
Journal of Human Kinetics volume 14, 2005, 3-20 
© Editorial Committee of Journal of Human Kinetics 

3 

 

Could Vibration Training Be an Alternative to Resistance 
Training in Reversing Sarcopenia? 

by 
Wiktor Niewiadomsk1i, Marco Cardinale2,  

Anna Gasiorowska1, Gerard Cybulski1, Bogdan Karuss1,  
Anna Strasz3 

 Age dependent loss of strength and muscle mass, termed sarcopenia, 
worsens normal functioning of the elderly, increases the risk of fall and 
finally leads to the loss of their independence. Sarcopenia is also closely 
linked to age-related losses in bone mineral density, basal metabolic rate 
and increased body fat content. 
 Resistance training may reverse sarcopenia at any age. It may also re-
duce associated abnormalities. However, a safe and effective resistance 
exercise program requires complex exercises and close supervision, and 
quite a lot of time before any significant effect can be seen. 
 A novel form of exercise based upon the application of sinusoidal vibra-
tions to the whole body (WBV), can enhance force generating capacity in 
humans. Recently it has been demonstrated that vibration training can in-
duce skeletal muscle strength increase similarly to that seen after resis-
tance training, both in young and elderly persons. Conflicting results 
concerning the effectiveness of VT in improving muscle strength, as well 
as bone mineral density could be related to insufficient intensity of VT 
applied in some studies. Knowledge on various aspects of physiological 
response to effective VT is at present very scarce, therefor well-founded 
decision as to whether VT could be an alternative to RT in reversing sar-
copenia seems currently premature. 
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Sarcopenia 

Lengthening of average span of human life unveils a host of age related ail-
ment, among them age dependent loss of strength and muscle mass, termed 
sarcopenia. Maximal muscle strength declines gradually, about 15% during 6th 
decade and further 15% in 7th decade, later the rate of loss doubles. Doherty 
[2003] summarizing the number of studies on age dependent loss of maximal 
strength, states that on average, healthy men and women in the 7th and 8th dec-
ades retain 60-80% maximal strength compared with their younger counter -
parts. Very old persons retain half or less than half of their peak strength. This 
age dependent loss of maximal strength, reduces the strength reserve and 
brings elderly persons towards their "threshold for independence" [Young and 
Skelton 1994, Rantanen and Avela 1997, Kozakai et al. 2000], and increases the 
risk of fall [Morley et al. 2001]. Sarcopenia is also closely linked to age-related 
losses in bone mineral density, basal metabolic rate and increased body fat 
content [Evans 1997]. 

Resistance training (RT) reverses age dependent strength loss. 

Resistance training (termed also strength training) requires the body’s mus-
culature to move against an opposing force, hence its name. The basic unit of 
strength training is a repetition. The repetition is sequence of movements end-
ing back in starting position. It normally consists of the concentric muscle ac-
tion, when the muscles involved are shortening, and the eccentric muscle ac-
tion, when they are lengthening. Set is usually a predefined number of repeti-
tions of chosen exercise performed continuously without stopping. The number 
of repetitions per set typically range from 1 to 15. 

The maximum number of repetitions per set (RM) is the maximal number of 
repetitions, which can be performed without stopping at given resistance. Thus, 
1-RM is the resistance at which only one repetition can be performed. The in-
tensity of an exercise can be expressed as a percentage of the 1-RM. The smaller 
intensity, the smaller percentage of 1-RM, and the more repetitions can be per-
formed. The 85% 1-RM intensity usually allows performing 3 repetitions. Alter -
natively, this intensity may be expressed as 3-RM. Using 80% 1-RM may allow 
performing 10 repetitions, thus this intensity equals 10-RM. The intensities al-
lowing 1 to 6 repetitions are the most effective in increasing strength muscle. 
Increase of strength muscle obtained with small number of repetitions per -
formed against heavy resistance can not be gained with large number of repeti-
tions performed against light resistance. Intensity of 50% 1-RM suffices to in-
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crease strength muscle,. The intensities which allow more than 25 repetitions 
have small or no influence on increasing strength muscle [Atha 1981]. 

Effective resistance training increases the 1-RM, therefore maintaining the 
same individual percentage of 1-RM will typically require increasing resistance 
along with training induced increase of muscle strength.  

Resistance training, .but not endurance training, may reverse sarcopenia. It 
was demonstrated that increase of muscle strength and endurance could be 
achieved at any age, given resistance exercise program of sufficient frequency, 
intensity and duration. Number of authors has demonstrated substantial in-
crease of maximal knee extensors strength after 10 or more weeks of resistance 
training expressed as 1 RM gain. Frontera et al. [1988] reported over 100% of 1 
RM gain (and almost 230% gain of knee flexors 1 RM) after 12 weeks of resis-
tance training in 60-72 years old men. Also, over 100% increase of knee exten-
sors 1 RM was reported by Fiatarone et al. [1990] in the group of 72-98 years old 
men and women after 10 weeks of resistance training. Lexell at al. [1995] noted 
even grater increase, over 150%, after 11 weeks of resistance training in 70-77 
years old men and women. Harridge et al. [1999] found over 130% increase in 
a group of very elderly subjects (85-97 years) after 12 weeks of strength training. 
Other researchers reported more modest increases: from 26 to 50% of knee ex-
tensors 1 RM in men and women in their 7th and 8th decades [Charette et al. 
1991, McCartney et al. 1996,  Hakinnen et al. 1998, Hunter et al. 1999, Tracy et 
al. 1999, Yarasheski et al. 1999, Hagerman et al. 2000, Lemmer et al. 2000,  Brose 
et al. 2003 Ferri et al. 2003]. Even lesser improvements, below 20% have been 
documented by Roelants et al. [2004], and Reeves et al. [2004]. Reeves et al. give 
following explanation for these disparate results: 1/ different average age of 
study participants, 2/ difference in pretraining sedentary status, 3/ effect of fa-
miliarization period (if applied) which may induce neural adaptation resulting 
in increased weight-lifting capacity. Also, beside these causes of disparity, de-
tails of training protocols should be taken into consideration.  

Resistance training may also reduce associated abnormalities: in comparison 
to endurance training the beneficial effects of resistance training on bone den-
sity are superior, on CHO metabolism similar, and on maximal oxygen con-
sumption, blood pressure, lipid profile, hypertension, obesity smaller [Pollock 
and Evans 1999]. 

Resistance training in elderly 

A training session includes all exercises performed in a given time period. 
A recommended training session for older adults consists of 8 kinds of exer-
cises, which increases strength of large muscle groups that are important in 
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everyday activities (arms, shoulders, spine, hips, and legs). At the beginning of 
training 80% 1-RM (i.e. 10-15 repetitions per set) intensity is recommended. 
Progressive increase in 1-RM percentage is possible. At the start of training it is 
suggested to perform only one set of repetitions for every kind of exercise with 
2-3 min of rest between sets. Progression can go from 1 to 3 sets over training 
time for each type of exercise. The training consisting of 2-3 session per week is 
recognized as sufficient for gaining health benefits, each session consisting of 
single sets of 8-10 exercises [Evans 1999, Fleck and Kraemer 1997]. Similar rec-
ommendations can be found also in [ACSM 1998, ACSM 2002, Feigenbaum and 
Pollock 1999, Mazzeo and Tanaka 2001]. 

Safe and effective resistance exercise program requires the use of complex 
exercises and close supervision, and quite a lot of time before any significant 
effect can be seen. Therefore, given the generality of sarcopenia, which will 
accompany everybody's aging, though to variable degree [Kallman et al. 1990], 
enabling safe and resistance training to all, who could benefit from it and are 
willing to train, seems practically impossible. In search for solution, a partially 
supervised training program has been proposed, in which training consists of 
supervised training sessions and sessions at home [Capodaglio et al. 2005]. 

Vibration training (VT) 

Another solution could be a kind of training, which eliminates a need of 
employing highly qualified supervisors. A novel form training, consisting of 
exercises performed on the vibrating platform, which applies the application of 
sinusoidal vibrations to the whole body (WBV). Such vibration has been shown 
to produce adaptive responses similar to the ones obtained with conventional 
RT [Bosco et al. 1999, Cardinale and Bosco 2003, Cardinale and Pope 2003]. Re-
cently, group of Belgian researchers has shown, that VT and RT could bring 
similar increase in maximal strength in elderly women [Roelants, Delecluse, 
and Verschueren . 2004; Verschueren et al. 2004]. The VT consisted of unloaded 
static and dynamic knee-extensor exercises (high and deep squat, wide-stance 
squat, and lunge) performed on vibrating platform. Training progressed slowly 
toward higher intensity according to the overload principle. The training vol-
ume was increased by increasing duration of single session, the number  of se-
ries of one exercise, and the number of exercises. The training intensity was 
increased by increasing the amplitude of platform vibration (from 2.5 to 5 mm), 
frequency of vibration (from 35 Hz to 40 Hz), and by shortening the rest peri-
ods. Additionally, training intensity was increased by changing the form of 
exercise from predominantly two-legged to one-legged. The total duration of 
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vibration in one session increased from 5 min at the start of training to 30 min at 
its end.  

Resistance training was programmed in accordance with recommendation 
of ACSM Position Stand [1998]. Resistance training was design as slowly pro-
gressing, similarly to VT. It started from two sets at intensity of 20-RM and pro-
gressed through 15-RM, 10 -RM up to 8-RM. The trainees performed a total 
body resistance training program including leg extension and leg-press. Both 
VT and RT lasted 24 weeks, with 3 training sessions per week.  

Vibration training was well accepted: most subjects enjoyed vibration load-
ing, and they did not consider it to be difficult workout. The participants re-
ported a moderate muscle fatigue at the end of each session. There were no 
reports of adverse side effects. During the first sessions only there were some 
erythrema, edema and itching of the legs after vibration exercise, which re-
solved rapidly after training. Of initial 30 persons in each group, four from each 
group left the training because of non-training related problems. Of the re-
maining: one subject from VT group and 3 subjects from RT group left the 
training because of mild knee-joint discomfort. Further 3 subjects left RT group 
because of anterior knee pain (patellofemoral dysfunction, patellar tendinopa-
thy), finally one subject left RT group because of back problems, and 2 subjects 
from both groups left the programs because of some knee-pain related to 
a history of knee-injuries. The VT training was completed by 24 persons, and 
RT by 20 persons. It might be said than, that among elderly women dropout 
from VT training was lesser than from RT. However, such conclusion is limited 
to this particular study, and in face of lack of other studies comparing VT and 
RT in elderly subjects, such conclusion need support from further studies of this 
kind. 

Maximal isometric knee-extensor strength increased significantly already 
after 12 weeks of training in both groups: on average 12.4% in VT group, 16.8% 
in RT group. Next 12 weeks of training brought no significant increase, final 
gain being 15% and 16.1% in VT and RT groups respectively. Maximal dynamic 
strength, measured as peak torque during the knee extension performed at 
100°/s velocity also increased significantly after 12 weeks of training: 12.1% in 
VT group, and 12.4% in RT group, achieving 16.1% and 13.9% increases respec-
tively. Speed of movement of knee extension significantly increased (about 6-
7%) only at low resistance only in VT group. Counter-movement jump height 
rose significantly by 19.4% in VT group, and by 12.9% in RT group. These re-
sults justified the authors’ conclusion, that VT is as efficient as conventional RT 
in improving knee-extension maximal strength, speed of movement and 
counter-movement jump performance in older women. However, this study 
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does not support notation, that VT training requires less supervision, than RT, 
thus being the solution to logistic problem of providing safe and efficient 
countermeasures against sarcopenia. Both groups, VT and RT, were supervised 
through all 24 weeks of training by certified American College of Sports Medi-
cine health and fitness instructor s, with one-to-three trainer-to-subject ratio. It 
follows that solving accessibility problem requires specially designed study, of 
the kind being performed for RT [Capodaglio et al. 2005]. The positive effect of 
VT on nursing home residents has been found by Bruyere et al. [2005]; these 
researchers found that 6-week VT combined with physical therapy significantly 
decreased the risk of all and improved health-related quality of life, whereas 
physical therapy alone caused no improvement. 

The results obtained in the group of elderly women [Roelants, Delecluse and 
Verschueren 2004] are similar to those obtained in young untrained women 
(mean age 21.4 years) [Delecluse et al. 2003]. In this study 12 weeks of either VT 
or RT training caused significant increse of maximal isometric (dynamic) knee-
extensor strength: on average 16.6% (9%) in VT group, and 14.4% (7%) in RT 
group. Counter-movement jump height rose significantly by 19.4% only in VT 
group, maximal speed of movement remained unchanged. Of particular inter -
est in this study is the proof, that static and dynamic knee-extensor exercises 
performed without sufficiently high amplitude of platform vibration did not 
influence maximal knee-extensor strength. 

The effectiveness of VT has not been confirmed in all studies. Recently Dele-
cluse et al. [2005] found "despite the expanding use of Whole Body Vibration 
training among athletes", no surplus value of adding RT to conventional train-
ing program in sprint-trained athletes. De Ruiter et al. [2003] found no im-
provement in functional knee-extensor muscle strength after 11 weeks of stan-
dard two-legged VT in healthy young subjects. However the training program 
implemented by these researchers did not obey overload principle, volume and 
intensity remaining constant throughout the whole training program and re-
sembling that used in the start period by Roelants, Delecluse and Verschueren  
[2004]. In a study on young and adult (19-38 years) men and women Torvinen 
et al. [2003] found benefit in the vertical jump height and no improvement in 
maximal isometric strength of lower extremities after 8-month VT, training load 
being merely 4 min/day vibration, 3-5 times a week. Luo, McNamara, and 
Moran [2005] reviewing the use of VT stated that using insufficient amplitude 
and duration of vibration renders VT ineffective. 
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Need to know physiological response to VT 

In a recent review on VT Jordan et al. [2005] conclude essential, in face of 
substantial evidence regarding the negative effects of vibration on the human 
body [Seidel 1993], that a thorough understanding of the VT implications be 
acquired prior to application of this type of training in athletic situations. This 
postulate is of particular importance if VT would be applied permanently to 
aged individuals. Only with sufficent body of knowledge on physiological con-
sequences of VT in elderly will be acquired, the sound decision which kind of 
training: RT or VT fits better needs of aged persons could be met. At present 
relative abundance of knowledge about various aspects of physiological re-
sponse to RT are in contrast with the scarcity of such knowledge regarding VT. 

 

Cardiovascular response to RT and VT 

Resistance training is often recommended with reservation due to belief it 
will be accompanied by large rise of arterial blood pressure. Indeed, during 
different forms of resistance training high increase in blood pressure and heart 
rate has been observed [Fleck and Dean 1985, MacDougall et al. 1985, Fleck and 
Dean 1987, Stone et al. 1991, Sale et al. 1993, Sale et al. 1994, Scharf et al. 1994]. 
However, relative safety of resistance training has been demonstrated [Sheldahl 
et al. 1983, Sheldahl et al. 1985, Vander et al. 1986, Keleman et al. 1986, Crozier 
et al. 1988, Sparling i Cantwell 1989]. Evans [Evans 1999] states clearly: "with 
proper breathing technique, the cardiovascular stress of resistance exercise is 
minimal"). Fleck and Kraemer [1997] draw attention to significance of Valsalva 
maneuver; they showed that blood pressure increase could be greater during 
Valsalva maneuver performed without isometric exercise than during isometric 
exercise performed without Valsalva maneuver. 

The mechanism of circulatory response to resistance exercises is complex. 
Rise of blood pressure results from rise in cardiac output (CO) and/or total pe-
ripheral resistance (TPR), with variable share of these parameters.  

The heart rate and arterial pressure increase over repetitions, with the high-
est values recorded during the last two repetitions of a set and greater re-
sponses at the higher relative load [Stone et al. 1991, McCartney et al. 1993]. In 
dynamic resistance training, higher blood pressure but not heart rate occurs 
during the concentric than during the eccentric portion of repetition [Falkel et 
al. 1992]. Stroke volume is not elevated significantly above resting values dur -
ing the concentric phase. However, during the eccentric phase stroke volume is 
significantly increased above resting values and is significantly greater than 
during the concentric phase of repetition. During the resistance training CO can 
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increase several times when the mass of muscles engaged in exercise is large. 
However, during an exercise involving a smaller muscle mass rise in CO could 
be insignificant [Miles et al. 1987]. The blood pressure response increases with 
the active muscle mass, but the response is not linear. The peak blood pressure 
and heart rate are higher during sets at submaximal loads to voluntary failure 
than using 1-RM resistance [MacDougall et al. 1985, Fleck and Dean 1987, Sale 
et al.1994]. 

Is the claimed cardiovascular safety of RT justified? If seems more appropri-
ate to speak about relative safety of RT, as compared to endurance training 
[Vinson et al. 1990, Faigenbaum et al. 1990, Green et al. 2001]. For instance 
Faigenbaum et al. observed much more adverse cardiac events in cardiac pa-
tients during the graded exercise stress test than during maximal contraction 
effort or during repetitions with submaximal force. Vinson et al. observed con-
siderable inter-individual variability in cardiovascular response to resistance 
exercises as compared to response to endurance exercise: in some persons the 
maximal response to resistance exercise was less than to endurance exercise, 
however in the others reverse was true. RT did not change maximal response of 
arterial blood pressure in elderly men [Hagerman et al. 2000]. 

It is likely that age-dependent diminished adrenergic responsiveness of the 
heart would result in qualitatively different mechanism of cardiovascular re-
sponse. It has been found that in elderly the cardiovascular adaptation to exer-
cise relies to lesser degree on adrenergic stimulation and instead the mechanism 
of Frank – Starling law of heart is utilized [Gerstenblith et al.1987]. 

At present, we are unaware of any study on cardiovascular response to 
WBV. 

Hormonal response to RT and WBV – disparate results 

Whether WBV can acutely alter the hormonal profile is at present uncertain. 
In earlier study Bosco, Iacovelli et al. [2000] reported, that in response to WBV 
treatment of young males, plasma concentration of testosterone and growth 
hormone increased, whereas cortisol level decreased. Recent study by DiLoreto 
et al. [2004] reports no change after 25 min of WBV of middle-aged men in vari-
ety of hormones: insulin, glucagon, cortisol, epinephrine, growth hormone, IGF-
1, free and total testosterone. Also disparate results has been obtained concern-
ing resistance exercises: in the study of Bosco, Colli et al. [2000] single heavy 
resistance training session performed by male sprinters resulted in postexercise 
lowering of testosterone and cortisol. Borst et al. [2002] found in young healthy 
adults, after acute resistance exercise, no change in testosterone but increase in 
cortisol level. This authors also did not find any changes in resting serum con-
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centration of IGF-1, IGF binding proteins –1 and –3 ( IGFBP-1 and IGFBP-3), 
testosterone, and cortisol induced by 6 month RT. No data concerning hormo-
nal changes induced by long-term VT are yet available. 

Osteogenic effects of RT and VT 

The effect of different exercise interventions on bone mineral density (BMD) 
has been extensively studied [Todd and Robinson 2003]. In general, these stud-
ies shown that high impact exercises like vigorous aerobic exercises, weight 
training, running and squash increases BMD at hip and lumbar spine, whereas 
low impact exercises like swimming, walking or gentle aerobic exercise offer no 
protection or protect against farther loss of BMD at best. Regarding RT, it has 
been shown that in persons, aged 60-83 years, low - and high-intensity RT in-
creased bone turnover, as evidenced by increased serum levels of osteocalcin 
and bone-specific alkaline phosphatase, but high-intensity RT only increased 
bone mineral density of the femoral neck [Vincent and Braith 2002]. Authors 
concluded that exercises intensity of 80% 1-RM may be indispensable to in-
crease bone mineral density. Experiments on animals showed that vibration 
treatment could also represent an effective non-pharmacological intervention 
for increasing osteogenic stimulus in animals [Rubin et al. 2001]. Equivocal re-
sults have been presented regarding osteogenic effects of VT. Torvinen et al. 
[2003] found no BMD improvement in any skeletal site, whereas Verschueren et 
al. [2004], applied much greater training load and noted significant increase of 
hip BMD. Thus, achieving BMD increase most probably requires high enough 
intensity of VT similarly to intensity of strength exercises required to achieve 
strength improvement, also.  

Exercise-induced oxidative stress 

Beside beneficial health effects of physical activity, many studies have re-
ported increased generation of reactive oxygen species (ROS) [Witt et al. 1992, 
Sanchez-Quesada et al. 1995]. Prolonged submaximal exercise elevated whole 
body [Gee and Tappel 1981] and skeletal muscle [Davies et al. 1982] concentra-
tion of lipid peroxidation byproducts. However, the activities of antioxidant 
enzymes such as superoxide dismutase, catalase, and gluthatione peroxidase, 
and the concentration of glutathione can increase following aerobic exercise 
training [Evelo et al. 1992, Hellsten et al. 1996, Powers et al. 1998, Vincent et al. 
2002]. Higher training intensities induce greater changes in the antioxidant de-
fense [Powers et al. 1994]]. These observation led to what have been termed “ 
the exercise-induced oxidative stress paradox” [Leaf et al. 1999]: it was found, 
that exercise training increased work capacity without a concomitant increase in 
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expired markers of lipid peroxidation, and decreased lipid oxidation product 
plasma malondialdehyde (MDA) level. It has been even suggested, [Radak et al. 
2001] that regular exercise results in overcompensation against increased level 
of reactive oxygen and nitrogen species, what may lead to a decreased base 
level of oxidative damage and increased resistance to oxidative stress. This 
paradox seems of particular interest in elderly. A senescent organism is more 
susceptible to oxidative stress during exercise, and muscle repair capacity is 
reduced, however the elderly who are physically active seem to benefit  from 
exercise-induced adaptation in cellular antioxidant defense system [Ji 2001]. 

Plasma antioxidants, lipids oxidation products, and muscle damage in 
response to RT. 

There are few studies on changes in plasma antioxidants and lipids oxida-
tion products after resistance exercises. McBride et al. [1998] found increased 
MDA level at 6 and 24 h after high intensity resistance exercise. Alessio et al. 
[2000] compared effect of exhaustive aerobic and anaerobic isometric exercise 
on biomarkers of oxidative stress. They found 14-fold increase of oxygen con-
sumption with aerobic and 2-fold after anaerobic exercise, and accordingly 
lesser and shorter lasting increase in protein carbonyls – product of protein 
oxidation, however lipid hydroperoxides (LH) increased more after anaerobic 
exercise. Both types of exercises increased total antioxidants. Vincent et al. 
[2002] found that 6 months of RT in elderly can prevent the elevation of serum 
lipid peroxidation levels following acute aerobic exercise and can enhance thiol 
group mediated detoxification system. Ramel, Wagner and Elmadfa [2004] ex-
amined resistance-trained and non-resistance trained subjects, and found after 
submaximal resistance exercise increase of fat soluble antioxidants, MDA, but 
not ascorbic acid. Another product of lipid oxidation – conjugated dienes –in-
creased only in non-resistance trained group. Authors suggest that regular RT 
partly prevents lipid peroxidation during exercise. Recently, protective effect of 
RT against oxidative stress in elderly subjects has been confirmed by Parise, 
Brose and Tarnopolsky [2005]. 

It is believed, that beside muscle cells damage caused by physical forces, 
these cells could be also damaged by increased rates of lipid peroxidation re-
sulting from oxygen radical production, especially in untrained persons, older 
men and women, and those with an inadequate antioxidant system [Evans 
2000]. Acute resistance exercise with the eccentric overload elevated muscle 
damage marker plasma creatine kinase (CK) concentration 24 h and 48 h, more 
in untrained than in resistance trained subjects [Dolezal  et al. 2000]. 
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Young healthy subjects increased their oxygen uptake up to 50% of their 
VO2max while performing static and dynamic squats on a vibrating platform 
[Rittweger  et al. 2000]. Oxygen uptake in young healthy subjects has been 
shown to increase with increase of vibration frequency and amplitude, and 
external load [Rittweger 2002]. Increased oxygen consumption may lead to en-
hanced production of free radicals, however, there is currently a lack of knowl-
edge on the acute effects of whole body vibration and chronic effects of VT on 
the markers of exercise-induced oxidative stress and antioxidant defense. 

Conclusions 

Vibration training, if applied in accordance to the overload principle, seems, 
as could be judged from first studies, as effective as resistance training, in re-
versing sarcopenia and increasing bone mineral density. However, because VT 
(like RT) has to be performed permanently by elderly trainees in order to sus-
tain increased muscle strength, potential adverse side effects have to be care-
fully determined and , if found, minimized by proper design of VT training. At 
present VT should be regarded promising alternative to RT as a sarcopenia 
countermeasure, however scarcity of data on physiological responses to VT 
precludes recommending VT as standard sarcopenia treatment. 
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