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Prognos t ic  tes ts  in femora l  neck f rac tures  using in t raosseus  ph lebogram 
(H~LTH, 1956) or r ad ioac t ive  iodine (JoHA~SSON, 1964) have  d e m o n s t r a t e d  a 
good corre la t ion be tween  avsacu l a r i t y  and non-union.  Thus non-union  should 
be looked upon  as an  avascu la r  compl ica t ion.  The femoral  head  of ten shows a 
no rma l  s t ruc ture  on roen tgenograms  in cases wi th  non-union,  b u t  mo t t l e d  appear-  
ance, diffusely increased densi ty ,  or de fo rmi ty  m a y  be seen. Therefore  some 
au thors  s ta te  t h a t  there  are two types  of non-union - -  wi th  or wi thou t  necrosis 
of the  femoral  head  - -  which can be d i f fe ren t ia ted  in s t a n d a r d  roentgenograms.  

The roentgenological  changes of necrosis can only  occur af ter  a t  leas t  pa r t i a l  
revascular iza t ion .  I f  the  teres  vessels are i nadequa t e  or missing and the synovia l  
br idges  a round  the  neck are torn,  the  head  f r agmen t  is left  as a loose b o d y  in the  
joint .  I t  will keep i ts  original  s t ruc ture  for an indef ini te  per iod  of t ime.  The role 
of the  revaseu la r i za t ion  in creat ing the  roentgenologieal  p ic ture  of femoral  head  
necrosis was d e m o n s t r a t e d  b y  HULTIt 1961. He  compared  the  roen tgenograms  
with  mic rorad iograms  and  his tological  slides in four  cases of healed femoral  neck 
f rac tures  wi th  subsequent  necrosis. As the  roentgenologicM diagnosis  of necrosis 
was ace r t a ined  a grea te r  p a r t  of the  femoral  head  was a l r e a dy  rebui l t  af ter  re- 
vascu]ar iza t ion,  somet imes  wi th  the  except ion  of a seques t ra t ion  of a por t ion  of 
the  heal ing head  a t  the  super ior  pole. The sclerotic pa r t s  r epresen ted  areas  wi th  
b road  bone t rabeculae ,  consist ing of newly  formed bone appos i t ed  on the  old 
bony  f ramework.  

I n  order  to p u t  fur ther  l ight  on the  s t ruc tu ra l  changes t h a t  appea r  in cases 
of non-union  we have  s tud ied  15 cases represent ing  dif ferent  t ypes  wi th  none, 
s l ight  or mass ive  roentgenologicM changes of the  head  f ragment .  

Material and Methods 
The femoral heads in this study were specimens obtained during operative procedures 

either for replacement with a prosthesis or simple removal in cases of non-union with severe 
clinical symptoms. 

The patients had been referred to the orthopaedic or surgical clinic in UppsMa from 
several different hospitals. In some cases a prognostic test had been performed at the time 
of nailing. Different types of nails had been used. 

Roentgenograms were taken of the head fragment before and after sawing it sagitally in 
5--10 mm thick sections. Of the two central sections one was used for histological studies after 
fixation intormMdehyde and decalcification in nitric acid. I t  was embeddedin paraffin and slides 
measuring 10y. were obtained. The other central section was fixed in alcohol and embedded 
in methyl metacrylate. After polymerization the block was sawed into thinner laminae and 
these were sanded until they had a thickness of approximately 150 ~. Microradiographie 
studies were then carried out using a P~ILIP'S diffraction unit with a Cu anode. 
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Class i f ica t ion  of f e m o r a l  h e a d  f r a g m e n t s  was done  a f t e r  r o e n t g e n o l o g i c a l  

a p p e a r a n c e  in to  t h r e e  g r o u p s :  

I .  no  s t r u c t u r a l  changes  (5 cases), 

I I .  s t r u c t u r a l  changes  w i t h  n o r m a l  c o n t o u r  (6 cases), 

I I I .  s t r u c t u r a l  changes  w i t h  c o n t o u r  d e f o r m i t y  (4 cases). 

Results 

I.  Non-Union without Structural Change8 
Case 1, male 93 years. At osteosynthesis the 131I-test (Jo~ANSSON) had suggested a totally 

interrupted blood supply to the femoral head. 13 months later nails were removed and the 
femoral head taken out due to pseudarthosis. Mieroradiogram showed normal bone trabeculae 
throughout. Histologically the cartilage had normal height but  showed cavities and a frayed 
surface. The bone trabeculae were slender and the osteocytes lacked nuclei. The marrow 
contained no stainable cells; only at the base a sparse collagen tissue was seen. Although 
standard roentgenographic and microradiographic studies showed normal pattern the histo- 
logical slides confirmed the fact that  the whole femoral head was non-viable. 

Case 2, femMe 81 years, l~lI-test showed partial vascular damage to the head fragment, 
redislocation 2 months after nailing, head fragment then removed. I t  looked macroseopically 
normal with intact cartilage. Mieroradiogram: mostly broad trabeculae. Near the fovea newly 
formed bone possibly in a nail channel was seen. Here the cavities between the broad trabe- 
culae were crowed with thinner trabeculae with a lesser degree of mineralization. Histologically 
in most parts necrotic marrow and bone. A non-viable h'agment with signs of revascularization 
from the fovea giving rise to the formation of new bone in this region. 

Case 6, female 66 years. The fracture was not nailed due to medical complications. At 
operation after 4 months a phlebogram (HULTH) was positive. A prosthetic replacement was 
then performed. Roentgenogram showed normal structure in the head fragment as a whole 
though in pictures of the sawed sections there were zones of diminished density centrally and 
at the base. In  microradiograms cavities filled with newly formed slender bone trabeculae 
were seen. Histologically most of the bone was necrotic with formation of dense connective 
tissue subchondrally. Basally there were zones of new bone formation in more vaseularized 
connective tissue. This was a primarily non-viable femoral head with starting revascularization 
and regeneration. The positive venogram was probably a result of reestablished vascular 
channels at the time of operation. 

Case 11, female 68 years. Venogram and 131I-test indicated avascularity. Nails slipped 
after 6 months and then a prosthesis was inserted. The head fragment maeroscopically and 
roentgenologically normal (Fig. 1 a). Roentgenogram of a section showed somewhat increased 
density at the base. Microradiogram showed intensive new bone formation, especially in and 
around nail channels (Fig. 1 b). Histologically mostly dead bone and marrow. Primarily this 
was a non-viable fragment with signs of regeneration especially along nail channels. 

Case 17, female 64 years. Redislocation 5 months after nailing necessitating a prosthetic 
replacement. The head fragment appeared grossly normal with intact cartilage. Microradio- 
gram showed varying density and newly formed bone in scattered areas. Histologically the 
cartilage was vital and so were the bone trabeculae with granulation tissue in the marrow 
cavities rich in vessels. This seemed to be a vital head fragment with no signs of bone necrosis. 

Summary o/group I cases: F o u r  ou t  of f ive  cases of n o n - u n i o n  w i t h  no  s t r u c t u r a l  

changes  on cl inical  r o e n t g e n o g r a m s  s h o w e d  h e a d  f r a g m e n t s  wh ich  were  a l m o s t  

t o t a l l y  necro t ic .  I n  t h r ee  of these  t he r e  were  signs of s t a r t i n g  r eo rgan i za t i on .  I n  

t he  f i f th  case on ly  t h e  h e a d  f r a g m e n t  was  v i ab l e  t h r o u g h o u t .  

I I .  Non-Union with Structural Changes in the Femoral Head, 
with Normal Roentgenologic Contour 

Case 2, female 61 years. 21 months after osteosynthesis there was a small dense head 
fragment and a fracture line was located within the base of the head, possibly a "Wanderungs- 
pseudarthrosc" (E~D~) .  Roentgenogram of a central section of the head showed marked 
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sclerosis, especial ly nea r  t he  a rea  of p seuda r t h ro s i s  (Fig. 2a).  The  car t i lage showed  some  
smal le r  defects  on  t he  surface.  Microradiograms (Fig. 2b)  showed  n o r m a l  s t r uc tu r e  of subchon-  
dral  bone  excep t  nea r  t h e  fovea,  where  bone  r egene ra t ion  was  seen. The  f r ac tu re  line was  
bordered  b y  b road  t rabecu lae ,  I ined w i t h  n e w l y  f o r m e d  bone.  Histologically g r a n u l a t i o n  t i ssue  

b 
Fig. l a  and b. Case 11, group I. /~ails slipped after 6 months..No structural changes on standard roentgeno- 
gram (a). ItistologicalIy and microradiographically partly rebuilt necrotic femoral head with new bone formation 

especially in nail channels (b) 

in  t h e  m a r r o w  a r o u n d  t h e  fovea  was  r ich in cells whereas  more  basa l ly  the re  was  a f ibrous  
connec t ive  t i ssue  a n d  coarse  bone  t rabeculae .  Viable  appea r ing  bone is f ound  in te r spersed  
t h r o u g h o u t  t h e  necrot ic  t issue.  This  spec imen  h a d  ini t ial ly been  non-v iab le  w i th  par t ia l  
s econda ry  r evascu la r i za t ion  across  t he  p r i m a r y  f r ac tu re  line wh ich  healed.  L a t e r  a new de- 
m a r k a t i o n  occur red  in t h e  base  of t h e  h e a d  a n d  t h e n  t h e  earlier rebu i l t  bone  t r abecu lae  of 
th i s  region aga in  b e c a m e  necrot ic .  
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Case 3, female  66 years .  13 m o n t h s  a f te r  o s t eosyn thes i s  non -un ion ,  pe r fo ra t ion  of nails  
a n d  a dense  head  f r a g m e n t .  Roentgenogram of cent ra l  sec t ion  showed  p a t c h y  dens i ty ,  t h a t  
cor responds  to a reas  wi th  new  f o r m e d  bone  layered  on old t r abecu lae  on  microradiograms. 
Near  t he  l o v e s  s igns of r e sorp t ion  of bone  was  seen.  Histologically necrot ic  bone  w i th  m a s s i v  

b 
Fig. 2a and b. Case 2, group II. After 21 months sclerosis and "Wanderungspseudar~hrose" ill roentgenogram 
of central section of removed specimen (a). Necrotic and viable bone intermingled. Sclerosis is due to new bone 

laid down on the surface of old trabeculae as seen in the mieroradiogram (b) 

filling of t he  m a r r o w  b y  connec t ive  t i s sue  was  seen.  Some areas,  t hough ,  showed  a r icher  
vascu la r i za t ion  a n d  here  os teoblas t s  were seen.  I n  th i s  necro t ic  h e a d  f r a g m e n t  spa rse  a reas  
of r egene ra t ion  was  seen. 

Case 5, female  71 years .  Va lgus  f r ac tu re  w i t h  s econda ry  d is locat ion  af te r  2 m o n t h s  a n d  
t h e n  nai l ing.  V e n o g r a m  was  pos i t ive  b u t  1311-test showed  decreased  c i rcula t ion of t he  femora l  
head .  10 m o n t h s  la ter  nai ls  s l ipped a n d  redis locat ion  occurred.  Roentgenogram showed  i r regu la r  
dens i t y  in t he  cent ra l  p a r t  a n d  more  even l y  d i s t r i bu t ed  d e n s i t y  subchondra l ly .  Roen tgeno -  
g r a m  of a cent ra l  sec t ion  showed  hollows in t he  u p p e r  q u a d r a n t  l ined b y  sclerotic walls. 

22* 
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b 
Fig. 3a--c. Case 5. :Nails slipped after 10 mouths. Irregular density in roentgcnogram (a). Sclerosis subchondrally 

caused by new bone formation (b) 

Cartilage looked grossly intact. Microradiogram showed subchondrally new bone layed down 
on old trabeculae, and callus formation in nail channels ~nd at  the base. This specimen consisted 
oi mostly necrotic bone with regenerative activity lrom the fovea spreading subchondrally 
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and from the fracture line spreading through nail channels (Fig. 3a, b, c). The positive veno- 
gram could be the result  of s tart ing revascularization at  the t ime of nailing. 

Case 7, female 73 years. An open fracture line and  a dense head fragment  was found 
8 months  after nailing. Roentgenogram of section showed increased density most  marked 

c 

Fig.  3 c. Cart i lage and  subchondral  bone mos t ly  xdtal in histological picture (c), though  mos t  of the femoral  
head  in o ther  pa r t s  was necrotic 

basally; a t  the  top, though there was a zone of decreased density. Cartilage looked in tac t  
except for a shallow defect centrally. In  the mieroradiogram mostly normal looking th in  
t rabecnlae were seen. Along the  nail channel and under  the  fovea there was new bone forma- 
tion. Histologically the bone was par t ly  vital  under  the cartilage which also looked normal. 
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F rom the  fracture area a dense connective tissue has grown into the  head fragment  and here 
the  bone was necrotic. This femoral head was dead except a small par t  subchondrally. 

Case 8, male 71 years. Manifest non-union after 13 months.  Gross defects were seen in the 
cartilage. Clinical roentgenogram had  shown mott led appearance and in roentgenogram of 
central  section the  s tructure was irregular with  basally increased and subehondrally decreased 
density. Microradiogram showed thick trabeeulae apparent ly  broadened by  the  apposition of 
new bone. At  the  fovea there were the gracile pa t t e rn  of new bone formation in the  marrow 
spaces. Histologically the  cartilage was low and  fringy. Basally and around the  fovea there was 
ingrowth of connective tissue in the  marrow which in other parts  looked inactive. This was 
primari ly a non-viable head fragment  with  signs of regeneration. 

Case 15, female 62 years. Nailed with a gap of the  fracture. Prosthet ic  replacement after 
10 months,  when there were no signs of healing and a irregularity of the  density of the  femoral 
head. Roentgenogram of removed specimen showed basally increased density, in other par ts  
zones of decreased density. Microradiogram showed some newly formed bone near the fracture 
zone and  along the  nail channel. Histologically the  bone was vital  a t  the  base and around 
nail channel and  only subchondrally there were signs of bone necrosis. This head f ragment  
was to a great  extent  viablenon-union being due to insufficient contact  between the  fracture 
surfaces. 

Summary o/ group I [  cases: I n  5 o u t  of 6 cases  of n o n - u n i o n  t h e  s t r u c t u r a l  

c h a n g e s  o~ t h e  f e m o r a l  h e a d  a re  t h e  r e s u l t  of a r e o r g a n i z a t i o n ,  s t a r t i n g  f r o m  t h e  

f o v e a ,  b u t  a lso  f r o m  t h e  f r a c t u r e  zone .  H e r e  t h e  sc le ros is  is d u e  t o  d e p o s i t i o n  of 

n e w l y  f o r m e d  b o n e  o n  o ld  t r a b e c u l a e .  A t  t h e  f o v e a  t h e  r e g e n e r a t i o n  f r o m  t h e  

t c r e s  vesse l s  s h o w s  a n o t h e r  p i c t u r e :  r e s o r p t i o n  of o ld  b o n e  a n d  f o r m a t i o n  of n e w  

s l e n d e r  t r a b e c u l a e  i n  t h e  w i d e n e d  m a r r o w  s p a c e s  : i .e .  a t r u e  c r e e p i n g  s u b s t i t u t i o n .  

Al so  t h e  n a i l  c h a n n e l  s h o w s  t h e  s a m e  t y p e  of r e o r g a n i z a t i o n .  I n  one  case  o n l y  t h e  

g r e a t e r  p a r t  of t h e  h e a d  f r a g m e n t  w as  f o u n d  t o  b e  v i ab l e .  

I I I .  Non-Union with Structural Changes and Contour 
De/ormity o/ the Femoral Head 

Case 14, female 81 years. After 11 months  nails had  penetra ted a dense femoral head, the  
base of which was resorbed. Roentgenogram of a cut section showed varying degrees of calci- 
fication in. different parts.  Microradiogram showed young bone around a nail channel bu t  in 
other  parts  the  ordinary trabeculae pa t t e rn  was maintained.  Histologically massive dense 
connective tissue was seen in the  marrow and bone trabeculae were dead except for scat tered 
small areas of new bone around nail channel. 

Case 10, female 65 years. Penet ra t ion  of nail after 6 months ;  cartilage mostly missing. 
Roentgenogram of sawed section showed a s t raight  dense line across the  middle of the femoral 
head. Microradiogram showed new bone formation under  the  remnants  of cartilage, the  defects 
of which had  apparant ly  allowed a pannus  to form. The dense line consisted of new bone 
apposited upon old trabeculae. In  other parts  the trabeculae were sparse and non-viable. 

Case 16, female 59 years. 19 months  after nailing a sclerotic femoral head was removed. 
Roentgenogram of sawed section showed dense bone. Microradiogram showed thick trabeculae 
due to new bone formed on the  old frame work. lXTew bone was also seen as slender trabeculae 
in nail channels and in zones of demarcat ion toward dead parts  where the original type of 
trabeculae persisted. Histologically a cellular marrow rich in osteoblasts, i.e. indicating a good 
regeneration of an  initially non-viable head fragment.  

Case 18, female 60 years. After one year the femoral head is hypersclerotic with  a marked 
demarcat ion line to the  neck (Fig. 4a). Microradiogram showed areas with  thick trabeculae 
due to apposition of new bone on old trabeculae. Histology showed scattered areas of intense 
new bone formation with layers of osteoblasts and vital  osteocytes (Fig. 4b). The marrow 
cavity was filled by  granulat ion tissue with varying richness of vessels. 

Summary o/ group I I I  cases: O u t  of f o u r  cases  of n o n - u n i o n  w i t h  s t r u c t u r a l  

c h a n g e s  a n d  c o n t o u r  d e f o r m i t y  of t h e  f e m o r a l  h e a d ,  t h r e e  s h o w e d  p e n e t r a t i o n  
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of nails. All four head fragments were partly rebuilt; the reorganization taking 
place mainly along nail channels, but also from the foveal area, and in one case 
also from a pannus on the surface of the head where the cartilage was defective. 
Sclerosis indicated that  reorganization and new bone formation has occurred. 

b 
Fig,  4 a and b, Case 18. Non-union and increased densi ty 12 months  after nai l ing (a). In  histological slide dispersed 

areas of new bone formation with osteoblasts (b) 

Discussion 
Some structural changes in the femoral head always occur after fracture of 

the neck, whether the fracture heals or not. I f  the head is viable those changes 
are mostly seen near the fracture and along the nails and as they are rather 



328 A. HULTH and S. JoHA~sso)r: 

discrete, they are seldom detected in standard roentgenograms. If  on the other 
hand the head fragment is deprived of its circulation, the reparative process 
occurs as the fracture is healing by means of invasion of granulation tissue across 
the fracture line and the necrotic bone is rebuilt. 

If  healing is delayed or hindered by a gap in the fracture or by deficient 
immobilization this way of access of reorganization tissue is diminished. The 
femoral head will keep the original roentgenologicM appearance for an indefinite 
period of time in spite of the fact that it is totally necrotic if ingrowth of living 
mesenehyma does not occur. Along the nail (or nails), as along remaining synovial 
bridges there usually is a possibility for reparative tissue to reach the head frag- 
ment from the distal part of the femoral neck. Another pathway for reorganization 
is via the teres ligament and also in some cases via a pannns formation over areas, 
where cartilage is defective. 

The reparative process is of different types in different parts of the femoral 
head. Near the fracture zone the picture is dominated by new bone laid down 
on the surface of old bone trabeculae, making these thicker with narrowing spaces, 
giving rise to the scleroses seen in standard roentgenograms. Subchondrally the 
old bone most often is absorbed through osteoelast activity and then the new 
bone is laid down in the widened marrow spaces forming a reticular pattern with 
fine meshes of slender trabeeulae. This type of reorganization, which is a true 
creeping substitution is also seen along the nail channel. 

We never saw head fragments which were uniformly rebuilt; there are always 
greater or smaller parts without any signs of viability in the bony frame work. 
Here no signs of bone absorption was seen and the marrow cavity is filled out 
by a collagenous connective tissue with few cellular elements. It seems as if the 
ability of repair of dead bone by surrounding living mesenehyme is limited in 
time. After a certain period the non-viable bone apparently cannot stimulate the 
activity of osteoelasts or osteoblasts and the process of reorganization stops. 

Summary 
Our comparative studies of roentgenogram, mieroradiogram and histology 

of femoral heads in eases of neck fractures with non-union have shown: Changes 
of strneture of the femoral head can occur in viable bone tissue although they are 
seldom seen in standard roentgenograms. When such changes are seen they almost 
always indicate that  living tissue has invaded a non-viable head fragment, where 
bone resorption and new bone formation take place. Sclerosis always means new 
bone formation There are two types of non-union; with and without structural 
changes. In  cases with structural changes the head fragment is almost always 
viable. In  eases without strnetural changes the head fragment may or may not 
be viable and thus roentgenograms do not tell whether the head fragment is 
viable or not in a ease of non-union. 

Strukturver~inderung des Femurkopies in FNlen yon Nichtvereinigung 
des Femurhalses nach Fraktur 

Zusammen~assung 
Strukturver/inderungen des Femurkopfes k6nnen in lebensf/ihigem Knochen- 

gewebe auftreten, doch sind sic selten in den gew6hnliehen R6ntgenogrammen 
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zu sehen. W e n n  m a n  Ver~nderungen  sieht,  so weisen sic fast  i m m e r  da rau f  hin,  
dab  lebendes  Gewebe ein to tes  F r a g m e n t  durchse tz t  hat .  in dem dann  Knochen-  
resorp t ion  und Knoehennenb i ldung  s t a t t f i nden ;  Sklerose bedeu te t  i m m e r  Kno-  
ehenneubi ldung.  Es g ib t  zwei T y p e n  der  Nieh tvere in igung  : m i t  und  ohne S t ruk tu r -  
vergnderungen .  I n  F/i l len mi t  S t ruk tu rve rgnd e runge n  is t  das  K o p f f r a g m e n t  fas t  
i m m e r  lebensfi~hig ; in F/s ohne S t ruk tu rve rg nde runge n  kann  das K o p f f r a g m e n t  
lebensf/~hig sein oder  nieht ,  so dab  also RSn tgenogramme  niehts  dar t iber  aussagen,  
ob in F/~llen yon Nieh tvere in igung  das  K o p f f r a g m e n t  lebensfghig is t  oder  nieht .  
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