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A method of investigating the rheologic properties of the soft tissues of the human limbs with 
normal and disturbed peripheral lymphatic circulation is described. The curves recorded 
(elastegrams) are analyzed. The suggested coefficients are shown to reflect differences in 
the rheologic properties of the soft tissues in health and disease. 
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The  study of the theologic  p r o p e r t i e s  of human soft  t i s s u e s  began a long t i m e  ago. In the  e a r l i e r  s tudies 
[t ,  2, 4], in which the  deg ree  of deformat ion  of musc l e s  was m e a s u r e d  in r e s p o n s e  to mechanica l  action,  changes  
in the ha rdnes s  index of  m u s c l e s  w e r e  de te rmined  during physical  and mechanica l  loads .  The  s a m e  pr inc ip le  
has  been used  to study changes in the mechanica l  p r o p e r t i e s  of  the eye in g laucoma [3]. 

P r e v i o u s l y  the w r i t e r s  found that  s o m e  theologic  indices of pathological ly  changed t i s s u e  d i f fer  s ignif i -  
cantly in the c h a r a c t e r  of deformat ion  during mechan ica l  action f r o m  healthy t i s sue .  

This  pape r  d e s c r i b e s  a f i r s t  a t tempt  to a s s e s s  quanti tat ively the rheologic  p a r a m e t e r s  of the soft  t i s su e s  
of the human l imb when the pe r iphe ra l  lymphat ic  c i rcu la t ion  is  no rma l  and dis turbed.  

F o r  this  pu rpose  the appara tus  desc r ibed  below was used. The  pr inc ip le  of  i ts  act ion is based  on m e a -  
su r emen t  of  the mechanica l  f o r ce  developed by the t i s s u e  when c o m p r e s s e d  by a meta l  rod  with cyl indr ica l  
head, pe r fo rming  t o - a n d - f r o  plunging movemen t s  with a f requency  of  0.06 Hz. Movements  of the  rod  and the 
fo r ce s  developed were  conver t ed  into e lec t r i ca l  s ignals  by means  of  s t r a i n  gauges .  The cu rves  (e las tograms)  
we re  r e c o r d e d  on an automat ic  x -y  w r i t e r  (Honeywell). 

T e s t s  w e r e  c a r r i e d  out on 20 healthy subjects  (40 l imbs) ,  The a r e a  se lec ted  was the middle  pa r t  of the 
p o s t e r i o r  su r f ace  of the calf ,  when the subject  lay in the p rone  posi t ion.  The point of  m e a s u r e m e n t  was chosen  
so that  when the rod  p r e s s e d  into the t i s sues ,  the p r e s e n c e  of bone did not affect  the r e s u l t s  of m e a s u r e m e n t .  
The  depth to which the rod  sank was a lways constant ,  namely  9 ram.  The number  of  s u c c e s s i v e  plunging m o v e -  
men t  of the rod  depended on the t ime  taken for  the e l a s t o g r a m  to r e a c h  the steady s ta te  (as a ru le  10 plunging 
movements ) .  

A typical elastogram recorded from a healthy human lower limb is illustrated in Fig. I. Clearly the 
elastogram is a loop-shaped curve, with its concave side facing the origin of the coordimtes. This loop- 
shaped a p p e a r a n c e  of the cu rve  can evidently be  explained by internal  f r ic t ion  of  the  musc l e  t i s sue .  In fact ,  
when the  rod  c o m p r e s s e s  the t i s s u e s  i t  o v e r c o m e s  the e las t ic  f o r c e s  of  the  de fo rmed  t i s s u e  and the fo rce  of  
in terna l  fr ict ion; on i ts  r e t u r n  m o v e m e n t  the  c o m p r e s s e d  t i s sue  p r e s s e s  on the rod  and the fo rce  of internal  
f r ic t ion  ac ts  in the  opposi te  d i rec t ion.  The  e l a s t o g r a m  of the healthy l imb  r e a c h e s  the  steady s ta te  a f t e r  two 
o r  t h r e e  plunging m o v e m e n t s .  

The  rheologic  p r o p e r t i e s  of the t i s s ue s  we re  a s s e s s e d  by the mechanica l  r e s i s t a n c e  of  the t i s sue  to c o m -  
p r e s s i o n  (hardness  index T = F / S ,  where  S is  the  depth to which the  rod  s inks into the t e s t  t i s sue  (abscissa) ,  
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Fig,  1. E las togram of healthy human lower  
l imb.  ,/--10.7; K=0.08; 0=0,03,  Here  a n d i n  
Figs .  2 and 3, cal ibrat ion:  horizontal  l ine 
co r responds  to rod  sinking into t i s sue  to a 
depth of 2 ram; length of ver t ica l  l ine c o r r e -  
sponds to a fo rce  of 20 g fo rce .  

Fig.  2. E las togram of edematous l imb. AF) 
re laxat ion  of maximal  fo rce  during 10 plunging 
cycles  of rod; AS) depth of hollow. 3/= 23.7; 
K= 0.38; ~ = 0.17. 

~S 
Fig.  3. E las togram of same 
patient  as in Fig. 2 r e c o r d e d  
7 days af te r  opera t ion of 
lymphovenous anas tomosis .  
"/= 13.4; K = 0.02; 0 = 0.03. 

and F the fo rce  developed during plunging (ordinate).  As Fig.  1 shows, the  value  of T m e a s u r e d  as  a r e su l t  
of the f i r s t  mechanical  compress ion  was somewhat g r e a t e r  than that m e a s u r e d  in the s teady s ta te  of the  loop. 
The  r e a son  was evidently that  as a r e su l t  of the f i r s t  compres s ion  a ce r t a in  quantity of in ters t i t ia l  fluid is  
always e z p re s se d  f rom the region tes ted ,  and has not had t im e  to r e t u r n  when the next  compress ions  take 
place.  In healthy t i s sue  this p rocess ,  known as re laxat ion  of mechanical  r es i s t ance ,  is  negligible, and can be 
disregarded;  consequently,  the value of T is  calculated f rom the amplitude of  the loop in the steady state.  

The  invest igat ion showed that  in healthy subjects the value of y m easu red  in the middle par t  of the 
pos t e r i o r  sur face  of the calf  var ies  f rom 10.7 to 14.4 g f o r c e / m m  in women and f rom 14.7 to 20.0 g f o r c e / r a m  
in men. 

The elastogram recorded from edematous tissues (Fig. 2) differs sharply from that recorded from the 
healthy limb. To begin with, the loop recorded from edematous tissue does not reach the steady state until 
after 5 or 6 plunges of the rod, depending on the degree of edema. In patients with pronounced edema the loop 
does not reach the steady state even after I0 to 15 plunges. Consequently, the process of relaxation of me- 
chanical resistance for edematous tissue is manifested much more strongly, and for that reason the value of 
the coefficient T should be calculated twice: T~ = F/S reflects the state of the tissue during the first mechani- 
cal compression, when the maximal quantity of fluid is evidently expressed from the test region; T2= (F-AF)/- 
(S--AS) is calculated when dynamic equilibrium is established between the outflow of fluid from the test region 
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and the inflow of fluid into i t  for  the se lec ted  conditions of m e a s u r e m e n t  (the e l a s t o g r a m  r eaches  the  s teady 
s ta te) .  

E l a s t o g r a m s  lying between the f i r s t  and the " s t e a d y - s t a t e "  c h a r a c t e r i z e  the change in the mechanica l  
r e s i s t a n c e  of the t i s sue  as  a r e s u l t  of gradual  express ion  of fluid f rom the t e s t  region.  As Fig.  2 shows, the 
p r o c e s s  of re laxa t ion  of mechanica l  r e s i s t a n c e  fo r  edematous  t i s sue  is  expressed ,  on the one hand, by r e l a x a -  
t ion of the initial fo rce  applied to the  meta l  rod,  and on the o the r  hand, by the  for rmt ion  of a hollow in the 
reg ion  of invest igat ion.  The  p roce s s  of gradual  reduct ion of the initial fo rce  is m o r e  pronounced under  these  
c i r c u m s t a n c e s  than the p r o c e s s  of fo rmat ion  of the hollow. To exp re s s  the re laxa t ion  of  the fo rce  quant i ta-  
t ive ly  a coeff icient  of re laxa t ion  K = & F / F  is  Used. In pat ients  with different  degrees  of edema i ts  value r anges  
f r o m  0.19 to 0.54. F o r  heal thy l imbs  K= 0.02-0.09. 

The  p r o c e s s  of fo rmat ion  of a hollow in the t i s sue  is r e co rded  as  re laxat ion  of movemen t  of  the rod.  The 
re la t ive  depth of the hollow can be e x p r e s s e d  by the coeff icient  0 =AS/S, where  AS is the absolute  depth of the 
hollow. F o r  edematous  t i s sues  AS va r i ed  f r o m  0.02 to 0.3, whe reas  for  healthy l imbs  it v a r i e s  f r o m  0.02 to 
0.06. 

The  e l a s tog rams  can be used  to study the dynamics  of changes  in the  s ta te  of  edematous  t i s sue  in the 
c o u r s e  of  t r e a tmen t .  The  e l a s t o g r a m s  in Fig.  3 was r e c o r d e d  f rom the s a m e  pat ient  as that  in Fig. 2, 7 days 
a f t e r  an opera t ion  of  lymphovenous anas tomos i s .  The  e l a s t o g r a m  is the typical  cu rve  c h a r a c t e r i s t i c  of  healthy 
l imbs .  

By the method desc r ibed  above it is  poss ib le  to a s s e s s  some  impor tan t  rheologic  p a r a m e t e r s  of human 
soft  t i s sue s  in health and d i sease .  
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