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Summary. In 60-day (group A) and 90-day (group B) old rabbits a standardized osteo- 
chondral graft was taken from the distal articular surface of the femur and replanted imme- 
diately. Five animals in each group were observed at 9 different times between 3 days and 
6 months. On histological and autoradiographic (3sS-sulphate) examination the following 
were found: In group A there was no aaS uptake in the deep layers of the articular cartilage 
between 3 days and I week; in most cäses there was normal articular cartilage in the trans- 
plants at 2 weeks to 6 months. In group B later changes (3 weeks--6 months), affeeting the 
greater part of the articular cartilage, were observed. These changes appeared to be irre- 
versible and were found in about i/a of the cases. The other 2/a showed completely normal 
articular cartilage. 

Fluorescence-microscopic (after tetracycline administration), microradiographic and 
mieroangiographie (Indian ink) studies revealed the following: t~evascularization of the sub- 
chondral bone took place after 3-5 days. The ossification process in the subchondral area 
was restored within 5-7 days. The osseous part of the transplants healed by primary bone 
union within 1-2 weeks. The revascularization took place more rapidly in group A. 

At the longest observation times (8 weeks and 6 months) in both groups slight flattening 
of the transplant area was sten, probably as a result of slightly retarded growth of the bone 
within the transplant. 

I n  growing animals  the  a r t i cu la r  cartf lage has a dual  function.  I t s  superficial  
l ayer  forms a sl iding surface, while i ts  deep area  comprises the  growth  zone of 
the  ep iphysea l  bone nucleus (cf. Mankin,  1962; McKibb in  and  Holdswor th ,  1967). 
A number  of expe r imcn ta l  s tudios have  shown t h a t  the  a r t i cu la r  cartf lage in 
autologous  os teochondra l  graf ts  in adu l t  an imals  survive  t r a n s p l a n t a t i o n  (for 
references see De P a l m a  et al., 1963; Aichroth ,  1971). This is compat ib le  wi th  the  
a s sumpt ion  t h a t  the  a r t i cu la r  cartf lage obta ins  i ts  nour i shment  v ia  the  synovia l  
f luid (for references see Honner  and  Thompson,  1971). I n  growing animals ,  on 
the  o ther  hand ,  some evidence has  been presen tcd  t h a t  p a r t  of the  nu t r i t ion  t akes  
p lace  f rom the  subchondra l  vascular  ne twork  (cf. McKibb in  and  Holdswor th ,  
1966; Honne r  and  Thompson,  1971). W i t h  increasing age and  decrcasing growth  
the  impor t ance  of the  subchondra l  route  in the  nu t r i t i on  of the  a r t i cu la r  cartf lage 
seems to decline. No sys temat i c  s t u d y  appears  to have  been made  in  which the  
surv iva l  of the  a r t i cu la r  car t i lage in autologous  os teochondra l  graf ts  has been 
inves t iga ted  in growing animals  of di f ferent  ages. I n  view of the  funct ion  of the  
a r t i cu la r  car t i lage as a growth  zone, i t  is conceivable  t h a t  damage  to this  car t i lage 
t h a t  migh t  resul t  f rom a t e m p o r a r y  in t e r rup t ion  in the  c i rcula t ion m a y  give rise 
to growth  d i s tu rbances  in the  osseous area  of the  epiphysis .  This is of in te res t  for 
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e v a l u a t i o n  of t h e  p rognos i s  in  i n t r a a r t i c u l a r  f r a e t u r e  w i t h  a v a s c u l a r  a r t i c u l a r  
su r faee  bea r i ng  f r a g m e n t s  in  eh i ld ren .  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  s t a n d a r d i z e d  o s t eoehond rM gra f t s  ( i n t r aa r t i eu l a r  

f r a c t u r e  w i t h  a v a s e u l a r  f r a g m e n t )  were  c r e a t e d  in  t h e  knee  j o i n t  in  60- a n d  90-day  

o ld  r abb i t s .  T h e  v i a b i l i t y  of t h e  c h o n d r o c y t e s  was  s t n d i e d  a u t o r a d i o g r a p h i e a l l y  

a f t e r  l abe l l ing  w i t h  ssS in vitro. N e w  bone  f o r m a t i o n  was s t u d i e d  b y  f luoreseenee  

m i e r o s c o p y  a f t e r  t e t r a c y c l i n e  a d m i n i s t r a t i o n ,  a n d  r e v a s e u l a r i z a t i o n  of t h e  g ra f t  

b y  m i e r o a n g i o g r a p h y .  T h e  Mm was  to  s t u d y :  a) t h e  v i a b i l i t y  of t h e  a r t i e u l a r  

ea r t i l age  in  r e l a t i o n  to  t h e  r e v a s e n l a r i z a t i o n  of t h e  g ra f t ,  b) l a te  d e g e n e r a t i v e  

ehanges  in  t h e  a r t i e u l a r  ea r t i l age ,  e) g r o w t h  d i s t u r b a n c e s  in  t h e  osseous a rea  of 

t h e  ep iphys i s ,  a n d  d) l a t e  ehanges  in  t h e  s u b e h o n d r a l  bone .  

Material and Methods 

Group A. A]bino rabbits with a controlled age of 60 ± 2 days. 
Group B. Albino rabbits with a controlled age oB 90 ~ 2 days. In each group 5 animals 

were observed after 3 and 5 days, 1, 2, 3, 4, 6 and 8 weeks and 6 months. A total of 108 rabbits 
wcre included in the material. 

Operative Procedure on the Knee Joint 

Under Nembutal anaesthesia and sterile conditions the knee joint was opened by a 
medial incision. (A lateral incision was used at first but  was abandoned because of frequent 
luxation of the patella.) Using a thin rotating saw (blade thickness 0.12 mm) and under 
flushing with NaCI solution a wedge-shaped transplant was removed from the ventrM articular 
surfaee of the femur about 3 mm distal to the epiphyseal plate (Fig. 1). A tëmplate was used 
in order to obtMn exaetly standardized wedges with a base 1.0 ein broad and a medial depth 
of 0.8 cm. The transplant was washed briefly in physiologieal saline to remove smM1 loose 
bone fragments and was replaeed immediately in ~he defeet. The transplants always lay 
firmly in the defeet and showed no differenee in level from the rest of the artieular surface. 
Great care was taken not to disturb the artieular eartilage during the operation. The joint 
eapsule was sutured with eatgut. No at tempt at immobilization was made and no anti- 
bioties were given postoperatively. 

Methods o/Examination 
Oxytetracycline was given intramuscular]y in a dose of 25 mg/kg body weight 2 days 

before the animal was killed. The distal part of both the operated and the non-operated 
femur was divided in the sagittal plane. One half of the specimen was fixed and dehydrated 
in absolute alcohol and embedded in methyl methacrylate. Consecutive sagittal sections 
were sawn out, ground down to 70-100 ~z and mounted in Permount. The other half was 
incubated for 1 hour in 2 ml Tyrode's solution containing 1 mC a~S-sulphate (cf. Lemperg, 
1967). They were fixed in a 4% aqueous formMin solution containing 0.5% cetyl pyridinium 
chloride, decalcified and embedded in Paraplast. Five tz thick serial sections were prepared; 
the first 100 were used lor autoradiography and every following tenth for histological exami- 
nation. The autoradiograms were prepared by the dipping technique as described previously 
(cf. Lemperg, 1967). After deve]opment the autoradiograms were stained with haematoxylin 
and eosin or i % toluidine blue in aqueous solution; some preparations were left unstained, 
however. The histologicaI preparations were stained in a similar manner. The preparations 
were studied in both ordinary and polarized light. The fluorescence was examined in a Zeiss 
fluorescence microscope with a combination of exciter filters BG 38 and UG 1 and a barrier 
filter 41. Microradiographic examination was carried out in a Philips PW 1010/30 apparatus 
at 15 kV, the preparations being in direct contact with Kodak spectroscopic plates 649-0. 
Mieroangiography with Indian ink (Pelican Indian Ink, diluted with isotonic NaC1 1:4), 
administered through a catheter in the aorta as described by Hulth and Olerud (1962), was 
performed on 2 animals in each group, at each observation time. The knee joint from one of 
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the angiographed animals was ineubated in 35S-sulphate after completion of the angiography 
and treated as described above. The other animal was frozen immediately to 30 ° C. The 
knee joint was exeised, thawed in absolute aIcohol and divided into two halves. One half was 
used for histological examination and the other was embedded in methyl methacrylate. 

Results 
In i2 animals luxation of the patella oceurred and in 2 an infection. In 4 animals the 

transplant h~d ch~nged its position. These 18 animals were excluded from further evaluation 
as all of them showed arthrotie ehanges of different degrees. At eaeh observation time there 
were 5 anima]s without complications available for examination. 

Postoperative Cour8e and Gross Observation8 

The animals  were taken  out  oB their  cages dai ly and aßter 2 4  days were able 

to run  unhindered.  

Apar t  f rom the  pos topera t ive  changes there  were no al terat ions in the jo int  

capsulc, the synovial  membrane  or synovial  fluid. In  all cases the t ransplant  lay 

a t  a level with the ar t icular  surface;  its margins were visible in the ar t icular  

cart i lage e r e n  at  the  longest observat ion times. At  8 weeks and 6 months  the 
ar t icular  surface of the t ransp lan t  was sl ightly rough in a few cases. Small  

periosteal  os teophytes  on the medial  side (at the incision) were present  in occa- 

sional cases. No deßinite changes were seen on the ar t icular  carti lage outs ide the 

t ransplant .  Slight general  hype r t rophy  of the entire distal  end of the femur  was 

observed in most  animals  f rom the end of the 8th week. In  about  half  oB the 

animals  in both  groups the t ransplant  area was somewhat  f la t ter  than  the rest  

of the  ar t icular  surface and did not  complete ly  follow its curvature .  

Histological and A utoradiographic Observations 

The t ransplant  area was divided into different  zones which are i l lus t ra ted 
schemat ical ly  in Fig. 1. 

z o n e  7 z o n e  11 zo f l e  1:~ 

a b ~ ? 

Fig. 1. Sehematie drawing of the transplant area. The position of the graft distal to the 
epiphyseal plate is seen. Zone I (proximal) and zone I I I  (distal) represent the artieular 
eartilage adjaeent to the ineision surfaee and zone II  the artieular eartilage in the eentral 
part of the transplant. Zone V represent the osseous eontaet surfaee subehondrally and zone IV 

the remaining osseous bed 
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Fig. 2a  and  b. Autoradiograms f rom an animal  in group A angiographed with Ind ian  ink at  
an observat ion t ime of 3 days. a, Normal  ar t ieular  cartilage outside the t r ansp lan t ;  the 
ehondroeytes  adjaeent  to the bone show s5S uptake,  b, The art icular  eartilage in the t rans-  
p lant ;  the rows of ehondrocytes nearest  the bone show no 3»S uptake.  In  the subehondral  
medul lary  spaees poorly  stained eells and th rombosed  vessels are seen. The osteoeytes have 

stainable nuelei. Haematoxy l in  and eosin × 300 

Table 1. Autoradiographie  and histological observat ions on the central p a r t  of the art icular  
cartilage (zone I I )  of the t r ansp lan t  

Group A: 60-day old animals.  Group B: 90-day old animals.  Fou r  animals were studied 
a t  each observat ion t ime in each group.  The figures in the columns indicate the number  
of animals  showing the following: 

1. No 35S uptake  over chondrocyte  groups in the deep layer alone (Fig. 2). 
2. Art icular  cartilage in the t r ansp lan t  thicker t han  the  adjacent  normal  cartilage (Fig. 3). 
3. Residual cartilage in subehondral  bone (Fig. 4). 
4. Pa t chy  dis t r ibut ion of labelled chondroeytes  (Fig. 5). 

Observat ion Group A Group B 
a t  

1. 2. 3. 4. 1. 2. 3. 4. 

3 days 4 3 - -  - -  - -  1 - -  - -  
5 days 2 3 . . . . . .  
I week 2 4 2 . . . . .  
2 weeks 1 4 2 - -  - -  1 - -  1 
3 weeks - -  - -  1 - -  1 - -  1 1 
4 weeks - -  1 2 . . . .  2 
6 weeks - -  - -  2 1 - -  - -  - -  2 
8 weeks - -  - -  - -  1 - -  - -  - -  1 

6 mon ths  - -  - -  1 1 - -  - -  - -  2 
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Fig. 3. Autoradiogram from an animal in group A at 1 week. The articular cartilage of the 
transplant (to the right) is thicker th~n the normal ~rticular cartilage (to the left). Close to 
the incision surface (arrow) there ~re a few rows of unlabetled chondrocytes. Toluidine blue × t 15 

The Articular Cartilage in the Central Part o/the Transplant (Zone I I ) .  In  the 
major i ty  of animals, especially in group B (90 days) the t ransplant  cartilage was 
completely normal. As is evident f rom Table 1 early changes in the deepest 
layer of the articular cartilage in the form of unlabelled ehondrocytes (Fig. 2) 
were common in group A (60-day animals). The chondrocytes  in the deepest 
area of the epiphyseal plate showed uptake  of asS. The articular cartilage of the 
t ransplant  was thicker than  the normal  articular cartilage (Fig. 3) in the major i ty  
of animals in group A up to 2 weeks. I n  no ease was the articular cartilage of the 
t ransplant  thinner than  the adjacent  articular cartilage. Residual unossified 
articular cartilage, usually not  labelled with asS, in the subchondral  bone (Fig. 4), 
was common in group A. Late  changes of a regressive nature  were seen in the 
form of a pa t chy  distr ibution of labelled ehondrocytes (Fig. 5). I n  addition, a t  
6 months  superficial fibrillation of the articular surface but  wi thout  loss of 
substance was observed in 2 animals in each group. In  occasional eases (see below) 
the t ransplant  lay a few cell rows below the level of the articular surface, but  
this finding was not  associated with any  of the changes described above. 

The Articular Cartilage Adjacent to the Incision Sur/ace (Zones I and I I I ) .  
I n  42 cases in group A and 41 cases in group B the t ransplants  lay at  a level 
with or less than  5 cell rows below the rest of the articular surface. A few rows of 
chondrocytes  wi thout  ass uptake  were observed close to the incision surface 
(Fig. 3) in about  half of all cases. In t imate  contact  between the incision surfaces 
of the art icular cartilage but  with no bridging tissue in between was found in 
about  two thi rds  of all cases at  all observat ion times (Fig. 6). I n  the remaining 
cases the gap was filled with mesenchymal  cells and immature  cartilage up to 
an observat ion t ime of 4 weeks and thereafter  mainly  by  hyaline cartilage. I n  a 
total  of 7 cases where the art icular cartilage of the t ransplant  lay  more than  about  
five cell rows below the normal  art icular cartilage, fibrous tissue grew from the 
subchondrM bone over adjacent  articular cartilage. 



118 1~. K. Lemperg: 

Fig. 4. Photomierograph from an animal in group A after 2 weeks. Cartilaginous tissue (whieh 
on the autoradiograms shows no ssS uptake) is seen in the subchondral bone. I{amatoxylin- 

eosin × 260 

Fig. 5. Autoradiogram from an animal in group B at  6 weeks. Transplant  to the right, normal 
art icular carti]age to the left. Fewer chondrocytes wigh 35S uptake are seen in the artieular 
cartilage of the t ransplant .  Multinuclear chondrones are frequent. Unsta ined preparation. 

× 100 

The Articular Cartilage Outside the Transplant s h o w e d  i n  o c c a s i o n a l  cases  

l i m i t e d  supc r f i c i a l  a r e a s  w i t h  n o  ~5S u p t a k e  ( p r o b a b l y  d u e  t o  d i r e c t  t r a u m a )  b u t  

o t h e r w i s e  n o  p a t h o l o g i c a l  c h a n g e s .  
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Fig. 6. Photomicrograph from an animal in group A after 2 weeks. Transplant to the right, 
normal articular cartilage to the leit. There is intimate contact between the articular cartilage 
surfaces; in polarized light it is seen that there are no bridging collagen fibres in the fine gap 
between the transplant and articular cartilage. The subchondral bone shows complete healing 

via lamellar borte tissue. No callus tissue is seen. I-Iaematoxylin and eosin. × 180 

The Osseous Bed o/the Transplant (Zones I V and V). Sta in ing  of the  nuclei  
was reduced  or absen t  in os teocytes  and the cells in the  medu l l a ry  cav i t y  in the  
grea ter  p a r t  of the  t r a n s p l a n t  a t  3 days .  The changes were most  p ronounced  in 
the  subchondra l  bone. The j ux t achondra l  capil laries corresponding to zone I I  
were t h rombosed  to  a large ex ten t  (Fig. 2b).  The changes were essent ia l ly  s imilar  
in bo th  exper imenta l  groups bu t  d i s t inc t ly  more pronounced  in group A. I n  
zone I V  p r i m a r y  bone heal ing was observed in p rac t i ca l ly  all cases (Fig. 6) af ter  
1 week. Cart i lage callus was observed  excep t iona l ly  in small  areas  up to a t ime 
po in t  of 2 weeks. 

Fluorescence Microscopic, Microradiographic and Microangiographic Observations 

Subchondral Bone in Zone II. Table 2 presents  the  observat ions  on the  sub- 
chondral  bone dur ing  the  f irst  two weeks. The te t racyc l ine  was admin i s t e red  
2 days  before dea th ,  and  the  fluorescence observed on days  3 and  5 therefore  
reßlects ma in ly  the  c i rcu la tory  s i tua t ion  on days  1 and  3 (Fig. 7). I t  is ev ident  
f rom the  tab le  t h a t  the  revascu la r iza t ion  of zone I I  took  place more r ap id ly  in 
group A t h a n  in group B bu t  t h a t  in 2 animals  in group A a t  1 week there  was no 
fluorescence subchondra l ly .  The subchondra l  vessels were c]early d i l a ted  in  most  
cases in group A. A t  2 weeks the  fluorescence in group A was usua l ly  more ex- 
tens ive  in the  subchondra l  capi l lar ies  t h a n  outs ide the  t r ansp lan t .  I n  group B i t  

9 Virchows Arch. Abt.  A Path.  Anat.,  Bd. 357 
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Fig. 7 a - - c  
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Table 2. 0bservations within the two first weeks on the subchondral bone of the eentral 
part of the transplant (zone II) on fluoreseence-microseopic and angiographic examination 

At euch observation 5 animals were examined by fluorescencemicroscopy und 2 by 
microangiography. Tetracycline was administered two days prior to death. Group A: 60-day 
animals; Group B 90-day animals. 

1. Fluorescence in subehondral eapillaries (Fig. 8a). 
2. Fluorescence on lamellar bone surfaces (Fig. 8b). 
3. Indian Ink filling of subchondral eapillaries (Fig. 7). 
4. Filling of larger subehondral vessels (Fig. 7). 
The figares in the columns indicate the number of animals showing positive findings. 

0bservation Group A Group B Group A Group B 
at 

1. 2. 1. 2. 3. 4. 3. 4. 

3 days - -  - -  - -  I a 2 a - -  2 b 
5 days 3 5 - -  1 2 a 2 a lb 2b 
1 week 3 4 5 4 2 a 2 a 2 b 2 
2 weeks 5 5 5 5 2 2 2 2 a 

a The vessels showed dilatation (Fig. 7). 
b Ineomplete filling. 

was  m a i n l y  loea l ized  to  l a m e l l a r  bone  surfaees ,  whi le  i t  was  r e d u e e d  in t h e  eapil-  

lar ies  (Fig.  8 a n d  8b) .  

F r o m  t h e  end  oB t h e  3rd  w e e k  t h e  oss i f iea t ion  proeess  h a d  b e e o m e  n o r m a l  in  

m o s t  an imals .  H o w e v e r ,  d i s t u r b e d  oss i f iea t ion  of a p p a r e n t l y  t w o  d i f fe ren t  t y p e s  

was  obse rved .  I n  t h e  one  t y p e - - s e e n  in  3 eases in  g roup  A a n d  in  6 in  g roup  B,  

d e g e n e r a t i v e  ehanges  were  f o u n d  in  t h e  a r t i eu l a r  ear t i lage .  T h e  f luoreseenee  in  

t h e  s u b c h o n d r a l  eapi l lar ies  was  i ne rea sed  or  pers i s ted ,  a n d  in  m o s t  eases t h e  

bone -ea r t i l age  bo rde r l i ne  l ay  deeper  t h a n  in  t h e  n o r m a l  a r t i e u l a r  ea r t i l age  

(F ig .  9). I n  t h e  o t h e r  t y p e  (3 cases in  eaeh  group)  no ehanges  of t h e  a r t i eu l a r  

ea r t i l age  were  observed .  T h e  f luoreseenee  in  t h e  s u b e h o n d r a l  eapi l lar ies  was  

w e a k  or  a b s e n t  (Fig.  10). I n  2 of these  eases m i e r o a n g i o g r a m s  were  ava i l ab l e  a n d  

in b o t h  eases t h e  s u b e h o n d r a l  vessels  were  i n e o m p l e t e l y  f i l led in these  areas.  I n  

2 eases d e g e n e r a t i v e  ehanges  in  t h e  a r t i e u l a r  ea r t i l age  were  n o t  a e e o m p a n i e d  b y  

a n y  v is ib le  r eae t i on  in  t h e  s u b e h o n d r a l  bone.  

The Ososeus Bed o/the Transplant (Zones I V and V). On d a y  5 in  g roup  A 

a n d  on d a y  7 in g roup  B m i n e r a l i z e d  bone  t i ssue  was  seen on t h e  m i c r o r a d i o g r a m s  
a n d  a f t e r  2 weeks  in al l  cases fu l ly  m i n e r a l i z e d  canee l lous  bone  b r idged  t h e  gap  

b e t w e e n  t h e  t r a n s p l a n t  a n d  osseous bed.  I n  zone  V ca r t i l age  was  f o u n d  b e t w e e n  

t h e  t r a n s p l a n t  a n d  osseous bed  a t  o b s e r v a t i o n  t i m e s  b e t w e e n  3 a n d  8 weeks  in  
11 eases in g roup  A a n d  10 eases in g roup  B (Fig.  9). 

Fig. 7a--c .  Fluoreseence photomicrographs from an animal in group A at 5 days; angio- 
graphy with Indian ink. a, Normal articular surface to the left of the arrow, transplant to 
the right. The greater part of the transplant is revascularized und the larger subchondral 
vesseIs seem to be dilated. Fluorescence is seen on a large number of borte surfaees in the 
transplant, und active fluorescenee in the transplant bed. ×40. b, Detail from (a) Bone- 
eartilage borderline in normal artieular eartilage with well filled capillaries. × 260. c, Detail 
from (a) Bone-cartilage borderline in the transplant; not all eapillaries are filled, und some 

subchondral vessels are dilated. × 260 

9* 
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Fig. 8a  and b. Fluorescence photomicrographs from an animal in group B at  2 weeks. 
a, l~ormal art icular surface, b, Articular surface in zone I I  of the t ransplant ,  where the major  
par t  of the fluorescence is localized to lamellar bone surfaces; only a few subchondral  capil- 
laries shows fluoreseence and  there is no fluoreseenee at  the bone-cartilage borderline. × 60 

Fig. 9. Fluorescence photomierograph from an animal in group A at  4 weeks. Degenerative 
changes are seen in two plaees in the articular cartilage of the t ransplant .  The ossifieation 
there is retarded hu t  there is fluoreseence subchondrally. Between the t ransplant  (left) and 
the osseous bed (right) there is a tongue of eartilaginous tissue extending down into the 

epiphyseal bone. × 35 

Fig. 10. Fluorescence microgram from an  animal in group B a t  6 weeks. There is~weak 
fluorescence in the  major  par t  of the subchondral  bone in the t ransplant  (to the right);  the  
articular cartilage shows no visible changes hu t  is somewhat thicker in the  transplant .  In  
some pat t s  of the  t ransp lan t  the bone-cartilage borderline lies at  a lower level than  the 

normal borderline. × 35 
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The Central Part o] the Transplant. Fluorescence was visible on most bone 
surfaces in the central parts of the transplant on day 5 in both groups. At the 
same time the vascular system in the medullary cavity was well filled with 
Indian ink. The fluorescence was very active up to 2-3 weeks, after which it 
returned to normal. 

Discussion 

With this experimental model an attempt was made to study the effects of 
temporary interruption of the subchondral circulation in growing rabbits of 
different ages in order to determine the importance of this faetor for the viability 
and growth of the artieu]ar eartilage. The experimental eonditions were rigidly 
standardized, they gare optimal prerequisites for healing and exeluded to the 
greatest possible extent other faetors known to interfere with the integrity of the 
artieular eartilage, such as immobilization, ineongruenee of the artieular surfaee, 
permanent pressure, haemarthrosis er direet trauma (el. Trueta, 1968). 

The revaseularization of the transplant took plaee more rapidly than that 
deseribed by Stringa (1957). The observations on the osseous part of the trans- 
plant de not differ essentially from these made and diseussed by De Palma et al. 

(1963), among others. 
In the majority of eases eongruenee of the artieular surfaee and full viability 

of the artieular eartilage were observed. In about half of the eases at observation 
times after 8 weeks the artieu]ar surfaee of the transp]ant was, however, some- 
what flatter, probably due to some retardation of growth. An absolutely exaet 
position of the transplant appeared to be neeessary for an optimal result. Eren 
very slight lowering of the artieular surfaee of the transplant, invisible with the 
naked eye, led to a growth of fibrous tissue erer the artioular eartilage. 

The relationship between the temporary interruption of the subehondral 
eireulation and the autoradiographie observations on the artieular eartilage 
illustrates the importanee of subehondral nutrition for the viability of the arti- 
eular earti]age at different ages. In the 60-day o]d animals (group A), changes 
elearly loealized to the deepest layer were found at 3 and 5 days, while in the 
90-day eid animals (group B) no such ehanges were observed. This may mean 
that in the younger animals the ehondroeytes in the deepest layer are eompletely 
dependent upon the subehondral vessels for their nutrition. 

When the subehondral circulation in group A had been restored, these un- 
labelled rows of ehondrocytes were gradually resorbed, but clearly at a slower 
rate and with more irregularity than normally. These observations are in agree- 
ment with these of MeKibbin and I-Ioldsworth (1966) in 6-week old rabbits. The 
eonclusion arrived at by these authors that undisturbed ossifieation of ehondro- 
eytes is an active process of maturation rather than a degenerative proeess also 
gains support from the present results. 

MeKibbin and IIoldsworth (1966) also conclused that the growth of the 
artieular cartilage was inhibited by interruption of the subehondral eireulation. 
In the majority of eases in group A the thiekness of the artieular eartflage in- 
ereased, however, in the period when the eireulation was eut elf. On eomparison 
of the asS autoradiograms of the present study with the 3I-I-thymidine autoradio- 
grams in the publication of Mankin (1962) it is evident that the zones that 
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showed aH- thymid ine  inco rpora t ion  also as a rule  showed ~õS label l ing and 
therefore  were p r o b a b l y  no t  af fec ted  b y  the  i n t e r rup t ion  in c i rculat ion.  This 
would mean  t h a t  diffusion f rom the  synovia l  fluid, a t  leas t  t empora r i ly ,  can 
p rov ide  suff icient  nu t r i t i on  even for the  g rowth  of a r t i cu la r  car t i lage.  

A no t ewor thy  observa t ion  was the  p a t c h y  d i s t r ibu t ion  of label led  chondro-  
cytes  in all  layers  of the  a r t i cu la r  cartf lage,  except  in the  superficial  layer ,  a t  the  
longer observa t ion  t imes  and  ma in ly  in group B. This change m e a n t  t h a t  the  
n u m b e r  of v iab le  chondrocy tes  pe r  vo lume was reduced» and  mus t  be r ega rded  
as degenera t ive ;  i t  showed no t e n d e n c y  to regression. W h e t h e r  or no t  th is  led to 
fu r the r  degenera t ion  of the  a r t i cu la r  car t i lage  could no t  be de t e rmined  in the  
p resen t  inves t iga t ion .  No a r th ro t i c  changes wi th  subchondra l  os teophytes  were 
obse rved  wi th  c e r t a i n t y  in a n y  oB the  cases. 

The superf icial  degenera t ion  of the  a r t i cu la r  car t i lage,  observed a t  6 months ,  
was no t  associa ted  wi th  a n y  of the  o ther  p rev ious ly  discussed findings.  I t  was 
poss ib ly  a consequence of s l ight  incongruence of the  a r t i cu la r  surface. 

The  conclusion t h a t  can be d rawn  f rom this  s t u d y  is t h a t  the  a r t i cu la r  car t i lage  
on avascu la r  a r t i cu la r  surface bear ing  f r agmen t s  t h a t  have  been replaced  in an 
exac t  pos i t ion  essent ia l ly  re ta ins  i ts  v i a b i l i t y  and  cont inues to  grow. I n  the  
younger  an imals  the  p ic ture  was d o m i n a t e d  b y  ear ly  ossif icat ion d i s tu rbances  
in  the  subchondra l  bone, which were reversible .  I n  the  older  an imals  l a t e r  changes 
of a regressive n a t u r e  in the  ar t icu]ar  car t i lage  p r e d o m i n a t e d  and  were p r o b a b l y  
irreversib]e.  
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