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Summary

Whole body vibration (WBV) has been suggested as an alternative form of exercise
producing adaptive responses similar to that of resistance training. Very limited
information is available on the effects of different vibration parameters on anabolic
hormones. In this study, we compared the acute effects of different WBV amplitudes
on serum testosterone (T) and insulin growth factor-1 (IGF-1). Nine healthy young
recreationally active adult males (age 22 ± 2 years, height 181 ± 6.3 cm, weight
77Æ4 ± 9Æ5 kg) voluntarily participated in this randomized controlled (cross-over
design) study. The subjects performed 20 sets of 1 min each of WBV exercise in the
following conditions: Non-vibration condition (control), low amplitude vibration
[low (30 Hz, 1Æ5 mm peak-to-peak amplitude)] and high amplitude vibration [high
(30 Hz, 3 mm peak-to-peak amplitude)]. Blood samples were collected before, after
10 sets, at the end (20th set) and after 24 h of the exercise bout. WBV exercise did
not produce significant changes in serum T and IGF-1 either with low or high
amplitude when compared with the control condition. The results of this study
demonstrate that a single session of WBV exposure with a frequency of 30 Hz and
amplitudes of 1Æ5 and 3 mm does not noticeably alter serum T and IGF-1 levels.

Introduction

Whole body vibration (WBV) has been recently suggested as an

alternative form of exercise. This has been due to the effects of

WBV on muscle (Bosco et al., 1999; Torvinen et al., 2002a;

Cardinale & Bosco, 2003; Delecluse et al., 2003), bone (Vers-

chueren et al., 2004; Ward et al., 2004) and hormonal profile

(Bosco et al., 2000).

Whole body vibration is applied through a vibrating platform

on which a person stands for a certain period of time. Vibrating

platforms currently marketed provide sinusoidal vibrations with

amplitudes ranging from <1 to 15 mm and frequencies of

oscillations ranging from 15 to 60 Hz (Cardinale & Wakeling,

2005). Static and dynamic squatting exercises on vibrating

plates have been previously used to study the effects of a single

session of WBV aim of understanding the acute responses of

different physiological systems. Cardiovascular and metabolic

responses observed with squatting exercise on vibrating plates

have suggested that WBV could represent a mild form of

exercise for the cardiovascular system (Rittweger et al., 2000,

2001, 2002; Kerschan-Schindl et al., 2001). However, studies

focusing on the acute effects of WBV on muscle function have

been so far controversial. Torvinen found that 2 min after four

sets of 1 min of WBV exercise on a tilting platform, jump height

was increased by 2Æ5% and isometric knee extension force by

3Æ2% (Torvinen et al., 2002a). Similar findings have been

reported by Bosco et al. (1999, 2000). Despite these positive

findings, it has also been reported that vibration had no acute

effect upon maximum isometric torque, rate of force develop-

ment, vertical jump and muscle activation (Torvinen et al.,

2002b; De Ruiter et al., 2003). Recent work from De Ruiter et al.

(2003) has in fact shown that WBV was not able to produce

changes in force-generating capacity in healthy individuals

acutely (the vibration protocol consisted of 30 Hz frequency

and 8 mm amplitude using a tilting vibrating plate). Similar

findings were reported from Torvinen et al. (2002b) while

exposing healthy individuals to 4 min of WBV with small

amplitudes on a whole plate vibrating system (2 mm peak-

to-peak).

Hormonal responses to WBV exercise have not been

extensively studied. To our knowledge, only two studies have

analysed the acute effects of single WBV exercise sessions on

anabolic hormones. WBV applied for a total of 10 min at 26 Hz

(displacement ± 4 mm) has been shown to improve vertical
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jumping ability, increase testosterone (T) and growth hormone

levels and decrease cortisol levels in young physically active

individuals (Bosco et al., 2000). Bosco’s study showed the

potential of WBV exercise to affect the neuroendocrine system

in a similar manner to resistance exercise, however, in this study

there was no control condition. A more recent study from Di

Loreto et al. (2004) conducted with a randomized controlled

cross-over design has shown that WBV for 10 min at 30 Hz

(displacement ± 4 mm) reduced plasma glucose and increased

plasma noradrenaline concentration in 10 healthy men but did

not change GH, insulin growth factor-1 (IGF-1) and free and

total T. In both studies the same equipment was used (a

platform oscillating up and down) producing vibration ampli-

tudes of ±4 mm. As the movement of the platform is sinusoidal,

the acceleration transmitted to the body is calculated as a ¼
A(2pf)2 (Rittweger et al., 2001) where A is the amplitude of the

oscillations and f is the frequency. Small changes in amplitude

and frequency determine relatively large changes in acceleration

and magnitude of vibration being transmitted to the body.

The effects of vibration on neuromuscular and endocrine

systems have been attributed to the increased gravitational load

on the subject standing on a vibrating platform with mean

G-forces of 3Æ91 times 1G reaching the tibial tuberosity

(Cardinale & Bosco, 2003; Crewther et al., 2004). The increase

in gravitational load has been suggested to be similar to the one

experienced with conventional resistance exercise. Several

studies have shown that acute increases in the circulating levels

of anabolic hormones can be observed following a single session

of resistance exercise (for a review see Kraemer & Ratamess,

2005). Similar responses were observed by Bosco et al. (2000)

but were not replicated by Di Loreto et al. (2004) with a more

appropriate design. The hormonal responses to resistance

exercise have been studied manipulating training variables such

as training load, number of exercise, sets and repetitions

(volume) and relative intensity. WBV transmitted to the body

can be controlled in terms of frequency and amplitude both

affecting vibration acceleration (magnitude). Currently, there is

a large market of vibration exercise devices that allow the user to

chose not only vibration frequency, but also vibration amplitude

which is in most cases limited to only two options because of

technical constraints.

To our knowledge, no study has looked at the effects of WBV

amplitude on T and IGF-1 responses in healthy individuals. We

hypothesized that a single WBV exercise session acutely

increased T and IGF-1 when compared with a control condition.

Moreover we hypothesized that WBV performed with the larger

amplitude produced the highest hormonal response because of

the higher magnitude of accelerations applied to the body.

Methods

Subjects

Nine healthy young recreationally active adult males (age

22 ± 2 years, height 181 ± 6.3 cm, weight 77Æ4 ± 9Æ5 kg)

voluntarily participated in this randomized controlled study. The

subjects gave written informed consent before participating in

the study. Ethics approval was obtained from the Grampian

University Health Trust Ethics Committee.

Experimental procedures

The study design consisted of three individual treatment days.

Treatments were separated by a washout period of 1 week to

ensure that any residual effects of a treatment would have

disappeared by the next session. The exercise treatments under

investigation were: non-vibration condition (control), low

amplitude vibration (low) and high amplitude vibration (high).

The order in which the subjects received the three treatments

(control, low, high) was assigned in a randomized manner. On

each treatment day subjects reported to the laboratory in the

morning after 10 h of fasting (9 am). Baseline blood samples

were collected at rest before treatment (Pre; to determine basal

circulating hormonal concentrations), with further blood

samples drawn after 10 sets of treatment (Mid), after 20 sets

of treatment (Post), and the day after treatment (24 h Post).

Treatment procedures

On the morning of the exercise treatment days and the day after

the treatments (24 h Post), subjects reported to the laboratory at

9 am following an overnight fast. After collection of baseline

blood samples, subjects completed a standardized warm-up.

This consisted of 5 min cycling on a cycle ergometer (Monark

824E; Ergomedic, Verberg, Sweden) at 50 W, 1 min of star

jumps and several practice drop jumps. Each treatment session

consisted of 10 sets of static half squats of 60 s each with 60 s

rest between sets, 5 min rest and another series of ten sets of

60 s each with 60 s rest between sets. Subjects were exposed to

the three different treatments (control, low and high) in a

randomized order. The vibration conditions were performed

with the subject in a half squat position while undergoing

vertical sinusoidal WBV using a vibrating platform producing

sinusoidal oscillations. Frequency of vibration was 30 Hz, peak-

to-peak displacements that were either 3 mm (high amplitude)

or 1Æ5 mm (low amplitude) with calculated magnitudes of 5Æ4
and 2Æ7 g respectively (where 1 g ¼ 9Æ81 ms2). The two

amplitudes were the only ones allowed by the vibrating plate

used for the experiment. The control condition consisted of

assuming the same position on the same plate with no vibration

being present. An upright relaxed posture was adopted during

rest periods between sets. Subjects wore a heart rate monitor

(Polar electro, Kempele, Finland) to record their heart rate in

each condition. The average heart rate value of the last 5 s of

each set was recorded and used for statistical analysis.

Blood collection and hormonal analysis

Blood samples (15 ml) were obtained from a superficial

forearm vein with minimal stasis for the determination of T
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and IGF-1 concentrations. An indwelling catheter was inserted

and kept patent by flushing with sterile 0Æ9% NaCl to allow

blood collection at further time points during the session. Each

blood sample was then centrifuged at c. 17 000 g for 2 min and

subsequently stored at )30�C until it was analysed. Hormone

concentrations were measured using commercially available kits.

Serum T concentration was determined using a Testosterone

ELISA Kit (ALPCO Diagnostics, Windham, NH, USA), with intra-

assay CV 3Æ78–5Æ82% and inter-assay CV 3Æ01–4Æ44%. Serum

IGF-I concentration was determined using an IGF-I Enzyme

Immunoassay Test Kit (ALPCO Diagnostics). Assays were carried

out in accordance with the manufacturer’s instructions. All

samples collected from the subjects were analysed in the same

assay to discard any inter-assay variation. Commercially available

standards and quality control samples were used for both assays

(ALPCO Diagnostics).

Statistical analysis

Statistical analyses were performed using the GraphPad Prism 4

(GraphPad Software, Inc., San Diego, CA, USA) statistical

package. All data were found to be normally distributed

therefore analysis was carried out using parametric statistical

tests. A two-way analysis of variance (2-way ANOVA) was used

to identify any statistically significant differences with treatment

(control, low amplitude vibration and high amplitude vibra-

tion) and time as within factors. Data are expressed as

mean ± standard error of measurement (SEM). The level of

significance was set at P<0Æ05.

Results

Whole body vibration exercise did not produce significant

changes in serum T (Fig. 1) and IGF-1 (Fig. 2) either with low

or high amplitude when compared with the control condition.

Although T showed a trend to increase after 10 min when

vibration was administered (P ¼ 0Æ06).

Heat rate was significantly increased in all exercise conditions

when compared with baseline values (Fig. 3). However no

significant difference was evident when the treatment condi-

tions were compared.

Discussion

The results of this study demonstrate that a single session of WBV

exposure with the amplitudes used in the present study does not

noticeably alter serum T and IGF-1 levels. These results are

consistent with recent work from Di Loreto et al. (2004) who did

not find any changes in T and IGF-1 levels up to 1 h following

10 min of WBV exposure at 30 Hz with 4 mm displacement. An

increase in anabolic hormones following a single bout of WBV

exercise was previously found by Bosco et al. (2000) who

reported significant increases in T and growth hormones

following 10 min of WBV exercise at 26 Hz with 4 mm
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Figure 1 Acute changes in serum testosterone concentrations in control,
low and high treatment conditions. Values are mean ± SEM (n ¼ 9).
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Figure 2 Acute changes in serum insulin growth factor-1 concentra-
tions in control, low and high treatment conditions. Values are
mean ± SEM (n ¼ 9).
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Figure 3 Heart rate during control, low and high treatment conditions.
Values are mean ± SEM (n ¼ 9). ***Significant difference from baseline
value (P<0Æ001).
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displacement. However, it should be pointed out that Bosco’s

experiment was limited by the absence of a control condition.

Whole body vibration exercise has been previously reported

to stimulate muscle activity (Cardinale & Lim, 2003; Delecluse

et al., 2003). In particular, it has been suggested that WBV could

elicit a neuromuscular response very similar to the tonic

vibration reflex (Cardinale & Bosco, 2003). This muscle

activation has been suggested to be relevant in order to damp

the vibrations originated by the plate (Wakeling & Nigg, 2001;

Cardinale & Lim, 2003; Cardinale & Wakeling, 2005). Also, this

increased muscle activity results in a greater rate of oxygen

uptake during exposure to vibrations (Rittweger et al., 2001,

2002). As vibration has been previously suggested to determine

specific metabolic and neuromuscular adaptive responses, it was

hypothesized that the hormonal milieu would have been altered

in a manner similar to that of other forms of exercise and in

particular resistance exercise. Because of the effects of long-

duration vibration training programmes on bone (Rubin et al.,

2004; Verschueren et al., 2004; Ward et al., 2004) and muscle

(Delecluse et al., 2003; Roelants et al., 2004) it was deemed

probable that anabolic hormones would have been inevitably

involved in modulating the adaptive response to vibration

stimulation. The results of our study suggest that in healthy

young individuals 20 min of WBV exercise is not enough to

determine any significant increase in T and IGF-1. During all

forms of exercise, acute endocrine activation is triggered by

collaterals of the central motor command to the hypothalamic

neurosecretory and autonomic centres. These responses are

further modulated by proprioceptors and metaboreceptors.

Vibration represents a strong stimulation of sensory motor

structures, and animal models have shown that WBV is able to

induce an increase in serotonin (5-HT), 5-hydroxyindoleacetic

acid (5-HIAA) and corticosterone levels (Ariizumi & Okada,

1983) in the brain. Human and animal studies have shown that

vibration applied directly to lower limbs muscles is able to

increase circulating bioassayable growth hormone (McCall et al.,

2000; Gosselink et al., 2004), a result the authors attributed to a

muscle afferent–pituitary axis. Furthermore, studies conducted

on workers exposed to WBV (frequency 31Æ5 Hz) have shown

significant increases in salivary 3-methoxy-4-hydroxyphenyl-

glycol (MHPG), an index of central sympathetic nervous system

activation (Ando & Noguchi, 2003) suggesting that vibration

transmitted to the whole body represents a stressful stimulation.

The lack of significant findings could be explained by the

relatively low level of neuromuscular stimulation generated by

the low amplitudes used in our study. Studies conducted

analysing the acute hormonal responses to resistance exercise

suggest that anabolic hormones responses relate to heavy loads,

short rest periods and large volumes of training (Kraemer et al.,

1993; Ahtiainen et al., 2004). Squatting on a vibrating plate with

no extra load has been reported to produce an EMG activity in

the leg extensors muscles slightly higher (<50%) than the same

exercise performed in no vibration conditions (Cardinale & Lim,

2003; De Ruiter et al., 2003) in healthy young individuals. This

would mean that the neuromuscular stimulation for a young

healthy population would be very low if related to the

maximum capabilities and is not comparable with the level of

neuromuscular stimulation generated with heavy resistance

exercise. Considering the results of our study, muscle activation

while squatting on a vibrating plate without added weights,

with small vibration amplitudes is unlikely to represent a form

of high intensity exercise for well-trained and young individuals

hence reducing the possibilities of triggering meaningful

adaptive responses similar to that produced by heavy resistance

exercise in this population. However, because of the variability

of responses, a type II error may also be present in our study that

was originally powered to the results of Bosco et al. (2000). The

observed power of the treatment by time interactions was in fact

0Æ27 (T) and 0Æ38 (IGF-1). This suggests that quite a large

sample size would be required to achieve 80% power and to

rule out a Type II error.

Further studies are required to analyse the acute affects of

different WBV frequencies and amplitudes in young individuals.

Furthermore, because of the effectiveness of this novel form of

exercise on bone and muscle, and the promising acute effects

observed in elderly subjects (van Nes et al., 2004) future studies

should be conducted in the elderly, in order to provide specific

guidelines for safe and effective WBV exercise programmes.
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