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Inves t i ga t i ons  have shown [3, 4, 6,  7] that the  m u s c l e  rnechano recep to r s  can detect  v ib ra t ion  be s ide s  
performi,~g t he i r  p ropr iocep t ive  funct ion.  The pro longed  act ion of v ib ra t i on  on the huma n  body leads  to  
the deve lopment  of v ib ra t ion  d i sease ,  the pa thogenes l s  of which, in the m o d e r n  view, r e s t s  on a re f l ex  
m e c h a n i s m  [1]. The study of the behavior  of v i b r o r e c e p t o r s  in r e s p o n s e  to s t ima la t i on  by v ib r a t i ons  of 
va r ious  p a r a m e t e r s  is thus of cons ide rab l e  i n t e r e s t .  S ince  l i t t le  ~t tention has  been paid to th is  p r ob l em 
in the l i t e r a t u r e ,  inves t iga t ions  in th i s  d i r ec t ion  were  ju s t i f i ed :  

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 29 ca t s  anes the t ized  with nembuta l  (50 m g / k g  in t r~pe r i tonea l ly ) .  
The l a t e r a l  head of the g a s t r o c n e m i u s  m u s c l e  and the n e r v e s  to it were  i so la ted .  The hired l imb  was fixed 
a t two poin ts .  I nves t i ga t i ons  w e r e  c a r r i e d  out both cn ~: " " ' "~t  m u s c l e  and af ter  r e mova l  of i t s  e f fe ren t  
ne rve  supply.  

V i b r o s t i m u l a t i o n  was :::y~.~a to the m u s c l e  by m e . ~ a  of a spec ia l ly  c c n s t r u c t e d  e ! ec t rodynamic  vi~ 
b ra to r ,  to the moveab le  head of which a ple): iglas rod wPe h,'.=d. The contact  s u r f a c e  of th is  rod had an 
a r e a  of 47 mm 2. The vibr_~t,::r war set  in mot ion by pre!  .~ :r"-,~arily ampli f ied rec tang 'u la r  ffrom a type ISE-01 
appara tus)  o r  s inuso ida l  (Z.5"-Id) pu l ses  of c u r r e n t .  TLe an: , , l i tudes  of g ' ibrat ion were  ca l ib ra t ed  by m e a n s  
of a type VR-1 vibrograh'~L. 

If t he  v iLra to r  we re  supplied with r e c t a n g u l m  ~ pulse , the acce l e ra t i on  of the v ibra t ion  at al l  f r e -  
quer_cies had the c o n s t a .  ,3~.lue of 2 .85~0.049  g when s igna l s  of a voltage of 50 V and dura t ion  2 m s e c  w e r e  
fed into a v a c u u m - t u b e  _,~pl i f ier .  i 'he n c c e l e r a t : ' m  a 'as  ca lcu la ted  by two d i f fe ren t  methods,  .both of which 
u l t ima te ly  yie lded s i m i l a r  r , . su l t s .  The  amph tude  of vibrat~6n d imin i shed  with an i n c r e a s e  in the f r equency  
f rom I to ]50 cps  f rom 1"9 "o 33 # .  

If p~Ises  of s i n u s o i ~ : l  c u r r e n t s  were  suppl ied to the v~.~.rator, the v ib ra t ion  a lso  was s inuso ida l  in 
shape.  With a f r equency  ~.f 30 cps.  the ampl i tude*ranged fro.n_ 0 to ~40 /~, at 50 cps - f rom 0 to 4]5 p ,  at 
I00 cps - f rom 0 to 265/z ,  -'~.d at 150 cps - f rom 0 to 20', ~ The  acce l e ra t i on  was ca lcu la ted  f rom the 
f o r m u l a :  
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where Ig is the acceleration, A the amplit'~,~ of the vibration {in mmL andf the frequency. 

During the c~periment the a. s kept in a scr cv~ " ~.hamber. The index of the synchronized 

responses of the muscle meehanorr ptors durir~g the v ~ :~e ; ~e v,.',~ration was the bioelectrieal dis- 
charges  r e c o r d e d  f rom the g a s t r o c n e m i u s  ne t  ~ TI,~ : e b - '  . . . . .  ~. ~:- P : t ec ted  by p la t inum e l e c t r o d e s  
on which the g a s t r o c n e m l u s  n e r v e  was  p laced ,  c onne c t e (  . . . . .  : '~ ~' : .=peater to a type UBP1-01 ac 
a m p l i f i e r  an d a ty:je MPO-2  loop osc i l log raph .  In e ve r y  c u n P ' ~  m3ecially ment ioned ,  the r e c o r d i n g s  
were  made  on f i lm moving  at a speed of 250 r a m / s e e .  To ~ :- : :  -~ ~,g o f  !-e nero, e, i t  was  i m m e r s e d  i n  
m i n e r a l  o i l .  

* For  s inusd ida l  v ibra t ions  double  ampl i tudes  are  g iven  in eve~'~. 
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Fig. 1. Rhythmic activity of the muscle mechanoreceptors  during 
the action of vibrations of different parameters .  1: a-el  Vibrost imu- 
lation with frequencies of 30, 50, 100, 150, and 200 cps. I I :  a) F r e -  
quency 30 cps ~top oseillogram--'  amplitude 200 #,  m i d d l e -  440 D, 
b~ttom - 640 ~}; b} frequency 100 cps (top osci l iogram - amplitude 
100 p ~ m i d d l e -  140 ~, b o t t o m -  265 p}. HI Stimulation by non- 
sinusoidal, vibration with an amplitude of 100 p and accelerat ion 
2 . S g :  a) 3 0 c p s ,  b) 1 0 c p s : c )  5 c p s  (in b and c the film winding 
speed was 50 ram/see). The frequency of oscillations of the vibrator  
is indicated below the osci l logram. 
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Fig. 2. Relationship between th re s -  
hold axnplitudes and frequency of 
sinusoidal and nonsinusoidal v ibra-  
tion. I) Nonsinusoidal vibration with 
an acceleration of 2.8 g; 2~ sinusoidal 
vibration. Along the axis of ordinates 
- Rmp!itude ~in #~; along the axis of 
abse i s ; s a s ,  fr  .equeney {in eps~. 

E X i ~ E R I M E N T A L  R E S U L T S  

The discharges in the muscle mechanorecptors  gen- 
erated' in response to the action of vibration were grouped 
into afferent volleys which corresp6nded to the frequency o~ 
stm~uiation. The functional state of the mechanoreceptors  
was judged from the spontaneous activity of the gas t ro -  
cnemms nerve. If the background activity was less  than 16 
#V, indicating a low level of excitation of the receptor  ap- 
paratus of the muscle,  the maximal reproducible  frequency 
was 6{} cps. A further  increase in the frequency of s t imula-  
tion desynchronized the rhythmic responses .  With a back-  
ground activity higher than 1G #V, the maximal reproducible  
frequency reached 150-200 eps (Fig. 1, I, a-e) .  

The relationship I~:~ween We charac te r  of the s )~chron-  
ized responses and the amplitudes of the sinusoidal vibrations 
was also investigated. ~,~en the frequency of stimulation was 
I00 cps~ synchronized discharges appeared when the ampl i -  
tude was 140 # (Fig. 1, II, b, middle osci l logram) and their  
height increased with an increase tn the amplitude to 265 
(bottom osci l logramL Lower amplitudes were h~effectlvne. 
The same pattern was observed in the response  to v ib ro -  
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Fig. 3. Reception of vibration in various phases of. contract i le  
activity of the gast rocnemius  muscle.  The maximal deviation of 
the continuous line upward corresponds to maximal contraction. 
Frequency of vibrat ions:  a) 30 cps;  b) 50 cps;  c} 100 cps. (c). 
Calibration 20 /~V. 

stimulation wit}{ a frequency of 30 cps, but the synchromzed discharges  in tt'As.case appeared only when 
the amplitude wins 440 /~ or  higher (Fig. l ,  II, aL With a decrease  in the frequency of  vibration to 25 cps, 
even an amplitude of 440 p no longer evoked rhythmic responses .  

To discover  the cause of the increase  in. the threshold amplitudes of the sinusoidal vibrations in the 
low-frequency range,  n0nsinusoidal vibration with a constant accelerat ion of 2.85 g was used for" st imula- 
tion. Vibration of the gas t rocnemius  muscIe  with a frequency of 30 cps and an amplitude of 100 g led to 
the appearance of synchronized responses  corresponding to the frequency of mechanical  stimulation (Fig. 
1, Ill, a}. Fur the rmore ,  with a decrease  in the rhythm of stimulation to 1 cps, the muscle  continued to 
respond regu la r ly  to each beat of the vibrator  (Fig. 1, III, b, c). 

It foUcws from these resu l t s  that sinusoidal vibration with a frequency of 30 cps and an amplitude 
of 200 /~ does not evoke synchronized discharges ,  ~nereas  nonsinusoidal vibration with the same p a r a m e -  
t e r s  of frequency and amplitude is accompanied by distinct rhythmic responses .  Since sinusoidal v ibra-  
tion of these pa rame te r s  corresponds  to an accelerat ion of only 0.36 g, i*- may be concluded that with an 
increase  in its value the perception of vibration by the muscle mechanoreceptors  is facilitated. 

The relatinnship between the threshold amplitude and frequency oft.he ,Abration stimulus is i l lustrated 
graphically in Fig. 2. The marked increase in the threshold amplitude of the sinus~idal vibrations in the 
low-frequency range is par t icu lar ly  noticeable, whereas  during the action of nonsinusoidal vibrations the 
thresholds differentials were much smal le r .  Since in the case  of sinusoidal vibrations, accelerat ion is a 
function of the square  of the frequency and amplitude, compensation of the diminishing accelerat ions r e -  
quired ~n increase  in the amplitude of vibraticm. 

Hence ,  the pa rame te r s  of vibration are  a quantitative measure  of the stimula~lcn acting on the r e -  
ceptor appara tus  of the muscle.  However, the t ransformat ion of mechanical energy into afferent bio-  
e lectr ical  impulses is largely dependent on the functional state of the mechanoreceptors .  It is well know,.-. 
that with a change in the length of the skeletal muscles,  the excitability of the intrafusal f ibers also change-~ 
It was therefore  interest ing to study the reception of vibration by the muscle both when contracted and 
when s t re tched.  

As may be seen in Fig. 3, the mfchanorecep te r s  of the relaxed muscle readi ly followed the rhythm 
of the mechanical v ib r~ ions .  During actlve contraction, a ser ies  d high-voltage action potentials was 
recorded:, against the background of which no rhythmic responses  could be detected. After the high-voltage 
discharge had ceased, when the m,,scle was s t i l l  ~-n a contracted s tate ,  synch~-onized r e s p o n s e s  were ab- 
sent and reappeared only with the development of full re laxat ion.  
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St;retchL~g the muscle ,  on the other  hans, ira.  eased the ability of the mechanorecep to r s  to dete,~ 
�9 , tb ra t io~ ,  e spec i a l l y  when the backg,  ound act iv i ty  was below 16 /~V. If the background act ivi ty  in the 
~a-strocnemius r~erve was p a r t i c u l a r l y  high (over 20 /~V), not cniy di~ s t re tch ing  not cause  a ~ignificant 
i n c r e a s e  in the potent ia ls  of the a~gregated synchr,=nized responses ,  ]~t a tendency was actual ly  observed  
for  the i r  d e p r e s s i o n  at a frequency of s t imulat ion of 150-200 cps.  Because of the spec ia l ized  anatomical  
s t r u c t u r e  of the sp ind les  the exci tabi l i ty  of most  of them diminished during contract ion of the musc le ,  
and i nc r ea sed  dur ing s t re tch ing  [2, 8]. Because of th is ,  the d i sappea rance  of the s~-nchronized r e s p o n s e s  
dur ing cont rac t ion  of the gas t rocnemius  musc le  and the i r  intensif icat ion during stre~ch;_ng ca~-~ ea s i l y  
be expla ined.  

W tt the  r e s u l t s  de sc r ibed  above were  obtained dur ing the act ion of vibrat ion on ~he musc le  with i ts  
a f fe ren t  n e r t e  supply intact .  In a s e r i e s  of exper iments  t~he gas t rocnemius  nerve was divided.  De-e f fe ren ta -  
t.ion l(r~'ered the max imal  reproduc ib le  frequency from ! 50-200 to 50-60 cps but did not abol ish ~ e  r e sponses  
in the l(r ,v-frequency range.  The frequency of reproduct ion  could be inc reased  to the ini t ia l  l eve l  by s t r e t c h -  
tag the 'muscle with a fo rce  of 200-300 g. The d e c r e a s e  in the maximal  r eproduc ib le  frequency af te r  d iv i -  
s ion of ~Lhe ne rve  was a s soc i a t ed  with r emova l  of the y - a c t i v a t i n g  influence on the musc le  spindles ,  as  a 
r e su l t  of ~'htch t h e i r  level  of exc i tab i l i ty  fe l l  [4, 5]. Stretching the musc le  i nc r ea sed  the exc i tab i l i ty  of 
the m e e h a n o r e c e p t o r s  to i ts  in i t ia l  leve l .  

The r e s u l t s  show that the mechanorecep to r s  of the re laxed  musc le  r ece ive  v ibra t ion  with f requency 
c h a r a c t e r i s t i c s  bet~,een 1 and 150-200 cps .  At f requencies  below 30 cps v ibra t ion  i s  rece ived  only if the 
a cce l e r a t i on  exceeds  0.36 g, and with an i n c r e a s e  in acce le ra t ion  the recept ion  of v ibra t ion  is  fac i l i ta ted .  
I n c r e a s e  in amplkVades of v ibra t ion  a l so  s t rengthen the agg-rc~gated s3mchronized d i s cha rges ,  for in th is  
c a s e  more  sp ind les  a r e  involved in the p r o c e s s  of exci ta t ion.  St re tching the gastrocz~emius musc le  in -  
e--'eases the abilit3.- of the mechanorecep to r s  to respond to vibrat ion,  but during cont rac t ion  of the musc le  
the r ecep t ion  of v-:.uration is more  diff icul t .  

The amount of informat ion reaching  the c e n t r a l  ne r vous  sys tem and, in p a r t i c u l a r ,  the s t r u c t u r e s  a t  
the seg:mental leve l  during the action of v ibra t ion  depends bgth on the p a r a m e t e r s  of v ibra t ion  and on the 
functional  s t a t e  of the mechanorecep to r s .  
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