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CHANGES IN BONE FORMATION DURING IMMOBILIZATION 

AND DEVELOPMENT OF EXPERIMENTAL OSTEOARTHRITIS 
A S t u d y  using Oxytetracycline in Rabbits 
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Department of Orthopaedics and Traumatology, University Central Hospital, 
IIelsinki, Finland. 

The effect of immahilization on hone formation in the knee and hip 
was studied hy means of oxytetracycline. One leg of 11 growing and 
13 adult rabhits was immahilizcd so t ha t  the knee was held in exten- 
sion but  the hip was free. In the knee, degenerative changes devclopcrl 
consistently with a severity proportional to the length of the im- 
mobilization time. In most of the rabbits given oxytetracycline 1-13 
days before they were killed considerably more oxytetracycline was 
incorporated in the hone in  the immobilized knee region and slightly 
more in  the hip region of the same leg than in the corresponding areas 
of the other leg. This indicates an  increased turnover of hone tissue in 
the immohilized leg compared with the non-immobilized leg. 
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Degenerative joint changes have been 
produced experimentally in animals by 
various methods, for instance, prolonged 
compression (Salter & Field 1960, Trias 
l 9 6 l ) ,  induced instability (Telhag & 
Lindberg 1972),  or immobilization of the 
joint in flexion or extension (Evans el al. 
1960, Hall 1963 a, b ) .  Immobilization of 
the knee in extension in young rabbits 
consistently causes deformities of the hip 
(Michelsson & Langenskiijld 1972 a, IJ, 
Michelsson & Langenskiold 1974).  In  
adult rabbits immobilization of the knee 
in extension for 6 weeks or  more results 
in every case in degenerative changes in 
the knee and in some cases also in the 
h ip  (LangenskiBld et al. 1975, Videman 

el al. 1975, Michelsson et al. 1977, Vide- 
man et al. 1977 a, b ) .  

When oxytetracycline is administered 
to a rabbit, a part. of the antibiotic be- 
comes bound to the bone tissue. Dcposi- 
tion of oxytetracyclinc in bone is as- 
sociated with the ussification process 
(Milch et al. 1957).  “Adventitious” tctra- 
cycline disappears from the bone 2 days 
after the administration of the antibiotic 
and the residual antibiotic in newly- 
formed bone disappears only through re- 
sorption of bone (Frost et al. 1960).  As 
tetracyclines fluoresce in ultraviolet light 
(Saltzman 1950), they can be used as 
bone labels. The tetracycline technique is 
a valuable supplementary aid in the 
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Figure 1 a, b. A 3-month-old rabbit (295) was immobilized with the right knee in extension f o r  5 
weeks. Oxjltetracgcline was given before i t  was killed at the age o f  6 months.  Deformation o f  the 
right knee had developed, a )  Radiograph taken of specimens. b )  I n  the specimen o f  the distal end of 
the right f e m u r  a deformed, thickened epiphjlseal plate with oxgtetracgcline labelled bone on both 
the metaphfpeai and epiphgseal sides is uisible. 

study of the bone formation occurring 
during immobilization. 

In this study OxYtetraCYcline was used 
to investigate new-bone formation in the 

iUATERIA1, AND hfETHOnS 

Eleven growing rabbits 2-5 months old, and 13 
adult rabbits aged 9-33 months, made up the 
experimental series. The right hind limb of the - 

knee and hip in in con- rabbits was immobilized with a plastic splint 

neckion with immobilization of the knee and Tensoplast@ so that the knee remained in 
extension but the hip was free and movable. A 

and the development of oskoarthritis. corresponding technique for immobilization has 
previously been described in  detail (Michelsson 
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Figure 2 a, 6. A n  adult  rabbit  (401) was immobilized zuith the right knee in extension for  7 weeks 
before it was given oxfjtetracgcline and killed. a )  Marked degenerative changes of the  right knee 
had developed and are visible on the  radiograph. b )  I n  the  specimen f r o m  the  right knee the  amoun t  
of oxgtetracgcline labelled bone was considerablg greater than in  the  l e f t  knee ( b ) .  
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Table 1 .  Content of ozgtetracgcline in knee and hip of the immobilized (right) leg compared with 
the l e f t  non-immobilized k n w  and hip in 20 rabbits.  The orytefracycline was  given some dulls be- 

fore  the animals were killed, 

Duration of Interval between 
Age at  immobilization Oxytetracycline content 

immohilization immohilization 
in months in  weeks and sacrifice in right knee in right hip 

in weeks 
no. 

Growing 
rabbits 
295 
41 1 
41 2 
220 
223 
398 
387 
389 
388 
392 
225 

Adult 
rahbits 
395 

66 
80 

401 
10 

375 
230 

89 
303 

3 
3 
3 
4 
4 
5 
5 
5 
5 
5 
2 

> 12 
12 

9 
> 12 > 12 

13 
33 
11 
16 

5 
6 
6 
6 
6 
6% 
7 
7 
8% 
8 %  

13 

2 
4 
5 
7 
8 %  

13 
13 
17% 
17% 

8 
1 
1 

28 
30 

0 
0 
2 

% 
2 
1 

1 
52 
78 

0 
52 
34% 
26 

1 
2 

~~ 
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- 

+ + ++ + 
++t + + + + ++ + 

+ + 
+ 
- 

- 

- 

- 

- 
+ 

- not 
+ slightly 

more oxytetracycline in the right (immobilized) joint than in the left. 
more oxytetracycline in  the  right (immobilized) joint than in the left. 

moderately more oxytetracycline in the right (immobilized) joint than in the left. 
more oxytetracycline in the right (immobilized) joint than in the left. 

+ + + + + markedly 

6 Langenskiold 1972 b, Michelsson & Langcn- 
skiold 1974). 

The splint was removed after 2-1734 weeks 
and the animals were allowed to move freely. 

The animals were killed 0-78 weeks after 
the immohilization period having been given 
50 mg oxytetracycline per kg of body weight 
intramuscularly on three consecutive days. Nine 
adult and all the 11 growing rabbits were given 
the oxytetracycline injections 1-13 days before 
they were killed (Table 1 ) .  Four other adult 
rahhits were given oxytetracycline at the begin- 
ning of immobilization and were killed 49-90 
days thereafter. 

The hips and knees of the animals were dis- 
sected, split in the frontal plane and examined 
in UV-light. The knees and hips of the im- 
mobilized and non-immobilized legs were com- 

pared principally with regard to their oxytetra- 
cycline content. 

RESULTS 

In 18 of the 20 rabbits that received 
the oxytetracycline just before they were 
killed, the oxytetracycline content was 
higher in the bone tissue of the knee, and 
in 15 of them also in the hip, of the im- 
mobilized (right) leg than in the cor- 
responding joints of the o,ther leg 
(Table 1 ) . 

In the growing rabbits the condyles of 
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the immobilized knee were wider than 
normal; their structure was more hetero- 
geneous and they were deformed. Higher 
concentrations of oxytetracycline were 
found on the immobilized side compared 
with the normal knee and it was always 
found to he spread over larger areas. In 
the distal end of the femur of growing 
rabbits there is normally a tetracycline 
riiarked zone only on the metaphyseal 
side of the epiphyseal plate, but in the 
inimobilized leg in three rabbits there 
was bone marked by tetracycline on the 
cpiphyseal side as well (Figure 1 a-b) . 

In the adult rabbits marked degenera- 
tive changes were seen in the immobil- 
ized knees. The condyles were thicker 
than normal, slightly deformed and their 
structure was more heterogeneous than 
normal. Oxytetracycline was found over 
larger areas, especially at the periphery, 
and in general in higher concentrations 
than in the left knee (Figure 2 a, b ) .  
These changes occurred in seven of the 
nine rabbits given oxytetracycline just 
before they were killed. In two of the 
four adult rabbits given oxytetracycline 
at the beginning of the immobilization 
period only, the oxytetracycline content 
was higher in the left knee than in the 
immobilized right knee. 

Marked changes were also seen in the 
hip joints of the immobilized hind legs 
of the rabbits; the capsule was consider- 
ably thickened and the cartilage had 
degenerated. The cartilage and bone al- 
terations were generally less severe than 
in the knee joints. In some hips, however, 
noticeable alterations were seen in the 
head and neck of the femur, where the 
oxytctracycline content was also higher 
and covered larger areas than in the hip 
joint of the non-immobilized leg (Figure 
3 a, h ) .  These changes occurred in 15 of 
the 20 rabbits given oxytetracycline 1-13 
days before they were killed. In two of 
the three rabbits examined and given 
oxytetracycline at the beginning of the 
immobilization period, the oxytetracy- 

cline co'ntent was higher in the left hip 
than in the right. 

DISCUSSION 

In which tissues and at what time the 
various alterations take place when osteo- 
arthritis develops has not been satis- 
factorily explained. Since it is difficult to 
study the initial stages of osteoarthritis 
in humans, studies of experimentally in- 
duced arthritis in animals have been 
commenced. In the studies of other in- 
vestigators, experimental osteoarthritis 
has mostly been produced by trauma and 
has therefore been accompanied by tissue 
damage. In this series immobilization 
was used in order to  produce osteo- 
arthritis without immediate tissue dam- 
age. In our experiments the knee only 
was immobilized in extension while the 
hip was left free. Degenerative alterations 
were consistently produced in the knee as 
a direct consequence of immobilization, 
but also in the hip of the same leg 
marked degenerative alterations were 
sometimes seen even though it was not 
immobilized. 

We have previously reported that in 
adult rabbits knee immobilization simul- 
taneously increases the uptake of 35S- 
sulphate in the joint capsules of the knee 
and hip, and in the cartilage and bone 
tissue (Videman et al. 1975, 1976). The 
oxytetracycline content was usually 
higher in the right immobilized knee and 
hip in the rabbits given oxytetracycline 
just before they were killed, but in the 
non-immobilized knee and hip of the rab- 
bits given oxytetracycline at the begin- 
ning of immobilization. This indicates an 
increased turnover of the bone tissue in 
the immobilized leg compared with the 
other leg. 

This study increases our understand- 
ing of how bone tissue reacts during im- 
mobilization and the development of 
osteoarthritis. 
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Figure 4 a, h. A 6-month-old rabbit (223) was immobilized w i th  the right knee in extension f o r  
6 weeks. Seven mon ths  later t he  animal ivas gioen oxjjtetracycline and killed. a )  Degenpratiue 
changes are clearlll visible on  the  radiograph of the  right hip. h )  Increased content of oxytetra- 
c(1cline as a sign of increased bone format ion  in the  specimen of the  right hip. 



BONE FORMATION IN EXPERIMENTAL OSTEOARTHRITIS 449 

KEFEKENCES 

Evans, E. B., Eggers, G. W. N., Butler, J. K. 6: 
Rlumel, J. (1960) Experimental immobiliza- 
tion and remobilization of rat knee joints. 
.I .  Bonp J t  Surg. 42-A, 737-758. 

Prost, 11. M., Villanueta, A. H. & Hoth, H. (1960) 
Jlea5urement of hone formation in a 57-year- 
old man by means of tetracyclines. Henrlj 
Ford H o s p .  Bull. 8, 239-254. 

llall,  hl. C. (1963 a)  Articular changes in thc 
knee of the adult rat after prolonged im- 
mobilization in extension. Clfn .  Orthop.  34, 
284-195. 

Iiall, bl. C. (1963 b)  Cartilage changes after ex- 
perimental immobilization of the knee joint 
of thc young rat. J .  Bone J t  Surg. 45-A, 36-44. 

Langenskiold, A., Michelsson, J.-E. & Videman, 
T. (1975) Osteoarthritis of the knee in the 
rabbit produced by immobilization. Scand. f. 

Michelsson, J.-E. & Langenskiold, A. (1972 a)  
Dislocation of the hip and coxa vara follow- 
ing immobilization of the knee in extension 
in young rabbits. Scand. J .  clin. Lab. Znvest. 
29, Suppl. 122, 50. 

Michelsson, J.-E. & Langenskiold, A. (1972 b)  
Dislocation o r  subluxation of the hip: Reg- 
ular sequels of immobilization of the knee in 
extension in  young rabbits. J .  Bone J t  Surg. 

Michelsson, J.-E. & Langenskiold, A. (1974) 
Coxa vara following immobilization of thc 
knee in  extension in  young rabbits. Acta 
orthop. scand. 45, 399-411. 

Michelsson, J.-E., Videman, T. & Langenskiijld, A. 
(1977) Contractures of the knee in provoking 
osteoarthritis in rabbits by immobilization. 
ZRCS Med. Sci. 5,  61. 

Rheum., SUPPI. 8, 7-8. 

54-A, 1177-1186. 

Milch, €3. A., Rall, D. P. & Tobie, J. E. (1957) 
Bone localization of the tetracyclines. J .  nat.  
Cancer Inst.  19, 87-93. 

Salter, R. B. & Field, P. (1960) The effects of 
continuous compression on living articular 
cartilage : An experimental investigation. J .  
Bone Jt Surg. 42-A, 31-49. 

Saltzman, A. (1950) Fluorphotometric estima- 
tion of Aureomycin in  blood and urine. J .  
Lab. d i n .  Med. 35, 123-128. 

Telhag, H. & Lindberg, L. (1972) A method for 
inducing osteoarthritic changes in  rabbits’ 
knees. Clin. Orthop. 86, 214-223. 

Trias, A. (1961) Effect of persistent pressure on 
the articular cartilage : A n  experimental 
study. J .  Bone J t  Surg. 43-B, 376-386. 

Videman, T., Michelsson, J.-E. 6: Rauhamaki, R. 
(1975) The initial changes in ground sub- 
stance formation of different tissues in  ex- 
perimental osteoarthritis studied by 35s- 
sulphate. Seand. J .  Rheum., Suppl. 8, 7-9. 

Videman, T., Michelsson, J.-E., Rauhamaki, H. & 
Langenskiold, A. (1976) Changes in 35s- 

sulphate uptake in different tissues in the 
knee and hip regions of rabbits during im- 
mobilization, remobilization and the develop- 
ment of osteoarthritis. Acta orthop. scand. 

Videman, T., Michelsson, J.-E. & Langenskiold, 
A. (1977 a)  The development of radiographic 
changes in experimental osteoarthritis pro- 
voked by immobilization of the knee in rab- 
bits. IRCS Med. Sci. 5, 62. 

Videman, T., Langenskiold, A., Michelsson, J.-E. 
& Candolin, T. (1977b) A macroscopic and 
scanning electron microscopic study of ex- 
perimental osteoarthritis of the knee. ZHCS 
Med. Sci. 6, 232-233. 

47, 290-298. 

Correspondence to : Jarl-Erik Michelsson, Department of Orthopaedics and Traumatology, 
University Central Hospital, Helsinki, Finland. 

30 A c r A  ORTHOP. 48, 5 




