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The changes occurring in the fernoral head after severance of the 
femoral neck are still a subject of much investigation. The incidence 
of aseptic necrosis of the femoral head depends mainly on the damage 
to the nutritive vessels in the capsulc, the ligamcntum teres and the can- 
cellous bone itself. Depletion of the arterial blood supply results in 
necrosis of the head, occurring in a high percentage of the cases both 
in man and in experimental animals ( for  ref., see Rokkanen 1962).  The 
subsequent regeneration of the dead bone is a slow process taking placc 
as  a ‘creeping substitution’ (Phernister 1926). This regeneration of 
the necrotic head has  frequently been confused with the healing pro- 
cess of the fracture in the fcmoral neck: these phenorncna, although 
closely related, should be kept apar t  since they occur a t  different times 
and the fracture repair can take place despite vast necrosis of th? 
femoral head (Bessler & Miil ler  1961, Sevitt 1964). 

In young rabbits the main nutritive vessels to the femoral head are 
in the capsule. The importance of the ligamentum teres diminishes 
with increasing age (Lernoine 1957). In young animals the epiphyseal 
cartilage acts as a barrier between the metaphyseal and epiphyseal 
vessels (Harris C Hobson 1956).  A subcapital osteotomy of the femoral 
neck will thus cleave the head into an  upper, epiphyseal par t  and a 
lower, metaphyseal part leaving no communicating blood vessels be- 
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tween these two areas. Experiments during such conditions werc~ ex- 
pected to give information on the route of regeneration of the avascular 
femoral head and will be reported below. 

M A T E R I A L  A N D  M E T H O D S  

On 25 rahhits, 8 weeks of age and of hoth sexes, the left hip joint  was cxposetl 
through a posterolateral incision. The ligamentum teres was severed, the femoral 
head luxated and the femoral neck osteotomized with an electrical saw. The free 
femoral head was replaced in the acetahulum and the wound closed in layers. On 
an additional series of 14 rahhits the same osteotomy of the femoral neck was done, 
leaving the ligamentum teres intact and without luxation of the femoral head. No 
internal or external fixation was used and the animals were allowed to move freely 
in the cages. 

The animals were killed 1, 2, 3, 6, 12, 16, 24 and 28 weeks after the operation. 
respectively. Both hip joints were dissected free and macroscopically examined. 
The femoral head was radiographed, sawed in halves in a frontal plane and em- 
hedded in paraffin and methyl metacrylate for further study. 

Histological preparations were decalcified according to the EDTA method and 
stained hy the hematoxylin-rosin and the P.A.S. oxidation methods. 

Autoradiographs were made of 12 animals 1 and 3 weeks after t he  operation using 
radioactive phosphorus Pnz, administered in a dose of 1 oejg hody weight intra- 
peritoneally 24 hours prior to death. The autoradiographs were made on Kodak 
Autoradiographic Stripping Plates AH. lo,, the exposure t ime being 3 weeks. 

Oxytefrarycline labelling of the hone was made hy giving the animals oxgtetra- 
cycline 50 mgjkg hody weight on three consecutive days prior to  death. The fluores- 
cence technique of the metacrylate-emhedded specimens has hcen descrihed earlier 
(Rokkanen & Slatis 1965). 

R E S U L T S  

One to two weeks after osteotomy a fibrous sheath could be drmon- 
strated in 416 specimens, arising from the capsule and growing around 
the femoral neck towards the femoral head, to which it adhered. Apart 
from this, the femoral head remained unattached to the surrounding 
tissue. Radiographically the head was unaltered. Histological signs of 
aseptic necrosis were, as a rule, minute and in no casc could an undis- 
putable total necrosis of the femoral head he demonstrated. The growth 
cartilage, however, was affected in all specimens as judged by defective 
staining and karyolysis. Autoradiographs lacked uptake of radioactive 
phosphorus in 213 animals. In one animal with a strong soft tissue cuff 
the metaphyseal part had a slight uptake of radioactive phosphorus. 
The same uptake could be demonstrated by the OTC labelling technique 
(Figure 1). 

Three weeks af ter  the osteotomy the fibrous sheath around the 
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Figure 1.  Autoradiograph ( a )  and fluorescence micrograph ( b )  o f  the  right femoral 
head in a rabbit  8 weeks  o f  age. Note  the uptake of radioactive phosphorus and 
fluorescing oxytetracycline in the  epiphysis and metaphysis,  predominantly in the  
subchondral area. I n  c and d the  l e f t  f emoral  neck of the  same animal  is depicted, 
1 week after subcapital osteotomy o f  t he  femoral neck and severance of the  liga- 
m e n t u m  trrrs.  The  epiphysis is devoid o f  radioactive and fluorescing material. I n  

t he  subrhonilral area, however,  deposits of radioactive phosphorus and 
oxytrtracycline ran be sern. 

femoral neck was in most cases encircling the site of fracture like a 
callous cuff, the upper edge adhering to the movable femoral head. 
Still no radiographic changes, apart from thc fracture line, could be 
demonstrated. Histologically the degenerative changes in the meta- 
physis and to a lesser degrce in the epiphysis, were now readily demon- 
strable. The first signs of regeneration could be demonstrated in lo i l l  
animals, fibrous tissue ivnding the mctaphyseal part of the femoral 
head and growing towards the growth plate. Autoradiographs revealed 

15' 
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Figure 2. .4iitoradiograph ( a ) ,  f luor twrnrc ,  nlirrograph ( b )  and micrograph (c) o f  
the femoral head 3 weeks after srlDcapita1 osteotomy of thr  femoral nerk and 
severance of the  ligamenturn ferrs.  Thr  u p f a k r  of rrrtlioartiue phosphorus untl 
fluorrseirig oxytetracycline in the  mi,taphysis anti the inrtlial part of Ihr rpiphysis 
is d e a r l y  seen. Connective tissue invades the ine fuphys is  and the  corresponding 
mid ia l  part of the rpiphysis,  growing from below upwartis. The  rounded sfriicturP 

of the femoral hcad is still  unaltrred. 

Figure 3. Fluorescence micrograph of the  femoral head 1 week after subrapital 
osteolomy of the  femoral  neck and severance of the l i g a  teres. T h e  epiphysis is 

devoid of fluorescing material  except for a narrow zone beneath 
the  articular cartilage. 

uptake of radioaclivc niatcrial principally in the inetaphyscal nrca hut 
also in some cases in thc nicdial part of the cpiphysis. Lahclling of the 
bone with oxytetracyclin gave a quite siinilar uptakc pattern. The 
fluorescing tissue in thc spcciniens corrcsponded closcly to the tissuc 
excrting radioactivity in thc autoradiographs (Figure 2 ) .  I n  ahout half 
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Figure 4. Radiograph (c) and fluorescence micrograph ( d )  of the femoral head and 
neck 20 weeks after subcapitat os teo tomy of the femoral neck and srocrance of thi> 
l igamentum terrs. The  osteotomu is healed (ar row) ,  leaving a broad femoral  neck 
and a f lattened femoral  head. h’ote thc intense fluorescence in the  fracture area, as 

compared w i th  the unoperafeti  side of the same animal (a ,  b) .  

of the cases during the first 3 weeks, a narrow zone of oxytetracyclin 
labelling could be demonstrated under the articular cartilage of the 
avascular femoral head (Figure 3 ) .  

A t  6 wecks the first radiographic changes occurred. In  316 animals 
the femoral head was flattened. Histologically these specimens rcvcalrd 
derangement of the trabecular network with narrowing of the marrow 
spaces and collapse of the weight-bearing area of the epiphysis. Massivc 
invasion of fibrous tissue in the mctaphysis, partly extending to the 
epiphysis, and ossification of the growth plate were common observa- 
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tions. Oxytctracycline-labelling revealed fluorescing areas both in the 
metaphysis and epiphysis. The distribution and intensity of the fluores- 
cence varied, however, considerably. 

A t  12 weeks the first healed osteotoniy was rccordcd. In  most spcci- 
mens the femoral head was flattened, histologically the regeneration 
was now reaching the epiphysis, and in all but one specimen thc 
ossification of the growth plate had proceeded further than on the 
healthy side. Fluorescing tissue was found in the femoral head in all 
cases and this fluorescence was constantly more intcnsc than on thc 
unoperatcd side. This was the case regardless of the degree of healing 
of the ostcotomy. 

Later, 16-28 weeks after the osteotomy 9/10 ostcotomies had healed. 
Histologically the regenerative process was completed in 518 cases, 
although intense fluorescence revealed increased activity in several 
cases (Figure 4 ) .  

Throughout the experiment the degenerative changes and the suh- 
sequent route of regeneration was the same in the group of animals in 
which the ligamcntuni term had been left intact. 

D I S C U S S I O N  

Subcapital intra-articular ostcotomy of the femoral neck severs the 
blood flow to the femoral head, and if severance of the liganicntum 
tcrcs is added, thc epiphysis and the adjacent metaphysis will be avas- 
cular. In this series the degenerative and regenerative changes following 
such a procedure proved to  be fairly constant. The histological signs 
of vascular disturbances appeared in the growth plate, the mctaphysis 
and the epiphysis, in this order. In agreement with earlier obsrrv' 'I t ' ions 
(Wolfenberg 1928, Hokkanen 1962, Rokkancn, Sliitis d? Laine 1963) 
these histological changes appeared late and were not conclusive until 
2-3 weeks after the operation. 

Lack of radioactive phosphorus in the autoradiographs can be re- 
garded as a sign of impaircd vascularity, as was observed during the 
early stages of degeneration. Neither docs oxytctracyclin bring about 
any fluorescence in avascular bone (Rokknncn e f  al .  1963, 1965) and 
these labelling techniques give in fact rise to a very similar uptake 
pattern both in the avascular and the regenerating hone. Thus, early 
detection of impending necrosis of the bone can bc made by either 
met hod. 

Thc route of regeneration of the necrotic femoral head was from the 
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metaphyseal area towards the epiphysis. The process of regeneration 
seemed to depend on the soft tissue bridge to the femoral head, growing 
like a callous cuff around the osteotomy. The role played by the liga- 
mentum teres in the regeneration of the femoral head was negligible. 
The importance of this finding is not yet settled, but similar observa- 
tions were previously made on older rabbits (Rokkanen et al. 1965).  
Further experiments on this subject, with special reference to fracture 
repair in the femoral neck, arc in progress. 

It has been claimed that the joint cartilage survives on the necrotic 
femoral head, owing to nutrition from the synovial fluid (Ingelmark 
1950). The observation of oxytetracyclin labelling of the juxtachondral 
area in the avascular femoral head (Figure 2 )  is an argument in favor 
of independent nutrition of the cartilage. 

Radiographic collapse of the femoral head was not observed until 
the regenerative process has proceeded to the weight-bearing area of 
the epiphysis, i.e. 6 weeks after the ostcotomy. The collapse and, in 
some animals, an increased density of the femoral head thus coincides 
with the creeping substitution of the necrotic femoral head, and must 
be regarded as evidence of revascularization of the head. In this respect 
the series gives experimental support to the views expressed by 
Bobechko & Harris (1960) and Bohr & Larsen (1965) .  

S U M M A R Y  

In order to investigate the regeneration of the avascular femoral head 
39 young rabbits were operated. The left hip joint of 25 animals was 
opened, the ligamentum teres severed and the femoral neck divided by 
subcapital osteotomy; a similar osteotomy on 14 animals was made 
leaving the ligamentum teres untouched. 

The animals were sacrified 1-28 weeks following the operation and 
the specimens were examined radiographically, histologically and by 
autoradiographic and oxytetracycline labelling techniques, The results 
can he summarized as follows: 

1. Subcapital osteotomy of the femoral neck resulted in transient 
necrosis of the femoral head, regardless of the state of the liga- 
mentum teres. 

2. Histological signs of impaired vasculartiy were observed in the 
growth cartilage, the metaphysis and the epiphysis, in this order. 
Histological evidence of bone necrosis was not undisputable until 
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3. 

4. 

2-3 wceks after the opcration. The avascular areas of thc hone \vcr(’ 
casily dcnionstrated hy thc autoradiographic and oxytrtracyclinc 
lahelling tcchniqucs. 
Rcgcncration of the fcmoral head began about 3 wccks aftcr the. 
ostcotomy and progrcsscd from the mctaphyseal area helow towards 
the growth plate and cpiphysis ahovc. A fibrous shcath surrounding 
the sitc of ostcotomy and adhcring to the femoral head seeniccl to 
hc an important factor in the rcgcncrativc process. An intact Iiga- 
mentum teres did not alter the routc of rcgcncration. 
Collapse of thc weight-hcaring arca of the cpiphysis started ahout 
6 wccks aftcr the ostcotomy and coincided with the invasion of 
fibrous tissue in the necrotic fcmoral head 

R E S U M E  

Afin d’cxamincr la rCgCnCration de la tCtc fCmorale avasculairc, 39 
jeunes lapins ont CtC opCrCs. L’articulation dc la hanchc gauche a C t P  
ouvcrtc chcz 25 animaux, le ligamcntuni tcrcs hlcsse ct Ic col f6morul 
divisC par ostCotoniic suhcapitalc; unc ostCotoniie siniilairc :i PtP pra- 
tiquCe chez 14 animaux cn laissant intact lc ligamcntum tcrcs. 

Lrs animaux ont CtC sacrifiCs 1 B 2 scniaincs aprbs l’opcration ct tlcs 
spCcimrns ont C t C  examinks radiographiqucnicnt, histologiqucmcnt ct 
par dcs techniqucs autoradiographiqucs ct  h I’oxytPtracyclinc. 

Les resultats peuvcnt Ctrc rCsuniPs coininc suit : 

1 .  L’ostCotomic suhcapitale du col femoral provoquc unc nCcrosc pas- 
sagbre dc la t&te fdnioralc, qucl quc soit 1’Ctat du ligamentuin tcrcs. 

2. Dcs signcs histologiques dc vascularit6 altCrCe ont  CtC ohserves danq 
lc cartilage dc croissancc, la nietaphysc ct I’Cpiphyse, dans l’ordre 
indique. Une Cvidence histologique dc nCcrose osseusc n’ktait pas 
indiscutahle avant 2 B 3 semaines aprbs l’operation. Les surfaccs 
avasculaires dc 1’0s Ctaicnt facilement dCmontrahles au moyen des 
techniques autoradiographiques ct h l’oxytktracyclinc. 

3. La rCgCnbration de la tCte fkmorale conimcnqa environ 3 semaincs 
aprbs, progressant de la partic mktaphysairc en-dcssous, du c8tc 
de la plaque de croissancc ct dc I’epiphysc au-dessus. Une gainc 
fihrausc cntourant I’endroit de I’ostCotomie et adhkrant h la t&te 
fCiiiorale semhle Ctre un  facteur important du proccssus dc rCgCnC- 
ration. Un ligamcntuiii tcres intact ne modifie pas la voic dc la 
rCgCnCration. 

4. Le collapsus de la partie dc 1’6piphysc supportant lc poids coiiimcnce 
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6 semaines apres I’ostCotomie et coincide avec I’invasion de tissu 
fibrcux dans la tCte fPmoralc nkcrotique. 

Z U S A bl  M E N  F A S S U N G 

Uni die Regeneration dcs avaskularen Fcmurkopfes zu untcrsuchen 
wurden 39 junge Kaninchcn opcricrt. Ilas linke Hiiftgelcnk von 25 
Tieren wurde geiiffnct, das liganicntuni tcres wurdc durchschnitten und 
der Femurhals mittels subcapitalcr Osteotomie durchtrennt. Eine 
gleiche Ostcotoniic unter Brlassung des lig. tcres wurdc an 14 Ticren 
vorgenommen. 

Die Ticrc wurden 1-28 \Vochcn nach der Operation getotet und dic 
Praparatc wurden rontgenologisch, histologisch und mittels autoradio- 
graphischer und Oxytctracyklin Markierungstechniken untcrsucht. Dic 
Ergchnisse kiinnen folgendermassen zusaniniegefasst werden. 

1. 

2. 

3. 

4. 

Subkapitale Osteotomie des Femurhalses hatte eine vorubergehendr 
Nckrose des Fernurkopfes, gleichgiiltig in wclchem Zustand sich 
das ligamenturn term hcfnnd, zur Folge. 
Histologischc Zeichen von vermindcrter Gefassvcrsorgung wurden 
in dcr kartilaginaren Wachtstumszonc, dcr Metaphyse und Epi- 
physe, in dieser Reihenfolge heohachtet. Der histologische Beweis 
von Knochennekrose war  nicht sicher vor der 2 . A .  Woche nach der 
Operation. Die gefasslosen Gehicte wurden iniihclos mittels auto- 
radiographischcr und Oxytetracyklin Markicrungstcchniken dc- 
monstriert. 
Die Regeneration dcs Femurkopfes begann ungefahr 3 Wochen 
nach der Osteomtomie und schritt vom Metaphysengebiete von 
unten nach aufwarts gegcn die Wachstumszone und die Epiphysc 
fort. Eine fibrose Scheidc, die den Sitz der Osteotomie umgibt und 
am Femurkopf haftet, schcint ein wichtiger Faktor im rcgenera- 
tiven Prozcss zu sein. Ein intaktes ligam. tercs veranderte den 
Regenerationswcg nicht. 
Kollaps der gcwichttragcnden Flachc der Epiphyse begann ungcfahr 
6 Wochen nach der Osteotomie und fie1 mit dem Eindringen von 
fibrosein Gewcbe in den nekrotischcn Fcmurkopf zusammcn. 
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