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Summary. Standardized, intraeartilaginous articular eartilage defeets on the femoral 
head in adult rabbits were studied histologically and autoradiographieally after 35 S-sulphate 
labelling at 7 observation times between 5 days and 12 weeks. Undeealeified seetions from 
the same defects were studied mieroradiographieMly and fluorescenee microseopieally after 
administration of Tetracyeline. Interest was devoted mainly to the mineralized struetures 
beneath the articular cartilage defeet. The following histological and autoradiographicM 
observations were made: 

The articular cartilage in the defect area showed loss of matrieal metaehromasia, reten- 
tion or increase of sulphate uptake over chondroeytes elose to areas of chondrocytes with 
no sulphate uptake, multinuelear ehondrones and in isolated cases fibrillation of the matrix 
at longer observation times. 

The mieroradiographic and fluorescence microseopie examinations showed the following: 
l) There was a rapid loss of mineral in the calcified artieular cartilage, around vaseular 

canals in the eortieal part of the subehondral bone, from osteones and from adjaeent 
lamellar bone surIaees after 5 days. This progressed up to 2-3 weeks. 

2) The number of fluoreseent bone surfaees inereased markedly up to 3 weeks, after 
whieh there was some deerease, with the exeeption of the lamellar bone surfaces whieh still 
showed inereased fluorescence after 12 weeks. 

3) Massive fluoreseenee was seen in the tidemark from 2 weeks onwards. 
4) The changes wëre limited to tissues beneath the defeet area. 

Introduetion 

Numerous  experimentM procedures have been used in  an  a t t e mp t  to shed light 
on the aetiology of the elinical pieture designated " p r i m a r y  osteoar thr i t is"  (for 
references, see Key,  1931 ; Gardner,  1960 ; Meachim, 1963). Exper imenta l  methods 
whieh lead to rapid dest ruet ion of the ar t ieular  cartilage causing seeondary 
changes in  the bone, apparen t ly  resembling h u m a n  osteoarthritis,  distort  its t rue 
picture, however (for referenees, see Thaxter  et al., 1965). The beginning of 
osteoarthri t is  p robably  consists of a loeal dis integrat ion of the carti laginous matr ix,  
with a slow tendeney  to progression (for referenees, see Harr ison et al., 1953), while 
the chondrocytes have been found to have a normal  or e r en  inereased uptake  of 
~~ S-sulphate, indieat ing re ten t ion  of eellular funet ion (Collins andMcElhgot t ,  1960). 
Meaehim (1963) took these observations into eonsiderat ion in  bis an imal  experi- 
ments  with "scar i f ica t ion"  of the ar t ieular  cartilage in  the knee joint  of adul t  
rabbits .  Changes of the ar t ieular  eartilage resembling those in osteoarthrit is  were 
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observed, bu t  the subchondral  bone was described as normal  up to 44 weeks post- 
operatively.  Other invest igators  have also found, on histological examinat ion ,  t ha t  
the subchondral  bone has remained unchanged  in exper imental  studies of super- 
ficial ar t icular  cartilage defects, for example Benne t  and  Bauer (1935) in  the dog, 
Bucher (1955) in the guinea pig, Imerl ishvi l i  (1957) in the eat and  DePa lma  
et al (1966) also in  the dog. 

The quest ion of whether  in t raear t i laginous  lesions of the ar t icular  cartilage ean 
lead to changes in  the subeart i laginous mineralized s tructures  and  to accelerated 
remodelling of the subchondral  bone is of topieal interest,  however, since the 
la t ter  proeess is an in tegra t ing  eomponent  of the pathologieal pieture in osteo- 
ar thri t is  (for referenees, see Harr ison et al., 1953; Johnson,  1959; Stecher, ]961). 

I n  a previous invest igat ion the s t rueture  and  spontaneous remodelhng of the 
subehondral  bone p]ate in  the femoral head of adul t  rabbi ts  was s tudied by  means 
of mieroradiography and  fluorescenee mieroscopy after adminis t ra t ion  of Tetra-  
eycline (Lemperg, 1971). The subehondral  bone tissue was found normal ly  to have 
a low metabol ism in  rabbi ts  over 1 year of age. 

The prineipal  alm of the present  invest igat ion was to s tudy  the early effeet 
of l imited int racar t i laginous ar t ieular  cartilage defects on the caleified ar t ieular  
cartilage and  the subehondral  bone tissue in the area of the defeet. Fur ther ,  
studies were made to determine whether such ar t icular  cartilage defeets have any  
general s t imula tory  influenee on the remodelling of the subchondral  bone tissue 
outside the defeet area in the femoral head. Mieroradiography and  fluorescence 
mieroscopy after admin is t ra t ion  of Tetracycline,  as wel] as histological methods 
and  autoradiography after in vitro labelling with 35 S-sulphate, were used. 

Material and Methods 
The studies were made on 54 rabbits of both sexes with a nominal age of at least 8 months 

and weighing 3.5-4.4 kg. 

Operative Procedure 
Under Nembutal anaesthesia and with sterile conditions a defect measuring about 3 x 3 

mm was created on the dorsal artieular surfaee of the femoral head about 2 mm medial to 
the borderline between the head and neck of the femur (zone III) 1. The joint was not 
luxated in this procedure. A small curved raspatory was used and an attempt was made to 
avoid penetration of the defect beyond the borderline between calcified and non-calcified 
articular cartilage. The joint capsule and muscles were sutured with catgut. No attempt at 
postoperative immobilization was made and no antibiotics were given. 

In a control group of 5 animals only the joint capsule was opened and the articular 
cartilage was left intact. 

Observation Times and Preparation o/Examination Material 
After 5 days or 1, 2, 3, 5, 8 or 12 weeks (7 animals with a defect at each observation time 

and in the control group 1 animal at 1 week and 2 each at 5 and 12 weeks) the animals 
were killed. Two to four days before death they were given an intravenous injection of 
oxytetracycline in a dose of 25 mg/kg body weight. The femoral head and heck and adjacent 
trochanteric area from the operation side were excised after macroscopic inspection of the 
hip joint. With a fine bandsaw the femor~l head was divided in the coronal plane through 

1 The division of the articular surface of the femoral head into 7 zones is shown in Fig. 1 
in the preceding article in this volume (Lemperg). Zone III  is the defect area. 
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the middle of the defect area. One half of the head was fixed, dehydrated in absolute alcohol 
and embedded in methyl methacrylate. The other half was incubated in 2 ml of Tyrode's solu- 
tion contMning 1 mC 35 S-sulphate ~ for 1 h and washed in saturated sodium sulphate solution 
as described previously (Lemperg, 1967). The examination material of the other side was treated 
in the same way. 

Microradiography and Fluorescence Microscopy 
Sections about 1 mm thick were sawn from the plastic-embedded block, starting from the 

divisional surface in the coronal plane. The sections were ground down to a thickness of 
80-100 ~, and some further to 50 and 30 ~. Microradiography was performed in a Philips 
PW 1010/30 apparatus at 15 kV; the preparations lay in direct contact with Kodak spectro- 
scopic plates 649-0. For fluorescence microscopy the preparations were mounted in Permount 
and examined in a Zeiss fluorescence microscope. The filter combinations of exciter filters 
BG 38 and UG 1 with barrier filter 41 and exciter filters BG 38 and BG 12 with barrier filters 
50 and 65 were nsed. The fluorescence preparations were examined with a linear magnification 
of 80 and 200 times. 

H istolog y and A utoracliogra ph y 
The preparations were fixed in a 4% aqueous formalin solution contMning 0.5% cetylpyri- 

dinium chloride, decalcified in a mixture of equal parts of monosodium citrate (20%) and 
formic acid (44 %) and embedded in paraffin. Beginning from the divisional surface in the 
coronal plane, seriM sections 5 ~ thick were cut. The first 80 sections were used for autoradio- 
graphy and every following 5th section for histological examination. The entire defect area and 
adjaeent intact patts of the joint were sectioned. Autoradiography was performed by the 
dipping technique (Ilford K 2 in gel form, diluted with distilled water 2:1). After developing, 
some preparations were stained with haematoxylin and eosin or 1% toluidine blue in an 
aqueous solution, while others remained unstained. The histological preparations were stained 
in the same way. 

Results 

Macroscopic Observation 
All animMs were able to move about unhindered during the period of observation. In 

2 animals, one observed at 5 weeks and the other at 8 weeks, an increased amount of turbid 
fluid was found in the joint and macroscopically the articular cartilage appeared eroded. 
These two animals were excluded from further study. In the other animals nothing noteworthy 
was observed apart from the expected postoperative changes. The mobility of the joint was 
completely normal. The defect on the femoral head was well visible in all cases. 

Histolo«ical and Autoradio«raphic Observation8 

T h e  p r e p a r a t i o n s  f r o m  all  an imMs were  e x a m i n e d  w i t h  r e spec t  to  t he  d e p t h  of 

t h e  a r t i c u l a r  ca r t i l age  defec t .  T h e  fo l lowing  o b s e r v a t i o n s  were  r e g a r d e d  as a sign 

t h a t  t h e  s u b c h o n d r M  bone  was  p r i m a r i l y  i n v o l v e d :  o p e n e d  v a s c u l a r  cana ls  in 

t h e  cMcif ied a r t i c u l a r  ca r t i l age  w i t h  a v is ib le  de fec t  in t h e  bone  t issue,  smM1 car t i -  

l ag inous  is lets  or  g r a n u l a t i o n  t i ssue  in  t h e  bone  t issue b e n e a t h  t h e  defect ,  a n d  

t h e  p resence  of m e s e n c h y m M  cells a t  d i f f e ren t  s tages  of d i f f e r en t i a t i on  a n d  f ibrous  
t i ssue  in t h e  a r t i c u l a r  ca r t i l age  defect .  These  an ima l s  were  e x c l u d e d  f r o m  t h e  

p r e s e n t a t i o n  of t h e  resul ts .  

T h e  fo l lowing  r e p o r t  refers  on ly  to  t h e  25 an ima l s  in  wh ich  t h e  base  of t h e  

de fec t  l ay  w i t h i n  t h e  non-cMci f i ed  a r t i c u l a r  ca r t i l age  or  on t h e  bo rde r l i ne  b e t w e e n  

th i s  und  t h e  cMcif ied a r t i c u l a r  car t i lage .  T h e  d i s t r i b u t i o n  of t h e  an ima l s  acco rd ing  

to  t h e  d i f f e ren t  o b s e r v a t i o n  t i m e s  is g i v e n  in  t he  Tab le .  

2 Carrier-free 3~ S-sulphate, SJSI .  The RadiochemicM Centre, Amersham, England. 
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Table. Observations on Tetracycline labelled 8tructures at di/]erent observation time8 

Observation Number Zone I I I  Zone II  + IV 
times of 

animals a b c d a b e d 

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

12 weeks 5 2 1 1 4 - -  - -  - -  

The figures in columns a -d  indicate the nnmber of animals showing a greater number 
of labelled structures on the treated side than on the untreated side. Zone I I I :  defect 
area; zones II  and IV: areas laterally and medially adjacent to zone III .  a = t i d e m a r k ,  
b --  osteones, c = intracartilaginous canals, d --  lamellar bone surfaces delimiting medullary 
eavities (for details, see text). 

A t y p i e a l  p i e t u r e  of t h e  de/ect area is s h o w n  in  Fig .  1. Smal l  a r eas  e o n t a i n i n g  

c h o n d r o e y t e s  w i t h  no  s u l p h a t e  u p t a k e  a l t e r n a t e d  w i t h  a r eas  of c h o n d r o e y t e s  show-  

ing  a h igh  s u ] p h a t e  u p t a k e .  M u l t i n u c l e a r  e h o n d r o n e s  were  o f t e n  o b s e r v e d  in  t h e s e  

a reas  a t  l onge r  o b s e r v a t i o n  t imes .  T h e  s t a i n i n g  w i t h  t o l u i d i n e  b lue  of t h e  car t i -  

laginous matrix in the defeet area and the articular eartilage at the margin of 

the defeet was usually redueed. No appreeiable differenee was observed with 

regard to these ehanges at the different observation times up to 12 weeks. Fibril- 

lation of the eartilage was seen in some eases at observation times over 5 weeks 
but was not a regular finding. 

The subchondral bone beneath the defeet area showed no ehanges at observa- 

tion times up to 2 weeks. In 2 eases, at 3 and 5 weeks, oeeasional enlarged 

intracartilaginous vaseular canals were seen, and the zone of ealcified eartilage 

appeared to be rather narrower than in the adjaeent artieular eartilage. At 

observation times of 8 and 12 weeks, in 2 further animals, similar ehanges were 

seen. In one ease at 12 weeks the tidemark (ealeified line) lay at a somewhat 

higher ]evel in parts of the deßeet area (Fig. 2), while in other parts it was not 

visible. In this ease some blood vessels had invaded the deepest layer of the 
artieular eartilage (Fig. 2). 

The artieular surface of the femoral head outside the defeet area showed no 

ehanges wether in the artieu]ar eartilage or in the subehondral bone. 

In the animals in the control group neither the artieular eartilage nor the 
subchondral bone showed any ehanges. 

Mierorcdiographic and 2'luorescence Microscopic Observations 

T h e  r i g h t  a n d  l e r  f e m o r a l  h e a d s  were  p l a c e d  t o g e t h e r  a n d  t h e  zones  I - V I I  

were  m a r k e d  as  i d e n t i c a l l y  as  poss ib le  on  t h e  p r e p a r a t i o n s  w i t h  a f ine  m a p p i n g  

pen .  T h e  o c c u r r e n c e  of t e t r a c y c l i n e i n d u c e d  f l uo re seenee  w a s  r e c o r d e d  in  t h e  fol low- 

ing  s t r u e t u r e s :  a) t i d e m a r k ,  b) o s t eones ,  c) i n t r a e a r t i l a g i n o u s  v a s e u l a r  eana l s  a n d  

d) l ame l l a r  b o n e  t i s sue  b o r d e r i n g  a g a i n s t  t h e  m e d u l l a r y  e a v i t y  l y ing  n e a r e s t  t o  

2 Virchows Arch. Abt. A Path. Ana~. Bd. 352 
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Fig. 2 

Fig. 1 

Fig. 1. The defect area at  an observation time of 8 weeks. Multinuelear chondrones are 
lying at  the margin of a fissure in the articular cartilage. The matrix shows disintegration and 
a number of chondrocytes show low or no uptake of a» S-sulphate. Intensive 35 S-sulphate uptake 
over the condroeytes in the deepest part  of the articular cartilage. Autoradiogram after 

labelling with a» S-sulphate, stained with haematoxylin and eosin. × 360 

Fig. 2. Borderline area between articular cartilage and bone beneath the defect at  an observa- 
tion time of 12 weeks. The tidemark (caleified line) is broken and part  of it lies at a higher 
level. Some osteocytes are seen close to invading blood vessels. The ehondrocytes of the 
articular eartilage show a high uptake of 85 S-sulphate. Autoradiogram after 35 S-sulphate label- 
ling, stained with haematoxylin and eosin. × 360. Calibration of the micrometer seale: 1 scale 

divison = 8 

the articular cartilage ; only that surface facing the articular surface was evaluated. 
In the tidemark fluoreseence was recorded as present or absent. In the subchon- 

drM bone and the ea]cified artieular cartilage the number of ]abelled structures 

b-d were counted, and identieal areas from the treated and untreated femoral 

h e a d s  w e r e  c o m p a r e d .  

Observations on the Untreated Side 

In  order to check tha t  the untrated side was "normal" ,  the total number of labelled 
struetures from the whole group was eompared with the findings in the previously studied 
normal material (Lemperg, 1971). No dffferenee was found for structures a, b and d. For 
strueture e somewhat higher values were obtained (see below). Further,  the values from animals 
with observation times of 5 days-3 weeks were compared with those from animals with obser- 
ra t ion times of 5-12 weeks; no differenees were found. On eomparison of the values for 
structure e in zone I I I  with those for the same strueture in the other zones, slightly higher 
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Fig. 3. a Mieroradiogram of the subchondral  bone on the  unt rea ted  side. b Identical  area to 
(a) on the  t reated side. Mineral loss in the calcified articular cartilage and around intracart i-  
laginous vascular canals. Signs of mineral loss are also seen in osteones, c Fluorescence photo- 
mierograph of the  same preparat ion as in (b). Note t h a t  the  defect has not  peuetra ted to the 
t idemark. Tetracycline-induced fluorescenee on some bone snrfaees around vaseular eanals 

showing mineral loss. Observation t ime 1 week. X ]00 

values were found in zone III .  This difference may be due to the faet t ha t  on examinat ion 
of this zone, which eorresponds to the defect area, higher magnifieations were orten used, 
which would systematieally give these higher values. This would also explain the faet t h a t  
for s trueture c higher values were obtained for the whole group. Individual  differenees in 
the labelling frequeney were found in different animals for all strnctures. 

Observations in the De]ect Area (Zone I I I )  at Di//erent Observation Time8 

T h e  T a b l e  g ives  t h e  n u m b e r  of a n i m a l s  a t  t h e  d i f f e r e n t  o b s e r v a t i o n  t i m e s  in  

w h i c h  n o  s igns  oB p r i m a r y  i n v o l v e m e n t  of t h e  s u b c h o n d r a l  b o n e  were  f o u n d  

e i t h e r  o n  h i s to ]og ica l  or  f l u o r e s c e n c e  m i c r o s c o p i c  e x a m i n a t i o n .  I n  m o s t  cases  o n l y  

one  p r e p a r a t i o n  i n c l u d i n g  t h e  d e f e c t  a r e a  was  o b t a i n e d .  

2* 
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Fig. 4. Microradiogram of the defect area after an observation time of 2 weeks. In several 
places there is loss of mineral from the calcified articular cartilage and around vascular canals 
in the cortical part of the subchondral bone. Mineral loss from adjacent lamellar bone surfaces 

is also observed, x 100 

At 5 days and I week the  changes were most  m a r k e d  in the  microradiograms.  
I n  all an imals  loss of minera l  was seen, to  va ry ing  extents ,  in the  ca]cified 
a r t i cu la r  car t i lage,  a round  in t racar t i l ag inous  vascu]ar  canals  and  a round  vascu la r  
canals  in the  layer  of cort ical  bone, as well as signs of incipient  resorpt ion  
in osteones (Fig. 3b).  I n  no case were any  corresponding changes found on the  
u n t r e a t e d  side (Fig. 3a). On fluorescence microscopic examina t ion  of the  same 
p repa ra t i on  i t  was seen t h a t  the  defect  had  no t  pene t r a t ed  to  areas  showing 
loss of minera l  (Fig. 3 c). I n  2 animals  there  was an  increased number  of fluores- 
cent  surfaces in the  defect  a r ea - - c lo se  to s t ruc tures  showing minera l  loss (Fig. 3 c) 
b u t  also in in t raca r t i l ag inous  " b l i n d l y "  t e rmina t ing  vascu la r  canals.  Changes of 
the  minera l  conten t  on the  lamel lar  bone surfaces (S t ruc ture  d) could no t  be 
eva lua t ed  wi th  ce r ta in ty .  I n  2 cases there  was no fluorescence of the  t i d e m a r k  in 
zone I I I ,  while this  was seen in zones I I  and  IV. 

At 2 and 3 weeks the  changes seen on mic ro rad iog raphy  were s imilar  to those 
descr ibed  above,  b u t  the  reduc t ion  of the  minera l  con ten t  seemed to be more 
general  in the  cortica] bone layer  and  in m a n y  cases was also c lear ly  ev iden t  on 
i so la ted  l amel la r  surfaces (d) (Fig. 4). The fluorescence was d i s t inc t ly  higher  in all  
s t ruc tures ,  a -d ,  of the  defect  area.  I n  some cases the  t i d e m a r k  showed intensive,  
b road  fluorescence ex tend ing  into ad jacen t ,  non-calcif ied a r t icu la r  car t i lage 
(Fig. 5a  and  b). A decreased minera l  con ten t  was observed  in corresponding areas  
on the  mic ro rad iograms  (Fig. 6). 

A t  5-12 weeks the  mic rorad iograms  showed somewhat  va ry ing  pictures.  The 
f indings were sirai lar  to those made  ear]ier b u t  the  minera l  conten t  seemed to be 
somewha t  higher  and  more e r e n  a t  the  longer observa t ion  t imes.  A t  the  si te of the  
t i d e m a r k  fluorescence, minera l  could be seen on the mic rorad iograms  (Fig. 7 a 
and  b). A t endency  to a decrease of the  number  of s t ruc tures  exhib i t ing  fluores- 
cence was found  wi th  increasing observa t ion  t imes.  

The  Table  summar izes  the  changes observed  on fluorescence microscopy.  The 
t ab le  gives the  n•mber of animals  which a t  each observa t ion  t ime showed a grea te r  
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a b 
Fig. 5. a Fluorescence photomicrograph of the  defect area after an observation t ime of 2 weeks. 
There is intensive fluorescence in par t  of the t idemark where a fissure is seen in the art icular 
cartilage. The lamellar bone surfaces benea th  the  defect show intensive fluorescence. × 1,50. 
b Detail from the same area, × 350. Fluorescence is also visible in a fissure in the art icular 
cartilage. The photographs are taken wi th  the filter combination of BG 38 and BG 12, with 
barrier filters 50 and  65; the fluorescence in the chondrocytes is aatofluoreseenee. Exami- 
nat ion of the  same preparat ion with a filter combination of BG 38 and U G  1 and barrier  
filter 41 showed tha t  the fluorescence in the t idemark and  art icular cartilage was induced by 

Tetracycline 

n u m b e r  of l a b e l l e d  s t r u c t u r e s  in  zone  I I I  ( t he  d e f e c t  a rea )  t h a n  in  zone  I I I  o n  t h e  

u n t r e a t e d  side.  T h e  c r i t e r i a  l a id  d o w n  for  t h e  e x i s t e n c e  of a d i f f e r e n c e  were  t h a t  

in  s t r u c t u r e  a f l u o r e s c e n c e  s h o u l d  be  f o u n d  i n  zone  I I I  o n  t h e  t r e a t e d  s ide w h i c h  

was  n o t  p r e s e n t  or  was  c o n s i d e r a b l y  less in  z o n e s  I I  a n d  I V  a n d  w h i c h  w as  n o t  

p r e s e n t  e i t h e r  o n  t h e  u n t r e a t e d  side,  a n d  t h a t  for  s t r u c t u r e s  b, d a n d  e, r espec-  

t i v e l y ,  t h e  n u m b e r  of f l u o r e s c e n t  s t r u c t u r e s  i n  zone  I I I  s h o u l d  e x c e e d  t h e  n u m b e r  

of f l u o r e s e e n t  s t r u c t u r e s  in  z o n e  I I I  o n  t h e  u n t r e a t e d  s ide  b y  a t  l e a s t  two .  I n  

a b s o l u t e  f i gu re s  t h i s  m e a n t  i n  m o s t  eases  t h a t ,  for  e x a m p l e ,  n o  or  one  o s t e o n e  

s h o w e d  f l u o r e s c e n c e  o n  t h e  u n t r e a t e d  s ide,  w h e r e a s  2 - 3  were  f l u o r e s c e n t  in  t h e  

d e f e c t  a rea .  T h r e e  cases  f o r m e d  e x c e p t i o n s .  I n  t h e s e  o n e  of e a c h  s t r u c t u r e  s h o w e d  

f l u o r e s c e n c e  i n  t h e  d e f e c t  a r e a  wh i l e  n o  f l u o r e s c e n c e  w as  f o u n d  in  a n y  of t h e  

r e m a i n i n g  s u b e h o n d r M  b o n e  of t h e  w h o l e  f e m o r a l  h e a d ,  or  o n  t h e  u n t r e a t e d  side.  

I t  c a n  be  s een  i n  t h e  t a b l e  t h a t  a n  i n c r e a s e  of t h e  n u m b e r  of f l u o r e s c e n t  s t r u c -  

t u r e s  was  o b s e r v e d  u p  t o  2 a n d  3 weeks ,  a f t e r  w h i c h  t h e r e  w as  a s l i g h t  t e n d e n c y  

to  a dec rease .  T h e  c h a n g e s  we re  m o s t  m a r k e d  in  t h e  t i d e m a r k  a n d  in  t h e  i n t r a -  

c a r t i l a g i n o u s  v a s c u l a r  cana l s .  F u r t h e r ,  i t  c a n  be  s een  t h a t  in  m o s t  cases  t h e s e  

c h a n g e s  w e r e  l i m i t e d  to  z o n e  I I I ,  w h i l e  z o n e s  I I  a n d  I V  s h o w e d  s u c h  c h a n g e s  i n  

o n l y  3 cases.  

Other Observations 

In  zones V and VI no changes were observed, except in 1 animal at  an observation t ime 
of 12 weeks, where a larger number  of labelled lamellar surfaces (d) was found in zone VI, 
not  present  on the  unt rea ted  side. 
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Fig. 6. Mic ro rad iogram of s a m e  p r epa ra t i on  as in Fig.  5 b. A redueed  minera l  con t en t  is seen  
below t he  f luoreseen t  area.  × 350 

b 

Fig. 7. a F luoreseenee  p h o t o m i e r o g r a p h  of t he  defee t  a rea  a f te r  an  obse rva t ion  t ime  of 8 weeks.  
I n t e n s i v e  f luoreseencc  is seen  in t he  t i d e m a r k  a n d  on  lamel lar  surfaces .  × 100. b Mieroradio- 
g r a m  f rom pa r t  of t he  s a m e  p r epa ra t i on  as in Fig. 9. A t  t h e  si te  of t he  f luorescence minera l  

is seen  to lie on  t h e  a r t i cu la r  side of t h e  m a r g i n  of t he  original caleified cart i lage.  × 350 

I n  zones  I a n d  V I I  subper ios tea l  new  bone fo rma t ion  was  obse rved  to a ve ry  smal l  
e x t e n t  a t  2 -8  weeks ;  no such  f o r m a t i o n  was  f o u n d  a t  t h e  o the r  obse rva t ion  t imes .  No  def ini te  
differenee was  f o u n d  in t h e  labell ing of t he  bone  sur faees  in t he  eaneel lous  bone  of t he  
m e t a p h y s i s  and  ep iphys i s  be tween  t he  t r e a t ed  a n d  u n t r e a t e d  side, a p a r t  f rom the  fae t  t h a t  
t h e  lamel la r  sur faees  a d j a e e n t  to s t r ue t u r e  d in zone I I I  u sua l l y  showed  f luoreseenee w h e n  
s t r u c t u r e  d showed  f luoreseenee (Fig. 5a).  
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Observation8 on the Control An imals  

No ehanges were observed in zones II to VI in any of the animals. In both animals 
observed at 5 weeks subperiosteM new bone formation was seen in zone I. 

Discussion 

The histological and autoradiographie findings in the artieular eartilage of the 
defeet area after 85 S-snlphate ineubation in  vitro were similar to those deseribed 
by Carlsson (1957), Meaehim (1963) and Lemperg (1967) eoneerning loss of matrieal 
metaehromasia, the oeeurrenee of multinuelear ehondrones and retention or in- 
erease of sulphate uptake of ehondroeytes. Fibrillation of the eartilaginous matrix 
was a relatively rarely observed phenomenon, however, and ehondroeytie neerosis 
appeared to have been rather more extënsive in the present experimental model 
than with the searification of the artieular eartilage deseribed by Meaehim. The 
histologieal findings coneerning ehanges in the subehondral bone beneath the 
articular eartilage defeet deviated in some respeets, however, from those in pre- 
vious comparable studies (Bennëtt and Bauer, 1935; Bueher, 1955; Imerlishvili, 
1957; Meaehim, 1963; DePalma et al., 1966). In  4 out of 14 cases at observation 
times of 3-12 weeks some widened vaseular eanals were seen in the calcified arti- 
eular cartilage and in 1 of 5 eases at 12 weeks the tidemark lay at a high level 
and there was invasion of the deepest part of the artieular eartilage by some blood 
vessels. These ehanges were indistinct and limited. 

The microradiographie and fluoreseënee mieroseopie examinations showed a 
sequenee of ehanges which were not deteeted on the histologieal preparations. 
Initially, after 5 days and I week, loss of mineral was observed around intra- 
eartilaginous vascular eanals and in the upper layer of the ealeified eartilage. 
Besorption in osteones and on the immediately adjaeent lamellar bone surfaees 
followed rapidly. This initial loss of mineral did not show any tendeney to pro- 
gression after 2 weeks and was limited to the mineralized tissue beneath the 
artieular cartilage defeet. In  each individual preparation it eould be established 
by fluoreseenee mieroseopie examination that  the defeet in the area in question 
had not penetrated to the mineralized struetures (Figs. 3, 5 and 6). The loss 
of mineral was followed by remineralization and new bone formation, as indieated 
by Tetraeyeline-indueed fluoreseenee on bone surfaee (for referenees, see Ibsen 
and Urist, 1964). This reaehed its highest aetivity after 2 and 3 weeks and then 
showed a tendeney to deerease. Mainly the lamellar bone surfaces elose to the 
eaneellous bone of the epiphysis showed continned new bone formation for as 
long as up to 12 weeks. 

Massive fluorescenee in the tidemark and also in adjaeent, non-calcified arti- 
cular eartilage was observed in plaees where mieroradiograms showed a deereased 
ùmineral content or no mineral at shorter observation times. This indieates ehanges 
of the matrix in the defeet area, leading to increased incorporation of Tetraeyeline. 
At longer observation times additional mineral was observed in plaees where 
fluoreseenee was seen, indieating that  the fluorescenee in the tidemark and adja- 
eent, non-ealeified eartilage meant active mineralization. Of some interest in this 
connection is the hypothesis presented by Otte (1958) that  damage to the tangen- 
tial layer of the articular eartilage leads to disturbanee of an ossifieation-inhibiting 
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mechanism,  which is c la imed to be control led  b y  enzyme sys tems in the  t angen t i a l  
zone (see also Uris t ,  1964). All  these changes were localized to  the  defect  area,  
and  general ized acce le ra ted  remodel l ing of the  subchondra l  bone in the  remain ing  
pa r t s  of the  femoral  head  was observed  in only one case. 

Observat ions  in the  presen t  inves t iga t ion  thus  differ f rom those made  in the  
s tudies  c i ted  above  with  regard  to changes in the  subchondra l  bone af ter  creat ion 
of superf icial  a r t icn]ar  car t i lage defects.  D i s tn rbance  of the  jo in t  funct ion can 
h a r d l y  have  p l ayed  a n y  role in the  deve lopmen t  of these changes, since the  ani- 
mals  were able  to  move comple te ly  unh indered  and  showed normal  a r t icu la r  
mobf l i ty .  Fac to r s  which migh t  have  led to  the  subchondra l  bone changes observed 
on compress ion of the  knee jo in t  in the  r a t  (Evans  et al., 1960) and  r a b b i t  
(Trias, 1961) were lacking in the  presen t  inves t iga t ion .  

The  changes in the  a r t i cu la r  car t i lage in the  defect  a rea  resembled  to  some 
ex t en t  those observed  b y  Collins and  McEl l igo t t  (1960) in h u m a n  os teoar thr i t i s .  
No f ibr i l la t ion  of the  ar t icu]ar  car t i lage was seen, however,  in most  cases a t  
obse rva t ion  t imes  up  to  12 weeks. The a r t i cu la r  car t i lage changes were followed 
r ap id ly  b y  loss of minera l  a round  vascu la r  canals  and  thereaf te r  b y  acce lera ted  
new bone fo rma t ion  and  minera l i za t ion  of the  deepes t  l ayer  of the  a r t i cu la r  car t i -  
lage. U p  to 12 weeks these changes were l imi ted  to  the  defect  a rea  and  d id  no t  
lead  to  general ized remode]l ing of the  subchondra l  bone. This exper imen ta l  model  
m a y  be of va lue  for fur ther  s tudies  of changes in the  m a t r i x  and  of ce]lular 
funct ion  which m a y  poss ib ly  be the  cause of the  loeal ly  d i s tu rbed  minera l iza t ion  
process.  
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