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Research Note 

The Effects of Muscle Vibration on the Attainment of Intended Final Position 
During Voluntary Human Arm Movements* 

C. Capaday and J .D.  Cooke 

Department of Physiology, University of Western Ontario, London, Ontario N6A 5C1, Canada 

Summary. Muscle tendon vibration was applied 
during voluntary step-tracking arm target-move- 
ments performed by normal human subjects. Vibra- 
tion (freq. = 120 Hz) was applied over either the 
biceps or triceps tendons. During non-visually guided 
(eyes closed) trials, vibration of the muscle antago- 
nistic to the movement being performed resulted in 
an undershoot of the required target. Thus, biceps 
vibration produced an undershoot of the extension 
target and triceps vibration an undershoot of the 
flexion target. The same effect occurred if the 
vibration was applied continuously over several 
movements or only during the course of individual 
movements. In contrast, vibration of the muscle 
acting as the prime mover had no effect on the 
correct attainment of the required target. It is sug- 
gested that the central nervous system may monitor 
muscle afferent activity of the lengthening (anta- 
gonist) muscle during simple, step movements. 
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Utilizing muscle tendon vibration, Goodwin and his 
colleagues demonstrated a systematic distortion of 
the perception of elbow joint position when one of 
the muscles at that joint was vibrated (Goodwin et al. 
1972). For instances, when the vibrator was applied 
over the biceps tendon, the forearm was always 
perceived to be more extended than it actually was. 
Such a finding was consistent with the activation of 
length-sensitive receptors such as muscle spindles. In 
the present study, high frequency muscle vibration 
was used to activate muscle spindle afferents during 
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voluntary target-directed human arm movements. 
The question was asked whether such afferent pro- 
prioceptive information generated during movement 
could affect the subsequent course of the movement. 
If this were the case it seemed likeiy that attainment 
of intended final limb position would be affected by 
vibration in a way consistent with activation of 
muscle spindles. 

A total of 15 subjects have now been investi- 
gated. During experiments the subjects were seated 
in a chair and grasped a manipulandum handle, their 
forearm being supported just distal to the elbow. The 
handle was pivoted at one end and could be moved in 
the horizontal plane by flexion or extension move- 
ments about the elbow. A precision potentiometer 
mounted at the axis of rotation was used to monitor 
handle, and thus forearm, position. Angular velocity 
of handle movement was measured using a small DC 
torque motor. 

Subjects performed step-tracking movements fol- 
lowing a target displayed as a vertical bar on a 
cathode ray tube placed in their line of sight, 1 m in 
front of them. The target switched every 3 s between 
two fixed positions. Target positions were not 
bounded by mechanical stops. Subjects were in- 
structed to move "briskly and accurately" to the new 
target position following target switch. The handle 
position was displayed on the CRT as a thin vertical 
line. In some experiments the subjects were required 
to perform the task without visual guidance, i.e. with 
their eyes closed, target movement being signalled by 
an auditory cue. In these experiments no external 
cues were given to signal attainment of the required 
target. All subjects were well practiced at the task 
and could attain the required targets equally well 
with or without visual guidance. 

A small vibrator was securely fastened over the 
biceps or triceps tendon using adjustable Velcro 
straps. The vibrator consisted of a small DC motor 
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Fig. lAD. Effects of continuous muscle vibration during step- 
tracking. In A-D are shown records of arm position (upper traces) 
and velocity (lower traces) during performance of steptracking 
movements. The dotted lines on the position traces indicate the 
positions of the targets being tracked (F- flexion; X -  extension). 
Tendon vibration was applied during the period indicated by the 
solid bar under each position record. A and B are from a trial with 
no visual guidance (A - biceps vibration; B -  triceps vibration). C 
and D are from trials in which the subject was given visual 
information as to arm position (C - biceps vibration; D - triceps 
vibration). The horizontal calibration represents 10 s and the 
vertical calibration for position and velocity are respectively 
60 deg and 500 deg/s 

with an eccentric head. The motor  was enclosed in a 
metal  case. The whole apparatus  weighed 70 gm with 
dimensions 2 x 3 • 5 cm. Vibration frequency was 
adjustable and was set to 120 Hz (Burke et al. 1976; 
Hagbar th  1973). Vibration could be applied either 
continuously or only during flexion or extension 
movements  as desired. During experimental  trials 
the subjects were instructed to begin the step- 
tracking movements  and to continue doing so after 
the vibrator was activated. 

Figure 1A shows the effects of biceps vibration 
applied during movements  made without visual guid- 
ance. Vibration was applied continuously during the 
period marked by the solid bar. A marked  under- 
shoot of the extension target occurred and was 

maintained as long as the vibrator was activated. 
However ,  correct a t ta inment  of the flexion target  
was not affected. Conversely,  triceps vibration (Fig. 
1B) resulted in an undershoot  of the flexion target 
but had no effect on the a t ta inment  of the extension 
target. Thus, vibration of the muscle antagonistic to 
the movement  being pe r fo rmed  resulted in an under- 
shoot of the required target. In contrast,  vibration of 
the muscle acting as the pr ime mover  had no effect 
on the at ta inment  of the required target.  

The absolute magnitude of the positional error 
varied somewhat  f rom subject to subject but was 
approximately 15-20 degrees for the 65 degree move-  
ments which were studied. The effect was seen in all 
subjects studied. Indeed,  it was also seen in one of us 
(jdc) who had been an experimental  subject several 
times, who well understood the effect of the vibration 
and who was actively trying to compensate  for the 
action of the vibration. 

The effect of the vibration could be overcome if 
the subject per formed the movemen t  under visual 
guidance, that is, if the subject were permit ted to 
view the target and handle displays. Under  these 
conditions no impairment  of positioning was found 
during either biceps or triceps vibration (Fig. 1C, D).  
It  might be noted that there was, during both visually 
and non-visually guided trials, a tendency for the 
movement  velocity to decrease (Fig. 1). In addition, 
during visually guided trials the first few movements  
made during the vibration were often seen to fall 
short of the intended target. The target was subse- 
quently reached by a small final corrective move- 
ment,  When this occurred the error  was always in the 
same direction as that during non-visually guided 
trials. 

An exactly identical effect was observed if the 
vibration was applied only during movement .  For 
these studies the vibrator  was activated only when 
the velocity of handle movement  was greater  than a 
threshold level. The  vibrator  was thus turned on just 
after the start of the movemen t  and turned off just 
before the arm came to rest in its final position. In 
the experiment  illustrated in Fig. 2A, biceps vibra- 
tion was applied during extensions, the subject 
performed the movements  without visual guidance. 
As was seen with continuous vibration, an under- 
shoot of the extension target occurred whereas the 
flexion target was correctly attained. In contrast,  
when biceps vibration was applied during flexions 
there occurred no error  in the at ta inment  of the 
flexion target (Fig. 2B). Equivalent  effects were seen 
with triceps vibration during movement :  an under- 
shoot of the flexion target if vibration was applied 
during flexions and no effect when vibration was 
applied during extensions. 
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Fig. 2A, B. Effects of muscle vibration during step-tracking 
movements. Position and velocity records of step-tracking move- 
ments are shown. The dotted lines on the position records indicate 
the positions of the target being tracked ( F -  flexion; X -  
extension). Vibration of the biceps tendon occurred during those 
movements indicated by the solid rectangles below the position 
record. In A the vibration was applied during extension move- 
ments and in B during flexion movements. The horizontal calibra- 
tion bar represents 5 s and the vertical bar 40 deg for position and 
500 deg/s for position 

Three  points of  interest  can be made  about  the 
present  results. First, muscle vibrat ion can affect the 
a t ta inment  of  final limb posi t ion during the per form-  
ance of  an active, vo luntary  movemen t .  Second,  
vibration of  the muscle antagonist ic  to a given 
m o v e m e n t  affects the a t ta inment  of  the final posi t ion 
resulting f rom that  movemen t .  Third,  m o v e m e n t  to a 
desired posit ion can be affected by muscle vibrat ion 
applied just during the course of  that  movemen t .  

We  propose  that,  for the type  of  movemen t s  
studied, the CNS moni tors  muscle afferent  activity of  
the lengthening (antagonist)  muscle ra ther  than the 
muscle which acts as the  pr ime mover .  The  sugges- 
t ion has indeed been  made  that  such in format ion  may  
be handled via the interpositus nucleus of  the cere- 
bellum (MacKay  and M u r p h y  1979; Thach  1978). 
Muscle vibration,  which is k n o w n  to activate muscle 
spindles (e.g.,  Burke  et al. 1976; Hagba r th  1973) 
would thus 'mis inform'  the CNS about  the limb 
position in a direct ion in ag reement  with the 

observed results. For  example,  during triceps vibra- 
tion the increased muscle afferent  activity f rom the 
triceps would  indicate to the CNS that  the triceps is 
longer than it actually is. This would  co r respond  to 
an "over-f lexed" fo rea rm and therefore  result  in an 
undershoot  of  the flexion target .  

The  above  proposa l  is consis tent  with observa-  
tions of  the behav iour  of  spindle afferents  during 
rapid movemen t s  (Goodwin  and Luschei  1975; Hag-  
bar th  et al. 1975; L u n d  et al. 1979). These  authors  
report  h igh-f requency spindle afferent  discharge 
when the muscle of  origin is s t re tched by an active 
movement .  Moreove r ,  they observed  that  spindle 
afferents f rom the contract ing muscle were  silenced 
during active shortening.  The  lack of  effect of  
vibrat ion of  the agonist  muscle  during m o v e m e n t  is 
consistent with these observat ions .  This lack of  
response to what  must  be a very  large stimulus (the 
vibration) suggests that  spindle sensitivity is low 
during these rapid m o v e m e n t s  in spite of  any alpha- 
gamma  co-act ivat ion which may  be present .  
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