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Impact of passive vibration on pressure
pulse wave characteristics

MA Sanchez-Gonzalez, A Wong, F Vicil, R Gil, SY Park and A Figueroa

Department of Nutrition, Food and Exercise Sciences, Florida State University,
Tallahassee, FL, USA

The augmentation index (Alx), a marker of wave reflection, decreases following
acute leg exercise. Passive vibration (PV) causes local vasodilation that may reduce
Alx. This study investigated the effects of acute PV on wave reflection and aortic
hemodynamics. In a crossover fashion 20 (M = 9, F = 11) healthy young (2213 year)
participants were randomized to 10 min PV or no vibration control (CON) trials. Subjects
rested in the supine position with their legs over a vibration platform for the entire
session. Radial waveforms were obtained by applanation tonometry before and after 3
min (Post-3) and 30 min (Post-30) of PV (~5.37 G) or CON. No change in parameters
was found at Post-3. We found significant time-by-trial interactions (P00.01) at Post-30
for augmented pressure, Alx and second systolic peak pressure (P2), such that these
parameters significantly (P<0.05) decreased (-2.3£3.0 mm Hg, -7.246.9% and -1.5£3.5
mm Hg, respectively) after PV but not after CON. These findings suggest that acute PV
applied to the legs decreases Alx owing to a decrease in wave reflection magnitude
(P2). Further research is warranted to evaluate the potential clinical application of PV in
populations at an increased cardiovascular risk who are unable to perform conventional
exercise.
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Introduction

Indices of pulse wave analysis, including aortic blood pressure (BP) and
augmentation index (Alx), are more sensitive predictors of cardiovascular events as well
as anti-hypertensive therapeutic efficacy than brachial BP.'5 The Alx, a marker of wave
reflection, is influenced by both the magnitude and the timing of the pressure wave
reflected from peripheral sites to the aorta.® Accordingly, increased Alx has been
associated with high rates of cardiovascular morbidity and mortality,>” due to an
increased left ventricular afterload.®


https://doi.org/10.1038/jhh.2011.63

Previous research has demonstrated that the Alx reduces following an acute
bout of cycling exercise®'° and low-intensity leg resistance exercise in healthy young
individuals."” However, the use of traditional exercise in frail individuals or in individuals
with physical disabilities, such as bedridden patients, may not be feasible. Alternatively,
whole-body vibration (WBV) exercise has been proposed as a new and effective
method to improve cardiovascular function in young as well as elderly populations.?-4
WBYV is performed using static or dynamic exercises on a vibrating platform, which
evokes reflexive muscle contractions and ultimately a training effect.'>'® Acute squat
exercise with WBV has been shown to decrease Alx mainly owing to changes in the
amplitude but not the timing of the reflected wave.'” Similarly, passive vibration (PV),
defined as exposure of the limbs to continuous vibration without performing voluntary
muscle contractions, has been shown to increase arm as well as leg skin blood flow in
both healthy individuals and type 2 diabetes patients.'®2° Together these studies
suggest that acute vibration per se evokes local vasodilation of peripheral arteries,
which may decrease Alx and ultimately reduce left ventricular afterload. PV has a
potential clinical application as a therapeutic adjuvant, particularly for individuals with
disabilities who are unable to embrace regular exercise training. However, the effects of
PV on wave reflection and aortic hemodynamics have not been evaluated.

Therefore, the aim of the present study was to investigate the effects of a PV
session on wave reflection and aortic hemodynamics. We hypothesized that acute
exposure of PV on the legs would decrease Alx driven by a reduction in the amplitude
of the reflected wave.

Materials and methods
Subjects

A total of 20 (M = 9, F = 11) apparently healthy participants between the ages of
18 and 27 years volunteered for this study. All subjects were nonsmokers and either
sedentary or moderately physically active (< h of regular exercise per week).
Participants were normotensives (systolic BP (SBP) <140 mm Hg and diastolic BP
(DBP) <90 mm Hg), free of cardiovascular and metabolic/endocrine diseases as
evaluated by health history, and not taking medications or nutritional supplements.
Female participants were tested in the early follicular phase of the menstrual cycle to
avoid potential variations in pressure wave morphology.?'?? This study was approved by
the institutional review board of the Florida State University. All subjects were aware of
the experimental procedures and gave written consent before data collection.

Study design

Anthropometrics and health history were assessed during the initial visit. In a
crossover randomized fashion, subjects were evaluated on 2 days separated by ~48 h,
during which they completed either the PV or the no-vibration control (CON) trial. The
experiments were conducted in the afternoon after at least 4 h postprandial in a quiet
temperature controlled room (23 °C) and at the same time of the day (2 h) in order to



minimize potential diurnal variations in vascular reactivity. Participants abstained from
caffeine and alcohol for 12 h and avoided intense exercise 48 h before testing. After 10
min of rest, pulse wave parameters were collected at baseline, 3—-5 min (Post-3) and
30-32 min (Post30) after 10 min of PV or CON trial.

Experimental and vibration protocol

Subjects were instructed to assume the supine position on an inflatable mattress
with their legs over the vibration platform for the entire session. The direct exposure to
vibration included the inferior third of the gluteal region to the inferior third of the lower
leg with the feet outside the vibrating platform. After the baseline measurements, the
participants were exposed to 10 min of PV or CON. The vibration frequency and peak-
to-peak displacement were set at 25 Hz and 2.0 mm, respectively, which correspond to
a peak-to-peak acceleration of ~5.37 G. The selected vibration protocol was similar to
that used in previous studies that have showed significant vascular changes after WBV
exercise and PV, respectively.'1418 Subsequently, subjects remained in the supine
position for 32 min of recovery period.

Pulse wave analysis

Brachial BP was recorded using an automated oscillometric device (HEM-
705CP; Omron Healthcare, Vernon Hill, IL, USA). SBP and DBP were used to calibrate
radial waveforms obtained from a 10-s epoch using a high-fidelity tonometer (SPT-
301B; Millar Instruments, Houston, TX, USA).?324 Pulse pressure was calculated as the
difference between SBP and DBP. Aortic BP waveforms were derived using a
generalized validated transfer function (SphygmoCor, AtCor Medical, Sydney,
Australia). The aortic BP wave is composed of a forward wave (P1), caused by stroke-
volume ejection, and a reflected wave (P2) that returns to the aorta from peripheral
sites.?® The Alx was defined as the augmented pressure (AP = P2 — P1) expressed as a
percentage of the aortic pulse pressure. Alx was normalized to a heart rate (HR) of 75
beats min’' (Alx@75) as it is influenced by HR.?® Transit time of the reflected wave (Tr)
indicates the round-trip travel of the forward wave to the peripheral reflecting sites and
back to the aorta.?® Alx and Tr have been used as markers of wave reflection and aortic
stiffness, respectively.?” HR was obtained from the time between pulse waveforms. The
average of two measurements of brachial BP and high-quality (operator index 285%)
aortic hemodynamics was used in the analysis. In our laboratory, the intraclass
correlation coefficients for resting aortic SBP, aortic DBP, Alx and Tr taken on two
separate days are 0.97, 0.97, 0.95 and 0.97, respectively.

Anthropometrics

Height was measured using a stadiometer to the nearest 0.5 cm and body weight
was measured using a seca scale (Sunbeam Products Inc., Boca Raton, FL, USA) to
the nearest 0.1 kg. Body mass index was calculated as kg m.

Statistical analysis



Data are presented as meanzs.d., unless otherwise specified. Student’s t-test
was used to determine possible differences between trials at baseline in all dependent
variables. Differences in mean values for each variable between groups were compared
by a 2 x 3 ANOVA with repeated measures (trial (CON vs PV) by time (baseline, Post-3
and Post-30)), followed by Fisher's LSD test for pairwise comparisons. Univariate
associations were analyzed with Pearson’s correlation coefficients. An a priori-a level of
<0.05 was considered to be significant. SPSS version 18.0 (SPSS Inc, Chicago, IL,
USA) was used for all analyses.

Results
Subject characteristics and cardiovascular parameters

Age, height, weight and body mass index were 22.3+13.8 years, 1.66£0.18 m,
64.6+15.2 kg and 23.0+2.7 kg m, respectively. The peripheral and central
hemodynamic parameters at baseline and after the trials are shown in Table 1. There
were no significant differences in baseline cardiovascular parameters between the trials.
HR, brachial BP and aortic BP were unaffected by PV and CON.

Table 1 Cardiovascular parameters at baseline and after PV

Virriahle Baseline Post-3 Paogi-30

HH (beats min~"')

CON G6+0 6440 G540

PV GG+ 8 G4 £ 8 G349
BSEBP (mm Hg}

CON 112+ 49 113 £9 113449

PV 112+ 49 114 £9 11444

BDBAFP (mm Hg)

COM G447 G246 G5+ 6

PV G3LE G446 Ght6
BPF (mm Hg!

CON 487 1817 4847

PV 498 S0 £8 49+ 8

ASHP {mm Hg}|

CON 93 t7 94 +6 247

PV a5t7 958 247
ADBF (mm Hg)

CON G54+7 6317 66+ 6

PV G445 G316 66+ 6
APF [mm Hg]

COM 2041 3 £1 2941

PV 31 £1 IN£1 29+1

Abbreviations: A, aortic; ADBP, sortic diastolic blood pressure:
APF, aortic pulse pressure; ASEF. asortic systolic blood pressure;
B, brachial: BDBF, brachial diastolic blood pressure: BPF, brachial
pulse pressure; BSBF, brachial systolic blood pressure; COM, no
vibration: DBF. diastolic blood pressure; HR. heart rate; PF, pulse
pressure: PV, passive vibration: SBF. systolic blood pressure.

Diata are means £ s.d.



Table 2 Aortic hemodynamics at baseline and after passive
vibration

Variable Baseline Post-3 Pagt-30
AP (mm Hg]

COMN 0.6+ 3.6 0.8+4.5 0.9+33

PV 0.4+4.3 —-0.4%3.9 —1.94 3. 7%
Al 75 (%)

CON —-28+13.3 -3.7x£13.5 —20+11.9

PV -35+13.2 —-7.7%125 —-11.8+12 3% "
Tr {ms=)

CON 152+ 17 1587 150+ 4

Py 157 + 21 157 %5 149+ 4
ED [ms]

COM 320+ 4 321425 323415

PV 321+6 326+ 24 326 +£17
P1 (mm Hg)j

COM 9247 92+7 93+ 7

PV 93+6 a4+7 94+7

Abbreviations: AP, asugmentation pressure; AIXE7S, augmentation
index adjusted for & HR of 7Sbeats min-* CON, no vibration; ED,
systolic ejection duration; P1, pressure of the first systolic peak: PV,
passive vibration; Tr, transit time of the reflected pressure wave.
Data are means £ s.d.

*P=0.01, significant time affect.

**P0.01, significant time-hy-trial interaction.
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Figure 1 Changes in wave reflection at baseline and after 10 min
of PV and CON trials. (a) Alx. (h] P2. Data are means$s.e.
*P=0.01, significant time effect; 'P-=<0.01, significant time-hy-
trial interaction.

Pulse wave analysis



Wave reflection parameters are shown in Table 2 and Figure 1. There were
significant (P < 0.01) trial-by-time interactions for Alx (Figure 1a), Alx@75 (Table 2), AP
(Table 2) and P2 (Figure 1b). There were significant reductions (P<0.01) in Alx (-
7.2£6.9%), AIx@75 (-8.4+£7.1%), AP (-2.3£3.0 mm Hg) and P2 (-1.5+£3.5 mm Hg) at
Post-30 for the PV trial, while no changes from baseline were observed after the CON
trial. The reductions in Alx and Alx@75 from baseline to Post-30 in the PV trial were
associated with the change in P2 (r = 0.67, P<0.01 and r =0.90, P<0.001; respectively).

Discussion

We examined the impact of PV applied to the lower extremities on aortic
hemodynamics. The major findings of the present study are that PV reduced Alx at
Post-30, which was mediated by a reduction in the amplitude (P2) but not the HR or Tr.
These findings suggest that 10 min of PV acutely decreases wave reflection and left
ventricular afterload.

Previous research has demonstrated that the Alx reduces after a maximal bout of
cycling (~5%) and low-intensity leg resistance exercise (-6%).>-"" Similarly, 10 sets of
static squat exercise with addition of WBV (10 min intermittent exposure to vibration)
decreases Alx (~4%)."” The post-exercise Alx reduction has been attributed to arteriolar
and muscular artery vasodilation in the exercised limbs.%'° Indeed, repeated muscle
contractions performed during physical exercise have been shown to increase the
metabolic demand, leading to the production of metabolites that modulate local vascular
resistance.?® In the present study, vascular alterations were induced by means of PV
without voluntary muscle contractions. We noted a 7.1% reduction in Alx that is
comparable to those reported by others after single bouts of exercise longer than 10
min. As the Alx is inversely related to HR and is influenced by Tr,22° it can be argued
that the post-exercise reduction in Alx may be partially mediated by changes in these
factors. However, as opposed to previous studies that have shown reductions in the Alx
along with increases in HR 30 min after exercise,®'" HR and Tr did not change in
response to PV, and hence, they did not influence the Alx response. As the changes in
P2 and Alx were correlated and Tr was unaffected after PV, our data suggest that the
post-vibration Alx response could be mainly driven by a reduction in vascular smooth
muscle tone in the legs.3%3

The aortic pressure pulse wave is a composite of an early forward wave (P1) and
a reflected wave traveling from the periphery back to the aorta (P2).6 In cardiac patients
with increased Alx, aortic SBP is determined by P2 whereas peripheral SBP is more
dependent on P1.3" Thus, the reduction in aortic P2 after administration of a vasodilator
drug causes a decrease in aortic SBP.3" In the present study, although PV evoked
significant decreases in Alx and AP (-2.3 mm Hg), both aortic and brachial SBP as well
as P1 did not change. As our subjects were healthy young adults and P1 was higher
than P2 after PV, the aortic and brachial SBP were determined by P1. Therefore, the
decrease in P2 did not affect SBP after PV.



The potential mechanisms that may explain the decrease in wave reflection in
response to PV are unclear. Nevertheless, increased muscular activity and vascular
shear stress in the exposed limbs may be implicated. Previous studies have shown
increased reflexive muscular contractions in the limbs exposed to low-frequency
vibration with exercise.®'® Recently, Herrero et al.3?> demonstrated that PV increased
leg muscle activity and blood flow in individuals with paraplegia. These studies suggest
that vascular changes associated with the vibration may be partially owing to an
increased metabolic demand in the exposed muscles.3? In addition, it appears that PV
increases local blood flow by increasing endothelial nitric oxide production,?® while
reducing the circulating levels of the vasoconstrictor endothelin-1.3* Similarly,
vasodilation of peripheral arteries by exercise® and vasoactive drugs® can significantly
influence wave reflection by decreasing the tone of small muscular arteries. Reduction
of the amplitude of the reflected wave causes a decrease in AP and Alx, leading to a
reduction in left ventricular afterload.®36-38

The principal limitations of the present study are the lack of direct measurement
of arterial vasodilation and vasoactive substances. However, Alx and P2 changes after
acute exercise and vasoactive drug infusion are due to vasodilation of muscular
arteries.®3> An additional limitation of the present study is that our measurements were
limited to 32 min after the end of the PV, and hence we cannot determine the precise
duration of the decrease in Alx. However, it appears that the peak reduction in Alx
(~5%), which occurs 15-30 min after the end of an acute bout of cycling, is no longer
apparent at 60 min after the exercise.® In addition, Otsuki et al.’® noted that brachial-to-
ankle pulse wave velocity, which includes leg arterial stiffness, remained reduced 40
min after 10 min of intermittent static exercise with WBV. Therefore, based on the
magnitude of the Alx response after PV (-7.1%), we speculate that this effect may
persist between 40 and 60 min after the end of the PV session. The present study
examined arterial responses in young healthy individuals, and thereby the results may
not be generalized to other populations.

In conclusion, these findings suggest that PV applied to the lower extremities
decreases Alx, which is mediated via a reduction in the magnitude of the reflected
wave. Prospective research is warranted to evaluate the potential long-term therapeutic
effects of PV in vascular function in individuals with physical disabilities who are unable
to perform conventional exercise.

What is known about this topic

e Acute PV increases local vasodilation.
e WBYV with exercise decreases Alx

What this study adds

e Acute PV decreases Alx due to a decrease in the magnitude of the
reflected wave.



e The changes in wave reflection with PV are independent of changes in HR
and Tr.

Conflict of interest
The authors declare no conflict of interest.
Acknowledgements

We would like to express our gratitude to Edzard Zeinstra and Power Plate International
for providing technical support and the vibrating platform.

References

1 Hashimoto J, Imai Y, O’'Rourke MF. Indices of pulse wave analysis are better
predictors of left ventricular mass reduction than cuff pressure. Am J Hypertens
2007; 20: 378-384.

2 O’Rourke MF, Adji A. An updated clinical primer on large artery mechanics:
implications of pulse wave - form analysis and arterial tonometry. Curr Opin
Cardiol 2005; 20: 275-281.

3 Manisty C, Mayet J, Tapp RJ, Parker KH, Sever P, Poulter NH et al. Wave reflection
predicts cardiovascular events in hypertensive individuals independent of blood
pressure and other cardiovascular risk factors: an ASCOT (Anglo-Scandinavian
Cardiac Outcome Trial) substudy. J Am Coll Cardiol 2010; 56: 24-30.

4 Safar ME, Blacher J, Protogerou A, Achimastos A. Arterial stiffness and central
hemodynamics in treated hypertensive subjects according to brachial blood
pressure classification. J Hypertens 2008; 26: 130-137.

5 Vlachopoulos C, Aznaouridis K, O’'Rourke MF, Safar ME, Baou K, Stefanadis C.
Prediction of cardiovascular events and all-cause mortality with central
haemodynamics: a systematic review and meta-analysis. Eur Heart J 2010;
31(15): 1865-1871.

6 Nichols WW. Clinical measurement of arterial stiffness obtained from noninvasive
pressure waveforms. Am J Hypertens 2005; 18(1 Pt 2): 3S-10S.

7 Mitchell GF. Arterial stiffness and wave reflection: biomarkers of cardiovascular risk.
Artery Res 2009; 3(2): 56—64.

8 Weber T, O’'Rourke MF, Ammer M, Kvas E, Punzengruber C, Eber B. Arterial stiffness
and arterial wave reflections are associated with systolic and diastolic function in
patients with normal ejection fraction. Am J Hypertens 2008; 21(11): 1194-1202.



9 Munir S, Jiang B, Guilcher A, Brett S, Redwood S, Marber M et al. Exercise reduces
arterial pressure augmentation through vasodilation of muscular arteries in
humans. Am J Physiol Heart Circ Physiol 2008; 294(4): H1645—-H1650.

10 Heffernan KS, Jae SY, Echols GH, Lepine NR, Fernhall B. Arterial stiffness and
wave reflection following exercise in resistance-trained men. Med Sci Sports
Exerc 2007; 39(5): 842—-848.

11 Figueroa A, Vicil F. Post-exercise aortic hemodynamic responses to low-intensity
resistance exercise with and without vascular occlusion. Scand J Med Sci Sports
2011; 21(3): 431-436.

12 Bogaerts AC, Delecluse C, Claessens AL, Troosters T, Boonen S, Verschueren SM.
Effects of whole body vibration training on cardiorespiratory fithess and muscle
strength in older individuals (a 1-year randomised controlled trial). Age Ageing
2009; 38(4): 448-454.

13 Otsuki T, Takanami Y, Aoi W, Kawai Y, Ichikawa H, Yoshikawa T. Arterial stiffness
acutely decreases after whole-body vibration in humans. Acta Physiol (Oxf)
2008; 194: 189-194.

14 Figueroa A, Vicil F, Sanchez-Gonzalez MA. Acute exercise with whole-body vibration
decreases wave reflection and leg arterial stiffness. Am J Cardiovasc Dis 2011;
111(7): 1261-1268.

15 Rittweger J, Mutschelknauss M, Felsenberg D. Acute changes in neuromuscular
excitability after exhaustive whole body vibration exercise as compared to
exhaustion by squatting exercise. Clin Physiol Funct Imaging 2003; 23: 81-86.

16 Roelants M, Verschueren SM, Delecluse C, Levin O, Stijnen V. Whole-body-
vibration-induced increase in leg muscle activity during different squat exercises.
J Strength Cond Res 2006; 20(1): 124-129.

17 Figueroa A, Vicil F, Sanchez-Gonzalez MA. Acute exercise with whole-body vibration
decreases wave reflection and leg arterial stiffness. Am J Cardiovasc Dis 2011,
1(1): 60-67.

18 Lohman Ill EB, Petrofsky JS, Maloney-Hinds C, Betts-Schwab H, Thorpe D. The
effect of whole body vibration on lower extremity skin blood flow in normal
subjects. Med Sci Monit 2007; 13(2): CR71-CR76.

19 Maloney-Hinds C, Petrofsky JS, Zimmerman G. The effect of 30 Hz vs. 50 Hz
passive vibration and duration of vibration on skin blood flow in the arm. Med Sci
Monit 2008; 14(3): CR112-CR116.

20 Maloney-Hinds C, Petrofsky JS, Zimmerman G, Hessinger DA. The role of nitric
oxide in skin blood flow increases due to vibration in healthy adults and adults
with type 2 diabetes. Diabetes Technol Ther 2009; 11(1): 39-43.



21 Ounis-Skali N, Mitchell GF, Solomon CG, Solomon SD, Seely EW. Changes in
central arterial pressure waveforms during the normal menstrual cycle. J Investig
Med 2006; 54(6): 321-326.

22 Adkisson EJ, Casey DP, Beck DT, Gurovich AN, Martin JS, Braith RW. Central,
peripheral and resistance arterial reactivity: fluctuates during the phases of the
menstrual cycle. Exp Biol Med (Maywood) 2010; 235: 111-118.

23 O’Rourke MF, Pauca A, Jiang XJ. Pulse wave analysis. Br J Clin Pharmacol 2001;
51: 507-522.

24 Wilkinson 1B, Hall IR, MacCallum H, Mackenzie 1S, McEniery CM, van der Arend BJ
et al. Pulse-wave analysis: clinical evaluation of a noninvasive, widely applicable
method for assessing endothelial function. Arterioscler Thromb Vasc Biol 2002;
22(1): 147-152.

25 Nichols WW, Singh BM. Augmentation index as a measure of peripheral vascular
disease state. Curr Opin Cardiol 2002; 17(5): 543-551.

26 Wilkinson 1B, MacCallum H, Flint L, Cockcroft JR, Newby DE, Webb DJ. The
influence of heart rate on augmentation index and central arterial pressure in
humans. J Physiol 2000; 525(Pt 1): 263-270.

27 McEniery CM, Yasmin, Hall IR, Qasem A, Wilkinson 1B, Cockcroft JR. Normal
vascular aging: differential effects on wave reflection and aortic pulse wave
velocity: the Anglo-Cardiff Collaborative Trial (ACCT). J Am Coll Cardiol 2005;
46(9): 1753-1760.

28 Clifford PS, Hellsten Y. Vasodilatory mechanisms in contracting skeletal muscle. J
Appl Physiol 2004; 97: 393—403.

29 Nichols WW, O’Rourke MF. McDonald’s Blood Flow in Arteries. Theoretical,
Experimental and Clinical Principles. Arnold: London, 1998.

30 Munir S, Guilcher A, Kamalesh T, Clapp B, Redwood S, Marber M et al. Peripheral
augmentation index defines the relationship between central and peripheral pulse
pressure. Hypertension 2008; 51(1): 112-118.

31 Takazawa K, Tanaka N, Takeda K, Kurosu F, Ibukiyama C. Underestimation of
vasodilator effects of nitroglycerin by upper limb blood pressure. Hypertension
1995; 26: 520-523.

32 Herrero AJ, Martin J, Martin T, Garcia-Lopez D, Garatachea N, Jimenez B et al.
Whole-body vibration alters blood flow velocity and neuromuscular activity in
Friedreich’s ataxia. Clin Physiol Funct Imaging 2011; 31: 139-144.

33 Rittweger J, Moss AD, Colier W, Stewart C, Degens H. Muscle tissue oxygenation
and VEGF in VO-matched vibration and squatting exercise. Clin Physiol Funct
Imaging 2010; 30(4): 269-278.



34 Nakamura H, Okazawa T, Nagase H, Yoshida M, Ariizumi M, Okada A. Change in
digital blood flow with simultaneous reduction in plasma endothelin induced by
hand-arm vibration. Int Arch Occup Environ Health 1996; 68(2): 115-119.

35 Kelly RP, Millasseau SC, Ritter JM, Chowienczyk PJ. Vasoactive drugs influence
aortic augmentation index independently of pulse-wave velocity in healthy men.
Hypertension 2001; 37(6): 1429-1433.

36 Casey DP, Nichols WW, Braith RW. Impact of aging on central pressure wave
reflection characteristics during exercise. Am J Hypertens 2008; 21: 419-424.

37 Hashimoto J, Nichols WW, O’Rourke MF, Imai Y. Association between wasted
pressure effort and left ventricular hypertrophy in hypertension: influence of
arterial wave reflection. Am J Hypertens 2008; 21: 329-333.

38 Hull JH, Ansley L, Bolton CE, Sharman JE, Knight RK, Cockcroft JR et al. The effect
of exercise on large artery haemodynamics in cystic fibrosis. J Cyst Fibros 2011;
10: 121-127.



	Impact of passive vibration on pressure pulse wave characteristics
	Recommended Citation
	Authors

	tmp.1673387566.pdf.UE2CQ

