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ABSTRACT 
With a view t o  i nves t i ga t i ng  how v i b r a t i o n  a f f e c t s  dynamic working capa- 

c i t y ,  exercise tes ts  were performed both w i t h  and without superimposed 

v i b r a t i o n .  The performance o f  8 healthy,  non-smoking 20-year-old males exer- 

c i s i n g  on a cyc le  ergometer a t  a constant load was studied on four occasions, 

w i t h  and without v i b r a t i o n  i n  a randomly chosen order. The frequency o f  t he  

v ib ra t i on ,  which was app l ied  v e r t i c a l l y  through the  pedals, was 20 Hz and the 

acce le ra t ion  was 20 m/s2 RMS. The handlebars and saddle o f  the  cyc le  were 

insu la ted  from the v ib ra t i on .  

The exercise t ime averaged 41 min w i th  v i b r a t i o n  and 60 min wi thout.  The 

v i b r a t o r y  s t ress  reduced the  exercise t ime by 13 2 2.9 min (mean 2 SEM) 

(Pc0.005). The average hear t  r a t e  when the  exercise was stopped was 180.3 

beats/min w i t h  v i b r a t i o n  and 180.7 beats/min wi thout.  The s y s t o l i c  blood 

pressure a f t e r  20 min averaged 188 mm Hg w i th  v i b r a t i o n  and 181 mm Hg without 

v ib ra t i on .  Both w i t h  and without v ib ra t i on ,  6 o f  the  8 subjects s ta ted  tha t  

leg  fa t i gue  was the cause o f  t h e i r  i n a b i l i t y  t o  continue peda l l i ng  longer. 

Our conclusion i s  t h a t  i n  the  performance o f  dynamic muscular work endurance 

may decrease under the in f luence o f  v ib ra t i on .  

INTRODUCTION 
I n  many areas o f  indus t ry  workers are exposed t o  var ious types o f  v ib ra -  

t i o n .  This i s  p a r t l y  due t o  the  mechanization o f  the  heavier types o f  work. 

However, by v i r t u e  o f  t h e i r  modes o f  operation, the machines used f o r  t h i s  

purpose produce j o l t s  and v i b r a t i o n s  t h a t  a re  t ransmi t ted  t o  the  environment. 

I n  such environments there  i s  usua l l y  an operator who holds o r  g r i p s  the 

machine as a t o o l  o r  i s  standing on the  same chassis. 
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The e f f e c t s  o f  v i b r a t i o n  on the  human body are  o f  a very complicated 

na ture  and are incompletely understood i n  s p i t e  o f  a la rge  number o f  studies.  

I n  the  i nves t i ga t i ons  t h a t  have been made, there  i s  a heavy emphasis on how 

the  v i b r a t i o n  i s  introduced: i .e.,  e f f e c t s  on the  whole body o r  p a r t s  there- 

o f ,  posture and the  composition, frequency, amplitude and dura t ion  o f  the 

v i b r a t i o n s  (3, 4, 12, 15, 22, 25). 

I n  a review, Hasan (17 )  has recounted how low-frequency v i b r a t i o n s  a f f e c t  

c e r t a i n  phys io log ica l  var iab les ,  e.g. oxygen uptake, v e n t i l a t i o n  and cardiac 

output.  The s tud ies  t h a t  have been made inva r iab l y  apply t o  the  s i t u a t i o n  a t  

r e s t  and the  f i nd ings  are no t  always the  same. None o f  the  s tud ies  found i n  

the  l i t e r a t u r e  were p r i m a r i l y  designed t o  determine how superimposed v ib ra -  

t i o n  a f f e c t s  the capac i ty  t o  perform dynamic work. 

The aim o f  t h i s  study was t o  i nves t i ga te  endurance i n  submaximal dynamic 

work, w i t h  and w i thout  superimposed v ib ra t i on .  For t h i s  purpose 8 volunteers 

were studied dur ing  exercise on a b i c y c l e  ergometer w i th  v i b r a t i o n  introduced 

v i a  the pedals. 

METHODS 

Eight  heal thy,  non-smoking 20-year-old males were studied. The age range 

was 19 - 22 years and the  subjects were o f  normal b u i l d  and exercised regu- 

l a r l y .  

A cyc le  ergometer o f  the  type described by von Dobeln ( 5 )  was used f o r  the  

study. The cyc le  was mounted on a v e r t i c a l l y  v i b r a t i n g  tab le .  

The frequency o f  t he  v ib ra t i ons  was 20 Hz and they were s inuso ida l .  This 

frequency was chosen because i t  corresponds w i t h  the  na tura l  frequency o f  the 

t h i g h  muscles w i t h  the  experimental design used. The frequency was determined 

from p i l o t  t r i a l s  and i s  i n  good agreement w i t h  data c i t e d  i n  the  l i t e r a t u r e  

(13, 26) .  The acce le ra t ion  was 20 m/s2 RMS (28.3 m/s2 peak). A t  20 Hz t h i s  

acce le ra t ion  i s  equivalent t o  an amplitude of  1.8 mm. 

The v i b r a t o r y  motion was con t ro l l ed  by a b u i l t - i n  feedback and con t ro l  

system i n  the tab le  and an osci l loscope connected t o  an accelerometer he ld  i n  

p o s i t i o n  by a magnet (Bruel  & Kjaer 4333). The movement o f  the  d i f f e r e n t  

p a r t s  o f  the b i c y c l e  could a l so  be measured w i t h  the accelerometer. Applied 

manually, the  same accelerometer was a l so  used t o  estimate the  transmission 

o f  v ib ra t i ons  through the  body from the fee t .  The frame ( w i t h  crankcase) o f  

t he  ergometer cyc le  was f i r m l y  bo l ted  t o  the  table.  The handlebar g r i p s  were 

insu la ted  w i t h  t h i c k  neoprene syn the t ic  rubber. The saddle was sprung vis-8- 

v i s  the  frame w i t h  c o i l  spr ings and the  saddle cushion was insu la ted  w i t h  

several t h i c k  layers  o f  neoprene. With t h i s  arrangement the  saddle and 
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handlebar g r i p s  were we l l  insu la ted  from v ib ra t i on .  The height o f  the  saddle 

was adjusted i n d i v i d u a l l y  so t h a t  the  legs were v i r t u a l l y  s t r a i g h t  when the  

pedals were i n  the  lowest pos i t i on .  

The v ib ra t i on - re la ted  accelerat ions i n  the  v e r t i c a l  p lace  were measured a t  

t he  top  o f  the  foo t  and a t  t he  kneecap, i l i a c  c res t  o f  the  hipbone and top  o f  

the  head by having an ass is tan t  press the accelerometer wi th  one f i nge r  

against  the  respect ive po in ts  on the  body. The measurements were taken w i t h  

the  pedal i n  i t s  highest p o s i t i o n  and the  sub jec t ' s  back s l i g h t l y  bent w i t h  

h i s  hands on the  handlebar. The accelerat ions were 20 m/s2 a t  the  foo t ,  

8 m/s2 a t  the  kneecap, 3 m/s2 a t  the  h i p  and 2 m/s2 (RMS) a t  the  top  o f  the  

head. S im i la r l y ,  the  v i b r a t i o n  o f  t he  saddle du r ing  c y c l i n g  was found t o  be 

4 m/s2. This  value i s  below the  l eve l  considered t o  cause fa t i gue  and reduced 

working capaci ty according t o  the  i n te rna t i ona l  standard f o r  indus t ry  (ISO) 

( 1 9 )  and i s  decidedly below the  l i m i t  f o r  v i b r a t o r y  acce le ra t ion  considered 

t o  have a negat ive e f f e c t  on hea l th  and safety.  

The subjects exercised a t  a constant submaximal load and a t  a peda l l i ng  

frequency o f  60 r.p.m. u n t i l  complete exhaustion. The loads were selected 

i n d i v i d u a l l y  on the  bas is  o f  p i l o t  t r i a l s  and i n  such a manner tha t  the  sub- 

j e c t s  could be expected t o  cope w i th  an exercise per iod  o f  about 45 min. I t  

was a l so  ascertained i n  the  p i l o t  t r i a l s  t h a t  t he  phys ica l  cond i t i on  o f  the  

subjects had been constant dur ing  the  per iod  o f  t ime immediately preceeding 

the  study. 

The study included recordings o f  the  t o t a l  c y c l i n g  time, hear t  ra te ,  

s y s t o l i c  blood pressure and sub jec t ive  assessments o f  general fa t igue,  l e g  

fa t i gue  and shortness o f  breath. The hear t  r a t e  was determined every 10 min 

and a t  the  end o f  the exercise from the continuous ECG recording. The systo- 

l i c  b lood pressure was measured i n  the  r i g h t  upper arm by the  c u f f  method 

a f t e r  20 min o f  exercise under a l l  condi t ions.  

Each subject  performed 4 exercise t e s t s  w i t h  i n t e r v a l s  o f  a t  l eas t  4 days. 

Two t e s t s  were performed w i t h  v i b r a t i o n  and 2 w i thout  i n  random order. The 

r e s u l t s  are presented as means f SEM. The respec t ive  means f o r  each sub jec t ' s  

2 t e s t s  w i t h  and without v i b r a t i o n  were ca lcu la ted  i n  the  s t a t i s t i c a l  analy- 

s i s .  Comparisons of the 2 s i t u a t i o n s  were made w i t h  the  a i d  o f  Student 's 

t - t e s t  f o r  pa i red  observations. 

RESULTS 

The exercise t ime amounted t o  59.5 2 7.7 min (mean f SEM) without v ib ra -  

t i o n  and 46.9 5 5.3 min (mean f SEM) w i t h  v ib ra t i on .  The reduct ion o f  exer- 

c i s e  t ime amounted t o  72.6 5 2.9 min (mean 2 SEM) (P<O.Ol) or  21%. 
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The heart rate at the termination of the exercise was not significantly 
different in the 2 situations: 180.3 with vibration and 180.7 without. I 

The systolic blood pressure after 20 min averaged 188 mm Hg with vibration 
and 187 mm Hg without (P>0.05) .  

The subjects' own subjective assessment of the primary cause of their not 
being able to pedal any longer were leg fatigue (n = 6 ) ,  shortness of breath 

(n = 1 )  and general fatigue (n = 1). The assessments by all subjects were the 
same for the test with and without vibration. 

S 
U 
b 
j 
e 
c 
t 

T A B L E  

Exercise time Final pulse Blood pressure 
Load (min] (beats/min) (mm Hgl 

without with without with without with 
( W ] vibr vibr vibr vibr vibr vibr 

Load, exercise time, final heart rate, systolic blood pressure at 20 min and 
subjective reasons for terminating exercise with 

174 

199 

189 

185 

178 

172 

177 

169 

and without superimposed 

190 190 

193 190 

190 190 

180 188 

187 195 

178 180 

180 175 

195 195 

vibration. 

Mean: 

I 
I 

59.5 4 6 . 9  180.7 180.3 187 188 

11. 230 1 68  53 1 175 

14. 220 I 108 78  188 

7 .  220 1 53 

8 .  230 1 44 

41 1 180 

42 1 168 

Subjective cause 
of stopping 

without with 
vibr vi br 

Leg fatigue Leg fatigue 

Dyspnoea Dyspnoea 

Leg fatigue Leg fatigue 

Leg fatigue Leg fatigue 

Gen.fatigue Gen.fatigue 

Leg fatigue Leg fatigue 

Leg fatigue Leg fatigue , Leg fatigue Leg fatigue 

The present study shows that vibrations transmitted to working muscles 

reduce physical working capacity measured as endurance during bicycle ergo- 
meter exercise at a constant load. We have found no similar studies in the 

literature on the effect of vibration on physical working capacity involving 
dynamic work by large groups of muscles. 

76 



No e f f e c t  o f  v i b r a t i o n  was found i n  normal subjects on maximal muscle 

fo rce  and endurance i n  i n t e r m i t t e n t  isometr ic work i nvo l v ing  small muscle 

groups i n  s tud ies  by Fa rkk i l a  and co-workers (10 ,  1 1 ) .  I n  these s tud ies  the  

i nves t i ga to rs  recorded g r ipp ing  forces dur ing  hand muscle cont rac t ion  - 
re laxa t i on  a t  a l t e r n a t i n g  i n t e r v a l s  o f  2.5 sec w i t h  and without superimposed 

v i b r a t i o n  w i t h i n  a frequency range o f  30 - 400 Hz. I n  a previous study o f  

i somet r ic  muscle cont rac t ion  (26) we found t h a t  superimposed v i b r a t i o n  

reduced endurance by 30%. 

The demonstrated decrease i n  endurance dur ing submaximal cyc le  ergometer 

exercise i n  the  present study may be due t o  fac to rs  i n  the  cen t ra l  nervous 

system o r  c i r c u l a t i o n  o r  i n  the  exposed working l eg  muscles. Two o f  t he  

recorded c i r c u l a t o r y  var iab les ,  s y s t o l i c  blood pressure and heart  ra te ,  

showed v i r t u a l l y  i d e n t i c a l  values i n  the 2 t e s t  s i t ua t i ons .  The e f f e c t  o f  

v i b r a t i o n  on cen t ra l  c i r c u l a t i o n  dur ing exercise has not been studied before, 

bu t  i t  has been studied considerably dur ing r e s t .  Hood e t  a l .  ( 1 8 )  studied 4 

r e c l i n i n g  subjects exposed t o  2 - 12 Hz v i b r a t i o n  w i t h  6 and 12 m/sz peak 

accelerat ion.  They found a s l i g h t  increase i n  mean a r t e r i a l  b lood pressure, 

hear t  ra te ,  cardiac output, oxygen consumption and minute volume o f  v e n t i l a -  

t i o n  a t  8 Hz t h a t  f e l l  o f f  a t  higher and lower frequencies. They drew the  

conclusion t h a t  the  increase, which i s  equivalent t o  the  c i r c u l a t o r y  e f f e c t  

o f  very s l i g h t  body movement, was due t o  r e f l e x  induced movements o f  the  

musculature. 

Both the  present study and e a r l i e r  ones would best be explained by work 

performance being l i m i t e d  by l oca l  e f f e c t s  i n  the  working muscles o r  t h e i r  

nervous con t ro l .  

I t  i s  known from s tud ies  o f  ske le ta l  muscles a t  r e s t  and dur ing i so ton ic  

and isometr ic cont rac t ion  t h a t  v i b r a t i o n  produces neuromuscular e f f e c t s  (1, 

2, 6 ,  16,  20, 21, 24). The so-cal led ton i c  v i b r a t i o n  r e f l e x  (TVR) has been 

studied most thoroughly. This phenomenon, which im i ta tes  the ton i c  s t r e t c h  

r e f l e x ,  g ives r i s e  t o  cont rac t ions  tha t  are considered t o  be due t o  st imula- 

t i o n  o f  the  muscle spindles.  

The work o f  cyc l i ng  cons is ts  o f  a l t e r n a t i n g  and very strong cont rac t ions ,  

mainly o f  l eg  extensor muscles wh i le  the f l e x o r  muscles are not much ac t i ve .  

V ib ra t i on  could hard ly  increase the  s t rength  o f  extensor cont rac t ions  bu t  i t  

might a c t i v a t e  the  antagonist f l e x o r  muscles and i n  t h i s  way decrease the 

output o f  t he  leg,  acce le ra t ing  fa t igue.  But there  are other poss ib le  expla- 

nat ions tha t  have t o  be invest igated. 

6-898571 77 



ACKNOWLEDGEMENTS 

Special thanks to Marie-Louise Wasslund, Barbro Olofsson, Harold Lowing and 
Goran Engholm for their assistance in this study. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

REFERENCES 

Burke,D., Hagbarth,K-E, Lofstedt,L. & Wallin,B.G.: The responses of 
human muscle spindle endings to vibration during isometric contraction. 
J Physiol 261; 695-711, 1976. 
Carls6o.S.: The effect of vibration on the skeleton, joints and muscles 
- A review of the literature. Applied Ergonomics 13:251 - 258, 1982. 
Dupuis,H.: Wirkung mechanischer Schwingungen auf das Hand-Arm-System - 
Literaturanalyse, Forschungsbericht Nr 308 BAU, Wirtschaftsverlag, 
Bremerhaven, 1-172, 1982. 
Dupuis,H. t Zerlett,G.: Beanspruchung des Menschen durch mechanische 
Schwingungen. Hauptverband der gewerblichen Berufsgenossenschaften 
e.V., Bonn, 1984. 
Dobeln v0n.W.: A simple bicycle ergometer. J of Applied Physiology 
7:222, 1954. 
Eklund,G.& Hagbarth,K-E.: Normal variability of  tonic vibration 
reflexes in man. Exp Neural 16:80-92, 1966. 
Eklund,G.: Position sense and state of contractions; the effects of 
vibration. J Neurology, Neurosurgery and Psychiatry 35:606-611, 1972. 
Eklund,G.: General features of vibration-induced effects on balance. 
Upsala. J Med Sci 77:112-124, 1972. 
Ek1und.G.: Further studies of vibration-induced effects on balance. 
Upsala. J Med Sci 78:65-72, 1973. 
Farkkil8.M.: Grip force in vibration disease. Scand J of Work Environ 
a n d  Health 4:159-166, 1978. 
Farkkila,M., Pyykko,I., Korhanen,O. & Starck, J.: Vibration-induced 
decrease in the muscle force in lumberjacks. Eur J Appl Physiol 43; 

Gierke von,H.E.: Response of the body to mechanical forces - an over- 
view. Annals New York Acad Sc 152:172-186, 1968. 
Gierke von,H.E., Nixon, C.W. & Guignard, J.C.: Noise and vibration. In 
ecological and physiological foundations of space biology and medicine, 
Calvin M and Gazenko 0.0. (Eds.). Vol.11, Book 1, 355-405, NASA, 
Washington D.C., 1975. 
Griffin,M.J.: Vibration and visual acuity in infrasound and low fre- 
quency vibration. W. Tempest (Ed.) Academic Press, London, 1976. 
Griffin,M.J. & Lewis, C.H.: A review of the effects of vibration on 
visual acuity and continous manual control, Part I, Visual acuity, J .  
of Sound and Vibr 56:383-413, 1978. 
Hagbarth,K-E., Kunesch,E.J., Nordin,M., Schmidt,R. & Wallin, E.U.: 

loop contributing to maximal voluntary contractions in man. J 
Physiol 380:575-591, 1986. 
Hasan,J.: Biomedical aspects of low-frequency vibration, work - 
environment - health 6:1, 24-28, 1970. 
Hood Jr.,W.B., Murray,R.H., Ursche1,C.W.. Bowers,J.A. & Clark, J.G.: 
Cardiopulmonary effects of whole-body vibration in man. J Appl Physiol 
21:1725-1731, 1966. 
IS0 2631.: Guide for the evaluation of human exposure to wholebody 
vibration, 2:nd edition, 1978. 

1-9, 1980. 

78 



20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Iwata,H., Dupuis,H. & Hartung, E . :  Ubertragung von horizontalen Sinus- 
schwingungen auf die oberen Extremitaten bei Halbpronationsstellung und 
Reaktion des M. biceps. Int Arch Arbeitsmed 30; 313-327, 1972. 
Lance,J.W.: The mechanism of reflex irradiation. Proc Aust Assoc Neurol 

Lewis,C.H., & Griffin,M.J.: A review of the effects of vibration on 
visual acuity and continous manual control, Part 11: Continous manual 
control. J of Sound and Vibr 56:415-457. 1978. 
Lovesey,E.J.: An investigation into the effects of dual-axis vibration, 
with restraining harness, visual feed-back and control force on a 
manual positioning task. Farnborough Technical Report TR 71213, Royal 
Aircraft Establishment, Farnborough, 1971. 
Rood,O.N.: On contraction of the muscles induced by contact with bodies 
in vibration. Am J Sci Artsa 24:449, 1860. 
Rublack,H.: Wirkungen mechanischer Schwingungen auf den Organismus. 
Z.ges Hyg. 24:649-666, 1972. 
Samuelson,B., Jorfeldt, L. & Ahlborg, B.: Influence of vibration on 
endurance of maximal isometric contraction. Clin Physiol, in press. 
Voigt,P.: Halsoaspekter pB bullet- och vibrationer (Swedish). 
Bygghalsans Forsk,ningsstiftelse rapportserie nr 1976:4, Stockholm, 
1976. 
Astrand,P.O.: Ergometri - konditionsprov. Tidens Forlag, Stockholm, 
1962. 

3 : 77-82, 1965. 

Address for reprints: 

Bjbrn Samuelson 
Bygghalsan 
Box 94 
S-182 1 1  Danderyd, Sweden 

79 


