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Eighteen participants (22–43 years) were randomly allo-
cated to one of two groups: resistance training combined
with vibration (VIB; five males, four females) or resistance
training alone (CON; five males, four females). Each
participant trained three sessions per week (three sets of
10 seated calf raises against a load, which was increased
progressively from 75% of one repetition maximum (1RM)
to 90% 1RM for 4 weeks. For the VIB group, a vibratory
stimulus (30Hz, 2.5mm amplitude) was applied to the soles
of the feet by a vibration platform. The two groups did not
differ significantly with respect to the total amount of work
performed during training. Both groups showed a significant

increase in maximum voluntary contraction and 1RM
(Po0.01) with training. There were no significant changes
in measures that assessed the rate at which force was
developed. Countermovement jump height increased for
the CON (Po0.01) but not for the VIB group. Comparisons
between the groups revealed that they did not differ sig-
nificantly from one another with respect to any measure of
performance, before or following training. It appears that
vibration superimposed upon resistance training does not
alter or augment the increase in strength induced by
resistance training alone.

Vibration exercise is starting to enjoy great popular-
ity and is being utilized in a growing number of both
recreational and professional training facilities. Vi-
bration exercise utilizes a stimulus, consisting of a
low-amplitude sinusoidal mechanical vibration typi-
cally between 15 and 60Hz applied to multiple
muscles (and their antagonists) by various means
[e.g. whole-body vibration (WBV) platforms and
vibrating dumbbells]. Its use has been examined in
a number of studies in relation to muscular strength
(Torvinen et al., 2002, 2003; Delecluse et al., 2003;
Roelants et al., 2004a, b; Ahlborg et al., 2006), po-
wer generation (Bosco et al., 1998; Cardinale &
Lim, 2003b), flexibility (Cardinale & Lim, 2003b;
Cochrane & Stannard, 2005), balance (Bogaerts
et al., 2007) and bone mineral density (Verschueren
et al., 2004).
Although traditional resistance training is an ef-

fective means of increasing muscular strength, it can
be taxing for some groups such as the elderly,
particularly when heavy loads are used. Extended
periods of resistance training with progressively in-
creasing loads place considerable stress on the joints,
ligaments and tendons. Recent reports (e.g. Delecluse
et al., 2003) that exercises performed on a WBV
platform can induce increases in strength equivalent

to those realized by an extended period of resistance
training appear to suggest that vibration exercise
may represent an effective means of increasing
strength derived from repeated (reflexive) muscle
contractions, without the risks associated with the
use of heavy loads.
There is a growing body of evidence that suggests

that the effectiveness of vibration exercise may be
more restricted than was initially supposed. In a
recent review, Nordlund and Thorstensson (2007)
analyzed the methodologies of studies that have
examined the chronic effects of WBV. It was found
that, till that time, only 12 investigations have used a
research design that incorporated a control group.
Only five of these used a control group that per-
formed the same activities as the vibration group. Of
the five investigations, only one (Delecluse et al.,
2003) reported an improvement in strength and jump
performance in the WBV condition. More recently,
Kvorning et al. (2006) compared strength gains
resulting from WBV superimposed upon a regime
of resistance training with conventional resistance
training alone and WBV training alone. Their results
indicated that combined WBV and conventional
resistance training did not increase strength beyond
that which could be attributed to conventional re-
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sistance-training alone. While each group was
matched according to pre-training maximum volun-
tary contraction (MVC) and performed an equal
number of squat exercises, the study did not expli-
citly control the overall amount of work performed
by each group. The more general point is that it
cannot simply be concluded that the application of
vibration causes differential increases in strength
compared with traditional strength training, unless
the intensity of the exercise as well as the amount of
work that is performed during movements under-
taken under vibration and no-vibration conditions
are strictly controlled and equated.
The objective of the present study was to deter-

mine whether vibration superimposed upon resis-
tance training has differential effects on strength
gains beyond those that are induced by equivalent
resistance training alone. In order to appropriately
evaluate any differential effects that vibration com-
bined with resistance training may have when com-
pared with resistance training alone, there should be
no differences in the overall amount of external
mechanical work performed by each group during
training. To this end, we equated the external me-
chanical work as well as the intensity of the contrac-
tions by controlling the load as well as the movement
rate and amplitude during fully supervised training
of both an experimental (superimposed vibration)
and a control (no vibration) group. We chose a
seated calf-raise exercise so that the vibration could
be isolated to muscles of the lower leg, rather than
dispersed throughout the body.

Methods
Participants

Eighteen healthy participants were allocated to one of two
groups: a vibration exercise combined with a traditional
resistance-training group [VIB; five males (age 36.8 � 2.1
years, height 173.0 � 6.0 cm, weight 78.8 � 10.0 kg)] and
four females (age 34.0 � 11.4 years, height 162.3 � 4.8 cm,
weight 59.0 � 7.6 kg) or a traditional resistance-training alone
(CON) group [five males (age 36.5 � 4.1 years, height
186.7 � 10.5 cm, weight 81.2 � 17.7 kg)] and four females
(age 26.5 � 7.6 years, height 166.7 � 3.5 cm, weight
60.1 � 5.0 kg). There were no statistically reliable differences
between groups with respect to age (P5 0.34), height
(P5 0.11) or weight (P5 0.93). At the time of the investiga-
tion, the participants were relatively sedentary and were not
engaged in any regular program of physical activity. Each
participant gave informed consent and all procedures utilized
in this study were approved by the University of Queensland
Medical Ethics Committee and conducted in accordance with
the Declaration of Helsinki.

Apparatus

A seated calf-raise rig, with a heavy-duty seat and high
backrest (set at 901), was custom built to incorporate the
WBV platform (Power Plate

s

, Waalre, the Netherlands) and

instrumented to measure force and load displacement (Fig. 1).
Participants performed all testing with the exception of the
countermovement jump (CMJ), and training in this device
with their feet positioned upon the WBV platform. All
participants wore standardized footwear (‘‘martial arts’’ slip-
pers with minimal damping properties i.e. canvas upper, thin
rubber sole and no padding), to ensure that they all received
the same vibration dose.

To ensure that the position of each participant remained
constant throughout each of the testing/training sessions, each
person was seated and secured to the seat of the calf-raise
machine with a strap positioned around the anterior superior
iliac spinous processes of the pelvis and the base of the
backrest. A second strap was positioned around the chest
(under the armpits) and the top of the backrest. The feet of
each participant were placed upon the WBV platform base in
line under the knee so that the shank was vertical and the exact
position of each foot was recorded (utilizing a finely incre-
mented coordinate system superimposed along the border of
the WBV platform base).

A knee stop (custom-built metal stand with a vertical face)
was placed upon the base of the WBV platform with its
vertical face touching the patellae of the seated participant.
The position of a marker, located at the base of the knee stop,
was used to define the position of the participant’s knees
relative to the vibration platform (utilizing an orthogonal grid
located on the base plate of the platform).

In order to define the medial/lateral position of each
participant’s knees within the rig, a measure was affixed to
the superior aspect of the padded knee brace. A mark was
placed upon the point of intersection of the superior and
medial borders of the participant’s patellae and the position of
these marks relative to the measure on the knee brace served to

Fig. 1. The exercise apparatus incorporated a load cell,
potentiometer and the whole-body vibration platform
(Power Plate

s

).
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define the medial/lateral knee position. To ensure that the
anterior/posterior position of the padded knee brace was
consistent from one session to the next, a spirit level was
attached to its superior aspect. A double-sided hypoallergenic
tape, placed on the padding of the knee brace, ensured that the
knee position remained constant through the course of each
testing/training session. Once the knee position had been
defined and the knee brace was secured, the knee stop was
removed from the vibration platform.

The force applied by the participant in performing a calf
raise was registered by a load cell (Scale Components

s

250 lb,
Brisbane, Queensland, Australia). The knee brace against
which the participant pushed to perform the calf raise was
connected to a shaft by a rigid arm. Lifting the knee brace
caused the shaft to rotate. A potentiometer, mounted con-
centrically on the pivot shaft, measured the angular displace-
ment at the shaft. A rigid bar connected the shaft to the weight
stack via a cable and pulley system such that there was a direct
relation between the rotation of the shaft and linear displace-
ment of the load as the calf raise was performed. Auditory
signals (50ms square waves at 500Hz generated by a custom
digital I/O board in a microcomputer) provided pacing for the
training movements at a frequency of 0.3Hz. This frequency
was chosen based on pilot work and was found to be a
comfortable pace for participants to complete all contractions
within the training session. The force and displacement signals
along with the metronome were digitized at an analogue-to-
digital interface at a sampling rate of 200Hz and stored on a
microcomputer. Continuous visual feedback consisting of the
displacement of the load for the dynamic contractions in the
training sessions, and the level of force applied for the
isometric contractions during the testing sessions was pro-
vided via a dual-channel oscilloscope. The target motion/force
amplitudes were displayed on the second channel of the
oscilloscope.

Procedure

Pre-training assessment

Each participant’s strength performance was assessed using a
number of performance measures including isometric MVC,
one repetition maximum (1RM) and CMJ height. In addition,
their ability to produce force rapidly was assessed in both
isometric and dynamic contractions by determining the max-
imum rate of force development (RFD).

After completing a standardized warm-up (comprising
static upper and lower body stretching), participants per-
formed three practice CMJs to gain proficiency with the
technique. A series of three CMJs were performed using
‘‘Yardstick’’ (Swift Performance Equipment, Lismore, NSW,
Australia) to determine the height of each jump attained. The
Yardstick incorporates a vertical metal stand with mobile
horizontal indicators attached at the top. The upper portion of
the vertical stand comprises a zero indicator and 80 horizontal
indicators spaced 0.01m apart that rotate freely when struck.
Participants were instructed to perform a CMJ including arm
swing to strike the indicator stack at the highest possible point.
These values were recorded and the greatest height achieved in
each series was taken as a given participant’s CMJ value.

All other performance measures were performed in the
customized calf-raise rig. To minimize the potential for injury
or strain, a standardized set of static stretches (with specific
attention to the soleus and gastrocnemius) was undertaken by
each participant before all testing or training sessions. After
being comfortably seated and correctly positioned in the
apparatus, the participant performed a 1-min warm-up com-

prising contract–relax stretches involving plantar flexion and
extension movements (unweighted), in time with the metro-
nome tone (set to 0.3Hz) utilizing their full range of motion
(ROM).

Movement stops were secured under the WBV platform to
ensure that there was no compression of the device during
testing. Each participant’s full ROM was then determined and
the testing target ROM was calculated (50% of full ROM).
The oscilloscope was set to provide feedback of movement
amplitude during dynamic testing.

The testing target ROM was used as a criterion for
successful completion of a 1RM during pre-and post-inter-
vention sessions. Each participant initially started with a 10-kg
load and with each successful lift, the weight was increased in
increments of 10 kg to the point of failure. Once failure was
experienced, the load was set to the last weight successfully
completed plus 5 kg. If failure was experienced at this weight
then the load was reduced to the last weight successfully
completed plus 1 kg. With each successful lift, the weight
was increased in increments of 1 kg, once again to the point
of failure. The last weight successfully completed represented
the participant’s 1RM. Once the 1RM was determined for
each participant, the target line corresponding to the max-
imum amplitude of movement achieved while moving a load
equal to 60% of 1RM was set on the oscilloscope. Participants
were then instructed to move the oscilloscope trace, which
corresponded with the vertical position of the load, past the
target line as quickly as possible. One set (three repetitions) of
dynamic RFD trials was conducted using this load. The
procedure was repeated for an additional set of RFD trials
using a load equal to 75% of 1RM.

To determine MVC, the pulley system of the rig was
bypassed, converting the apparatus to an isometric device,
and the oscilloscope was adjusted to provide force feedback.
The first MVC was used to establish a force feedback target
line. Three more MVCs were then performed and the target
line was adjusted following each trial to represent the highest
level of force produced. Following the MVC trials, a target
line representing 75% of the highest value achieved in these
trials was set on the oscilloscope. Participants then performed
three isometric RFD trials with the aim of taking the force
feedback line past the target line as quickly as possible. All
MVCs were performed with the feet flat on the surface of the
vibration plate.

Training

A 4-week training intervention consisting of three sessions per
week (with each training session separated by at least 1 rest
day) was performed by each individual. The standard warmup
(as described above) was undertaken before each training
session. Three sets of 10 seated calf raises (with a 2-min rest
between sets) were performed in each session. The oscilloscope
was used to provide feedback of movement amplitude to the
participant throughout each training session. During training,
the stops that eliminated compression of the vibration plat-
form were removed and the training target ROM (taking
platform compression into consideration) was set on the
oscilloscope as the amplitude of the movement feedback target
line. The computer-generated metronome tone (set to 0.3Hz)
was used to define the frequency at which the repetitions were
performed. Participants were required to complete a full cycle
of movement (up and down) for each beat of the metronome.
By controlling the load, pacing and extent of the movement,
we were also able to standardize the intensity of the contrac-
tions.
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The progression over the 4-week intervention was set as per
the following training load schedule:

Week 1: 75% of 1RM (pre-test value)
Week 2: 80% of 1RM (pre-test value)
Week 3: 85% of 1RM (pre-test value)
Week 4: 90% of 1RM (pre-test value)

All participants performed resistance training with only the
soles of both feet in contact with the WBV platform; however,
only those participants in the vibration group received the
vibration stimulus. The lower leg of each VIB group member
was stimulated with 30 s of a low-frequency small-amplitude
sinusoidal vibration (30Hz at 2.5mm amplitude) while per-
forming the calf-raise exercise. Participants in the VIB group
received a total of 90 s of vibration per session (30 s of
vibration per set). For these vibration parameters, the max-
imum acceleration is given by

amax ¼A 2pfð Þ
2

¼88:83m=s2

where A is amplitude (m) and f is frequency (Hz).

Post-training assessment

The post-test protocol was the same as the pre-test protocol,
with the exception of an additional series of dynamic RFD
trials that were conducted after the isometric testing was
completed. In these extra trials, RFD trials were conducted
at 60% and 75% of the original pre-test 1RM value, thus
providing post-intervention RFD data that could be directly
compared with the values obtained in the pre-test session.

Statistics

The impact of training within each group was evaluated using
repeated measures analysis of variance (ANOVA). Differences
between the VIB and the CON groups were examined using a
single factor (training group) ANOVA design. The level of
significance was set to Po0.05 in all cases. An effect size, f,
was calculated for each F-ratio (Cohen, 1988) to aid in the
interpretation of the test of significance. The effect size
describes the degree of departure from no effect, in other
words, the degree to which the phenomenon is manifested. In
furnishing quantitative information beyond the binary out-
come of a standard inferential test (i.e. with respect to a
criterion a probability level such as 5%), the effect size
provides a basis upon which to compare directly the impact
of the various interventions that may be examined in a given
field of investigation. In order to critically evaluate the
magnitude of changes in muscular strength induced by a
variety of training regimes, it is essential that a common
metric, such as an effect size, be used.

Results

The volume of training was determined as the cumu-
lative positive mechanical work carried out in lifting
the weight over the course of the training period.
Between groups, ANOVA revealed that there were no
significant differences in the training volume between
the two groups (control group5 20.7� 10.8 kJ, vibra-
tion group5 19.0� 8.0 kJ; F(1, 16)5 0.153, P5 0.7,
f5 0.09).

Impact of training

Both groups showed an increase in their strength-
generating capability with training as shown in
Table 1. Control participants increased their 1RM
by 16.0% andMVC strength by 12.5% with training.
They also showed a small (2 cm), but statistically
significant (Po0.03), improvement in their perfor-
mance on the CMJ with training. Similarly, the
vibration group participants showed a significant
increase (16.0%) in 1RM and in MVC (14.7%)
with training (Po0.05 in both cases). For these
participants, there was no significant change in the
height reached in the CMJ with training.
Although both groups were able to increase

strength with training, there were no statistically
significant improvements in their ability to generate
force rapidly. For both groups, the training program
had no effect on the peak RFD at loads of 60% 1RM
or 75% 1RM whether the load was expressed as a
percentage of the original pre-training 1RM or the
new post-training 1RM (Table 1). Similarly, neither
group showed an effect for the RFD in the isometric
contraction (Table 1).

Between-groups comparisons

The potential effects of vibration superimposed upon
the conventional strength-training program were also
examined in a series of between-groups comparison.
These analyses failed to reveal significant differences
between the groups for any of the dependent mea-
sures obtained either before training began or once
the training program was completed (Table 1).
Although both groups became stronger with train-
ing, there were no additional benefits of the super-
imposed vibration.

Discussion

Ensuring that the two groups were closely matched,
and that there were no confounds with respect to the
amount of work performed by the two groups,
creates a sound basis upon which to assess whether
superimposed vibration alters or augments the en-
hancements of strength induced by conventional
resistance training. The pre-test data showed that
there were no significant differences between the
CON and the VIB groups in any of the measures
of performance that were assessed. In addition, the
amount of external mechanical work (i.e., the work
of lifting the weights) performed by the two groups
through the course of the 4-week training program
can, for all practical purposes, be considered iden-
tical. If the superimposed vibration stimulus resulted
in an internal workload beyond that of moving the
weights, it was either too small to constitute a
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training effect over the duration of the training
period or any effect there may have been was too
small to be detected in our measures of performance.
In either case, under the current conditions, the
training performed with superimposed vibration
had no benefit beyond that expected from the train-
ing alone.
It has been suggested previously that vibration

exercise preferentially recruits and trains fast-twitch,
high-force muscle fibers and, may therefore be parti-
cularly suited for training activities requiring explo-
sive, high-force contractions (e.g. Bosco et al., 1998).
On this basis, it might have been anticipated that the
VIB group would exhibit differential gains compared
with those derived by the CON group, particularly
with respect to measures that required rapid increases
in force production – namely the RFD and CMJ
height. Yet, in relation to these measures, the 4-week
vibration exercise training program failed to induce
improvements beyond those experienced by the con-
trol group. Indeed, our analyses consistently high-
lighted the fact that the vibration exercise had no
differential or additional effect on any of the measures
of functional performance examined in this study.

The only exception to this pattern of equivalence
was a small improvement in the CMJ jump height
that was observed only for the CON group. This
improvement was not, however, sufficiently large to
result in any post-training differences between the
groups. The CMJ relies on muscles in addition to
the triceps surae that were trained in this study.
Furthermore, the constrained nature of the training
configuration, with the knees flexed at 901, likely
limited the possible contribution of the biarticular
gastrocnemius muscle during the exercise training. It
has been demonstrated that at knee angles of 901,
electromyographic activity from medial and lateral
gastrocnemius is reduced to approximately 70%
of that achieved in a more extended position
(Kennedy & Cresswell, 2001; Adamantios et al.,
2006) possibly due to mechanical insufficiency,
whereas the ability to activate the monoarticular
soleus muscle is not influenced by knee angle. Com-
puter simulation studies, however, have demon-
strated that the soleus contributes approximately
8% of the total power developed in a maximal
effort CMJ, roughly equivalent to the contribution
of gastrocnemius and approximately 20% of the

Table 1. Mean (� standard deviation) for each dependent measure

Dependent variable Group Pre Post F(1, 8) P f

1RM (kg) Control 58.33 (13.6) 67.67 (16.3) 26.13 0.0009 1.20
Vibration 57.78 (11.6) 67.00 (16.0) 18.35 0.0027 1.01
F (1, 16) 0.01 0.01
P 0.93 0.93

Countermovement jump height reached (m) Control 2.58 (0.22) 2.60 (0.23) 7.60 0.03 0.69
Vibration 2.54 (0.20) 2.53 (0.21) 4.73 0.07 0.56
F (1, 16) 0.26 0.39
P 0.62 0.54

MVC (N) Control 606 (160) 682 (147) 40.42 0.0002 1.50
Vibration 626 (147) 718 (109) 8.78 0.018 0.70
F (1, 16) 0.08 0.34
P 0.79 0.57

RFD – isometric (N/s) Control 2547 (903) 2638 (766) 0.77 0.43 0.21
Vibration 3080 (729) 3148 (818) 0.29 0.63 0.13
F (1, 16) 1.90 1.87
P 0.19 0.19

RFD – 60% 1RM (original) (N/s) Control 3362 (957) 3117 (807) 2.03 0.19 0.34
Vibration 3822 (1070) 3697 (1012) 0.37 0.56 0.14
F (1, 16) 0.93 1.81
P 0.35 0.20

RFD – 60% 1RM (new) (N/s) Control 3362 (958) 3408 (1132) 0.05 0.83 0.05
Vibration 3822 (1070) 4197 (1349) 4.90 0.06 0.52
F (1, 16) 0.93 1.81
P 0.35 0.20

RFD – 75% 1RM (original) (N/s) Control 3110 (780) 3063 (911) 0.11 0.75 0.08
Vibration 3681 (1046) 3807 (1266) 0.23 0.64 0.11
F (1, 16) 1.73 2.05
P 0.21 0.17

RFD – 75% 1RM (new) (N/s) Control 3110 (780) 3088 (955) 0.02 0.90 0.03
Vibration 3681 (1046) 3837 (1267) 1.06 0.33 0.14
F (1, 16) 1.73 2.25
P 0.21 0.15

Statistics from repeated measures ANOVA plus effect size (f) are reported in horizontal rows, and between-groups comparison in columns.

1RM, one repetition maximum; MVC, maximum voluntary contraction; RFD, rate of force development; ANOVA, analysis of variance.
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largest contributor – the vasti muscles (Nagano et al.,
2005). It is conceivable that performance of the
CMJ while potentially enhanced by the large overall
changes in strength induced in the present study may
not be sufficiently sensitive to reliably express small
differences between the vibration and the control
groups.
The period of vibration used in this study was

relatively short. Could this have accounted for the
lack of additional effect? As each resistance training
set lasted 30 s, the concurrent vibration was also
administered for 30 s, resulting in a total of 90 s of
superimposed vibration (and resistance training) per
session. It has been demonstrated that exposure to
tendon vibration longer than 30 s results in a decrease
in muscle activation (Bongiovanni et al., 1990), likely
due to reduced Ia input to the motoneuron pool as a
result of neurotransmitter depletion (Hultborn et al.,
1996) and/or increased pre-synaptic inhibition
(Hultborn et al., 1987). The CON group performed
the same exercises (without the superimposed vibra-
tion) over the same duration. These resulted in
profound improvements in the various measures of
functional performance. This highlights the fact that
just 90-s exposure per training session, to an effica-
cious stimulus (i.e. movement against resistance),
three times per week, is sufficient to result in large
(and statistically significant) enhancements of perfor-
mance. It also seems reasonable to suppose that
asymptotic levels of performance were not yet
achieved before the termination of the study (Young
et al., 1985).
The failure of the VIB group to exhibit gains

beyond those achieved by the control group high-
lights the possibility that the vibration dose used in
this study may not be a potent supplementary-train-
ing stimulus. This does not preclude the possibility,
however, that the nature of the neural drive directed
to the motoneurons differed in the two training
conditions. It has been suggested (Bosco et al.,
1999) that WBV activates muscle spindles and elicits
a contraction through activation of the tonic vibra-
tion reflex (Burke et al., 1976). Primary spindle
afferents driven by tendon vibration can strongly
effect motor unit recruitment and force production
(Romaiguère et al., 1993). If these mechanisms con-
tribute to force production in a reflexive manner (e.g.
Cardinale & Lim, 2003a), they may reduce the
descending (voluntary) drive required to perform
the exercise, but still allow equivalent (chronic)
exercise-induced adaptations to occur. By the same
token, under circumstances in which the amount of
work performed is not controlled as it was in the
present study superimposed vibration may increase
the level of force that is generated for a given level of
voluntary drive, and by this means, elevate the
effective training load.

In this study, we used a vibration frequency of
30Hz, which has been reported to elicit the highest
‘‘reflex response’’ in vastus lateralis (Cardinale &
Lim, 2003a). Even though this frequency falls within
the range used previously in vibration exercise stu-
dies,that have reported a positive effect, it may not
have been appropriate to elicit the optimum response
in the primary agonists targeted for vibration in this
study – those that cross the ankle. The amplitude of
vibration used in the present study (2.5mm) was
lower than that utilized by Cardinale and Lim
(2003a) (10mm), although within the range (2.0–
10mm) that has been reported to produce a robust
effect in the context of WBV.
Typical empirical investigations of WBV in which

the participants in the experimental group stand on
the plate may result in more work performed by these
participants compared with the amount of work
performed by the participants who experience no
vibration, simply as a result of having to maintain an
upright posture in an unstable environment. The
requirement to maintain balance can in itself consti-
tute a substantial training stimulus as illustrated in
a recent study of four weeks’ duration in which
low-intensity balancing exercises were performed on
unstable bases (Gruber & Gollhofer, 2004). This
intervention resulted in an improvement of 33% in
maximal RFD for isometric leg-press exercises. Thus,
the failure of the vibration stimulus to elicit any
enhancement in performance above that expected
from the strength training itself, in any of the
measures obtained in the present investigation, could
in principle be attributed to the elimination of the
need to maintain a stable upright posture that was
achieved by having the participants perform seated
calf raises.

Perspectives

In the present study, stringent measures were used
to ensure that the amount of work performed
during training was equivalent for a group that
undertook only moderate resistance training, and
for a second group that was also exposed to super-
imposed vibration. The training impulse provided
by movements against an external load was sufficient
to realize substantial increases in strength, and
yet doses of vibration of equal duration produced
no additional gains. Although the intensity of vibra-
tion (in terms of frequency and amplitude)
was relatively low, the parameters used fell within
the range used customarily. We conclude that in
otherwise healthy individuals, there appears to be
no additional benefit of WBV superimposed upon a
regime of resistance training that would not other-
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wise be achieved by conventional resistance training
alone.

Key words: whole-body vibration training, vibration
exercise, strength training, vibration plate.
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