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Effects of whole‑body vibration training on 
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young men
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Background: The aim was to evaluate effects of 5‑week whole body vibration (WBV) training with different amplitudes and progressive 
frequencies on fibrinolytic/coagulative factors. Materials and Methods: 25 subjects were divided randomly in high or low‑amplitude 
vibration, and control groups. Training consisted of 5‑week WBV with amplitudes 4 or 2 mm. Plasma samples were analyzed before 
and after training. Statistical analysis was done using one‑way analysis of variance and Wilcoxon signed ranked test. P <0.05 was 
considered significant. Results: High‑amplitude vibration caused an increase in tissue plasminogen activator  (tPA)  (P  =  0.028) 
(pretest: 1744.61 ± 707.95; posttest: 2313.63 ± 997.19 pg/ml), and decrease in plasminogen activator inhibitor‑1 (PAI‑1) (P = 0.033) 
(pretest: 97.94 ± 34.37; posttest: 85.12 ± 36.92 ng/ml). Fibrinogen and plasminogen were not changed significantly. Low‑amplitude 
vibration caused an increase in tPA (P = 0.006) (pretest: 2208.18 ± 1280.37; posttest: 3492.72 ± 3549.22 pg/ml). PAI‑1, fibrinogen 
and plasminogen were not changed significantly. There were no significant differences between groups. Conclusion: Amplitude of 
vibrations in WBV training may affect fibrinolytic factors.
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prevention methods. One of the changes stressed by 
researchers is exercise and physical activity. El‑Sayed 
et al. showed an increase in coagulation activity in 
response to a 12‑week moderate intensity training 
program.[8] Koenig and Ernst in a study on relationship 
between plasma fibrinogen level, physical activity and 
aerobic performance found a significant decrease in 
fibrinogen level after a 12‑month period.[9] Hilberg et al. 
declared that in healthy individuals acute high‑intensity 
exercise increases coagulation system parameters just 
in normal range; on the contrary, the facilitation in 
fibrinolysis system is more profound and related to 
duration of exercise.[10]

Hilberg et al. found that endurance exercise with an 
intensity below 90% individual anaerobic threshold 
and a duration below 2 h generates a more favorable 
condition for fibrinolysis than for blood coagulation in 
healthy young subjects.[11]

Physical activity leads to decreased cardiovascular risk 
factors. In addition to improvement in cardiovascular 
performance and increased physical fitness, it causes 
a balance in homeostatic system. In the literature, 

INTRODUCTION

Sedentary life style may cause cardiovascular 
disorders through multiple pathophysiological 
mechanisms involving the coagulation system.[1] In 
most cardiac events, thrombosis has a fundamental 
role in plaque propagation and commencing acute 
coronary syndromes.[2] Coagulation and fibrinolysis are 
opposite physiological mechanisms in homeostasis.[3,4] 
The coagulation system evolves into fibrin formation, 
however, fibrinolytic mechanism leads to dissolving 
fibrin clots.[3,5,6]

The prevalence of coronary artery diseases is increasing 
in the young population. Lack of classical risk factors 
(hyperlipidemia, hypertension, and diabetes mellitus) 
in some young people affected by myocardial infarction 
supports the theory that imbalance in the homeostasis 
system may be a possible etiology for thrombus 
formation and myocardial infarction.[7]

Balance between homeostatic potentials and 
thrombogenic factors through simple changes in 
lifestyle may be considered as primary or secondary 
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due to various training protocols (intensity, duration, and 
frequency) many controversies can be found. In many 
studies high‑intensity exercise increased coagulation 
system activity; on the contrary, moderate intensity exercise 
increased the fibrinolysis system activity.[8,12‑15] Resistance 
exercises also proved effective on the mentioned systems.[16,17]

Whole body vibration (WBV) is a novel modality in which 
subjects stand on a platform, in a static position or performing 
dynamic exercises, that moves at a predetermined frequency 
and amplitude, transmitting the vibration from the 
platform up through the feet and legs. Studies have utilized 
training time periods ranging from 10 days to 6 months, 
frequencies between 12 and 60 Hz, and amplitudes ranging 
from 1.7 to 10 mm.[18,19] As the movement of the platform 
is sinusoidal, the acceleration transmitted to the body is 
calculated as a = A (2πf)2. Where “A” is the amplitude of 
the oscillations and “f” is the frequency.[20] Small changes in 
amplitude and frequency determine relatively large changes 
in acceleration and magnitude of vibration being transmitted 
to the body. The aim of the present study was to assess 
effects of 5‑week WBV training with different amplitudes 
on fibrinolytic and coagulative activities.

MATERIALS AND METHODS

Subject selection
In this interventional study, a total of 35 men (aged 19‑35 years) 
were candidate for study (as inclusion criteria) who had not 
done any exercises regularly for at least 3 months before the 
start of the study served as subjects. Men with cardiovascular 
or coagulative problems were excluded (five person). All 
subjects were informed of the procedures, risks and benefits 
in advance. They were divided randomly into three groups. 
Five subjects were excluded because they were not participate 
in posttest in control group measurements. Distribution of 
remaining subjects completing exercise sessions consisted 
of high‑amplitude vibration group (n = 10), low‑amplitude 
vibration group (n = 10), and control group (n = 5). The 
vibration training consisted of 5‑week whole‑body vibration 
3 times a week with amplitudes of 4 and 2 mm and 
progressive frequencies from 25 Hz with increments of 5 Hz 
weekly. Table 1 shows descriptive features of the sample.

Vibration training
During the 5‑week experimental period all subjects 
continued their conventional living schedule; but those in 
the WBV groups additionally performed 3 times weekly 
WBV training on a vibration platform (Fit Vib, Germany).

Vibration groups were divided into low‑amplitude (2 mm) 
and high‑amplitude (4 mm) groups with progressively 
increasing frequencies. The training programs are 
summarized in Table 2.

Blood samples were taken from all subjects after 12‑14 h 
of overnight fasting from antecubital vein in a similar 
condition. Concentrations of fibrinogen (Clauss, Mahsa 
Yaran, Iran), plasminogen (ELISA, Cusabio, China), tissue 
plasminogen activator (tPA) (ELISA, Cusabio, China), and 
plasminogen activator inhibitor‑1 (PAI‑1) (ELISA, Cusabio, 
China) before and after 5‑week of training were measured 
in plasma samples.

Statistical analysis
In order to check the normality of data Kolomogrov–Smirnov 
test and for homogeneity of variances Leven test were 
used. If the normality of data or homogeneity of variances 
assumption not held we used nonparametric Kruskal–Wallis 
test. Otherwise we used analysis of variance for comparing 
groups. In order to compare pretest with posttest we 
used Wilcoxon signed ranked test. Data are expressed as 
mean ± standard deviation. The level of significance was 
set at P < 0.05.

Ethical issues
The study protocol was evaluated and accepted by Ethical 
Committee of the Sports Medicine Federation of Iran and 
it complies with Helsinki declaration. All the participants 
received adequate information about the study protocol and 
possible good and ill effects of training. They entered the 
study deliberately and were free to quit the protocol upon 
their request.

RESULTS

The 5‑week high‑amplitude vibration training caused 
a significant improvement in tPA (P = 0.028), and 
PAI‑1 (P = 0.033), fibrinogen showed decrease albeit not 
significantly (P = 0.052). Plasminogen showed decrease not 
significantly (P = 0.508). Low‑amplitude vibration training 
caused a significant improvement in tPA (P = 0.006) and 
and PAI‑1 showed decrease not significantly (P = 0.907). 
Fibrinogen showed decrease albeit not significantly (P = 0.19). 
Plasminogen showed decrease not significantly (P = 0.095). 
However, between groups there was no significant effect on 
tPA (P = 0.50), PAI‑1 (P = 0.249), plasminogen (P = 0.742), and 
fibrinogen (P = 0.299). The control group does not show any 
significant change in the variables studied.

Table 1: The descriptive features of the sample
Variable 
(mean±SD)

Group P
High‑amplitude 
vibration group 

(n=10)

Low amplitude 
vibration group 

(n=10)

Control 
group 
(n=5)

Age (years) 21.00±1.61 20.45±1.37 20.80±0.84 0.67
Height (cm) 175.13±7.49 174.56±4.30 176.13±3.41 0.90
Weight (kg) 68.61±8.56 69.80±15.38 61.90±9.71 0.55
BMI (kg/m2) 22.54±3.47 22.83±4.69 19.89±2.37 0.45
SD=Standard deviation; BMI=Body mass index



Ghazalian, et al.: Whole body vibration effect on fibrinolysis and coagulation

Journal of Research in Medical Sciences| October 2014 | 984

The data of, tPA, fibrinogen, PAI‑1 and plasminogen before and 
after low and high‑vibration training are showed in Table 3.

DISCUSSION

Coagulation and fibrinolysis are opposite dynamic processes 
important in homeostasis. Plasminogen, synthesized in the 
liver, is the inactive form of plasmin. Once activated, plasmin 
digests fibrin breaking it into fibrin dimer proteins that can 
then be cleared by the liver. tPA is the most abundant activator 
of fibrinolysis. tPA is synthesized, stored, and released from 
endothelial cells in the vasculature, sympathetic neurons and 
skeletal muscle.[21] PAI‑1 is a protein that is the primary inhibitor 
of tPA and is synthesized by endothelial cells and platelets which 
regulate its release during fibrinolysis.[22] Fibrinogen is one of 
the essential factors in the coagulation process. Fibrinogen is 
a high‑molecular weight protein and is formed in the liver.[23]

Immediately following an acute bout of both aerobic and 
resistance exercise, fibrinolytic activity is shown to increase 
as evidenced by an increase in the plasma concentration of 
active tPA and decrease in plasma PAI‑1 resulting in the 
potential breakdown of clots.[24] El‑Sayed et al. showed an 
increase in coagulation activity in response to a 12‑week 
moderate intensity training program.[8]

The use of WBV as an exercise method has rapidly increased 
over the last decade. Variables of vibration training 
like other training protocols consist of frequency (Hz), 
amplitude (mm), and duration (s). Rittweger et al. reported 
that oxygen uptake during standing and squatting exercise 
with WBV was greater than that without WBV. An increase 
in the level of muscle activity caused by WBV affects 
the cardiovascular system. WBV has been shown to cause 
muscle activation.[20] Mechanical vibration applied to the 
muscle belly, tendon or whole body had been shown to elicit 
a tonic vibration reflex.[25‑28]

A significantly higher level of electromyographic activity of 
the vastus lateral is muscle was found in a half squat position 

during WBV than that in a nonvibrating condition.[29] Skeletal 
muscle is known to be a release site of tPA, suggesting that 
skeletal muscle activation in WBV may stimulate the muscle 
to release tPA. The mechanism underlying the fibrinolytic 
responses reported in the present study may be related to 
vascular shear stress. Kerschan‑Schindl et al. reported that 
muscular blood circulation in the calf and thigh significantly 
increased after one bout of WBV exercise. A few minutes 
lasting stance on vibrating platform leads to an increase 
in the relative moving blood volume of quadriceps and 
gastrocnemius muscles. Mean blood flow in the popliteal 
artery was also increased and its resistive index decreased.[30] 
These results suggest that WBV causes an increase in blood 
volume after squatting exercise. In a study on 20 healthy 
young men Boyle and Nagelkirk concluded that WBV 
combined with squatting exercise increases fibrinolytic 

Table 2: The training schedule
Session 
(every week)

Position 
of training

Set Repetition Frequency in the 
1st week (Hz)*

Amplitudes 
(mm)**

Duration of each 
repetition (s)

Duration of rest 
between sets (s)

Total duration of training 
in the session (min)

1st session of 
the week

Squat 2 3 25 4 or 2 30 30 9
Lunges 2 3
Deep squat 2 3

2nd session of 
the week

Squat 2 3 25 4 or 2 45 30 13.5
Lunges 2 3
Deep squat 2 3

3rd session of 
the week

Squat 2 3 25 4 or 2 60 30 18
Lunges 2 3
Deep squat 2 3

*The frequency at beginning of the program was 25 Hz which was progressively increased (5 Hz each week) to the final frequency of 50 Hz, **4 mm for the high amplitude and 
2 mm for the low amplitude groups

Table 3: Data of tPA, plasminogen, PAI‑1 and fibrinogen 
before and after low and high‑vibration training and 
control groups

Control group Low vibration 
group

High‑vibration 
group

P

tPA (pg/ml)
Pretest 2703.33±1809.31 2208.18±1280.37 1744.61±707.95 0.270
Posttest 2945.71±849.60 3492.72±3549.22 2313.63±997.19 0.501
P 0.581 0.006 0.028

Plasminogen 
(mg/dl)

Pretest 10.67±2.92 10.43±1.23 10.01±1.48 0.717
Posttest 10.20±2.16 9.31±2.08 9.66±2.12 0.742
P 0.429 0.095 0.508

PAI‑1 
(ng/ml)

Pretest 84.11±41.14 123.27±51.85 97.94±34.37 0.171
Posttest 99.12±44.77 121.66±62.24 85.12±36.92 0.249
P 0.798 0.907 0.033

Fibrinogen 
(mg/dl)

Pretest 317.50±67.80 303.63±26.18 297.69±26.51 0.573
Posttest 269.28±41.47 289.27±20.51 270.90±33.00 0.299
P 0.213 0.198 0.052

tPA=Tissue plasminogen activator; PAI‑1=Plasminogen activator inhibitor‑1
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activity more than exercise alone.[31] During WBV exercise 
there is an enhancement of skin blood flow, as measured by 
laser Doppler flowmetry.[32‑34] This increase in blood flow 
may result in an increase in shear stress on blood vessels. 
Increased blood flow, which may result in increased stress on 
endothelial walls of blood vessels, has also been shown with 
WBV; leading to the speculation that WBV may also result 
in an increased fibrinolytic response.[30] Thus, WBV may 
affect fibrinolytic activity and enhance the cardio‑protective 
benefits of a therapeutic exercise regimen. Increased vascular 
shear stress has been shown to increase fibrinolytic activity 
in cultured endothelial cells.[10]

The mechanism underlying the fibrinolytic responses 
reported in the present study may be related to vascular 
shear stress. As the movement of the platform is sinusoidal, 
the acceleration transmitted to the body is calculated as 
a = A (2πf)2. Where “A” is the amplitude of the oscillations 
and “f” is the frequency 4. Small changes in amplitude and 
frequency determine relatively large changes in acceleration 
and magnitude of vibration being transmitted to the body. 
The 5‑week high‑amplitude vibration training caused 
a significant improvement in tPA (P = 0.028), it may be 
postulated that the vascular shear stress is more profound in 
high‑amplitude vibration training. Skeletal muscle is known 
to be a release site of tPA, suggesting that skeletal muscle 
activation in WBV may stimulate the muscle to release tPA. 
Plasminogen is the inactive form of plasmin. It is converted 
to plasmin by tPA. tPA is the most abundant activator 
of fibrinolysis. During training, plasma concentration of 
PAI‑1 is decreased which is partly due to its bounding to 
tPA. Previous studies have shown a decrease in PAI‑1 by 
exercise.[35,36] An insignificant decrease has been shown in 
high‑amplitude vibration training (P = 0.033).

Fibrinogen is one of the essential factors in the coagulation 
process. Fibrinogen is a high‑molecular weight protein and is 
formed in the liver.[23] The results of our study showed a more 
profound, albeit insignificant decrease in concentration of 
fibrinogen in the all group, which may reflect conversion 
of fibrinogen to fibrin and further risk of clot formation. 
Furthermore, the nonsignificant results could be attributed 
to the small sample size in the different groups.

CONCLUSION

Whole body vibration training affects tPA and PAI‑1 
concentrations in healthy young men; and amplitude of 
vibrations seems an important variable in fibrinolytic factors.

Limitations of the study
The nonsignificant results could be attributed to the small sample 
size in the different groups. It seems that longer durations of 
training may have more profound effects on fibrinolytic factors.
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