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Intermittent leg exercise (101-min sets) with whole-body vibration (WBV) 
decreases brachial-ankle pulse-wave velocity (baPWV)1and leg PWV (legPWV) but not 
aortic PWV.2 As baPWV is an index of systemic arterial stiffness3 mainly influenced by 
aortic PWV (~58%) and legPWV (~23%),4 previously published results1,2 suggest that 
WBV affects baPWV through peripheral but not central PWV. The post-exercise 
decrease in PWV is associated with vasodilation in the exercised limb.5,6 Similarly, 
intermittent WBV (33-min sets)7 or passive vibration (PV)8 has been shown to increase 
blood flow in the vibrated limb after only 1-min post vibration. Interestingly, 10 min of 
continuous PV was found to increase arm skin blood flow after 5-min post vibration,9 
indicating a direct relationship between the duration of exposure and vasorelaxation. 
We hypothesized that PV on the legs may decrease legPWV and baPWV more than 
aortic PWV. The purpose of our study was to examine PWV responses following 
continuous PV of lengthy duration. 

A total of 23 (M=10 and F=13) healthy (age=23±3 years, height=1.67±0.02 m 
and Weight=67.3±3.5 kg) subjects provided their written consent, which was approved 
by the Institutional Review Board. The no-vibration control (CON) and PV sessions were 
randomized and separated by 48–72 h. Subjects rested in the supine position with their 
thighs and calves over the vibration platform (Powerplate, Badhoevedorp, The 
Netherlands) for 20 min before testing, 10 min of CON or PV, and 30 min of recovery. 
Their legs were directly exposed to continuous vibration at a frequency (25 Hz) and 
amplitude (2 mm) that provided an acceleration of ~5.37 G based on studies showing 
increased blood flow8,10 or decreased baPWV1 and legPWV2 following intermittent or 
continuous vibration of similar total duration and/or intensity. 

PWV and brachial blood pressure (BP) were measured in duplicate with an 
automatic device (VP-2000, Omron Healthcare, Vernon Hills, IL, USA), which uses BP 
cuffs around both arms (brachial artery), and ankles (posterior-tibial artery) and 
tonometers over the right carotid and femoral arteries to obtain baPWV, aortic PWV 
(carotid-femoral) and legPWV (femoral-ankle). The feet of the pulse waves were related 
to the ECG’s R-wave to calculate transit time. The distance between sampling points for 
aortic PWV was measured with a non-elastic tape, whereas for baPWV and legPWV, 
this value was calculated according to the subject’s height.3 Path lengths from the 
suprasternal notch to the brachial, femoral and tibial arteries, and from the femoral to 
the tibial artery were calculated automatically.3,4 PWV was calculated as distance/transit 
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time.3 Measurements were collected before and 3 min (post-3), 15 min (post-15) and 30 
min (post30) following PV or CON administration. 

A 2x3 analysis of variance with repeated measures was conducted followed by 
Fisher’s LSD test for pairwise comparisons. Pearson’s correlation coefficient analysis 
was performed between changes in significant parameters. P<0.05 was considered to 
be significant. 

There were no baseline differences between PV and CON, and no changes in 
BP, heart rate and aortic PWV after PV and CON (Table 1). At post-3 and post-15 after 
PV, baPWV decreased (P<0.01) from baseline compared with CON (Po0.01, Figure 
1a). At post-3 (P<0.01), post-15 (P<0.01) and post-30 (P<0.05) after PV, legPWV 
decreased from baseline compared with CON (P<0.05, Figure 1b). The decreases in 
legPWV and baPWV were correlated at post-3 (r=0.81, P<0.01) and post-15 (r=0.59, 
P<0.01) after PV. 

 
 



 
 

Our findings show a decrease in baPWV of 1.1 m s-1 after 10 min of continuous 
PV on the legs. This result is in agreement with that reported by Otsuki et al.,1 who 
showed a decrease in baPWV within 40 min of ten 1-min sets of static squats with 
WBV. The magnitude of the baPWV decrease in Otsuki’s study was smaller (~0.3 m s-1) 
than the change observed in our study. This discrepancy could be due to the greater 
body area (whole legs vs. feet) that was directly and continuously exposed to vibration 
in our study (one 10-min set in our study vs. ten 1-min sets in Otsuki’s study). As 
expected, aortic PWV was not altered after PV in this study, which is consistent with our 
previous findings showing that intermittent WBV does not reduce aortic PWV.2 

We found that legPWV was significantly reduced throughout the 30-min recovery 
period after PV. Previous reports have noted a reduction in legPWV after acute leg 
exercise.5,6 Reductions in legPWV of 1 m s-1 or more have been shown after six sets of 
leg presses6 and 30 min of cycling exercise.5 Interestingly, the reduction in legPWV (1.1 
m s1) observed after PV in our study is greater than the reduction that we previously 
observed after ten 1-min sets of WBV.2 This reduction in peripheral PWV after PV could 
result from the direct and continuous application of vibration to the legs. In the present 
study, the decrease in legPWV was associated with a reduction in baPWV. As the main 



components of baPWV are aortic PWV and legPWV,4 it is likely that the reduction in 
baPWV noted after PV is attributable to the decrease in legPWV. 

In our study, because there was no change in MAP, the decreases in PWV could 
be due to vasodilation of the muscular arteries.5 PV has been shown to increase blood 
flow in the microvasculature of exposed limbs.10 Herrero et al.8 showed an increase in 
femoral artery blood flow after three 3-min sets of PV in patients with paraplegia. As the 
subjects were strapped to a table tilted at 45⁰ and PV was applied to the footboard, the 
short vasodilatory effect could result from the indirect application of PV to a small body 
area. This vasodilation may be related to an increase in nitric oxide production 
immediately after PV.10 As PV increases leg blood flow and neuromuscular activity,8 PV 
might induce the production of vasodilatory metabolites. We can speculate that acute 
changes in legPWV after PV would be associated, in part, with endotheliummediated10 
and contraction-related vasodilatory factors5 during early recovery and throughout the 
entire recovery period, respectively. 

In conclusion, PV applied to the legs decreases legPWV and baPWV with no 
effect on aortic PWV and hemodynamics in young adults. Future studies are needed to 
investigate the acute- and long-term effects of PV on arterial function in individuals with 
increased PWV, and the inability to perform conventional exercise. 
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