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Reducing the mo to r  ac t iv i ty  of r a t s  (for 20-100 days) in which the s ta t ic  function of the l imbs  
is p r e s e r v e d  leads  to a marked  d e c r e a s e  in th ickness  of the co r t ex  of the femur .  However,  
the abi l i ty  of the whole bone to withstand mechan ica l  loading is only s l igh t ly  reduced.  Thin-  
ning of the c o r t i c a l  l a y e r  is compensa ted  by an i n c r e a s e  in the s t r eng th  of the bone t i s sue  as 
a r e su l t  of its i nc r ea sed  mine ra l i z a t i on .  
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T h e r e  is no genera l  ag reemen t  in the l i t e r a t u r e  on changes in the s t r eng th  of bones in hypokines ia  
[2, 4-6]. The con t r ad i c to ry  nature  of the r e s u l t s  is pe rhaps  connected with d i f ferent  condi t ions of p roduc -  
tion of hypokinesta ,  d i f fe rences  in the dura t ion  of the expe r imen t s ,  and spec i e s  d i f f e rences  between an i -  
malso In some inves t iga t ions ,  also,  the r e s i s t a n c e  of the whole bone to the act ion of a fo rce  was not s tud-  
ied. This r e s i s t a n c e  depends not only on the s t rength ,  but a l so  on the s i ze  and shape  of the bone, which 
may be a l t e r ed  in hypokinesia  [3]. 

The object  of this inves t iga t ion  was to study the effect of hypokines ia  of v a r i e d  dura t ion  on the m e -  
chanica l  p r o p e r t i e s  of whole bone and aIso to study changes in o s t e o m e t r i c  indices and in the m i ne ra l  con-  
tent of the bone t i s sue .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 100 noninbred albino ra t s  weighing ini t ia l ly  140-160 g. The animals  
we re  kept in s m a l l  w i re  cages  for  20, 40 ,60 ,  and 100 days .  The f e m o r a l  bones w e r e  taken fo r  inves t iga -  
tion and kept in l g  neutra l  f o rma l in  solut ion.  The ex te rna l  d i a m e t e r  of the d iaphys i s ,  the width of the 
medu l l a ry  canal ,  and the th ickness  of the c o r t i c a l  l a y e r  were  de t e rmined  on roen tgenog rams  of the bone 
taken in sag i t t a l  and f ron ta l  p ro jec t ions  on "Mikra t -200"  f i lm without an intensifying sc reen .  Os t eome t ry  
was c a r r i e d  out ha l f -way  along the bone by means of the MBS-2 m i c r o s c o p e ,  f i t ted with ocula r  m i c r o m e -  
t e r  (accuracy  of m e a s u r e m e n t s  :L0.025 mm). Not m o r e  than 1 week a f te r  t he i r  r emova l ,  the bones we re  
tes ted  for  s ta t ic  bending on the MZ-40 machine,  fi t ted with r e v e r s i n g  gear .  The bone was p laced  on sup-  
por t s  20 mm apar t ;  the midpoint  of this  d i s tance  coincided with the axis  of the bending knife and with the 
m[dlength of the bone. The r a t e  of loading was 35 mm/mino To ca l cu l a t e  the l imi t  of s t r eng th  of the bone 
the moment  of ine r t i a  was de te rmined  on the assumpt ion  that the outer  s u r f a c e  of the bone and the outl ine 
of the m e d u l l a r y  canal  tn t r a n s v e r s e  sec t ion  were  r e g u l a r  e l l i p se s .  The m i n e r a l  content pe r  unit volume 
of bone (minera l  sa tura t ion)  was de t e rmined  in a dry,  defat ted f r agmen t  of bone taken f rom the middle  of 
the d iaphys i s .  The volume of the f r agmen t  was de te rmined  by weighing it on to r s ion  s ca l e s  in a i r  and in 
d i s t i l l ed  wa te r  conta ining a wett ing agent to lower  the su r f ace  tension.  The a c c u r a c y  of weighing was 
�9 0.05 rag. The bone f r agmen t s  were  inc inera ted  in a muffle furnace  at 700~ for  7 h and the ash  was 
weighed and the mine ra l  s a tu ra t ion  of the bone ca lcu la ted  in g/era a. 
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Fig. 1. Strength of bone during hypokinesia, Abscissa ,  days 
of experiment;  ordinate: in A) destruct ive load (in kg) for  
whole femoral  bones; in B) breaking s t rength (in kg/mm 2) of 
rat bone tissue. 1) Control; 2) experiment.  

TABLE 1. 
(M~m) 

Animals 

Control 
Experimental 

P 

Mineral Saturation of Bone Tissue of Rat Femora l  Diaphysis 

Mineral saturation at different times of experiment (in g/cm a) 
2o-th 1 4o.-th [ #o-th too-th 

days 

1,290-----0,016 1,263m0,016 1,298-4-0,037 t,147---+0,023 
1,328+ 0,023 1,299---+0,022 1,36720,015 1,320~ 0,020 

~0,1 ~0,1 ~0,05 ~0,001 

E X P E R I M E N T A L  R E S U L T S  

In the control  animals the thickness of the cor t ica l  l ayer  increased with age; on the 20th, 40th, and 
60th days of the experiment it was 0.93, 0.96, and 1 mm respect ively.  During the same  periods of hypo- 
kinesia, the cor t ica l  layer  was thinner than the control  by 7.5, 9.5, and 12% (P < 0.05). The width of the 
medul lary  canal was not significantly changed and for  that reason the external d iameter  of the bone was 
reduced only on account of the dec rease  in thickness of the cor t ical  l a y e r .  

The whole bones of the experimental  and control  animals on the 20th, 40th, and 60th days withstood 
virtually identical loads (Fig. 1A). It was 0nly af ter  100 days of hypokinesia that the bone broke as the r e -  
sult of a sma l l e r  load (by 12%; P < 0.02). The s t rength of the bone (a pa r ame te r  charac te r iz ing  bone t issue 
as a material)  increased in the cour se  of hypokinesia, whereas in the control  animals it decreased  gradu-  
ally with age (Fig. 1B). By the 60th day the difference between the experimental  and control ser ies  reached 

27% (P < 0.01). 

in hypokinesia the mineral saturation of the bone tissue increased; the difference between the experi- 
n~ental and control series grew with an increase in the duration of the experiment (Table 1). 

The increase in the strength of the bone tissue during hypokinesia can be explained by the increase 
in its mineral saturation, as shown by the high coefficient of correlation between the mean values of min- 
eral saturation and the breaking point of the bones of the experimental and control rats (r = 0.83; P < 0.02). 
The increase  in the s t rength of the bone t i ssue  has the r e su l t  that, despite substantial  reduction in the th ick-  
hess of the cor t ica l  layer  and in the width of the bone, its res i s tance  to the action of mechanical  loads va-  

ried only very  slightly. 

These resul ts  are  in agreement  with data showing an increase  in the microhardness  and in the mod- 

ulus of elast ici ty of bone during hypokinesia [4]. 

The decrease  in s t rength of the femora l  bones of ra ts  af ter  denervation of the hind limbs [2] could 
be attributed to the sharp  decrease  in the static (supporting) function of the limb (which was completely 
p reserved  in the experiments now described).  In fact, the s t rength  of the limb bones, if deprived of their  
supporting function, in puppies is reduced [1], whereas immobilizing the limbs in p las te r  casts ,  without 
excluding static loads on the bones, does not change thei r  s t rength [6]. 

In rats  with p rese rved  static function of the limbs, a marked dec rease  in thickness of the cor tex  of 
the femora l  bones thus takes place during hypokinesia. However, the ability of the whole bone to withstand 
mechanical  loads remains  vir tually unchanged as a resul t  of an increase  in the s t rength of the bone tissue, 

associated with its increased mineral izat ion.  

1172 



I. 

2. 
3. 
4. 
5. 
6. 

L I T E R A T U R E  CITED 

S. I. Rybakova, Arkh. Anat., No. 2, 66 (1966). 
J. A. G[Ilespie, J. Bone Jo[nt Surg., 36B, 464 (1954). 
R. S. Hattner and D. E. McMillen, Aerospace Med., 39, 849 (1968). 
J. P. Jankovich and K. O. Lange, A[AA Papers ,  7...~1, 1 (1971). 
L. O. Rowland, H. R. Wilson, R. H. Harms,  et al., Agr[c. Res. Rep., 14.__, 15 (1969). 
H. Semb, Acta Orthop. Scand., 37.._, 131 (1966). 

1173 


