 15 2 small centre of osnfication 1n the
epiphyns. Large numbers of vascular canals are seen in the epiphyseal carti
lage and these are certainly of great significance in the nutntion of the carn
lage and osnficanon centre,

Fig. 43 llustrates a vascular canal of the carnlage 10 greater magmification
An artery and two large vemns are seen No capillanes can be dusungushed in
the ground substance of the carnlage.

Fig 44 11 a longitudinal section through the upper part of the ubia At the
level of the epiphyseal plate well developed proliferatng and hypertrophic
cartilage cells are seen. Immediately above the proliferating carulage there are
large vascular camals, from which anse branches which pass through the
epiphyscal plate to the marrow of the duaphysis.

Fig. 45 15 a longitudinal secuon of a sumlar preparanon and shows the
ennre courte of a perforaung canal down to the marrow caviyy

Fig 46 15 a longitudinal section through the knee-joint of a 5 month fetus
There are many vascular canals 1n the carulage of the femoral and ubial
epiphyses, and i the patella. One of the canals of the femoral epiphysis 15 seen

penetraung the hypertrophic cartilage cells to reach the marrow cavity of the
duphysis,
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Fg 47 Calf 2 wetks Transverss secon throogh the upper tibial
epipbyseal plate ar o juncoon with the memaphyin. The sectom in
cludes both metaphyss and epiphyseal carnlage A, low power vaew
( 30} B hgh-power view { 100) (Hiemato Eom ) Therr ary
nomerows vascular canals 10 the caml ge. These are seen n B between
the hypertroph ¢ eartilage cells



Fig 42 Neardy fall term hwnan fetns. Longirodmal
secton through the upper thal epiphyss (<3 Haema
tox Eown)

1 Onlficaton centre of the epiphyh (damaged)

2 Vaxular canals m the carnlage
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Fig 43 Nearly full term human fetor. Upper tibial eprphyss, showing canal m the eardlage
cut scroas {130, Haemawox. Eosm )

1 Arrery

2. Velnr



Fig 44 Neardy fullterm human fews Longitodinal secoon throgh the upper tiba, at
the level of the epiphyseal cartilage (X 40, Haematox Eonn.)

1 Proliferaung carnlage cells.

2 Memphys

3 Large vascolar canals 1o the cpiphyseal cartilage

1 Vasculir canals pecforanng the probfersung cells.
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Fig 45 Nearly foll<erm buman  feros,
| wcoon throogh the opper
tibwn, at the level of the ep physis. A low
power view ( 20) B high-power virw
( #5). (Haematox. Eona.)

A vascular cans] i clearly sern perforating
the profiferanag carnlage cells



Fig 46, Humn fems, 5 months. Loopimudmal section of the koee joint. A Jow powner view
( 43) B, denail of the femwr (x35) (Haematox Eoun)

5 Vatolar canals 1n the anilage

[

A vascolar canal perforatng the epiphyeal plate to reach the marros. cavity of the femur



CHAPTER VIII

Conclusions

1 Roentgen wnvestigations in calf

The arteries are accompanied by the veins. The epiphyses and diaphyses are
supplied by both central and peripheral vessels

Vasa nutricza of the diaphysis are the central and also the largest vessels of
the tibia. The artery leaves arteria tbialis anterior at an angle of about 90°
The maun stem follows & sraight course 1n the long canal. In the marrow the
large ascending and descending branches are tortuous. The branches of arter:a
nutricie continue as far as the epiphyseal and apophyseal plates (the larter at
tuberositas tibiae} I have never seen any branch of arterra nutnca perforaung
the epiphyseal or apophyseal plates. The growing regions of the metaphysns
adjacent to the apophyseal and epiphyseal plates seem to be highly vascular
These regions quickly become opaque on injection of contrast medium into the
artery Artena numcia gives off many branches throughout the marrow cavity
and the capillary system seems to be extensive.

Vena nutnicia of the diaphysis 1s a large vessel that fills our almost the enure
lumen of canabs nutricius. Its ascending and descending branches wathin the
muddle part of the diaphyms accompany the branches of the artery

The penpheral vessels anse 1n the periosteum, whuch 15 richly vascular The
arteries are accompanied by two veins. The vessels running from the penosteal
vascular network to the cortex and anastomosing 1n the cornical vascular canals
with branches of vass nutricia of the diaphyss, are very fine. In the metaphysis
these corucal channels, and especially the veins, are larger and can be visualized
by injecting contrast medium 1nto vena nutricia of the diaphysis. Injection of
Micropaque into arteria femoralis results 1n some opacity of the metaphyseal
regions, the contrast medtum entering via the cortex by arteries from the
penosteal network,

The central vessels, which are the largest supplying the epiphysis, enter by
foramina nutricia, and pass towards the centre branching in all directions.
The penpheral venels are smaller They aruse from perichondaal vessels, and
anastomose with the central vessels.

The epiphyseal vessels also grve off numerous branches to the sull unossified
carulage In the calf these can be seen glistening through the joint cartdage.
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Vascular canals perforate the epiphyteal plates and run longitudinally to
the metaphyses, thus connecting the vascular systems of the epiphyss and
metaphynis. These systems therefore anastomose from the growing period

The blood supply of the metaphyses has therefore three sources,

[ vasa nutniaaa of the diaphysis.

2. the epiphyseal vessels entering through the epiphyseal plates, and

3 the metaphyseal vessels arsing 1n the periosteum and entening through
the cortex.

The vewns of the bones have no valves, and this explans the ease with which
they can be filled retrogradely As soon as the veins leave the bones, valves are
present.

It was 1nteresting to examine the vascular system of tuberositas tibize, which
1 an apophyms. The osnfication centre has vascular connexions, via the apo-
physeal plates, with both the epiphysis and the metaphysis. There are arterial
connexions with the epiphysis and the metaphyms and the vemns anastomose
with epiphyseal, metaphyseal and diaphyseal vems.

Roentgen examination of tuberculum majus has revealed smilar vascular
connexions, through the apophyseal plate, with the upper metaphyns of the
hamerus.

2 Roentgen investigations in cow

The vanous vascular regions have undergone certain changes.

An impression s guned of the conmderable reduction 1n the medullary
capillary system that has taken place. In the calf marked opaaty of the whole
marrow results from intra artenal injection of the contrast medium owing
1o the rich capillary network but in the cow the picture 13 quite different the
contrast medium entering the veins via 2 capillary system so greatly reduced
that dense filling never takes place.

Van nutncaa of the daphyns remain the largest vessels of the long bones,
bat the arterial branches that 1n calf supply the growth zones dimimsh with
IDereaung age and are pot found in the adult animal.

In the metaphyses there 13 anastomosns between vessels from the epiphyses,
metaphytes, and diaphyss. The system m the epiphyscs remains the same as in
the calf with a central vessel and peripheral vessels.

The vessels ansing from the periosteurn are sull most numerous 1n the meta

physeal regions.

3 Rocntgen investigations in buman materul
The homan matenal was, of course very limited but the study has been
facilitated by the extensive invesngauons on calf and cow
Tt s found that the vascular anatomy of human long bones 13 closely similar
? G Tilg
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w that 1n the calf and cow Thus there are the central vasa nutriciz, giving
off branches to the epiphyses and diaphysis and the peripheral vessels entering
the bone from penchondrium and periosteum. Vascular canals pierce the ep
physeal plates to convey vessels from the epiphyses to the metaphyses. Vessels
from all three groups, therefore, anastomose 1n the metaphyns dunng the
carliest stages of growth.

4 Hustological tnvestigations

My main object has been to demonstrate the vascular canals of the carulage,
and parucularly the canals perforating the epiphyseal plates. T have seen per
forating canals in human feruses, both immature and full term It was stnking
to see the numerous vascular canals 1n the carnlage. No capillaries are seen
1n the ground-substance, the junction between arteries and veins probably
taking place 1 the actual vascular eznal Long before the epiphyscal ounfica
tion centres appear large numbers of vascular canals are present in the carnlage.
The canals therefore anse before the formanon of the ossification centre. This
disproves the view that the ossification centre develops as a result of madequate
blood supply t the muddle of the epiphyss. I have seen numerous vascular
canals 1n the distal femoral epiphysis, patella, and upper ubial epsphysis of a
human fetus of only 5 months, and cven a vascular canal penetraung to the
femoral diaphysis.

DLAPHYSIS

Fg 47 Dugnm o illmstrace the vemels of 1 loag bone.
A. No osuficavon cenrre present m the epiphyns.

B. Omuficapon centre present

C. Adule



Summan

Opmuons coacerning the vascular anatomv of long bones van greath
Earlier researchers, such as Laxcex, Lexex, and Bropex mamtained that the
vessels of the eprphvus and diaphvms anastomosed from the first

Most later workers, howerer are of the opmion that the epiphvsel plate
constitutes 2 barrier which separates the vascular svstems of the epiphyvas and
diaphyns. This view 15 shared by Nusspaunt, Rurascreva Privis, i Maw
NEFFE, Dave, Hanus, and others.

TrUETA to0 consniders the epiphyseal plate to be a barmer with one exevption
He has found that the vessels of the upper femoral metaphvais penetrite the
epiphyseal plate 1n newly born infants. These vessels, he states duappere (el
and at 4 years the epiphyseal plate forms an solaung barrier which 1 not then
broken unnl growth 15 complete.

The vascular supply of the apophyses has received little attention m th
Ppast. BoDER assumed that vessels pierced the apophyseal plates

There 13 2 potnt of great importance concerning the epiphyseal veuelt dunny
the carnlaginons stage. Many behieve that the vesscls on the epiphyan snt
develop only when the omficanon centres appear Lanarn Bnia aml othiety
have shown however that vascular canals are present w the cartily o long
before thus,

My invesugations were performed on calves, cows and wane yonng T
matenal, the tibia being the mamn object of study e following sohn
techniques were employed.

1 Sclecuve angrography via a cannula or catheter mtiotlueed inte antirin
of vena nutncia of the diaphyns or eptphysis, The contrast medi il o 1
‘Urokon (Pharmacia) Semal radiography with rapld fifin clismeoy coablia th
Passage of the contrast medium through the venels to be 1 ued

L Injection of Micropaque imto arteria or vena femorahin folbisod Ly
Xaminanon of the bone before and after removal of the priidiendin
Penosteum.

3 Intra-osseous and wtracarulaginous ingection of Urokon

The hissological invesngation was destgned to confirm the powntgen fodingea

demonstraung vascular canals 1n the epiphyers o f calver and Dimnen fronea

The rocntgen invesugations 1n calves she wedd that arterioe aeceng iy vibne
In both epiphyses and diaphyses there are cettral and potigloeal venile fhe
cemtral vessels pass towards the centre of th §e ne sl Lran b all diee 0 i
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In the diaphyss the main vasa numcaa are the central vessels and in the
epiphyscs there are large vasa nutriaa entering via one or more large foramma
nutnaa. The penpheral vessels of the diaphyses arise from the penosteal
vascular network and those of the epiphyses are from the perichondral
network. The central and peripheral vessels anastomose.

In the calf arteriz nutncia of the diaphysis continues up to the eptphyseal
plates, but does not scem to penetrate them. Longitudinal branches of artena
nutnicia of the epiphyses on the other hand, perforate both epiphyseal and
apophyseal plates. The vessels arsing 1n the periosteum are most abundant
in the metaphyseal regions. The growth zones of the metaphyses are richly
vascular and their blood supply 15 secured from diaphyseal metaphyseal and
epiphyseal vessels,

The vessels of the epiphyses give off branches not only to the omficauon
centre but also to the carnlage via vascular canals containing both artery and
vein

Branches of the central veins of the epiphyses perforate the epiphyseal plates,
and the venous system of a long bone forms a conunuous network which has
anastomoses with the veins of the soft parts, chiefly via vena nutniciz of the
diaphysis, the metaphyseal veins, and the epiphyseal veins. The vens are much
larger than the arteries. Within the bone they have no valves, these appearing
immediztely outnde the forammna.

Thus 1t 15 proved that the epiphyseal plates do not constirute a barrer to
the blood vessels during growth. The epiphyseal vessels penetrate them, and
vascular connexions between the epiphyns and diephysis exust from an early
stage of growth.

Nor do the apophyseal plates form a barmer Tuberositas ubiac thus has
vascular connexions with both epiphyns and metaphysis.

In the cow vasa nutricia of the diaphyss remain the main vessels of the long
bones. The artenal branches that i the calf supplied the growth zones diminush
with increasing age, and are not found in the adult ammal

In the metaphyses of the cow there 15 considerable anastomons of epiphyseal,
metaphyseal and diaphyscal vessels, as has also been demonstrated by earlier
researchers.

In the human materal I have demonstrated that the vascular anatomy of
the long bones 15 ssmilar 1n prinaple to that of the calf In children there are
vascular canals perforaung the epiphyseal plates, and vascular connexions
between the epiphyses and diaphyses are present from an early stage.

By means of hustological studies 1 have confirmed the presence m calves
and human fetuses of vascular canals perforating the epiphyseal plates. Dunng
growth the epiphyseal earnlage contans abundant vascular canals, and thee
develop at an early stage, long before the appearance of the ossificanon centres.



Zusammenfassung

Es bestchen divergierende Auffassungen Ober die Blutgefassverhiltmsse 1n
langen R&hrenknochen wihrend des Wachstums.

Altere Forscher wie Lancer, Lrxer und Boper sind der Ansicht, dass die
Gefisse 10 den Epiphysen und der Diaphyse bereits wahrend des Wachstums
m tesnander anastomoseren

Die mewsten spiteren Forscher sind doch der Ansicht, dass die Epiphysen
fogen eine Barnere fir die Blutgefasse bilden so dasy die Gefissysteme der
Epiphysen vom Gefassystem der Diaphyse getrennt wiren Dieser Auffassung
nnd Nusssaus, RusascHEw A, Prives DE MARNERFE, DALE, HArris w. 2.

Auch Trueta erachter die Epiphysenfuge als Barriere, doch mit aner Aus
nahme- e fand dass ber Neugeborenen dic Epiphysenfuge rm proximalen Femur
von Metaphysengefassen durchbohrt wird. Diese Gefisse verschwinden relauv
rasch 50 dass bererts im Alter von 4 Jahren die Epiphysenfuge eine 1solierende
Barriere bildet, die nicht vor dem Abschluss des Wachstums durchbrochen wird

Brher worde das Gefissystem der Apophysen nur wenig beachter. Bidder
vermutet doch, dass Gefasse exumneren die die Apophysenfugen perfonieren

Das Problem der Epiphysengefisse wahrend des Knorpelsadiums 1t emne
wichuge Frage. Viele sind der Meinung, dass die Epiphysengefasse erst ent
stehen, wenn die Knochenkerne angelegt werden Lancen, Bioprs w a. haben
doch gezergt, dass 1m hnorpel Gefisskanale lange Zeit vor der Enrwicklung
des Knochenkernes bestehen.

Mane Untersuchungen wurden ausgefithrt an separierten Glicdmassen von
Kilbern, Kithen und an emer kleinen Sere menschlichen Materials wabrend der
Wachstumspersode Das haupuichlich verwendete Objekt war die Tibia. Fur
die RBntgenunternuchung verwendete ich folgende Methoden

1 Die selekuve Angiographic mit der Kanfile oder Katheter in der Artena
oder Vena nutncra sowohl der Diaphyse wie auch der Epiphyse. Als Rontrast
mittel wurde Urokon (Pharmaca) verwendet. Es pasmert ohne Schwrerigkert
durch das Rapillarsystem so dass ber arterieller Injcknon auch die drainieren
den Venen kontrastgefitllt werden Mrtels raschen Filmwechsels konnte die
Kontrastpassage durch die Blutgefasse verfolgt werden

2 Inicktion von Micropaque in die Artena resp Vena femorahs, danach
i::::nchung des Rohrenknochens sowohl mit wie ohne Penost und Perichon
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3 IntraossBse und intracarnlaginire Injektionen mit Urokon als Kontrast-
mutel,

Die hustologischen Untersuchungen dienten dem Nachweus von Gefisskanilen
in den Epiphysen beim Kalb und ber rerfen und unreifen menschlichen Fetus.

Dre RBntgenuntersuchungen am Kalb zeigten, dass Arterien und Venen
cinander begleiten Sowohl in den Epiphysen wie auch in den Draphysen
bestehen teils zentrale, tals peniphere Gefisse Die zentralen Gefisse kommen
von den grossen Foramuna nutricia und verzweigen nich strahlenf8rmig m alle
Ruchtungen. In den Diaphysen darstellen die eigentlichen grossen Vasa nutnenz
die zentralen Gefisse, wihrend in den Epiphysen ebenfalls grosse Vasa notriaz
vorkommen, die durch ein oder mehrere grosse Foramina nutricia 1n des Ept
physenzentrum gelangen Die penipheren Diaphysengefise entspringen aus dem
pertostalen Gefissnerz, dic peripheren Epiphysengefisse aus dem penichondralen
Gefisnetz. Die zentralen und peripheren Gefisse anastomosieren miternander

Die Artena nutricaa in der Diaphyse des Kalbes erreicht mut seinen Ver-
rweigungen die Apo- und Epiphysenfugen, ohne diese sichtbar zn perforieren.
Die Artenia nutricis 1n den Epiphysen perfoniert hingegen mit longitudinal
verlaufenden Verzweigungen sowohl die Epiphysenfugen, wie such ber der
proximalen Tibia, die Apophysenfuge. Die yom Periost ausgehenden Gefime
nnd am reichlichsten 1n den Metaphysenzonen vorhanden. Die Wachstumszonen
der Metaphysen sind reich vasculanisiert, jhre Blutgefissversorgung 15t geschert
durch diaphysire, metaphysire und cpiphysire Gefisse.

In den Epiphysen verzweigen sich dic Gefasse nicht nur 1m Knochenkern
sondern auch 1n Gefisskanilen des Knorpels, in welchen sowohl Arterien wie
aoch Venen verlaufen

Verzweigungen der zentralen Venen der Epiphysen perforieren die Ept
physenfugen 1o dass die Venensysteme enes langen RGhrenkoochens e xu-
sammenhingendes Netz bilden Dicses Venennerz steht mit den Weichteilvenen
in Verbindung hauptsichlich via die Vena nutnciz der Diaphyse, die Meta
physenvenen und die Epiphysenvenen die durch die grossen Foramina nutnaz
der Epiphysen gehen. Die Venen haben emn weites haliber im Verhilmns
den Artenien. Dic Venen inncrhalb des hnochens haben keine Klappen, doch
sobald sie die Foramuina nutricia verlassen, und e mit Klappen verschen.

Dhe Epiphysenfugen bilden infolgedessen kene Barmere far Blutgefise
wiahrend der Wachstumspeniode. Die Epiphysengefisse perforicren die Fugen
und bilden einc Gefissverbindung zwischen Epiphysen und der Diaphyse, die
bereits wahrend der Wachstumspenode existert.

Auch nicht die Apophysenfugen bilden cine solche Barriere, Dse Tuberositas
tbiae hat infolged Gefissverbindungen sowohl zur Epiphyse wie auch
rur Metaphyse

Bom erwachsenen Rind bewahren die Vasa numcaa der Diaphyse die Rolle
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des grossren Gefisses des Rehrenknochens. Mit zunchmendem Alter des Kalbes
werden die Actenenverzweigungen die zu den Wachstumszonen verlaufen,
zonchmend riickgebildet und fehlen beim erwachsenen Rind. Betm erwachsenen
Rind anastomomeren cdic Epiphysen  Mewaphysen und Diaphysengefasse
reachlich. Dies wurde auch durch frithere Untersuchungen gezeigt.

Am menschiichen Matenal konnte ich zeigen dass die Gefissverhiltnisse
prnnpiell mit denen beim Kalbe {ibereinsummen Ber Kindern bestehen durch
die Epiphysenfugen perfoncrende Gefisskanile, also berats wihrend der
Wachstumsperiode vorhandene Verbindungen zwischen den Gefissystemen der
Epiphyszn und der Diaphyse.

Darch histologische Untersuchungen konnte wch die perfonerenden Gefass-
kanale durch die Epiphysenfugen venfizieren und zwar sowohl bem Kalb
wie auch ba reifen und unrafen Menschenfetus. Der Epiphysenknorpel enthile
wahrend der Wachstumsperiode reichlich Gefisskanile. Diesc werden wihrend
enes frihen Stadioms angelegt, lange Zeit vor der Entwicklung der Epiphysen
knochenkerne.



Ré&sumé

Les optnions sur la vasculansation des os longs pendant la erousance sont
divergentes.

Des auteurs anciens comme LANGEX, LEXER et BIDDER pensent que les vau-
seanx des épiphyses et de la diaphyse sone déjd s entre eux pend
1a eroumance.

La plupart des chercheurs plus récents sont cependant d avis que les cartilages
de conjugaison épiphysaires opposent une barmére aux vausseaux, de sorte que
le systime vasculare des €piphyscs est sépard du systime vasculaire de Ia dia
physe. C'est ] opnion de Nusssaul, RusascHEwA, Priwzs, DE MaRNErFE, Darr,
Hazws et plunieurs autres.

TrueTA ausn pente que le carnlage de conugaison épiphysaire est une
barnire, avec une excepnon chez le nouveau né et pendant les quatre premidres
années de la vie, des vamseaux métaphysaires perforent le carulage de con
jugasson éprphysare de | exerémuté supéricure du fémur

Le systtme vasculaire des apophyses ne semble pas avorr éié étudié en détail
jusqu 3 pr&ent. BDER suppose cependant qu'il exsste des vaimeaux perforant
le carnlage de conjugaison des apophyses

Une queston importante est celle des vauseaux des épiphyses pendant le
stade de formanon du carnlage. Plusicurs auteurs pensent que les vamseaux des
£piphyses n apparasent qu en méme temps que se forment les centres d omfica
wan. LANGER, BioDER €1 pl autres ont dant montré quil exire des
canaux vasculaires bien avant le développement du centre d oanficanion

Mon maténel d étude se compose de veaux de vaches et d une petite séne de
sujets humains en période de crousance. Les recherches ont porté pancipalement
qur le nbra. Pour | examen radiologique a1 eu recours aux méthodes suivantes

1 Angiographe sélective par une canule ou un cathéter dans lartdre ou la
vewne nournadre de la diaphyse ou de 1 épiphyse. Comme moyen de contraste,
Je me suis $CTVL d Urokon (Pharmacia) Par changement rapide des films, 1l est
possible de suvre le passage du contraste dans les vaiseanx.

2. Ingenon de Micropaque dans lartire ou la veme fémorale smwie
d examen des os longs avec et sans périote et pérchondre.

3 Inpecuons intra et intracarel d Urokon

Les études hustologiques ont eu pour but de montrer les canaux vasculaires
des épiphyses chez le veau et chez des foctus humains A terme et avant terme.

L examen radiographique du veau a prouvé que les artlres et les venes
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saccompagnent. Dans les épiphytes mnn que dans les diaphyses il y a des
vamseaux centraux et des vausseaux pénphériques. Les vamscaux centraux se
dingent vers le centre et s¢ ramufient dans toutes les direcuons, Dans les dia
physes, les gros vausseaux nourriciers constituent les vausseaux centraux et
dans les épiphyses 1l y a de gros vaisseaux nournciers qu par un ou plusicurs
trous vasculaires du canal nourncier se dingent vers les parties centrales de
I&piphyse. Les vaisseaux pémphériques des diaphyses viennent du réeau va
sculare périostal et ceux des épiphyses du réseau vasculare pénchondral Les
VaIseaux centraux et les vaisseaux pénphénques s anastomosent entre eur

Chez le vean, lartire nourricitre de la diaphyse se ramifie jusqu aux carti
[ages de conjugasson épiphysaire et apophysaire, mais ne semble pas les perforer

L arttre noumricare des épiphyses par contre, perfore ausn bien les carnlages
de conjugasson épiphyraires que les carnlages des conjugasson apophysaires par
de pents rameaux longiudinaux. Cest dans les zones métaphysaires que les
vamseaux venant du périoste sont le plus nombrews. Les zones de crousance des
métaphyses ont une riche vasculansanion assurée par des vaisseaux diaphysaires,
métaphysaires et &piphysares.

Dans les &piphyses, les vasseaux se ramifient non seulement dans e centre
domficanon maus aum dans le carnlage, 3 linténenr de canaux vasculares
ou passent des artdres et des veines.

Des pents rameaux des veines centrales des épiphyses perforent les carnlages
de conjugaisan et le systtme vemneux d un os long forme un résean iminterrompy
de vener. Celurra communuque avec les venes des parties molles par la veine
nourncitre de la diaphyse, les vemnes métaphysures et les vener épiphysaires
par les grands onfices vasculaires du canal nourncier des épiphyses. Le calibre
des venes est grand en comparaison de celui des artires. Dans los, les veines
nont pas de valvules, maws 1l y en @ juste & la sorne de lonfice vasculaire du
canal nourncer

Les carnlages de conjugaison &piphysaires ne consutuent donc pas une
barmidre pour les vauseaunx pendant la croussance Les vasseaux épiphysaires
les perforent, de sorte quil y a déjd pendant la croissance communication entre
13 diaphyse et les épiphyser.

Les carnlager de conjugaison apophysaires ne constituent pas non plus une
bamnire. La rubdrosté ubiale antéreure a des communmicanons vasculaires avec
Lépiphyse ains qu avec la méraphyse

Chez la vache, les vaisseaux nournciers de la diaphyse conunuent 3 jouer le
rdle de vaisseay prncipal de 1 os long Les ramifications arténelles qui chez e
Yeau s dingent vers les zones de croissance se sont considérablement réduites
avec 1ige et font detaut hez la vache. Dans les métaphyses 1) y a chez Ia
vache une nche formation anastomonque de vaisscaux epiphysares, mera
Physaires et diaphysaires fair déjd constaté par d avtres auteurs.
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Sur le maténel humain ja1 pu mettre en évidence que la disposiuon des
rapports vasculaires est en principe analogue & celle du veau. Chez lenfant,
U existe des canaux vascularres perforant les cartlages de conjugaison ép1
physaires, de sorte quil y a déjd pendant la er 10n entre
le systéme vasculaire de | épiphyse et celur de la draphyse.

Par des examens histologiques j a1 pu vérifier ] exsstence de canaux vasculaires
perforant les cartilages de conjugason épiphysaires auss bien chez le veau que
chez des foerus humains & terme et avant terme. Le cartulage des épiphyses est

dant la er abond pourva de cananx vasculaires et ceux-a
zn.nrnt 4 un stade précoce, bient avant le développement des centres d omifica
tion des éprphyses.
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