
CARTILAGINOUS METAPLASIA OF CONNECTIVE TISSUE 
IN CLINICAL SKIN ARTHROPLASTY 

Animal experiments show that  the epidermis of a whole-thickness 
skin graft used as  interposition iiiaterial in arthro1)lasties becomes 
destroyed and that the connective tissue undergoes a inetaplastic de- 
velopment into cartilage ( 6 ) .  Up to the present time the skin graft 
arthroplasty method has been applied at  our Clinic in 122 operations 
carried out on different joints ( 5 , 4 ) .  In connection with later arthro- 
toniies performed on two skin arthroplasty joints tissue sainplcs were 
obtained of such joint surfaces for microscopy. These samples revealed 
cartilaginous metaplasia similar to that which occurred in the animal 
experiments. The findings present an  opportunity for interesting coin- 
1)arison between animal and human arthroplasties. 

Case 1 : The patient is a farmer's daugther, aged 18. At 8 she 
developed tuberculosis of the right knee joint resulting in almost total 
stiffening of the joint. A skin arthroplasty \vas carried out in the knee 
joint by Professor Kallio. The patela w a s  found to be free and niovahle 
and the joint surface showed arthrotic changes. The cartilage of the 
tibia1 the joint surface, which was relativrly well preserved, was left 
intact. The most marked changes were observed in the femoral 
joint surface from which the remains o f  the joint cnrtilage were re- 
moved carefully, after which it was covered with a whole-thic kness 
skin graft obtained froin the skin of the abdomen. The joint surface of 
the patella was likewise freshened and invested with subcutaneous con- 
nective tissue. Four weeks after the operation the patient was dis- 
charged from the hospital with an active mobility of the joint from 170 
to 130 degrees. There was no further improvement o f  mobility after 
this, which was accounted for by the shortening of 111. quadriceps from 
iininohilization. h new arthrotoiny and allongation of the tendon of in.  

quadriceps was therefore carried out seven months after the skin 
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F i g .  1.  
Sample from the femoral joint surface, from the weight-hearing area of the joint .  
Incipient cartilaginous metaplasia in the centre of the picture. Dense fihrous con- 
nective tissue of the skin graft around thc cartilaginous area. Weigert-van Gieson. 

150 x 

arthroplasty. The joint cavity was found to be below normal in size. 
No intra-articular adhesions were seen. The patella was free. The 
ninount of synovial fluid was less than normal. The joint surface of the 
tibia was covered hy a cartilaginous layer of hyaline type. The femoral 
joint surface, which had been invested with the skin graft, was covered 
by a continuous tissue layer which on the weight-bearing area of the 
joint macroscopically bore a reseiiiblance to fibrous cartilage. The arti- 
cular surface of the patella was also covered by tissue resembling fi- 
brous cartilage. Macroscopically there was nothing indicative of epi- 
thelial cysts. 

For a histological examination sninples of tissue were obtained from 
the articular surface of the femur both from the weight-bearing and 
non-weight-bearing areas o f  the joint. The samples were fixed in 10 % 
neutral formalin and the preparations were stained hy Weigert-van 
Gieson, toluidine blue and periodic-acid-Schiff (P.A.S.) methods ( 8 ,  
7 , 2 ) .  
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Fig .  2. 
Connectirc tissuc undergoing metaplasia, from the femoral joint surface. A t  thc top  
of the picture collagen hundles which have h o k e n  up into undulating fibrils. I n  

the centre and twlow metaplastic cartilage of  fihrous and hyaline type. 
Weigcrt-van Gieson. 920  X 

In the tissue sample obtained from the weight-hearing area o f  the 
joint surface of thc femur all the phases typical of cartilaginous ineta- 
plasia were in evidence. The tissue covering thc articular surface w a s  
partly dense fibrous connective tissue while some areas had undergone 
a inetaplastic development into cartilage. I n  the areas in which the 
metaplastic process first set in, the collagen bunches broke up into thin 
undulating fibrils which seemed to  merge with the increased ground 
substance of the connective tissue. The metaplastic cartilage consisted 
mainly of fibrous cartilage, hut there were also areas with hyaline type 
cartilage in the samples (Figs. 1, 2 ) .  No signs of inflammation, cpider- 
nial cells or epithelial cysts could he seen. 

The tissue samples obtained froin the non-weight-bearing area o f  
the femoral joint surface showed no signs of cartilaginous meta- 
plasia. The tissue consisted of dense fibrous connective tissue. Here. 
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Fig .  3. 
Sample from the humeral joint surface. Metaplastic fihrous cartilage. IL’eigert- 

van Gieson. 150 X 

likewise, nothing indicative o f  epidermal cells or cpithelial cysts was 
apparent. 

The tissue samples obtained from thc joint surface of thc patella 
exhibited the same different phases of metaplastic development into 
cartilage as those obtained from the articular surface of the femur. 

Increased metachromasia and P.A.S. positivity was re\ ealed by 
toluidine blue and P.A.S. staining in the ground substance of the con- 
nective tissue undergoing metaplasia. 

Case 2: The  patient is a married women, aged 51, who had been 
subjected to a severe intra-articular fracture of the right elhow joint 
2 years before, which resulted in a stiffening of the joint to a 90 degree 
flexion. Skin arthroplasty was carried out  by Professor Kallio. Both 
joint surfaces were remodelled and the remains of articular cartilage 
were carefully removed from the articular surfaces of both the ulna 
and the humerus. The joint surface of the humerus was invested with 
a full-thickness graft made of abdominal skin while the joint surface 
of the ulna was left hare. Four months after the operation the mobility 
of the joint was from 145 to 90 degrees. Roentgenography revealed as 
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F i g .  4. 
Tissue from the joint surface of the humerus. On the left metaplastic fihrous earti- 

lage and on the right new cartilage of hyaline type. \\‘eigert-van Gicson. 250 X 

the cause of the flexional restriction exostosis projecting froni the edge 
of the ulnar joint surface. Because of this arthrotomy Tvas carried out 
and the exostosis was removed. The joint surface of the humerus and 
the ulna were found to be covered by continuous tissue Inacroscopicallg 
resembling fibrous cartilage. No intra-articular adhesions were seen. 
Tissue samples were taken from both joint surfaces for a histological 
examination. The samples were prepared by the same method as in 
Case No. 1. 

The samples obtained froni the joint surface of the humerus which 
had been covered by the skin graft partly consisted of dense fibrous 
connective tissue, partly metaplastic cartilage. The new cartilage was 
Iiiainly fibrous cartilage but cartilage of hyaline type also occurred in 
places (Figs. 3, 4) .  No epidermal cells or epithelial cysts were present. 

The ulnar joint surface, likewise, which had not been covered by a 
skin graft, showed new cartilage of fibrous or hyaline type (Fig. 5 ) .  

The ground substance of the inetaplastic cartilage revealed increased 
inetachroniasia and P.A.S. positivity. 
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Fig.  5. 
Sample from the ulnar joint surface. Metaplastic fihrous cartilage. U'eigert- 

van Gieson. 150 X 

D 1 S C I1 S S I 0  N 4 N D C O  N C L Lr S I 0  N S 

Animal experiments showed that  the organism tolerates well a skin 
graft used a s  interposition material in arthroplasties (6) .  Moreover, the 
clinical cases described in the foregoing revealed no signs of intra- 
articular irritation. The epidermal cells had become destroyed and no 
epidermal cysts had formed. 

The cartilaginous metaplasia of connective tissue occurring in these 
two cases corresponded in all its phases with the results obtained in the 
animal experiments ( 6 ) .  The necessary condition for the inetaplastic 
process was articular weight-hearing. In their absence no metaplasia 
took place. With full justification, therefore, we niay speak of functional 
cartilaginous mctaplasia of connective tissue in clinical material. 

In case No. 2, in which the ulnar joint surface was not covered with 
a skin graft, the granulation tissue growing from the joint surface re- 
tained its vitality and underwent a inetaplastic development into carti- 
lage. It therefore seems evident that if the articular cartilage comes to 
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lie removed from both articular surfaces, investing only one of the 
articular surfaces with interposition material is sufficient. 

Histochemically increase of acid mucopolysaccharides in the ground 
substance of connective tissue was noted. The new cartilage was of 
either fibrous or hyaline type. These findings are  in agreement with 
those obtained in animal experiments. 

I n  the  literature the view has been put forward that animal experi- 
ments are of no significance in arthroplasty studies (1,3). The macro- 
scopical and microscopical findings obtained in the clinical cases de- 
scribed in the foregoing are in full agreement with animal experiments 
and thus refute this view. 

The following concusions seem justifiable: 
The human organism tolerates a full-thickness skin graft used as 

interposition material well. The epidermis of the skin graft becomes 
destroyed and no epithelial cysts form. 

In the connective tissue used as  interposition material a metaplastic 
development into cartilage takes place when this tissue is subject to 
joint function. The new metaplastic cartilage is either fibrous or hyaline 
in type. 

The observations made in clinical material are in full agreement with 
results obtained in animal experiments and therefore confirm the ex- 
perimental studies which have been carried out. 

The biological process present in arthroplasties can be elucidated by 
ineans of animal experiments. 

S U M hl A I l l '  

The writer describes two clinical cases of skin arthroplasty in which 
a new arthotomy was carried out later. In connection with the opera- 
tion tissue samples were obtained from the joint surfaces for a histolo- 
gical examination. The connective tissue used as  interposition material 
showed a cartilaginous metaplastic development. The new cartilage was 
of either fibrous or  hyaline type. The findings obtained in clinical 
patients were in complete agreement with the results of animal experi- 
ments. The writer concludes that the biological process occurring in 
arthropasties can be elucidated by means of animal experiments. 

R E  S IJ M E 

L'auteur dCcrit deux cas cliniques d'arthroplastie de la peau dans 
lesquels une nouvelle arthrotomie a CtC  pratiquke plus tard. En relation 



avec I’opCration, des Cchantillons de tissue ont kt6 prClevCs sur  les sur- 
faces de l’articulation et souniis h un exanien histologique. Lc tissu con- 
jonctif utilisi. comnie material d’interposition niontrait un dkveloppe- 
ment niCtaplastique cartilagineux. La nouveau cartilage Ctait ou hien 
fibreux ou bien du type hyalin. Les trouvailles ohtenues en clinique 
chez les malades correspondaient entikrement aux rCsultats des expCri- 
ences chez les aniinaux. L’auteur en conclut que le processus liiologique 
apparaissant d a m  les arthroplasties peut 6tre Cclairci au inoyen tles 
expkriences sur  les animauu. 

z I‘ s .4 a1 11 E N  F A  s s I ’ N G  

Der Verfasser heschreiht zwei Faille von Hautgelenksplastik in deneii 
eine neue Arthrotoinie spiiter ausgefiihrt wurde. In Zusamiiienhang 
mit der Operation wurdcn Gewebsprohen von den Gelenksoher- 
flachen erhalten und histologisch untersucht. Das als Interpositions- 
material verwendete Bindegewehe zeigte eine knorpelige inetaplastische 
Entwicklung. Der neue Knorpel war entweder fihriis oder hgalin. Die 
Befunde, welche man bei Patienten erhob, waren soniit in vollstandiger 
tlhereinstiinmung mit den Ergehnissen von Tierexperimenten. Der Ver- 
fasser schliesst daher, dass die liiologischen I’organge nach Gelenks- 
plastiken niittels Tierversuchen klargelegt werden kiinnen. 
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