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'I'hc epiphysis of the femoral head begins as ;in island of hone entirely 
surrounded by cartilage at  ahout the age of four to six months. This 
island condition continues until the growth cartilage disappears at  
puberty. I n  the fovea, where the round ligament of the head is placed, 
connective tissue instead of carlilagc is found. 

The artcries supplying the epiphysis have previously been studied 
using arteriography (Hipp 1962, Miissbichlcr 1970) or  arterial in- 
jections combined with microradiography antl clearing of the sl)ec- 
irncns according to the method of Spalteholz (Tructa  1957, Crock 
1967).  In these investigations the femoral 1ie:itl has h e n  halvetl or 
sliced before sludy and description. It is difficult, however, to perform 
a tlirce-dimensional study on arteriograms even with the tise of slcrcos- 
copy and it is impossible to visualize the artcries inside the epipligsial 
bone. 

This study is an attempt to achieve a hcltcr description of the 
topography of these arteries by investigating the total upper femoral 
end after injection and clearing hy the melhod of Spaltcholz. 
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Injections were carried out at  autopsy in  children 8-24 hours aftcr death. l 'hin 
polyethylene catheters were placed in  both external iliac arteries antl if possible 
in thc ohturator  arteries. The superficial and deep femoral arteries were then 
ligated ju s t  below the circumfles arteries. Thc vcssc~ls were infused for 10 minutes 
with a 0.9 pcr cent saline solution using a constant pressure o f  90 mmlig. Without 
interruption and using the same constant pressure AIicropliilt? was thrn infusctl 

' Microphilt? 1 Canton Rio-medical Products Inc., P.O. R o s  154, Swartmore. 
Pa. 19081 I1.S.) consistcd of 32 ml compound and 40 ml  diluent. To this was irddrci 
7.2 ml duroliopnque and just  before injection, 4 ml  curing agent. 
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f o r  10 minutcs. Thi r ty  minutcs la tc r  hoth h ip  jo in ts  including the  uppcr cnd of thc 
f emur  and  the  lower pa r t  of thc pelvis were carcfully rcmovcd. 

This hlock mas fixcd in  a 4 pcr cent solution of formeldcliydc fo r  30 days and 
thcn minutely dissected, special cure being given to  the  deep hranch of thc  medial 
circllmfles a r tc ry  and i t s  rclatioiiship t o  the  tcndon of the  CXtCrnd ohtiIrator 
muscle. The cntirc uppcr cnd o f  the f cmur  including tlic lower par t  of t he  fihrous 
capsule and the  round ligament of t!w hcaci formcd the f ina l  specimen, which was 
re-fixed in formaldehyde. In order to  obtain a short  decalcification period, some of 
the  specimens werc dccalcificd in  a mixture  of formic and hydrochloric acid using 
electrical ionization (Prcece 1965). The  tlcgrcc of decalcification was chcclred 
frcqnently hy  X-ray tests and was complete a f te r  100-150 hours. Hcsults werc 
acccptahlc but  the  method was found t o  he a l i t t le coarse. The o ther  specimens 
wcre dccalcificcl in Tetrasodium edctate (Cussen LY: Donohuc 1965). This technique 
gavc w r y  fine rcsults hu t  the  process was quitc slow, taking 2-4 months.  

When dccaleification was finishcd the  specimens werc bleached in 3% pcr cent 
Iiydrogcn peroxide fo r  two days. They wcre then dehydrated in increasing con- 
centrations of alcohol u p  to absolute alcohol using an  automatic t issuc processing 
machine with a ba th  change every 24 hours. Clearing was pcrformcd in two pa r t s  of 
methyl salirylatc ( Wintcrgrecn oil)  and  one par t  o f  lwnzyl benzoate. Rcforc 
studying the specimens in a stercoscopic microscope (magnification fi-40) a i r  was 
driven out  using a vacuum chamber. 

A total  of six children werc studied. Thei r  ages wcre: A :  4 months.  B: 1 year, 
2 months. C: 3 ycars, 10 months.  D: 5 years, 2 months.  E :  6 years, 3 months.  
1;: 9 ycars, 11 months.  

In child E injection of thc left side failrd hccausc of damage to  the  pvlvic artcries 
during autopsy. The right femoral head in <: mas damaged hy tiecalcification and 
injection was insufficient in A’s right and  D’s Icft. T h u s  eight specimens were 
availahlc fo r  study of the  arterial  supply t o  the  epiphysis o f  t he  head of t hc  femur. 
Nonc of the children were known to have had signs or  symptoms in the hips hcforc 
death. 

Causes of dea th :  A :  Congenital hcart disrase, Down’s syndrome. R :  Acutc gastro- 
cntcritis. C :  Pncumonia a f tc r  measles, Icncacmia. D, 1.: and F : (krehral contusion 
or dilaccration. 

Nonicnclature and bri(>f yross anatomy 
The small arteries surrounding the  femoral head have been given 
various names. In  the prescnt communication the Paris Nominn 
Anatomica ( I’NA) will he iiscd, according to Hipp (196‘2 ) .  

The deep liranch from the medial circumflex artery, ranius pro- 
fundus ( H P )  passes behind the neck of the femur in close relationship 
to the capsule and the exteriial obturator muscle. This artery ends as 
lateral branches to the cpiphysis : rami nutricii capitis proximalis 
(RNCI’). Fine rctinacular hranches from KP pass niedially and a little 
behind the neck towards the head : ranii nutricii capitis distalis 
(KNCD).  From arteries in front  of the neck, retinacular branches pass 



to tlic anterior part of the head: rami nutricii capitis nnlcriorcs 
( H N C A ) .  Finally the  artery in the round ligamcnt of the head : arlcria 
ligamenti capi tis fcmoris ( A T A X )  supplies the head from the opposite 
side. 

Thc different spccimcns will  hc iiariictl A r  (right specimen from A ) ,  
HI (left from R )  ctc. 

Ii I.: s I’ 1.1’ s 
hlncroscopic tlisscct ions 

This could not I)c tlonc in A. I n  all the other specimens a iiorm:il 
coiirsc of R P  just below the cxlcrnal ohturnlor muscle close to the 
adhesion of the fibrous capsule to the back of the fcmoral neck w w  
foiind. I n  every case the artery crossed superficially to the tcntlon o f  
the muscle as i t  passed round the tendon before turnirig to the I:itcral 
side of the neck (Figure 1 ) .  When the hip joint was cxtcndcd thc  
cxtcrnal oblurator was tense and tlic artery was found to  he strctclictl 
over the tendon. I n  internal rotation of the hi1) this tension and 
strelchitig was even more marked. Whcn the hip was flexed the muscle 



Fi(/urr 2. Snnir spvcimcn ns 
Figiire 1, irrrretisrrl 
rnagirifirntioii. T h r  h i p  i s  f l c ~ x i ~ t l  
arid t h e  sharloio o f  the  tlwp 
nrtcr!] on the obt i i ra tor  tc~irtlon 
shows tha t  the cirtrrjl i s  slacl; 
( a r r o w ) .  
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Figrirr 6 .  Lrf t  femoral  hratl of C seen f r o m  in f ront  iiiherc~ several th in  nritrrior 
rctinnculnr clrtcricr ( H N C A )  t raverse the  prripherll of fhcj r p i p h l p i n l  cnrt i lngr.  Tii)(i 

of the four Intercrl nrtrr irs  ( R N ( : P )  nrr sccn l o  the right b r n d i i i g  iiilo t h r  rpiphl ls is .  

and artcry were completely rclaxcd and even more marketlly so i f  tlic 
joint was outwardly rotated in addition ( Figlire 2 ) .  

In D1 a contusion haemorrhage laterally at tlic neck at the side of 
RNCP was found. These vessels were thromhosrd along thcir entire 
coursc. In spite of this the cpiphysis was injcctctl in this specimen 
(Figure 8) .  

Mirrosropic findings 

41 (aged 1 months) showed two artcrics from tlic mctapliysis 
cmerging to the head (Figure 3) .  Laterally an artcry asccndetl a short 
distance h u t  did not pass into the cartilaginous head. ATXF \vas seen 
only in the ligament and did not pass into the licatl. 

Rr ( aged one year) showed a well-vascularizcd cpipliysis supplied 
from a large RNCD, a small RNCA and a few small RNCP. The AIXI: 
supplied a small area in the fovea but no vcsscls passcd into the 
cpiphysis. 

Cr and C1 (agcd nearly four ycars) showed richly supplictl and well- 
vascularized epiphyses from \vliicli small, scattcrctl arterial hranches 
passed into the tieepcst laycrs of the covcring cartilage. Four RNCI’ 
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Figure 6.  Lrf t  h ip  specimen of I) seen f r o m  in f ront .  The  griwfer trorhnntrr i s  seen 
t o  the righf. The  heat1 to  the l e f t  i s  poorl{] i l luminated. T h e  u p p e r  horder o f  the  

metaph!jsinl netmorks runs as (I uni form b c r i i d  f r o m  the  hem1 to the  froc.hunfrr. 



7 3 0  
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Figure, 9. R i g h t  h i p  of E .  T h r  f o r i e u  is s(>en t a n ~ e n t i a l l ~ i  ( t o p ) .  Oiic i icr/j  small  
nnastomosis posses doion i n t o  the. e p i p h y s i s  (arroio).  

from thc synovial arterial network lateral to thc ncck cntercd the 
epiphysis at an anglc of  100- 110". A largc RNCD and not less than six 
m a l l  H S C A  were present (Figure 1) .  l'hc AIXF supplied a rich net- 
work o f  vessels in the fovca, and from here some very small anasto- 
nioscs with thc epiphysial network wcrc seen ( Figure 5 ) .  
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Figure 11. l h i ,  metiiiil ptrrt of the same specirneri a s  in Fignrc 10 slioruirig a 1LYl:D 
aris ing f r o m  the s~ir iooiul  rietioorli o u t s i d e  f h r  nrrl;  urid passirig t l i c  vpiphl ls ial  

r trrt ilagc (arroro) iri t o  1 lit, c~pip hiis i s .  

Dr and D1 (aged five years) sliowcd an extensive arterial network in 
tlie metapliysis which w a s  particiilarly dense j u s t  helow tlic cpipliysial 
cartilage. This “surface” of the metaphysial :irteries continticd as :I 

uniform hand along the lateral border of the neck to the troclianlcric 
part of the met:ipliysis, and its presence supports the supposition that 
the growth i n  the upper end of llie femur 1:ikcs place from a t o tn l  
surface (Figure 6 ) .  From a ring of closely packctl smnll arleries a t  the 
hottom of the synovial meml~rane,  the retinaculnr arteries arose :ind 
ascended outside the neck, supplied the mctaphysis, but cndcd in two 
RNCD and one RNCA to the more sparse cpiphysial network (Figiirc 7 ) .  
I n  Ilr two well-developed RNCP were seen hiit in Dl, wlierc tliesc 
arteries were thrombosed due to tlie contusion, tlie terminal ends of 
tlic R S C P  cvitlcncctl retrograde filling from the cpiphysial arteries Lo 

the cartilaginous border. The epiphysis was primarily filled through 
a large RNCI) (Figure 8 ) .  Neither in D r  or  Dl were any ALCF found. 
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Figure 12. Same specimen as Figures 10 and 11 showing no communication between 
arteries of the fovea antl the underluing dense epiphUsial nc~tioork. 

The most likely explanation is that injection of the obturator arteries 
failed in this patient. 

E r  (agcd six years) showed a increasing numbcr of arteries in  the 
epiphysis which were filled mainly from the HNCP hut one RNCD was 
seen. The AIXF to the foveal vessels showed in this specimen a small 
but distinct anastomosis between the arlcries in the fovea and those in 
the epiphysis (Figure 9) .  

Fr and Fl (agcd nearly 10 years) showed tlie increasing importance 
of the RNCP in vascularization of the epiphysis. From a true network 
laterally in the synovium 7-10 arterial 1)ranchcs entered the cpiphysis 
(Figure 10) .  A t  the opposite end, just nicdially, hot11 specimens showcd 
a HNCD also arising from the syriovial network and entering the 
epiphysis (Figure 11 ) .  With the exception of these latter vessels no 
anastomoses between the epiphysis and the  nietapliysis were seen. The  
ALCF supplied the fovea only antl had no communication with the 
epiphysis itself (Figure 1 2 ) .  

Generally speaking the arterial network in Ihe metaphyses was 
found to  be more dense than in the epiphyses. The nictaphysial vesscls 
were supplied from both the tliaphysial (tlic nutritient artery system) 
and tlie synovial network antl from arteries entering tlie bone below 
the capsulc. The network in the cpiphysis of the grcalrr trochanter was 
mainly filled by arteries entering the trochanler from the lateral side. 
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I n  tlic macroscopic part of this investigation i t  is made clcar that Ihc 
R P  is lighted over the tcndon of the cxtcrnal ohturator muscle whcn 
the hip is cxtciidcd and cvcn niorc if it is rotatctl inwardly too. Accortl- 
ing to arteriographic investigation ( hliissbichler 1970) great individual 
variation in the course of the RP exists. Supposing the artery in sonic 
cases is placcd dccp l o  the tcndon it will thcn 1)e comprcssctl bct\\ccn 
the tendon and thc capsule in thc extcndcd posilion of the hip, for  
example in normal standing. Among the hips i n  the prcscnt s t u d y  no 
such casc was found, but this supposed deep localization might explain 
thc findings of Hipp (1962) who ohscrvcd closure of the I\P in patients 
with Pcrthcs' disease. 

As  to the microscopic part of thc investigation thc rcsults are 
admittedly dcfcctivc due to tcchnical reasons in particular. The results 
are primarily dependent on successful rcnioval of the lilootl from the 
vessels followed by complctc filling of thc nrterics with injcctctl 
in at c ri a I. 

evidenec about the position and relationship of the artcries to the upper 
end of the femur. This small material obtained from children aged 
four months to 1 1  years is hardly representative cnough to d r a w  
general conclusions hut it can be compared with other investigations. 
Preparing the upper femoral end in one whole Mock gives the advanlagc 
of not destroying any of the arterics. This will happen wlicn the lilocks 
arc sawn into halves or slices. With this techniqiic the total Mock can 
be placed in any position while studying the artcrics from diffcrcn t 
angles under the microscope. As  a wholc block a l l  tliffosion to and from 
the epiphysis has to pass the cartilage and this will prolong thc time 
needed to decalcify and preparc the blocks. I n  these larger Idoclts i t  is 
inipossihle to study thc finer slructurc of the vcsscls inside the 1)onc :is 
'I'ructa & Morgan did in 1960 in a study of the vascular contrihution to 
os t eog en es i s . 

I n  general this investigation has  confirmed the findings rnadc 1)y 
other investigators. In a child of four nionths not as  niany small 
artcries to thc epiphysis were found as by Tructa (1957) and Crock 
(1967). In  the youngest children the anastomoses between the nctworks 
in the fovea and the epiphysis did not follow exactly the saiiie pattern 
a s  in the investigation of Trucla. Thcse anastoinoscs wcrc found at 
tlic age of threc but not a t  the age of nearly ten in the present study. 
'I'ruela fotind tlic lateral epiphysial artcrics ( R N C P )  t o  he \hc only 

Of thc 12 hips, eight have heen sufficiently prepared to 6' 'IVC SOI11C 



arterial supply to the epiphysis after tlie age of six years, whereas in 
this study a medial retinacular artery (RNCD) was found passing to 
the epiphysis at the age of nearly 10 years. This study agrees with 
Wolcott (1943) ant1 Tucker (1919) in that the vcsscls in tlie round 
ligament of the head ( A L C P )  primarily supply connective tissue in the 
fovea and have little importance for  vascularization of the epiphysis. 
I n  the present preparations the anterior rctinacular arteries ( R S C A )  
passed niorc constantly to the epiphysis than reported by other in- 
vestigators. It is the author’s opinion that the lateral, the distal and 
the anterior rctinacular arteries ( RNCP, RSCD and RNCA) belong to 
the synovial network which is inore clearly seen with increasing age. 
Possibly this is what Harty (1953, 1966) described as two ring 
anastomoses. The retinacular arteries arise from this synovial nctwork 
and follow it  to the border of the cartilage from whence they continue 
along the border between metaphysial bone and surface cartilage 
giving off hranchcs into the metaphysial bone before entering the 
epiphysis as thcy pass obliquely through the edge of the cpiphysial 
cartilage. The lateral arteries ( RNCP) become increasingly dominant 
in the blood supply to  the epiphysis with increasing age. If the blood 
supply through these arteries is stopped, the epiphysis will undergo 
ischaemia, especially in children niorc than 5-6 years of age. This con- 
dition persists until the rest of the smaller arteries have grown 
sufficiently Lo compensate. 

S 1’ hl A1 A I{ Y 

A method used to inject hTicropliil@ into the arteries of the hip region 
in children of various ages at autopsy is dcscribed. By macroscopic 
dissection and microscopic investigation particular attention was 5‘ w e n  
to the blood supply to the epiphysis of the femoral head. The findings 
are discussed in relationship to those of others. The decp branch of the 
mcdial circumflex artery tcrminatcd as the lateral arteries to the 
epiphysis. With increasing age these latter arteries were found to he of 
increasing importance with regard to the blood supply of the cpiphysis. 
The artery in the round ligament of the femoral head was found to 
have little if any importance to the cpiphysial blood supply in children. 
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