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ABSTRACT 
Di Iorio F, Cesarelli M, Bifulco P, Fratini A, Roveda E, Ruffo M. 
The Effects of Whole Body Vibration on Oxygen Uptake and 
Electromyographic Signal of the Rectus Femoris Muscle during 
Static and Dynamic Squat. JEPonline 2012;15(5):18-31. Whole Body 
Vibrations consist of a vibration stimulus mechanically transferred to 
the body. The impact of vibration treatment on specific muscular 
activity, neuromuscular, and postural control has been widely 
studied. We investigated whole body vibration (WBV) effect on 
oxygen uptake and electromyographic signal of the rectus femoris 
muscle during static and dynamic squat. Fourteen healthy subjects 
performed a static and dynamic squat with and without vibration. 
During the vibration exercises, a significant increase was found in 
oxygen uptake (P=0.05), which increased by 44% during the static 
squat and 29.4% during the dynamic squat. Vibration increased heart 
rate by 11.1 ± 9.1 beats·min-1 during the static squat and 7.9 ± 8.3 
beats·min-1 during the dynamic squat. No significant changes were 
observed in rate of perceived exertion between the exercises with 
and without vibration. The results indicate that the static squat with 
WBV produced higher neuromuscular and cardiorespiratory system 
activation for exercise duration ?60 sec. Otherwise, if the single bout 
duration was higher than 60 sec, the greater cardiorespiratory 
system activation was achieved during the dynamic squat with WBV 
while higher neuromuscular activation was still obtained with the 
static exercise.  
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INTRODUCTION 
 
When applied locally to the muscles or to the whole body, mechanical vibration is used as a stimulus 
for the neuromuscular system. Vibration is a mechanical oscillation and the parameters that 
characterize the stimulus, usually sinusoidal, are amplitude (peak to peak displacement) and 
frequency. A mechanical stimulus applied directly to the individual muscle or tendon causes a reflex 
muscle contraction called tonic vibration reflex (TVR) (7,15-17,40). The mechanical action of vibration 
produces rapid and small changes in the length of the complex muscle tendon. These changes are 
detected by primary sensory fibers of the muscle spindle (group Ia afferent neurons) that transmit a 
stimulus through the spinal cord directly to the same muscle, with the shortest possible delay, 
modulating the muscle contraction in order to oppose the length changes. 
 
Vibratory stimulation can be applied also to the whole body by using vibrating platform with a vertical 
or a rotational (side-to-side alternating) direction. These two ways of applying the stimulus generate 
dissimilar mechanical behaviors and hence they lead to a different neuromuscular response (30). The 
impact of whole body vibration (WBV) treatments on muscular activity, neuromuscular, and postural 
control has been widely studied. The first application of vibration in this field was conducted by 
Nazarov, which demonstrated the efficacy of WBV in increasing muscle strength (28). Then, the 
effect of WBV treatments has been evaluated on subjects with different athletic conditions, age, sex, 
and according to different exercise protocols (1,8,11,18,27,32,43). 
 
Other research activities showed that the vibration stimulus produced positive effects on bone mineral 
density (3,24,45,46) and human hormones (9,10,12,23); whereas, its positive effect on patients with  
Parkinson’s disease is still doubtful (2,22,44). Roelants et al. (37) studied the electromyographic 
(EMG) responses of the rectus femoris, vastus lateralis, and vastus medialis during static squat. They 
showed that EMG activity was higher in the presence of vibration in all the muscle groups and in all 
exercises. In agreement, Abercromby and colleagues (1) analyzed electromyographic signals on 
subjects performing static and dynamic squat while on a vibration platform. They reported an increase 
in the neuromuscular activation of the muscles during WBV exercises. 
 
Other works have analyzed the rise in specific oxygen consumption (sVO2) in the last seconds of the 
exercise (34,35), when a steady-state condition is reached, to provide an estimation of the 
cardiorespiratory system activity. These studies are based on the assumption that the sVO2 response 
is due to the increased number of muscle fibers (and thus the increased muscle activity) activated by 
the vibrations (27,31,38,39). In fact, Rittweger et al. (34) reported that simple standing and dynamic 
squats performed on a WBV platform increased sVO2 compared to the same exercise without 
vibration. Later, Rittweger et al. (35) showed that the sVO2 was increased when vibration frequency 
and amplitude were increased. Similarly, after monitoring sVO2 and heart rate (HR) during and 24 hrs 
after a WBV exercise session and a second session without vibration (NoV), Hazell and Lemon (19) 
reported that sVO2 was 23% higher during WBV training session. 
 
However, it is important to point out that the studies presented in literature investigated WBV effects 
only on muscular activity by recording electromyographic signal (1,37) or on metabolic power by 
monitoring the sVO2 (19,34,35) without standard protocol and using different exercise parameters.  
The purpose of this study was to monitor simultaneously both signals in a novel approach. We 
investigated the differences due to WBV effects on VO2 and EMG between static and dynamic squat 
exercises. This was done to identify the better exercise characteristics for improving neuromuscular 
activation and progress in training efficacy. Monitoring VO2 throughout the exercise and not just 
during the last seconds (sVO2) of the exercise (34,35) allows for analyzing the curves from the 
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beginning of the exercise in order to find out possible differences in the sVO2 trend and differences in 
how it is reached at steady-state. 
 

METHODS  
Subjects 
Fourteen subjects in good health and not affected by any neurological or musculoskeletal disorder 
participated in this study. All subjects (11 males and 3 females) had been practicing regularly physical 
activity or non-competitive sports. The subjects were 22 to 31 yrs of age with mean and standard 
deviation, respectively, of 26.4 and 3.2 yrs. Their height was between 165 and 182 cm (171±6 cm), 
and their body weight was between 55 and 81 kg (68±9 kg). The experiments were conducted in 
accordance with the Declaration of Helsinki and all the subjects signed a written informed consent. 
 
Exercises 
Before the testing session, the subjects were 
familiarized with the vibration platform and squat 
exercises. The warm-up consisted of exercising on a 
bicycle ergometer at a load of 70 W for 10 min followed 
by stretching exercises for 5 min. All subjects wore 
socks without shoes. They performed a protocol of four 
kinds of exercise units (EU) that lasted 3 min and 30 
sec. In the first two EU (Figure 1a), the subjects ran 
through an unloaded static (isometric) squat (knee 
angle at ~90°), without and with vibration (SS and SSV, 
respectively). In the other EU (Figure 1b), the squat 
exercises were dynamic (i.e., the subjects performed 
cyclic motions squatting between an angle of 110° and 
an angle of 90° of knee flexion with a rate of repetition 
equal to about 20 squats per minute) without and with 
vibration (DS and DSV, respectively). The exercises 
with no vibration (SS and DS) were used as control.  
 
Before each EU,  stance of participants was monitored 
by checking that the distance between their heels was shoulder-width and the knee angle was 
evaluated by means of a goniometer. The EU sequence for each subject was randomized and 
between each exercise all the participants rested for about 20 min, until they felt recovered and their 
HR and sVO2 signals were returned to initial values.  We used CE-marked Medical Devices within the 
limits and according to the standard training protocols specified by the manufacturers. 
 
Whole-body vibration treatment (WBV) 
The WBV treatment was performed by using a vertical oscillating WBV platform (Vibroplate provided 
by TSEM SpA). The platform provided a sinusoidal vibration at a frequency of 26 Hz and a peak-to-
peak displacement of 3 mm. The value of 26 Hz was chosen since it is close to the activation 
frequency of the quadriceps muscle group (1,8,34). The platform oscillation frequency was checked 
through a triaxial accelerometer based on MEMS technology placed in the platform center. 
 
 
 
 
 

   
Figure 1: Static squat (a) and dynamic squat (b) 
positions. 
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Surface EMG  
Surface EMG (sEMG) signals were recorded by using 
small disc Ag/AgCl electrodes (diameter 5 mm) with 
inter-electrodes distance of 20 mm arranged in the 
direction of the muscle fibers, placed on the rectus 
femoris (RF) in accordance with the literature (20,21). 
In order to reduce skin impedance (<3 kO),  electrode 
skin areas were shaved, cleaned with alcohol and a 
conductive gel was used. For the purpose of this study, 
we focused on the RF of the dominant leg (32) and 
reference electrode was located on the ankle of the 
same leg (Figure 2).  

 
The sEMG signals were amplified by using a multi-
channel, isolated biomedical signal amplifier BM623 
(Biomedica Magoni) with an input impedance >10 
MOhm and CMRR >100 dB. The amplifier was set with 
a gain of 1000 V/V and a band pass filtering with cut-off 
frequencies of 5–500 Hz. The signals were acquired by 
using a PC multi-channel 16-bit data acquisition card 
with a sample frequency of 2048 Hz (DAQCard 6251 by 
National Instruments). 
 
It is well-known that during a surface bio-potential 
recording, the motion artifacts that arise from relative 
motion between electrodes and skin result in a variation 
of electrodes potential. Hence, vibrations generate 
motion artifacts on electrodes that could be non-
negligible and could affect the sEMG signals analysis 
(13,36). Since vibration frequency and its harmonics lie 
in the sEMG frequency band of 20 – 450 Hz, in order to 
reduce artifacts contribution, the acquired signals were 
processed by using sharp notch filters (band width of ±0.8 Hz) centered at the vibration frequency 
and its harmonics (1,13,33,41). Filters were applied to all recordings including those without vibration 
to ensure that loss of signal power due to the filtering procedure was the same in all recordings. 
Running root mean square values of the sEMG (EMGrms) were estimated by using 500 ms time 
window to assess muscular activity during the EU (1,13). The mean value of the EMGrms curve 
(mEMGrms) of each recording was computed. The mEMGrms values for the SSV and DSV were 
compared respectively with the controls (SS and DS), thus normalization relative to maximal 
voluntary contractions was unnecessary (25).  Signal processing was done by using MATLAB® 
R2010b (The Mathworks Inc., Natick, MA). 
 
Specific Oxygen Uptake 
The subjects’ oxygen uptake (VO2) was continuously recorded by means of an oxygen consumption 
meter (FitMate Pro by Cosmed srl (29)) with an accuracy of ± 0.02%. Specific oxygen consumption 
(sVO2) was obtained by dividing the instantaneous VO2 by the body mass. All subjects wore FitMate 
Pro silicone face mask that was fitted with a head cup to prevent air leakage, and a HR chest strap; 
both connected to the FitMate Pro. The sVO2 values and the HR signals were monitored continuously 
during the whole EU in order to analyze their trends during the exercise. To make a comparison 

 
Figure 2: Electrodes position on Rectus 
Femoris according to SENIAM project (20,21). 
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between the static and the dynamic squat exercises, the data acquired during the last 30 sec was 
used (34). 
 
Rate of Perceived Exertion and Heart Rate 
To assess the intensity of each EU, the subjects gave a rating of perceived exertion (RPE) at the end 
of each exercise (5,6). Resting HR was monitored before each exercise to check that the subjects 
recovered completely. The mean value of HR was estimated in the last 30 sec (HR30) of each EU to 
investigate the effect of WBV on the cardio-circulatory system (4,19). In particular, estimated HR30 
values were used to compute for each subject the increase in beats·min-1 (dHR30) between the 
exercise NoV and the correspondent WBV one, according to the formula: dHR30 = HR30WBV -HR30NoV  
 
Statistical Analysis 
Variables, sVO2, mEMGrms, and dHR30, were tested for normal distribution with the Kolmogorov-
Smirnov test (level of significance equal to 0.05) (26,42).  Paired t-test was used to test differences in 
the sVO2 and mEMGrms values obtained in WBV versus NoV exercises, while a one-sample t-test 
was performed on dHR30 to check the possibility of rejecting the null hypothesis (no difference in HR 
between exercises with WBV and NoV). Statistical significance level was set at P=0.05. 
Statistical analysis was done by using the software IBM SPSS statistics 19. 
 
RESULTS 
Surface EMG  
The analysis of the sEMG activity of all subjects showed that the computed EMGrms signals kept on 
average constant along the exercise, but their values were higher in the WBV exercises respect to 
the correspondent NoV (Figure 3). The mEMGrms values were normally distributed (Kolmogorov- 
 

 
Figure 3.  A detail of EMGrms signals during static (top) and dynamic (bottom) squat exercises of 
subject # 9. During DS exercise, EMGrms varied periodically according to the knee angle (long and 
short arrows in correspondence of respectively  90° and 110° angles), however its mean value holds 
constant. 
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Smirnov’s test) and their means and standard deviations (Figure 4), in static and dynamic squat, 
indicated respectively a rise of about 63% (0.205±0.078 vs. 0.325±0.091 mV) and 108% (0.152± 
0.055 vs. 0.317±0.109 mV). Paired t-test of the mEMGrms proved that the differences between WBV 
and NoV for both static and dynamic exercises are significant (P=0.05) showing that whole body 
vibration increased muscle activity.  

 

 
 
Figure 4. mEMGrms (and standard deviation) in static and dynamic exercises, with and 
without WBV. 
 
 
 
Specific Oxygen Uptake 
Figures 5, 6, and 7 illustrate examples of VO2 monitored during static and dynamic exercises, with 
and without vibration. The WBV treatments increased the sVO2 during the whole EU session versus 
the same exercise NoV, and this effect was present in all the subjects.  In most of the recordings, the 
sVO2 increased during the exercise up to a plateau reached approximately after the 3rd min. Thus, 
the mean and standard deviation of the sVO2 values of the last 30 sec (sVO2-30s) were chosen to 
compare the different EU conditions (34). 
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Figure 5. Oxygen uptake of subject #5 during SS and SSV. sVO2 during SS grew for 90 sec, then it 
achieved a steady-state at the maximum value of 10.4 [ml·kg-1·min-1]. During SSV, sVO2 increased to a 
maximum value of 14.9 [ml·kg-1·min-1]. 

 
 
 

 
 
Figure 6. Oxygen uptake of subject #5; sVO2 curves for DS and DSV show a similar pattern for the first 
90 seconds and then diverge until the end. As for the static squat, sVO2 during DS reached a plateau 
value around 13 [ml·kg-1·min-1] while sVO2 in DSV showed an increase along the whole exercise up to a 
maximum value of 19.1 [ml·kg-1·min-1]. 
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Figure 7. Oxygen uptake of subject #5; sVO2 curves for SSV and DSV show a similar pattern for the 
first 50 sec and then diverge until the end, with higher values of sVO2 in DSV. 
 
In the majority of static squat recordings (Figure 5), for the same subject, the sVO2 curves during SSV 
and SS exercises started from the same point and then diverged with different slope, higher in SSV 
curves. On the other hand, comparing data from DS and DSV (Figure 6) or SSV and DSV (Figure 7) 
exercises, sVO2 trends were similar at the beginning and diverged significantly after about the 1st 
min. The sVO2-30s values were normally distributed and paired t-test confirmed the separation of the 
data over the NoV and WBV treatments in both static and dynamic EU. The WBV treatment showed a 
significant increase sVO2-30s that grew respectively of 44.0% (10.0±2.8 vs. 14.4±3.5 [ml·kg-1·min-1]) 
and 29.4% (14.3±2.7 vs. 18.5±3.9 [ml·kg-1·min-1]) (Figure 8). 
 

 
 
Figure 8.  Mean values with standard deviations of the sVO2-30s estimated for all subjects. sVO2 
increased by 44.0% in presence of vibrations during static exercise, while in dynamic exercise the 
increment is of 29.4%. 
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Rate of Perceived Exertion and Heart Rate 
Means and standard deviations for RPE during the static squat were 15.1±2.9 for NoV and 12.3±3.5 
for WBV, while during the dynamic squat were 13.6±4.2 for NoV and 14.4±3.8 for WBV. No significant  
changes were observed between NoV and WBV exercises. However, the subjects seemed to 
perceive a greater effort after the static squat than the dynamic ones.  The t-test results from the 
analysis of HR indicated that WBV treatment increased significantly the dHR30 for both static and 
dynamic squat exercises (P=0.05), showing increments respectively equal to 11.1±9.1 beats·min-1 for 
static squat and 7.9±8.3 beats·min-1 for dynamic squat.  Summarizing, the results are shown in the 
following Table 1. 
 
Table 1.  T-Test Results 

 NoV WBV p 

RPE SS 15.1 ± 2.9 12.3 ± 3.5 > 0.05 

RPE DS 13.6 ± 4.2 14.4 ± 3.8 > 0.05 

sVO2 SS (ml·kg-1·min-1) 10.0 ± 2.8  14.4 ± 3.5  < 0.05 

sVO2 DS (ml·kg-1·min-1) 14.3 ± 2.7  18.5 ± 3.9  < 0.05 

EMGrms SS (mV) 0.205 ± 0.078  0.325 ± 0.091  < 0.05 

EMGrms DS (mV) 0.152 ± 0.055  0.317 ± 0.109  < 0.05 

dHR30 SS 11.1 ± 9.1 < 0.05 

dHR30 DS 7.9 ± 8.3 < 0.05 

The t-tests summary on 14 subjects of the studied parameters in case of NoV and WBV treatment. Means, 
standard deviations and p-values were reported. Only for dHR30 a one-sample t-test was used to test the null 
hypothesis that the population mean is equal to zero (no differences due to WBV).  
 

DISCUSSION 
 
Whole-body vibration (WBV) training was initially used in the fitness industry, but has expanded to 
rehabilitation, therapy, and sports. The most common effect of WBV on the muscles is the increase in 
strength. But, given the lack of details in the methodologies applied in various research studies, it is 
difficult to investigate and verify the treatment outcomes. The purpose of this study was to analyze 
the effects of WBV treatment on 14 healthy subjects who performed squat exercises. We evaluated 
the muscular activity of the rectus femoris using EMGrms parameter estimated by electromyographic 
signals (1,8,14,25). All signals were filtered (13,36) to reduce negligible motion artifacts due to 
vibrations while other signals and parameters were simultaneously taken into account. Oxygen 
consumption (VO2) was used to estimate the exercise related metabolic power.  Also, relative VO2 
was used to compare the VO2 among different subjects. Heart rate and RPE provided information 
about the subjects’ cardiac activity and the intensity of the exercise as perceived by each individual. 
 
The main finding of this study was that WBV has the potential to increase both muscular and 
metabolic power, thus supporting the hypothesis that WBV has a stimulating effect on both twitch and 
tissue oxygenation of the muscles. In fact, our results demonstrate that estimated mEMGrms values 
are higher in the WBV exercises respect to the correspondent NoV of about 63% and 108% in the 
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static and dynamic exercises, respectively. This finding agrees with the findings of Abercromby et al. 
(1).  They reported a significant improvement in neuromuscular activation during WBV exercises. In 
addition, our results indicated a higher increment of EMGrms correlated to WBV in the DSV than in 
the SSV.  
 
The analysis of the NoV exercises showed that sEMG in the dynamic squat had a mean value less 
than the static one. This is in agreement with the observation that during the dynamic squat the twitch 
varies according to the knee angle. That is, since it is lower for angles >90°, the twitch in the static 
squat is always higher since the knee angle during the exercise is about 90°. Therefore, we 
hypothesized that the WBV effect would be more pronounced during the dynamic exercise, when the 
average of voluntary muscular contraction (not due to vibration) is lower. 
 
Rittweger et al. (34) investigated the effect of vibration on VO2 in different kinds of exercises. They 
reported incremental responses in sVO2 with WBV treatments. Other studies are in agreement with 
the finding (19,35). However, it appears that no one has either monitored the sVO2 trend during the 
whole exercise or compared a single bout of static and dynamic squat with WBV. In our study, 
monitoring the VO2 trend since the beginning of exercises provided the opportunity to compare the 
slope of the curves for the different squat modalities. As a result, in general, the sVO2 curves for the 
same subject during SSV and DSV were similar at the beginning and diverged significantly after 
about the 1st min. Consequently, WBV treatment for duration ? 60 sec, followed by a resting period, 
could not cause remarkable differences on oxygen uptake between static and dynamic squat. Our 
findings show also that the sVO2 trend and sVO2-30s values were similar in SSV and DS exercises 
and, as a consequence, it is clear that vibration resulted in an increase in VO2 during the static squat 
exercise comparable to the VO2 obtained in the dynamic squat exercise without vibration.  
 
The %HR30 results showed also an increase in the subjects’ HR due to WBV of about 7.3% and 5.5% 
for the static and the dynamic squat exercises, respectively. Furthermore, there was no significant  
effect of WBV upon RPE, although values depicted a greater effort after the static exercise than the 
dynamic exercise. The reason of these results could lie in the nature of the exercise. During the static 
squat, the subjects held the same knee angle and the muscles were continuously twitched.  On the 
other hand, during the dynamic squat exercise, the contraction is reduced in the higher angle phases. 
 

CONCLUSIONS 
 
For an exercise duration ? 60 sec, the static squat with WBV produced the higher neuromuscular and 
cardiorespiratory system activation. Otherwise, if the single bout duration is ? 60 sec, then, the WBV 
dynamic squat produced greater cardiorespiratory system activation while higher neuromuscular 
activation was still obtained with the static one. One limitation of our study is that only one muscle 
was investigated and, therefore, more research is required to investigate the behavior of other 
muscles. In addition, our research considered single bout exercises while a study performed during a 
long term period on groups of subjects that execute different kind of exercises would be helpful to 
understand better the causes responsible for the muscular response during WBV treatments. 
 
 

 

 

 

 



  
 

28

 

ACKNOWLEDGMENTS 

The authors are grateful to TSEM S.p.A. for providing the vibration training device. They gratefully 
acknowledge Dr. Maria Romano and Prof. Franca Carandente for their collaboration and Dr. Alice 
Perissinotti for technical assistance. Authors are also grateful to all the participants for their excellent 
cooperation.  
 
Address for correspondence: Mario Cesarelli, Associate Professor, Via Claudio N°21, University of 
Naples “Federico II”, Italy, 80125. Phone (+39) 081-7683788; FAX: (+39) 081-7683804; Email 
cesarell@unina.it  
 
 
REFERENCES 
 

1. Abercromby AF, Amonette WE, Layne CS, Mc Farlin, BK, Hinman, MR, Paloski WH. 
Variation in neuromuscular responses during acute whole-body vibration exercise. Med 
Sci Sports Exerc. 2007;39:1642-1650. 

 
2. Arias P, Chouza M, Vivas J, Cudeiro J. Effect of whole body vibration in Parkinson's 

disease: A controlled study. Mov Disord. 2009;24:891-898. 
 

3. Belavý DL, Beller G, Armbrecht G, Perschel FH, Fitzner R, Bock O, et al.  Evidence for an 
additional effect of whole-body vibration above resistive exercise alone in preventing 
bone loss during prolonged bed rest. Osteoporos Int. 2011;22:1581-1591. 
 

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

5. Borg G.  Psychophysical scaling with applications in physical work and the perception of 
exertion. Scand J Work Environ Health. 1990;16:55-58. 
 

6. Borg G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. 
1970;2:92-98. 
 

7. Burke D, Schiller H. Discharge pattern of single motor units in the tonic vibration reflex of 
human triceps surface. J Neurol Neurosurg Psychiatry. 1976;39:729-741. 
 

8. Cardinale M, Lim J. Electromyography activity of vastus lateralis muscle during whole-
body vibrations of different frequencies. J Strength Cond Res. 2003;17:621-624. 
 

9. Cardinale M, Leiper J, Erskine J, Milroy M, Bell S. The acute effects of different whole 
body vibration amplitudes on the endocrine system of young healthy men: A preliminary 
study. Clin Physiol Funct Imaging. 2006;26:380-384. 
 

10. Cardinale M, Soiza RL, Leiper JB, Gibson A, Primrose WR. Hormonal responses to a 
single session of whole body vibration exercise in older individuals. Br J Sports Med. 
2010;44:284-288. 
 



  
 

29

11. Cesarelli M, Fratini A, Bifulco P, La Gatta A, Romano M, Pasquariello G. Analysis and 
modelling of muscles motion during whole body vibration. J Adv Signal Process. 
2010;2010-2019. 
 

12. Erskine J, Smillie I, Leiper J, Ball D, Cardinale M. Neuromuscular and hormonal 
responses to a single session of whole body vibration exercise in healthy young men. 
Clin Physiol Funct Imaging. 2007;27:242-248. 
 

13. Fratini A, Cesarelli M, Bifulco P, Romano M. Relevance of motion artifact in 
electromyography recordings during vibration treatment.  J Electromyogr Kinesiol. 
2009;19:710-718. 
 

14. Fratini A, La Gatta A, Bifulco P, Romano M, Cesarelli M. Muscle motion and EMG activity 
in vibration treatment. Med Eng Phys. 2009;31:1166-1172. 
 

15. Gillies JD, Burke DJ, Lance JW. Supraspinal control of tonic vibration reflex. J 
Neurophysiol. 1971;34:302-309. 
 

16. Gillies JD, Burke DJ, Lance JW. The supraspinal control of the tonic vibration reflex. Proc 
Aust Assoc Neurol. 1971;8:143-146. 
 

17. Hagbarth K, Eklund G. Tonic vibration reflexes (TVR) in spasticity. Brain Res. 
1966;2:201-203. 
 

18. Hazell TJ, Jakobi JM, Kenno KA. The effects of whole-body vibration on upper- and 
lower-body EMG during static and dynamic contractions. Appl Physiol Nutr Metab. 
2007;32:1156-1163. 
 

19. Hazell TJ, Lemon PWR. Synchronous whole-body vibration increases VO2 during and 
following acute exercise. Eur J Appl Physiol. 2011;112:413-420. 
 

20. Hermens HH, Freriks B, Merletti R, Stegeman D, Blok J, Rau, G et al. European 
recommendations for surface electromyography, results of SENIAM project. 8th Edition. 
Roessingh Research and Development. 1999. 
 

21. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of recommendations for 
SEMG sensors and sensor placement procedures. J Electromyogr Kinesiol. 
2000;10:361-374. 
 

22. King LK, Almeida QJ, Ahonen H. Short-term effects of vibration therapy on motor 
impairments in Parkinson's disease. NeuroRehabilitation. 2009;25:297-306. 
 

23. Kvorning T, Bagger M, Caserotti P, Madsen K. Effects of vibration and resistance training 
on neuromuscular and hormonal measures. Eur J Appl Physiol 2006;96:615-625. 
 

24. Lau RW, Liao LR, Yu F, Teo T, Chung RC, Pang MY. The effects of whole body vibration 
therapy on bone mineral density and leg muscle strength in older adults: A systematic 
review and meta-analysis. Clin Rehabil. 2011;25:975-988. 
 

25. Marín PJ, Bunker D, Rhea MR, Ayllón FN. Neuromuscular activity during whole-body 



  
 

30

vibration of different amplitudes and footwear conditions: Implications for prescription of 
vibratory stimulation.  J Strength Cond Res. 2009;23:2311-2316. 
 

26. Marsaglia G, Tsang WW, Wang J. Evaluating Kolmogorov’s Distribution. J Statist Softw. 
2003;8:1-4. 
 

27. Martin BJ, Park HS. Analysis of the tonic vibration re?ex: in?uence of vibration variables 
on motor unit synchronization and fatigue. Eur J Appl Physiol Occup Physiol. 
1997;75:504-5011. 
 

28. Nazarov V, Spivak, G. Development of athlete’s strength abilities by means of 
biomechanical stimulation method. Theory Prax Physical Cul. 1985;12:445-450. 
 

29. Nieman DC, Lasasso H, Austin MD, Pearce S, McInnis T, Unick J. Validation of 
Cosmed's FitMate in measuring exercise metabolism. Res Sports Med. 2007;15:67-75. 
 

30. Pel JJ, Bagheri J, van Dam LM, van den Berg-Emons HJ, Horemans HL, Stam HJ, van 
der Steen J. Platform accelerations of three different whole-body vibration devices and 
the transmission of vertical vibrations to the lower limbs. Med Eng Phys. 2009;31:937-
944. 
 

31. Person R, Kozhina G. Tonic vibration re?ex of human limb muscles: discharge pattern of 
motor units. J Electromyogr Kinesiol. 1992;2:1-9. 
 

32. Petit PD, Pensini M, Tessaro J, Desnuelle C, Legros P, Colson SS. Optimal whole-body 
vibration settings for muscle strength and power enhancement in human knee extensors. 
J Electromyogr Kinesiol. 2010;20:1186-1195. 
 

33. Pollock RD, Woledge RC, Mills KR, Martin FC, Newham DJ. Muscle activity and 
acceleration during whole body vibration: Effect of frequency and amplitude. Clin 
Biomech. (Bristol, Avon) 2010;25:840-846. 
 

34. Rittweger J, Schiessl H, Felsenberg D. Oxygen uptake during whole-body vibration 
exercise: Comparison with squatting as a slow voluntary movement. Eur J Appl Physiol. 
2001;86:169-173. 
 

35. Rittweger J, Ehrig J, Just K, Mutschelknauss M, Kirsch KA, Felsenberg D. Oxygen uptake 
in whole-body vibration exercise: Influence of vibration frequency, amplitude, and external 
load.  Int J Sports Med. 2002;23:428-432. 
 

36. Ritzmann R, Kramer A, Gruber M, Gollhofer A, Taube W. EMG activity during whole body 
vibration: Motion artifacts or stretch re?exes? Eur J Appl Physiol. 2010;110:143-151. 
 

37. 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;20:124-129. 
 

38. Roll JP, Vedel JP, Ribot E. Alteration of proprioceptive messages induced by tendon 
vibration in man: A microneurographic study. Exp Brain Res. 1989;76:213-222. 
 



  
 

31

39. Romaiguére P, Vedel JP, Azulay JP, Pagni S. Differential activation of motor units in the 
wrist extensormuscles during the tonic vibration re?ex in man. J Physio. 1991;444:645-
667. 
 

40. Romaiguère P, Vedel JP, Pagni S. Effects of tonic vibration reflex on motor unit 
recruitment in human wrist extensor muscles. Brain Res. 1993;603:32-40. 
 

41. Roy SH, De Luca G, Cheng MS, Johansson A, Gilmore LD, De Luca CJ. Electro-
mechanical stability of surface EMG sensors. Med Biol Eng Comput. 2007;45:447-457. 
 

42. Smirnov NV. Tables for estimating the goodness of fit of empirical distributions. Ann 
Math Statist 1948;19:279. 
 

43. Torvinen S, Sievänen H, Järvinen TA, Pasanen M, Kontulainen S, Kannus P. Effect of 4-
min vertical whole body vibration on muscle performance and body balance: A 
randomized crossover study. Int J Sports Med. 2002;23:374-379. 
 

44. Turbanski S, Haas CT, Schmidtbleicher D, Friedrich A, Duisberg P. Effects of random 
whole-body vibration on postural control in Parkinson's disease. Res Sports Med. 
2005;1:243-256. 
 

45. Von Stengel S, Kemmler W, Bebenek M, Engelke K, Kalender WA. Effects of whole-body 
vibration training on different devices on bone mineral density. Med Sci Sports Exerc. 
2011;43:1071-1079. 
 

46. Von Stengel S, Kemmler W, Engelke K, Kalender WA. Effects of whole body vibration on 
bone mineral density and falls: results of the randomized controlled ELVIS study with 
postmenopausal women. Osteoporos Int. 2011;22:317-325. 

 

 
Disclaimer 
The opinions expressed in JEPonline are those of the authors and are not attributable to JEPonline, 
the editorial staff or the ASEP organization. 
 


