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The effect of local vibration with a frequency of 50 Hz and amplitude of 0.7 mm was 
studied in experiments on healthy human volunteers. Using Burch's modification of the 
method of occlusion plethysmography, together with capillaroseopy, the study showed 
that vibration reduces the volume and velocity of the inflow and outflow of blood, reduces 
the number of functioning capillaries, and causes clouding of the capillaroscopic back- 
ground. Application of heat during vibration (warming the surface of contact to a tempera- 
ture of 40-43~ abolishes or diminishes the vasoconstrictor action of vibration. 

An i m p o r t a n t  r o l e  in the  p a t h o g e n e s i s  of v i b r a t i o n  d i s e a s e  i s  p l a y e d  by  d i s t u r b a n c e  of the p e r i p h e r a l  
c i r c u l a t i o n  [1, 4, 7]. T h e s e  d i s t r u b a n c e s  a r e  b a s e d  on the v a s o c o n s t r i c t o r  r e s p o n s e  of s m a l l  v e s s e l s  to 
v i b r a t i o n  [2, 10]. 

At  the  s a m e  t i m e ,  the  o p p o s i t e  a c t i o n  of l o c a l  hea t  is  a l s o  we l l  known [5, 8]. H o w e v e r ,  so f a r  a s  t h e  
w r i t e r s  a r e  a w a r e ,  t h e r e  a r e  no e x p e r i m e n t a l  d a t a  in the  l i t e r a t u r e  f o r  r e s p o n s e s  of the  p e r i p h e r a l  v a s c u l a r  

T A B L E  1. I n d i c e s  of C i r c u l a t i o n  in F i n g e r  T ip  of E x p o s e d  Hand 
Dur ing  Ac t ion  of V i b r a t i o n  Alone  and Combined  wi th  Hea t  
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S e r i e s  I 

Before (control exposurei) I0,6 19,8 16,5 28,4 

-A(terexp~ ii ,4 9,7 15,I 
P <0,0 <0,0 <0,0 

Se r i e s  II 

After exposure(lh) 9,4 / I9,0 16,2 23,6 
>0,2 >0,1 >0,1 o, p <0,05[ . 

Legend :  

38,6 0,22 0,19 17 

0,32 0,23 14 
22,9 <0,0 <0,0I <0,01 <O,Ol 

37,4 0,23 0,19 16 

0,2 I7 35,1 0,25 >0,2 O, >P>O,05 l>P>O,05 >O,1 

a) t i m e  of r i s e  of p u l s e  wave;  b) t i m e  of f a l l  of p u l s e  wave .  
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Fig.  1. Changes in p le thysmogram as the result  of exposure to vibration; I) Before vibration; H) after  
vibration. A) Curve f rom finger with occlusion cuff; B) curve of respirat ion;  C) curve f rom finger without 
ocelusion cuff. 

Fig.  2. Changes in velocity of inflow and outflow of blood (in mm~5 cm~sec)  as a result  of exposure to vi-  
brat ion (data of one experiment).  A) Velocity of inflow; B) velocity of outflow. I) Before vibration; 2) after  
vibration. 

sys tem to simultaneous application of these two stimuli with their  opposing effects. If these effects can-  
celed each other out, this would be good grounds for  using heat stimulation as a prophylactic m e a s u r e  
against the development of vibration disease  in persons working with vibrating tools.  

To investigate this problem special  experiments were ca r r i ed  out on a group of volunteers consisting 
of 10 young (23-35 years)  healthy men, not previously working with vibrating tools.  

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

The state of the per iphera l  circulat ion of all subjects was studied at the same t ime by Burch ' s  modi-  
fication of the method of occlusion plethysmography [12] and by capi l laroscopy under the influence of v ibra -  
tion (series I) and vibration accompanied by heat (series II). The subject ' s  hand lay f reely  on the vibrating 
surface of a bench producing sinusoidal oscil lations with a frequency of 50 Hz and amplitude of 0.7 mm. 
The duration of stimulation was 1 h. Heat stimulation was applied by warming the vibrating a rea  by means 
of an insulated electr ic  heating element to 40-43~ 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

In each ser ies  about 40 experiments  using eapi l laroscopy and about 15 experiments  using Burch ' s  
modification of occlusion plethysmography were  performed.  

Good agreement  was observed between the initial data on different days in the same subjects (con- 
t rols  1 and 2, Table 1) .  In the experiments  of ser ies  I (vibration), definite and substantial  changes in the 
blood supply were  observed,  as shown by the volume of the pulse wave, and the volume and velocity of in- 
flow and outflow of blood. Examination of Fig. 1 shows that the volume of the pulse wave after  vibration 
(H, A, a) was much less than initially (I, A, a). The same resul t  was observed by compar ing the p le thysmo-  
g rams  without occlusion (II, C, b and I, C, b). In addition, the course  of the curve af ter  occlusion under the 
influence of vibration was f la t ter  than initially (II, A, c and I, A, c). 

Changes in the blood flow following exposure to vibration a re  shown in Fig. 2. 

The resul ts  of experiments  of ser ies  II (Table 1) show that heat stimulation if acting together  with 
vibration almost  completely prevented the vasocons t r ic to r  effect of the vibration. Both the number of func- 
tioning capil lar ies  and the volume and velocity of the blood flow through them at each contract ion of the 
hear t  reached almost  the same level as in the original state before the s tar t  of stimulation. Whereas under 
the influence of vibration the apex of the pulse wave was shifted to the right - its maximum in the control  
occur red  at a mean value of 0.22 see, compared  with 0.32 sec in se r i e s  I, in ser ies  II no changes in e las t ic -  
ity of the vesse l  wall were observed.  The velocit ies of inflow and outflow in these subjects,  calculated f rom 
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the results Of the experiments,  were  very  close to those obtained by Burch [12] in healthy young men under 
comfortable  conditions: inflow 21.9-28.6 mm3/5 cm~sec ,  and outflow 29.1-37.1 mm~5 cm~/sec (in the 
stage of diastole). The action of vibrat ion had a marked effect which could be attributed to the resul t  of 
an increase  in tone of the per iphera l  vesse ls ,  both a r t e r i e s  and veins. Local cooling has the same effect 
in principle.  Many invest igators  [9] have found that the m o r e  s t rongly contracted the blood vesse ls ,  the 
more  sensit ive they a re  to vasocons t r i c to r  effects. It thus follows that a disturbance of blood supply p ro -  
duced by vibrat ion when the room tempera tu re  is comfortable  could be still g rea te r  if the vibration had 
acted during local cooling of the hands. This is confirmed by the observations of Andreeva-Galanina et al. 
[1] and of Bragina [3] and Malinskaya [6], who found that spasm of the blood vesse ls  develops soonest and 
s t rongest  during both general  and local cooling of the worke r s '  l imbs. 

The resul ts  of these tests  show that the rmal  dilatation can be used effectively to counteract  {:he con- 
s t r i c to r  effect of vibration. This conclusion, it must  be emphasized, is valid only for the effect of local 
vibration on tone of the per iphera l  vesse ls ,  and it must  not be extended to other "points of application" of 
the effect of vibration. Fo r  example, changes in permeabi l i ty  as a resul t  of disturbance of the functional 
capacity of the endothelial cells of the capi l lary wall, as demonstrated by clouding of the capi l laroscopic 
background, are  not prevented by the action of heat. 
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