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EFFECTS OF JOINT MOTION ON THE REPAIR OF ARTICULAR 
CARTILAGE WITH FREE PERIOSTEAL GRAFTS 

JENS M. RUBAK, MIKKO POUSSA & VEIJO RITSILA 

Department of Orthopaedic Surgery, Aarhus County Hospital, Aarhus, Denmark 

The effects of joint motion on the chondrogenic potential of free autogenous 
periosteal grafts were studied histologically in 6-month-old rabbits. The grafts were 
taken from the tibia and transplanted to artificial defects of the femoral articular 
cartilage. The joint was postoperatively first immobilized and then remobilized for 
various periods. 
The results revealed that immobilization for 3 weeks had an inhibitory effect on the 
chondrogenesis, which was even more pronounced after 6 weeks of immobilization. 
After remobilization the chondrogenesis partially recovered. This recovery of 
chondrogenesis was more pronounced after 3 weeks’ immobilization than after 6 
weeks’ immobilization. However, degenerative changes were observed in both 
series. 

Key words: articular cartilage repair; chondrogenesis; immobilization; periosteal 
graft; remobilization 
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It is known that factors which interfere with the 
normal function of the joints lead to degenerative 
changes in the articular cartilage, probably be- 
cause of nutritional deficiency (Fisher 1922, Sood 
1971). Experimental degenerative arthritis of 
joints has been provoked by many investigators 
(Menzell871, Miiller 1924, Ely & Mensor 1933, 
Salter & Field 1960, Langenskiold et al. 1979) 
using immobilization methods. 

In a previous experimental study (Rubak 
1982) the chondrogenic capacity of free 
periosteal grafts in articular cartilage defects has 
been confirmed. The purpose of the present study 
is to evaluate the effects of immobilization and 
remobilization on the chondrogenesis and the re- 
pair of the articular cartilage defects with free 
periosteal grafts. 
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MATERIAL AND METHODS 

The experimental material comprised 40 rabbits 
weighing between 2500 and 3500 g. The operations 
were performed as described in a previous study 
(Rubak 1982). After transplantation of the periosteal 
graft from the tibia to the artificial defect in the articu- 
lar cartilage, the knee joint was immobilized using a 
method introduced by Langenskiold et at. (1979). A 
straight and somewhat elastic splint of PVC plastic was 
applied on the dorsal aspect of the right leg from the 
proximal end of the thigh to the distal end of the limb. 
The splint was fixed to the limb with a Tensoplast@ 
bandage (Figure 1). Ten animals were killed after 3 
weeks and ten after 6 weeks. In ten animals the splint 
was removed after 3 weeks and these animals were kil- 
led 5 weeks later. In ten animals the splint was removed 
after 6 weeks and these animals were killed 6 weeks 
later. The histological specimens were prepared using 
the same method as in a previous study (Rubak 1982). 
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the transplant facing the subchondral bone (Fig- 
ure 2 ) .  

Findings after 6 weeks’ immobilization 

Macroscopic. The joint was stiff, muscular at- 
rophy had occurred and thickening of the distal 
end of the femur was observed. In a few animals 
hyperextension occurred. Intra-articular adhe- 
sions were present both in the grafted area and 
also between the articular surfaces. Furthermore, 
a smaller amount of synovial fluid was noted, 
compared with that found at the opening of the 
joint. The defect was in most experiments cov- 
ered with a grey soft tissue. 

Microscopic. The tissue filling the defect con- 
sisted of connective tissue with fibroblasts. inter- 

Figure 1. The immobilization method. A rabbit with the 
right hind limb immobilized with a PVC plastic splint 
and Tensoplast@. 

RESULTS 
Findings after 3 weeks’ immobilization 

Macroscopic. The joint was found to be rather 
stiff with only a few degrees of passive motion. 
Intra-articular adhesions were seen in the trans- 
plantation area. Most of the defects were still 
visible and partially filled with a grey soft tissue. 

Microscopic. The defects were partially covered 
with connective tissue. In some defects chondrous 
tissue had begun to appear in the deeper part of 

Figure 3. Histological picture from the transplantation 
area after 6 weeks’ immobilization. The tissue covering 
the cancellous bone (B) is made up of fibrotic cells in the 
superficial part; in the deeper part the cell packings have 
the appearance offibrocartilage rather than hyaline car- 
tilage. (H-E stain, X 125). 

Figure 2. Histological picture from the transplantation 
area after 3 weeks’ immobilization. There is a fibrotic 
layer (FL) facing the joint cavity, beneath which a focus 
of immature cartilage (C) is observed. (v-C stain, X 
125). 
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stitial stroma and some fibrocartilage-like tissue. 
In the deeper layers of the proliferating tissue 
chondrous tissue could be found. No bone for- 
mation was observed (Figure 3). 

Findings after 3 weeks’ immobilization and 5 
weeks’ remobilization 

Macroscopic. Eight rabbits achieved almost nor- 
mal mobility of the previously immobilized joint. 
The defect was covered with a grey, glistening 
tissue. 

Microscopic. The surface consisted of connective 
tissue with fibroblasts. In the deeper part of the 
generated tissue chondrocytes were found. Gen- 
erally better chondrogenesis was observed in 
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Figure 5. Histological picture from the transplantation 
area after 6 weeks’ immobilization followed by 6 weeks’ 
remobilization. A fibrocartilage-like layer covers the 
cancellous bone. The surface looks even and no de- 
generative changes are observed in this cartilage. (H-E 
stain, X 125). 

these animals than in animals killed immediately 
after 3 weeks of immobilization. However, in 
those experiments where the chondrous tissue 
nearly reached the original level of the articular 
surface, the surface was characterized by fibrilla- 
tion and erosion as a sign of incipient degenera- 
tion (Figure 4). 

Findings after 6 weeks’ immobilization and 6 
weeks’ remobilization 

Macroscopic. None of the rabbits achieved nor- 
mal mobility of the joint. The joint was thickened 
and a sparse amount of synovial fluid was noted. 
The defect was filled with a grey, glistening tissue. 

Microscopic. The generated tissue in the defect 
consisted of fibrocartilage tissue. In the deeper 
layer of the proliferated tissue chondrocytes were 
observed, but there were fewer than in the ani- 
mals remobilized after only 3 weeks of immobili- 
zation. There was no osteogenesis in the defects 
(Figure 5) .  

Figure 4. Histologicat picture from the transplantation DISCUSSION 

Immobilization of a joint with or without com- 
Pression causes degenerative changes in the ar- 

area after 3 weeks’ immobilization followed by 5 weeks’ 
remobilization. The generated tissue comprises chondro- 
cvtes: on the surface degenerative features are seen. 
, I  Y 

(H-E stain, X 125). ticular cartilage, as shown by Salter & Field 
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(1960), Evans et al. (1960), Hall (1963), 
Langenskiold et al. (1979). 

Most writers consider the synovial fluid to be 
the chief source of nutrition in articular cartilage 
(Strangeways 1920, Ito 1924, Maroudas et al. 
1968, Zahir & Freeman 1972, Ogata & 
Whiteside 1979). Physiological exercise increases 
the volume of synovial fluid (Ekholm & 
Nordback 1951). If it is assumed that the con- 
verse is true, there will be a decrease in the vol- 
ume of synovial fluid in an immobilized joint with 
the diminished possibility of nutrition as a result. 

In the embryonic stage mechanical stimulation 
is found to be of great importance among the 
factors determining the differentiation of mesen- 
chymal cells (Fell 1932, Basset 1962, Hall 1969). 
Thorogood (1979) found by in vitro studies that 
intermittent pressure and/or shearing forces in 
some way affect the development of the 
periosteal cells. 

In a previous study (Rubak 1982) articular 
cartilage defects were completely filled with 
hyaline-like cartilage after 3-4 weeks. In the 
present study with postoperative immobilization 
of the joint for 3 weeks, the same defect was filled 
with connective tissue containing only a few 
chondrocytes. After 6 weeks’ immobilization the 
defect was filled only with connective tissue. In 
some animals chondrous tissue was found in the 
transition area between the transplant and the 
subchondral bone. 

The development of connective tissue in the 
defects after immobilization is in accordance with 
the studies of Salter et al. (1975). They studied 
the effect of movement on the healing of small 
drill-holes in articular cartilage in rabbits. After 
immobilization, the defects were filled with fibr- 
ous tissue. With continuous passive motion heal- 
ing with hyaline cartilage occurred in most de- 
fects. DePalma et al. (1966) and Furakawa et al. 
(1980) observed the most active repair of articu- 
lar cartilage defects, with cartilage-like tissue, in 
the weight-bearing areas of the joint. Mooney & 
Ferguson (1966) found evidence that the primi- 
tive mesenchymal cell can be influenced to pro- 
duce fibrocartilage according to the timing and 
duration of immobilization and the subsequent 
motion after operation. 

In animals remobilized after 3 weeks’ im- 

mobilization, cartilage of poorly-differentiated 
type appeared as islands in the connective tissue, 
mostly in the deepest part of the generated tissue. 
The cartilage was characterized by fibrillation 
and erosion. In animals remobilized after 6 
weeks’ immobilization, there were some signs of 
differentiation towards chondrous tissue, but to a 
much lesser degree than in animals with 3 weeks’ 
immobilization. These findings are in accordance 
with studies of Evans et al. (1960), Finsterbush & 
Friedman (1975), Refior & Hubner (1978), who 
observed that the reversibility of the structural 
degenerative changes in normal articular cartil- 
age depended on the length of immobilization. 
Glucksmann (1939) found by in vitro studies that 
the first effect of pressure on periosteal tissue was 
to flatten and compress the cells and fibres. Later 
the fibres surrounding the cells fused, thus form- 
ing an irregular network in which an increased 
amount of ground substance was observed. He 
concluded that pressure seemed to initiate chon- 
drogenesis mechanically, and in some yet un- 
known way established conditions which led to 
the formation of ground substance with a hyaline 
appearance. 

In a previous study (Rubak et al. 1982) it was 
demonstrated that the cartilage tissue in the de- 
fects develops from the periosteal graft and not 
from the subchondral bone. How chondrogenesis 
is regulated is not yet clear, but from the present 
study it can be concluded that among the chon- 
drogenesis promoting factors, motion seems to be 
very important. This fact may be of importance in 
clinical work. 
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