
EFFECT OF VARIOUS TYPES OF REHABILITATION ON SKELETAL 

MORPHOLOGY IN INBRED RATS AFTER HYPOKINESIA 

B. I. Kogan and S. I. Lominova UDC 616.717+616.718-003.96:612.014.47-092.9 

Stat is t ica l ly  significant co r r e l a t i on  was  demons t r a t ed  between physical  exer t ion  and drug t h e r -  
apy in hypokinesia  and adaptat ion of the bones .  The  va r ious  types  of co r r ec t i on  studied differed 
in the i r  man i fes ta t ions  in r a t s  of different  inbred l ines ,  evidence that  growth and morphogenes i s  
of the l imb  bones a r e  genet ical ly  de te rmined .  
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Recent  invest igat ions  [1-3] have shown that  hypokinesia  causes  a combinat ion of po lymorphic  d i s tu rb -  
ances  in man  and an ima l s .  The  organiza t ion  of concre te  m e a s u r e s  a imed at  prevent ing the adve r se  ef fec ts  
of prolonged r e s t r i c t i o n  of m ovem en t  is an essen t ia l  t ask .  At the s a m e  t ime ,  it can now be accepted [4] that  
the degree  of these  changes depends not only on exposure  to hypokinesia  i tself ,  but also on individual d i f fe rences  
between an imals .  I t  has  not yet  been set t led whether  th is  ru le  appl ies  also when m e a s u r e s  of rehabi l i ta t ion  and 
prophylax is  a r e  applied in conjunction with prolonged r e s t r i c t i o n  of movement .  The  object  of the p resen t  in- 
ves t iga t ion  was  to study the morphologica l  a spec t s  of rehabi l i ta t ion  in hypokinesia  in inbred an imals  of dif-  
f e r en t  s t r a in s .  

EXPERIMENTAL M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on 160 inbred August  and Wis t a r  r a t s ,  all sexual ly  i m m a t u r e  m a l e s  aged 
2 months .  The  an ima l s  of each s t r a in  w e r e  divided into f ive equal groups .  The an imals  of group 1 se rved  
as the control .  The r a t s  of group 2 were  exposed to hypokinesia  by keeping them in smal l  c losely  fit t ing cages .  
The an ima l s  of groups  3-5 were  kept under  ident ical  conditions of hypokinesia  but, in addition, r e ce iv ed  daffy 
rehabi l i t a t ion  m e a s u r e s .  Tra in ing  of the an ima l s  of group 3 s t a r t ed  with running on a t r eadmi l l  moving at a 
constant  speed of 30 m / r a i n  for  3 rain f r o m  the 1st day of hypokinesia .  On a l te rna te  days  the per iod of t ra ining 
was  i nc rea sed  by 1 rain, so that  at the end of the expe r imen t  it was 30 rain. Animals  of group 4 were  t ra ined  
in the s a m e  way, but the durat ion of t ra in ing  was i nc rea sed  daffy by 1 rain, so that  at the end of the expe r imen t  
it was  60 rain. The  r a t s  of group 5 were  kept under  the same  conditions as those  of group 4. F o r  s t imulat ion 
they were  given a daffy in t raper i tonea l  inject ion of amphe tamine  (2 m g / k g  body weight).  The  exper imen t  
l a s t ed  2 months  and covered  the per iod  of m o s t  in tensive growth of the an imals  until sexual ma tu r i ty .  The 
an ima l s  were  chosen to be s i m i l a r  as r e g a r d s  sex, age, and exper imen ta l  conditions within the individual ex-  
pe r imen ta l  groups  and they di f fered  only genet ical ly .  The r a t s  were  decapi ta ted .  The bones  of the lef t  hind 
l i m b s  were  m a c e r a t e d  chemica l ly  in a 1.5% solution of caus t ic  potash at 45~C. O s t e o m e t r y  was c a r r i e d  out 
by D u r s t ' s  method.  The  bones  were  weighed on to r s ion  sca le s .  T h e i r  l inear  d imens ions  were  de te rmined  
with ca l i pe r s  with an accu racy  of 0.1 ram.  The  bones  of  the r igh t  hind l imbs  were  cleaned manual ly  for  h i s to -  
logical  invest igat ions ,  then f ixed in 10% neut ra l  f o rma l in  solution, decalc i f ied  with ni t r ic  acid, and embedded in 
celloidin.  Sections 5-10/z th ick were  s ta ined with hema toxy l in -eos in  and with p icrofuchs in  by Van Gie son ' s  
method.  In p r e p a r a t i o n s  of the bones of the hind l imbs  the knee joint and the bones  fo rming  it were  studied. 
By m e a n s  of an ocular  m i c r o m e t e r  the mean  th ickness  of the distal  epiphyseal  plate  of the f emur ,  the p rox imal  
epiphyseal  plate of the t ibia,  and the  th ickness  of t he i r  a r t i cu l a r  ca r t i l ages  was de te rmined  f r o m  th ree  m e a -  
s u r e m e n t s  in the cen te r  and two at  the p e r i p h e r y .  The  mean  number  of ce l l s  in the car t i laginous  columns in 
the zone of young growing car t i l age  was de te rmined  by counting the cel ls  in 10 columns f r o m  each sect ion 
studied.  The r e s u l t s  w e r e  subjected to s ta t i s t i ca l  ana lys i s  and also to ma themat i ca l  ana lys i s  on the Mir  c o m -  
pu te r .  
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TABLE 1. Th ickness  of P r o x i m a l  Epiphysea l  P la te  of T ib ia  Depending on Exper imen ta l  
P r o c e d u r e  and Strain of Animals  (M �9 m) 

Groups of experimental animals 
Strain of rat group 1 group 2 group 3 group 4 group 5 

(M) P' (M) (M) (M) (M) Pa 

August 

Wistar 
& 

190,24-1,4 

<o2ol 
176,44-2,3 

G0,001 
G0,001 
G0,05 
<O,0O2 

G0,001 
GO,Ot 
G0,05 
<0,01 

219,04-3,0 

Go,ool 

203,84-1,5 

2o7,5.4-1,3 

Go,ool 

188,34-2,1 

197,1 +2,1 

<O,Ol 

169,8+1,5 

175,0+3,2 
<0,02 

185,6,r 

GO,Ol 
GO,Ol 
Go,o! 

Go,ool 
Go,ool 
Go,ool 

Legend.  P l )  Di f fe rences  between s t ra inr  P2) d i f fe rences  within s a m e  s t ra in  re la t ive  
to control;  P3) d i f fe rences  within same  s ; ra in  r e l a t ive  to hypokinesia .  
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Fig.  I .  Th ickness  of epiphyseal  p la tes  of p rox imal  
t ibial  ep iphys is  of August  r a t s .  He re  and in F igs .  
2 and 3: I) control ,  H) hypokinesia,  HI) hypokinesia  
plus running on t r eadmi l l  fo r  30 rain by end of 
exper iment ,  IV) hypokinesia  plus running on t r e a d -  
mil l  for  60 rain by end of exper iment ,  V) hypokinesia  
plus running on t r eadmi l l  for  60 rain by end of ex-  
p e r i m e n t  plus amphetamine .  Stained by Van Gieson ' s  
method,  70 • 
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Fig .  2. Number  of ce i l s  in co lumns  of 
zone of young growing car t i l age  of 
p rox ima l  t ibial  epiphyseal  plate  in 
August  (A) and Wis ta r  03) r a t s .  

Fig. 3. Thickness of compact layer of 
femur of August rats. 

EXPERIMENTAL RESULTS 

Analysis of the experimental results showed a significant decrease in body weight after hypokinesia for 
60 days. The body weight of the August rats fell from 145.5 ~ 1.0 g in the control to 114.6 • 0.8 g after hypo- 
kinesia. In the Wistar rats this index fell from 217.6 • 0.9 to 162.1 * 0.9 g respectively. When rehabilitation 
measures were used the body weight was close to that in the control, namely: in August rats in group 3 134.7 
0.4 g, in group 4 125.2 �9 0.9 g, in group 5 135.2 4- 0.9 g; in Wistar rats in group 3 186.0 • 0.5 g, in group 4 
190.3 �9 0.9 g, and in group 5 169.1 �9 0.I g. The differences are significant at P < 0.001. A similar tendency 
was observed when the length of the femur and tibia was studied. For instance, the length of the tibia in 
August rats was: 30.4 4- 0.I mm in group 1, 28.8 • 0.07 mm in group 2, 29.1 4- 0.08 mm in group 3, 29.7 4- 0.09 
mm in group 4, and 30.1~ 0.07 mm in group 5; in Wistar rats the corresponding values were 35.0 • 0.09, 
31.4 �9 0.08, 32.5 • 0.05, 32.9 4- 0.05 and 32.3 4- 0.04 ram. 

The differences are significant at P < 0.001 (for group 5 of August rats P < 0.05). By contrast with the 
control rats, in animals exposed to hypokiuesia ossification was severely disturbed. The cancellous substance 
of the epiphyses of the femur and tibia had a wide-looped structure, the bony trabeculae were very thin, and 
they consisted of only a few ill-defined layers. The bone contained very few osteocytes which were reduced 
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in size. Examination of microscopic specimens of the femur and tibia of inbred animals after rehabilitation 
measures  revealed adequate development of both the cancellous and the compact bone. By contrast with hypo- 
kinesia alone, rehabilitation measures  led to the almost complete ossification of the proximal epiphyses of the 
tibia and distal epiphyses of the femur.  The degree of these changes was a l inear function of time whether 
after  hypokinesia alone or after hypokinesia combined with rehabilitation measures,  and this could be attributed 
to differences in the genotype of inbred ra ts  of different lines. 

The resul ts  of osteometry were particularly interesting. After exposure to hypokinesia the thickness 
�9 of the proximal epiphyseal plate of the tibia (Table 1) and the distal epiphyseal plate of the femur was signifi- 

cantly increased in the ra ts  of both strains exposed to hypokinesia. The changes discovered also were con- 
nected by a l inear relationship and were combined with an increase in the number of cells in the columns of 
the zone of young growing cartilage. The thickness of the articular cartilages also was significantly increased. 
By contrast to this, in animals exposed to hypokinesia the compact layer of the femur was significantly reduced 
in size, to a different degree in the August and Wistar ra ts .  In August ra ts  receiving rehabilitation measures,  
unlike those exposed to hypokinesia alone, the thickness of the epiphyseal plates (Fig. 1) and the number of 
cells in the columns of the zone of their young growing cartilage (Fig. 2) decreased gradually but significantly 
from group 3 to group 5, whereas in the Wistar ra ts  the maximal effect of rehabilitation was manifested in the 
animals of group 4. The pattern thus revealed also was character is t ic  of the art icular  carti lages.  As regards  
the thickness of the compact layer  of the femora of the animals receiving rehabilitation measures,  the changes 
observed were in the opposite direction (Fig. 3). In the August ra ts  the increase in thickness took place from 
group 3 to group 5, whereas in Wistar ra ts  the maximal rehabilitation effect was observed in group 4. Con- 
sequently, after hypokinesia for 60 days development of the skeleton was delayed. The rehabilitation measures 
diminished and, in some cases, completely abolished the changes constituting the nhypokinesic syndrome," 
and the degree of these changes, both during hypokinesia and after the various forms of rehabilitation, was 
determined by genetic differences between the experimental animals. 
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