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Background: Admission to the intensive care unit is associat-
ed with sustained loss of muscle mass, reduced quality of life 
and increased mortality. Early rehabilitation measures may 
counteract this process. New approaches to rehabilitation 
while the patient remains in bed are whole-body vibration 
alone and whole-body vibration with a dumbbell. The aims 
of this study are to determine the safety of whole-body vibra-
tion for patients admitted to the intensive care unit, and to 
compare the effects of these techniques in intensive care unit 
patients and healthy subjects.
Methods: Twelve intensive care unit patients and 12 healthy 
subjects using whole-body vibration for the first time were 
examined while lying in bed. First both groups performed 
whole body vibration over 3 min. In a second step whole 
body vibration with dumbbell was performed. In order to 
determine the safety of the training intensity, heart rate, 
oxygen saturation and blood pressure were measured. The 
study was approved by the Marburg ethics committee. 
Results: There were minor reversible and transient in-
creases in diastolic blood pressure (p = 0.005) and heart rate 
(p = 0.001) in the control group with whole-body vibration 
with a dumbbell. In intensive care patients receiving whole-
body vibration alone, there were increases in diastolic blood 
pressure (p = 0.011) and heart rate (p < 0.001).
Conclusion: This study demonstrates the feasibility of us-
ing whole-body vibration and whole-body vibration with a 
dumbbell for intensive care unit in-bed patients. No clini-
cally significant safety problems were found. Whole-body 
vibration and whole-body vibration with a dumbbell might 
therefore be alternative methods for use in early in-bed re-
habilitation, not only for hospitalized patients.
Key words: early rehabilitation; exercise; whole-body vibration; 
intensive care unit; muscle; heart rate; blood pressure; oxygen 
saturation.
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INTRODUCTION

Patients in intensive care largely require resting conditions and 
thus are immobilized. Current physiotherapeutic approaches 
are restricted to passive mobilization. However, deprivation 
of appropriate physical activity is associated with insufficient 
muscle stimulation, leading to weakness and muscular atrophy. 
In particular, the lower extremities are prone rapid loss of a 
marked proportion of muscle mass (1).

Critical illnesses can lead to a mean weight loss of 17%  
within the first 10 days of stay in the intensive care unit 
(ICU) (2) and up to 40% within 4–6 weeks (3). Combined 
occurrence of immobilization and critical illness is associ-
ated with increased loss of muscle mass compared with rest-
ing conditions alone (4). Adverse consequences potentially 
persist over several years. In addition to physical limitations, 
anxiety disorders, depression, post-traumatic stress disorders 
(5–8), decreased quality of life (9, 10) and increased long-term 
mortality (11) may occur.

Early mobilization has a variety of beneficial effects, includ-
ing improvement in muscle strength, mobility, quality of life 
(12–14), reduced risk of venous thromboembolism, decubital 
ulcers, pneumonia (15, 16) and mortality (17). The duration 
of mechanical ventilation and the total length of hospital stay 
are reduced. In addition to individual health-related benefits of 
early mobilization, there are also socioeconomic advantages. 

While passive mobilization is feasible in senseless, analgose-
dated and mechanically ventilated patients, more effective 
active rehabilitation usually requires a conscious patient who 
is willing to participate. In-bed treadmill ergometers, bed-side 
leg presses, neuromuscular stimulation methods, and assisted 
walking have been established for this purpose. 

The safety and feasibility of early ICU rehabilitation has 
been proven in several studies (18). However, the strict pre-
requisites mentioned above markedly prevent the widespread 
use of classical active rehabilitation in ICU patients. 

Whole-body vibration (WBV) is a platform that involves 
cyclic sinus-wave oscillations of various frequencies and am-
plitudes transmitted to the body. The frequencies range from 5 
to 30 Hz. While low frequencies primarily address relaxation of 
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previously trained muscles and proprioception training, middle 
frequencies (12–20 Hz) affect the contraction and relaxation 
cycles and thus train reflex muscle function. At high frequen-
cies (20–30 Hz) the relaxation time will be shorter than the 
contraction time, increasing the effect of muscle performance, 
with an expected training effect. 

Usually, a stationary platform is used for vertically standing 
subjects. The method is frequently used for workout purposes 
to improve muscle strength and endurance. In patients, ben-
eficial effects have been described in several diseases, e.g. 
osteoporosis (19), anti-synthetase syndrome (20), multiple 
sclerosis (21), diabetic neuropathy (14), chronic arthritis (22) 
and type 2 diabetes mellitus (23). WBV has also been used 
in both, stable (23, 24) and exacerbated chronic obstructive 
pulmonary disease (COPD) (25), leading to improved 6-min 
walk distance and quality of life (24–26). Other studies have 
shown increased muscle force (27, 28). A prospective study 
on 20 healthy males examined the effects of 56 days of bed 
rest. Ten participants were randomized to resistive vibration 
exercise twice daily and others served as controls. The inter-
vention group showed increased plantar flexion force, while 
a 17.1% decrease was observed in controls (29).

Taking into account the advantages of WBV therapy, the aim 
of the present study was to examine the feasibility and safety 
of its use in ICU patients.

MATERIAL AND METHODS
The study was performed in a medical ICU with predominantly pul-
monary and cardiac patients. Twelve hospitalized ICU patients and 12 
healthy subjects were included in the study. Routinely recorded patient 
data were analysed retrospectively. The mean duration of ICU stay was 
15 (standard deviation (SD) 6) days (Table I). Written informed consent 
for the application of WBV was provided by the patient, relatives or 
legal guardian. Blood pressure, heart rate (HR) and oxygen saturation 
(SaO2) were measured. The study aimed to determine whether WBV 
training is feasible in ICU patients with a RASS of –1 and 0.

Training method: Whole-body vibration 
WBV was performed with the patient lying in bed in the supine po-
sition. During the study, a training device (Fig. 1b), type GalileoTM 
(Novotec Medical, Pforzheim, Germany), was used. The device was 
attached to the foot of the bed. In order to transmit a sufficient load to 
the patient’s lower limbs, the bed was inclined by 25°. 

The training was performed in 2 stages. First, the vibrating foot 
plate was used alone. Training was performed shoeless for 3 min, 
with a frequency of 24 Hz and a mean intensity of foot position 11. 
During training, the knees were slightly bent. As described previously, 
this results in a decrease in transmission of vibrations to the cranium 
through increased tension (24).

In a second step, after 1 min of rest, whole-body vibration with a 
dumbbell (WBVD) was added, with a vibrating dumbbell mounted on 
the bed trapeze (Fig. 1a). 

Recorded parameters
Arterial blood pressure, HR (using a 12-lead standard electrocardio-
gram (ECG)) and peripheral oxygen saturation (SaO2) were assessed. 

In the patient group, systolic and diastolic blood pressure were deter-
mined via the existing invasive blood pressure measurement using a 
Statham pressure transducer. In healthy controls, blood pressure was 
determined non-invasively using standardized arm cuffs (Riva Rocci).

Vital signs were recorded 1 min prior to training, every minute 
during exercise and 1 min after training.

In one healthy subject, electromyography (EMG EmblettaTM gold, 
San Diego, CA, USA) of the quadriceps femoris muscle (vastus later-
alis) was performed in order to record electrical muscle activity during 
training (see Fig. 5). The measurement was preceded by a minute rest 
measurement. Following, the thigh was tense isometric for 3 min and 
charged following for another 3 min on the WBV.

The study was approved by the ethics committee of the University 
of Marburg (19/2015).

Statistical evaluation
Friedman’s test was used for comparison of several sequential meas-
urements. Differences in measurements obtained from successive 
time-points were calculated and compared using Mann-Whitney U 
test. Values were expressed as mean and SD. All tests are 2-sided and 
statistical significance was assumed at p < 0.05.

RESULTS

Twelve ICU patients (5 males, 7 females), mean age 41.8 (SD 
19.7) years and 12 healthy male volunteers, mean age 31.3 
(SD 6.6) years, were examined. Details of the reasons for the 
patients’ admission to the ICU are shown in Table I. 

Vital signs in controls
WBV and WBVD caused a mild and completely reversible 
increase in HR (p = 0.005, p = 0.001; Fig. 2a), while a mild 
transient increase in systolic blood pressure was observed only 
during WBVD (p < 0.001; Fig. 3b). Diastolic blood pressure 
showed a slight reverse trend (decrease) (Fig. 3d). No changes 
in SaO2 were observed during all phases of treatment.

Table I. Cause and duration of hospitalization of patients (mean 15 days, 
standard deviation 6 days)

Patient Leading cause of hospitalization

Duration 
of hospital 
stay (days)

1 Coronary heart disease due to myocardial 
infarction 14

2 Chronic obstructive pulmonary disease (GOLD 
IV/D) 31

3 Heart failure due to myocarditis 16
4 Intracranial haemorrhage 18
5 Severe pancreatitis 12
6 Cardiac decompensation due to myocardial 

infarction 11
7 Pulmonary thromboembolism 14
8 Chronic obstructive pulmonary disease (GOLD 

IV/D) 12
9 Respiratory insufficiency global due to 

restrictive ventilatory disorder 17
10 Cardiac decompensation due to myocardial 

infarction 8
11 Chronic obstructive pulmonary disease (GOLD 

IV/D) 10
12 Acute renal failure 19

1The foot position is divided into 3 positions (1–3). The foot position 1 
describes a 30 cm bride foot stand – the wider the food distance, the more 
intense the training effort – meaning 3 has the highest training effort.
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Fig. 1. Galileo vibration plate. (A) Whole-body vibration with a dumbbell (WBVD). (B) Whole-body vibration (WBV) without dumbbell.

Fig. 2. Heart rate (1/min) over the course of 4 min in both groups on: (A) vibration platform without dumbbell, and (B) vibration platform with 
dumbbell. Patients (black); controls (grey). 

Fig. 3. Blood pressure (mmHg) of both groups on: (A, C) vibration platform without dumbbell; and (B, D) vibration platform with dumbbell. (A, B) 
Systolic and (C, D) diastolic blood pressure. Patients (black); controls (grey). 
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Vital signs in ICU patients
A slight increase in HR (p = 0.011) during WBV was observed 
in ICU patients (Fig. 2a). The blood pressure showed a slight 
temporary increase during WBVD (Fig. 2b). In contrast to 
the controls, there was a transient increase in diastolic blood 
pressure (p < 0.001; Fig. 3d). There were no changes in SaO2 
in the patient group (Fig. 4).

Group differences in vital signs
During WBV training in ICU patients, there was a significant 
increase in SaO2 in the second period (between the first and 

second minute) (p = 0.006). For WBVD, significant differences 
were found only for SaO2 and diastolic blood pressure in the 
first period (between the initial value and the first minute) 
(p = 0.003). The differences for these time periods are shown 
in Table II.

Electromyography 
Exemplary use of electromyography (EMG) in one healthy 
subject showed significantly increased electrical activity of 
the quadriceps femoris muscle (vastus lateralis) during training 
compared with resting conditions (Fig. 5).

DISCUSSION

This study examined the novel technique of using 
WBV and WBVD therapy in ICU patients. No evi-
dence of any harm to patients through application 
of WBV or WBVD was found; the method appears 
to be safe. 

Transient mild increases in HR during WBV and 
blood pressure during WBVD were observed; how-
ever, all potentially procedure-related effects were 
minor and completely reversible within minutes. No 
changes remained after completion of the interven-
tion. The initial increase in HR was lower in patients 
compared with controls, which may be due to the 
influence of drugs that lower HR and blood pressure, 
such as β-blockers and angiotensin-converting-
enzyme (ACE) inhibitors. For both of these drugs an 
influence on HR variability has been described (30).

The WBV plate was attached directly to the pa-
tient’s bed and induced vibrations of the bed frame, 
which were felt by the patients. However, none of the 
patients complained about the vibrations. To verify 
the training effects, EMG of the quadriceps femoris 
muscle (vastus lateralis) was performed in 1 healthy 
subject. Significantly increased electrical activity was 
recorded during training compared with at rest (Fig. 
5). This suggests an effectiveness of the interven-
tion with regard to the training effect. The training 
duration we used was too short to achieve a training 

Table II. Differences in measurements between time-points for whole-body vibration 
(WBV) and whole-body vibration with a dumbbell (WBVD) training. Initially, 
measurements for the first minute (1) of training were compared with the resting 
condition (0). Subsequent training minutes were compared with previous ones

Characteristics

Differences

∆1–0
Mean (SD)

∆2–1
Mean (SD)

∆3–2
Mean (SD)

∆4–3
Mean (SD)

WBV
Controls
HR (1/min) 5.42 (5.7) 2.42 (4.34) –3.58 (6.36) –3.5 (3.42)
SaO2 (%) 0.08 (0.67) –0.33 (0.65) 0.33 (0.78) –0.25 (1.06)
Sys (mmHg) 1.67 (8.25) 1.08 (5.74)** 5.25 (15.06) –7.5 (17.96)
Dia (mmHg) –0.5 (12.01) –0.67 (10.6) 0.01 (5.17) –3.92 (6.02)

Patients
HR (1/min) 1.08 (4.25) 1.67 (3.68) 0.08 (4.12) –4 (4.31)
SaO2 (%) –0.25 (0.97) 0.75 (0.97)** –0.75 (1.14) 0.01 (0.85)
Sys (mmHg) 2.92 (4.19) 0.33 (3.31) –0.17 (3.21) –1.92 (3.55)
Dia (mmHg) –0.33 (6.01) 1.58 (1) –2.08 (7.83) 0.42 (10.77)

WBVD
Controls
HR (1/min) 6.92 (3.15)*** 0.17 (3.3) –3.92 (8.11) –2.92 (6.32)
SaO2 (%) 0.58 (1.08) –0.08 (0.67) 0.17 (0.58) –0.42 (0.9)
Sys (mmHg) 0.75 (5.38) –0.42 (2.35) 1.17 (6.04) –2.58 (9.54)
Dia (mmHg) 0.33 (4.25)* –1.17 (2.17) 1.67 (5.85) –1.25 (7.17)

Patients
HR (1/min) 1.17 (4.28)*** 2.25 (4.22) –1.08 (2.68) –1.67 (3.08)
SaO2 (%) –0.83 (2.17) 0.42 (0.67) –0.5 (1.45) 0.33 (2.27)
Sys (mmHg) 3 (5.98) 1.5 (3.68) 0.42 (3.73) –6.42 (3.63)
Dia (mmHg) 4.67 (7.09)* 2.5 (5.57) –1.58 (4.85) –2.67 (8.78)

*p = 0.025; **p = 0.006; ***p = 0.003.
SD: standard deviation; HR: heart rate; Sys: systolic blood pressure; Dia: diastolic 
blood pressure; SaO2: oxygen saturation. 

Fig. 4. Oxygen saturation (SaO2 %) of both groups. (A) Vibration platform without dumbbell. (B) Vibration platform with dumbbell. Patients (black); 
controls (grey).
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effect. However, this study was not designed to evaluate such 
an effect, but to test the safety of the training.

WBVD was used for vibration exercise. This was well toler-
ated both by the patients and by the control group. However, 
compared with WBV, WBVD training requires a higher level 
of patient cooperation. It remains unclear whether a training 
effect can be achieved with this technique, and further studies 
are warranted. A study by McBride et al. found that vibration 
therapy during isometric contraction resulted in more efficient 
and effective recruitment of high threshold motor units (31). 

Based on the maximum bed inclination, we used a 25° 
inclination, which was usually sufficient put the subject’s 
weight onto the WBV plate. The WBV device is constructed 
so as to reduce the frequency of WBV if the patient does not 
put enough weight on the plate. 

The novel approach of using WBV and WBVD in ICU pa-
tients was favourably tolerated in the current study. Alternative 
strategies include electrical muscle stimulation; however, this 
is only moderately tolerated by the majority of patients (32).

Over a 16-day period, Meesen et al. used neuronal muscle 
stimulation in critically ill patients, stimulating 1 leg while 
the second leg was not trained (33). Significant changes were 
observed after 7 days. While the untrained leg showed reduced 
muscle size, the muscle mass in the trained leg increased. In 
this study, no change in vital signs occurred during or after 
exercise (33). Gerovasili et al. reported decelerated muscle loss 
concerning the diameter of the rectus femoris muscle in criti-
cally ill patients by neuronal muscle stimulation over 9 days 
(34). Gruther et al. showed long-term effects of neuromuscular 
training on the diameter of the quadriceps femoris muscle dur-
ing more than 2 weeks (35). Taken together, there is evidence 
of a positive effect of electric muscle stimulation on muscle 
mass. Further research is required to determine whether WBV 
and WBVD have the potential for a similar effect.

Various studies have reported a positive effect of early re-
habilitation in the ICU, resulting in increased muscle strength, 
mobility and quality of life (36), as well as a reduction in the 
duration of artificial ventilation (37), length of hospital stay, 
or time in the ICU (38). It is also known that exercise training 
can result in physiological left ventricular hypertrophy with 
beneficial effects in patients with COPD (39).

There is strong evidence for the positive effects and safety 
of early rehabilitation in the ICU setting; however, no clear 
definition or recommendations have yet been established (13). 
Future studies should describe the precise intervention and 
its validity.

This study has some limitations. The patients were older 
than controls and the controls were all male. In addition, the 
ICU patients were taking several medications and had a num-
ber of comorbidities, which may have influenced the results. 
However, these limitations do not affect the findings regarding 
feasibility and safety. 

In conclusion, the present study examined feasibility and 
safety aspects of using WBV and WBVD therapy in ICU pa-
tients, and demonstrated no obvious harm to the patient. WBV 
and WBVD therapy should be considered for use during ICU 
treatment. Further prospective randomized trials are required 
to evaluate the potential beneficial effects of WBV and WBVD 
therapy on early rehabilitation in ICU patients.

ACKNOWLEDGEMENTS

This study was supported by the German Center for Lung Research 
(COPD II, 82DZL00502) and by a Research Grant of the University 
Medical Center Giessen and Marburg. The authors declare that they have 
no competing interests.

The authors thank NOVOtec for providing the prototype Galileo vibra-
tion platform with dumbbell.

REFERENCES

1. Kortebein P, Ferrando A, Lombeida J, Wolfe R, Evans WJ. Effect 
of 10 days of bed rest on skeletal muscle in healthy older adults. 
JAMA 2007; 297: 1772–1774.

2. Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake 
G, Chan P, et al. Acute skeletal muscle wasting in critical illness. 
JAMA 2013; 310: 1591–1600.

3. Bloomfield SA. Changes in musculoskeletal structure and function 
with prolonged bed rest. Med Sci Sports Exerc 1997; 29: 197–206.

4. Ferrando AA, Paddon-Jones D, Wolfe RR. Bed rest and myopa-
thies. Curr Opin Clin Nutr Metab Care 2006; 9: 410–415.

5. Davydow DS, Desai SV, Needham DM, Bienvenu OJ. Psychiatric 
morbidity in survivors of the acute respiratory distress syndrome: 
a systematic review. Psychosom Med 2008; 70: 512–519.

Fig. 5. Surface electromyography of the quadriceps (vastus lateralis) in 1 healthy control subject at rest, under isometric contraction, and under whole-
body vibration (WBV).

J Rehabil Med 48



321Whole body vibration therapy in intensive care patients

6. Davydow DS, Gifford JM, Desai SV, Bienvenu OJ, Needham DM. 
Depression in general intensive care unit survivors: a systematic 
review. Intensive Care Med 2009; 35: 796–809.

7. Davydow DS, Gifford JM, Desai SV, Needham DM, Bienvenu OJ. 
Posttraumatic stress disorder in general intensive care unit survi-
vors: a systematic review. Gen Hosp Psychiatry 2008; 30: 421–434.

8. Hopkins RO, Weaver LK, Collingridge D, Parkinson RB, Chan 
KJ, Orme JF. Two-year cognitive, emotional, and quality-of-life 
outcomes in acute respiratory distress syndrome. Am J Respir Crit 
Care Med 2005; 171: 340–347.

9. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados 
N, Cooper A, et al. Functional disability 5 years after acute res-
piratory distress syndrome. N Engl J Med 2011; 364: 1293–1304.

10. van der Schaaf M, Beelen A, Dongelmans DA, Vroom MB, Nollet 
F. Poor functional recovery after a critical illness: a longitudinal 
study. J Rehabil Med 2009; 41: 1041–1048.

11. Ali NA, O’Brien JM, Hoffmann SP, Phillips G, Garland A, Finley 
JC, et al. Acquired weakness, handgrip strength, and mortality 
in critically ill patients. Am J Respir Crit Care Med 2008; 178: 
261–268.

12. Adler J, Malone D. Early mobilization in the intensive care unit: 
a systematic review. Cardiopulm Phys Ther J 2012; 23: 5–13.

13. Kayambu G, Boots R, Paratz J. Physical therapy for the critically 
ill in the ICU: a systematic review and meta-analysis. Crit Care 
Med 2013; 41: 1543–1554.

14. Lee K, Lee S, Song C. Whole-body vibration training improves 
balance, muscle strength and glycosylated hemoglobin in elderly 
patients with diabetic neuropathy. Tohoku J Exp Med 2013; 231: 
305–314.

15. Clark DE, Lowman JD, Griffin RL, Matthews HM, Reiff DA. 
Effectiveness of an early mobilization protocol in a trauma and 
burns intensive care unit: a retrospective cohort study. Phys Ther 
2013; 93: 186–196.

16. Winkelman C, Higgins PA, Chen YJ. Activity in the chronically 
critically ill. Dimens Crit Care Nurs 2005; 24: 281–290.

17. Puhan MA, Gimeno-Santos E, Scharplatz M, Troosters T, Walters 
EH, Steurer J. Pulmonary rehabilitation following exacerbations 
of chronic obstructive pulmonary disease. Cochrane Database Syst 
Rev 2011: CD005305.

18. Parker A, Sricharoenchai T, Needham DM. Early Rehabilitation 
in the Intensive Care Unit: Preventing Physical and Mental Health 
Impairments. Curr Phys Med Rehabil Rep 2013; 1: 307–314.

19. Kotel’nikov GP, Piatin VF, Bulgakova SV, Shirolapov IV. Whole 
body vibration (acceleration) training increases bone mineral 
density and serum levels of osteocalcin in elderly women. Adv 
Gerontol 2010; 23: 257–262.

20. Greulich T, Müller S, Fechtel J, Nell C, Holland A, Bach JP, et 
al. Special training therapy to reduce inflammation in Anti-Jo-1 
syndrome. Pneumologie 2011; 65: 624–627.

21. Hilgers C, Mündermann A, Riehle H, Dettmers C. Effects of 
whole-body vibration training on physical function in patients 
with multiple sclerosis. NeuroRehabilitation 2013; 32: 655–663.

22. Park YG, Kwon BS, Park JW, Cha DY, Nam KY, Sim KB, et 
al. Therapeutic effect of whole body vibration on chronic knee 
osteoarthritis. Ann Rehabil Med 2013; 37: 505–515.

23. Del Pozo-Cruz J, Alfonso-Rosa RM, Ugia JL, McVeigh JG, Pozo-
Cruz BD, Sañudo B. A primary care-based randomized controlled 
trial of 12-week whole-body vibration for balance improvement 
in type 2 diabetes mellitus. Arch Phys Med Rehabil 2013; 94: 
2112–2118.

24. Gloeckl R, Heinzelmann I, Baeuerle S, Damm E, Schwedhelm AL, 
Diril M, Bet al. Effects of whole body vibration in patients with 
chronic obstructive pulmonary disease--a randomized controlled 
trial. Respir Med 2012; 106: 75–83.

25. Greulich T, Nell C, Koepke J, Fechtel J, Franke M, Schmeck B, et 
al. Benefits of whole body vibration training in patients hospitalised 
for COPD exacerbations – a randomized clinical trial. BMC Pulm 
Med 2014; 14: 60.

26. Pleguezuelos E, Pérez ME, Guirao L, Samitier B, Costea M, Ortega 
P, et al. Effects of whole body vibration training in patients with 
severe chronic obstructive pulmonary disease. Respirology 2013; 
18: 1028–1034.

27. 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.

28. Rittweger J. Vibration as an exercise modality: how it may work, 
and what its potential might be. Eur J Appl Physiol 2010; 108: 
877–904.

29. Buehring B, Belavy DL, Michaelis I, Gast U, Felsenberg D, Rit-
tweger J. Changes in lower extremity muscle function after 56 days 
of bed rest. J Appl Physiol (1985) 2011; 111: 87–94.

30. Pousset F, Copie X, Lechat P, Jaillon P, Boissel JP, Hetzel M, et 
al. Effects of bisoprolol on heart rate variability in heart failure. 
Am J Cardiol 1996; 77: 612–617.

31. McBride JM, Porcari JP, Scheunke MD. Effect of vibration during 
fatiguing resistance exercise on subsequent muscle activity during 
maximal voluntary isometric contractions. J Strength Cond Res 
2004; 18: 777–781.

32. Williams N, Flynn M. A review of the efficacy of neuromuscular 
electrical stimulation in critically ill patients. Physiother Theory 
Pract 2014; 30: 6–11.

33. Meesen RL, Dendale P, Cuypers K, Berger J, Hermans A, Thijs H, 
et al. Neuromuscular electrical stimulation as a possible means to 
prevent muscle tissue wasting in artificially ventilated and sedated 
patients in the intensive care unit: a pilot study. Neuromodulation 
2010; 13: 315–320; discussion 321.

34. Gerovasili V, Stefanidis K, Vitzilaios K, Karatzanos E, Politis 
P, Koroneos A, et al. Electrical muscle stimulation preserves the 
muscle mass of critically ill patients: a randomized study. Crit 
Care 2009; 13: R161.

35. Gruther W, Kainberger F, Fialka-Moser V, Paternostro-Sluga T, 
Quittan M, Spiss C, et al. Effects of neuromuscular electrical 
stimulation on muscle layer thickness of knee extensor muscles 
in intensive care unit patients: a pilot study. J Rehabil Med 2010; 
42: 593–597.

36. Lord RK, Mayhew CR, Korupolu R, Mantheiy EC, Friedman MA, 
Palmer JB, et al. ICU early physical rehabilitation programs: finan-
cial modeling of cost savings. Crit Care Med 2013; 41: 717–724.

37. Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik 
AJ, Esbrook CL, et al. Early physical and occupational therapy 
in mechanically ventilated, critically ill patients: a randomised 
controlled trial. Lancet 2009; 373: 1874–1882.

38. -Muehling BM, Halter G, Lang G, Schelzig H, Steffen P, Wagner 
F, et al. Prospective randomized controlled trial to evaluate “fast-
track” elective open infrarenal aneurysm repair. Langenbecks Arch 
Surg 2008; 393: 281–287.

39. Alter P, Luetteken L, Nell C, Haid D, Kehr K, Greulich T, et al. 
Exercise training leads to physiological left ventricular hypertro-
phy in COPD. Int J Cardiol 2014; 174: 156–157.

J Rehabil Med 48


