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The purpose of this investigation was to compare the acute
effects of whole-body vibration (WBYV) with a static squat on
resting muscle twitch torque, peak isometric torque and
voluntary muscle activation of the knee extensors during an
isometric maximal voluntary contraction (MVC). Twenty-
four healthy, strength-trained males were recruited for this
randomized, cross-over design investigation. The WBV
treatment consisted of three sets of 60s of vibration
(30Hz, +4mm) while standing in a semi-squat position.
Voluntary muscle activation, peak isometric torque during
MVC and resting muscle twitch torque (RTT) through
percutaneous femoral nerve stimulation were obtained

before and following the treatment. Change in peak iso-
metric torque, voluntary muscle activation and the RTT were
calculated as the difference between pre- and post-treamtent
values. There was no observable post-activation potentiation
of muscle twitch torque or enhancement in voluntary muscle
activation or peak isometric torque. However, decreases in
the peak isometric torque (P = 0.0094) and voluntary muscle
activation (P = 0.0252) were significantly smaller post WBV
interventions compared with the control treatment. Based on
the current data, it is unclear whether or not this was
attributable to the effects of WBYV but further research
into this possibility is warranted.

The use of strength and power exercise to augment
the subsequent performance in a movement has been
investigated extensively (Hodgson et al., 2005). This
phenomenon has been termed post-activation poten-
tiation (PAP) and there are several proposed me-
chanisms by which PAP may occur. They include one
that is muscular (myogenic) in nature and can be
quantified using muscle twitch force, and other
mechanisms that are neural (neurogenic) in nature.
The type of strength and power exercise used to
elicit PAP has included mostly traditional move-
ments such as squatting exercise with additional
load (Hodgson et al., 2005). However, whole-body
vibration (WBV) has gained attention as another
exercise modality that may elicit acute improvements
in performance for various strength, jumping and
running related tasks (Jordan et al., 2005; Rehn et al.,
2007). Administration of vibration has been shown
to lead to acute improvements in power output of the
elbow flexors (Bosco et al., 1999), increased power
output from the leg and hip extensors (Bosco et al.,
2000) and increased vertical jump height (Cormie
et al., 2006). Acute administration of WBV has
also been shown to positively influence jumping
and running performance in elite skeleton athletes

(Bullock et al., 2008) and jumping performance in
field hockey players (Cochrane & Stannard, 2005).
Despite the positive findings, several investigators
have also shown no improvement in performance
measures following acute WBV and this has led
many investigators to question the value of this
training stimulus (de Ruiter et al., 2003; Erskine
et al., 2007; Torvinen et al., 2002).

Despite the mixed findings in the scientific litera-
ture and the recent popularity of WBYV as a training
method for athletes, very little is known about the
physiological mechanisms underlying WBV (Jordan
et al., 2005). It is clear that skeletal muscle is highly
responsive to vibration, specifically the primary af-
ferent (Ia) ending of the muscle spindle. For example,
the administration of vibration elicits a reflex muscle
contraction known as the tonic vibration reflex
(TVR) (Bishop, 1974; Burke et al., 1976a, b; Desmedt
& Godaux, 1978; Bongiovanni & Hagbarth, 1990;
Bongiovanni et al., 1990), and in the post-vibratory
period the stretch reflex is potentiated for a period of
several minutes (Arcangel et al., 1971). In addition,
WBY at a frequency of 30 Hz has been shown to elicit
the greatest muscle activity from the vastus lateralis
muscle (Cardinale & Lim, 2003). However, many of
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these findings were based on vibration applied to
isolated muscle and not WBV.

Proposed mechanisms for the acute improvements
in performance following exposure to vibration have
included improved intramuscular coordination (Lie-
bermann & Issurin, 1997; Issurin & Tenenbaum, 1999)
and enhanced neuromuscular efficiency (Bosco et al.,
1999, 2000), but these explanations were not based on
systematic scientific investigation. Furthermore, im-
provements in leg power following acute administra-
tion of WBV have been associated with a relative
decrease in electromyographic (EMG) activity in the
quadriceps muscles (Bosco et al., 2000). This finding
may suggest the possible involvement of non-neuro-
genic factors such as potentiation of muscle twitch
force, as this may improve the rate of force develop-
ment during explosive activity (Sale, 2002). Based on
the PAP literature, it would appear that there is the
involvement of both neurogenic and myogenic factors
in PAP (Hodgson et al., 2005), and this may provide a
clue to the mechanisms underlying the acute effects of
WBYV on performance.

The aim of the present investigation, therefore,
was to compare the acute effects of WBV with a
static squat on voluntary muscle activation, resting
muscle twitch torque and peak isometric torque of
the knee extensors during a maximal voluntary
contraction (MVC) of isometric knee extension. It
was hypothesized that the WBV treatment would
result in increased peak isometric torque during the
MVC, which could be attributable to either the
potentiation of RTT and or increased voluntary
muscle activation.

Materials & methods
Subjects

Twenty-four male subjects provided written informed consent
to participate in this investigation. Subjects were recruited
from the Faculty of Kinesiology at the University of Calgary.
All subjects were healthy, former athletes at the National or
intercollegiate level, and had been involved in regular strength
training for a minimum of two years before the start of the
investigation. The subject characteristics were as follows
(mean £ SD): age, 28.1 £ 3.3 years; height, 180.0 & 6.7 cm;
and body mass, 82.8 + 7.6 kg. The experimental protocol was
approved by the Conjoint Faculties Research Ethics Board at
the University of Calgary.

Study design

The testing week was preceded by a 2-week familiarization
period. The purpose of the familiarization period, a standar-
dized workout regime, was to control for the effects of outside
physical activity. Furthermore, 2 days before each testing
session, the subjects rested, abstaining completely from any
physical activity. Subjects performed the testing protocol twice
over a 1-week time period: once with the vibration treatment
and once with the control treatment. Subjects were randomly
divided into one of two groups with the treatment order
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Table 1. Layout of the cross-over design

Group Testing 1-week Testing
day 1 washout day 2

Group | (m2) Vibration - Control

Group Il (ny2) Control - Vibration

reversed for the second group (Table 1). The first group
received the vibration treatment in the first testing session
and the second group received vibration treatment in the
second testing session.

Pre-testing procedure

Before the testing session, subjects were familiarized with the
testing procedures. This included familiarization with the
vibration platform and the maximal isometric knee extension
on the Biodex dynamometer (Biodex System 3, Model Num-
ber: 835-110, Shirley, New York, USA). Upon arrival, sub-
jects were prepared for testing; this included preparation of the
subject’s skin, fastening of the electrodes, and adjustments
were made to the Biodex dynamometer in preparation for the
MVC. Subjects performed a series of warmup isometric knee
extension contractions, which included five submaximal repe-
titions at 50% effort, five submaximal repetitions at 75%
effort and three near-maximal repetitions at 90% effort.
Subjects were then allowed a 10-min rest while the electrical
stimulation electrodes were fastened to the skin.

Subject preparation

Subjects were seated in the Biodex dynamometer with the
lateral epicondyle of the femur aligned with the axis of
rotation of the dynamometer. Subjects were strapped to the
dynamometer with two belts crossing the chest and one belt
crossing the hips. The knee angle was set at 90° of flexion using
full knee extension as the 0° reference angle. The proximal and
distal regions of the thigh were shaved and cleaned with
isopropyl alcohol.

Electrical stimulation

Standard carbon-impregnated rubber electrodes (4.5 x 10.cm)
were coated with a conductive gel. One electrode was secured
to the skin with adhesive tape just over the femoral nerve, and
the second was secured distal on the skin in the distal third of
the quadriceps muscle. The voltage eliciting maximal resting
twitch torque was determined using an incremental stimula-
tion protocol and this voltage was maintained throughout the
testing session. A doublet twitch square wave pulse with an
interpulse interval of 8 ms was administered using a Grass S88
Muscle Stimulator in combination with an isolation unit
approved for human use (Quincy, Massachusetts, USA).
The torque resulting from the electrical stimulations was
sampled at 2000 Hz using an analog—digital board, and was
monitored and stored for further data analysis on an IBM
personal computer (Armonk, NewYork, USA).

Twitch interpolation technique

The twitch interpolation technique used in this investigation
has been described elsewhere (Suter et al., 1998). Briefly, three
doublet twitches were given to the relaxed muscle. The average
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Fig. 1. Overview of the testing protocol.

torque produced by these three twitches represented the RTT.
RTT = (RTT, + RTT, + RTT;)/3

The subject then performed an MVC that was held for 7s.
The subject was provided with verbal encouragement to
ensure a maximal effort was given for the MVC. At the fourth
second of the voluntary contraction, when a steady-state
torque had been reached, another doublet twitch was applied
eliciting the interpolated twitch torque (ITT). The ITT typi-
cally exceeded the maximal voluntary force by a few percent.
Following the MVC three additional doublet twitches were
given to the relaxed muscle. Voluntary muscle activation
during the MVC was calculated as follows:

Voluntary muscle activation(%) = [l — (ITT/RTT)] x 100

The presence or absence of PAP following the treatment
conditions was calculated by dividing the post-treatment
resting muscle twitch torque (RTTpost) by the pre-treatment
resting muscle twitch torque (RTTpre). This value was then
multiplied by 100% and subtracted from 100.

PAP = (RTTpost/RTTpre x 100) — 100

MVC of isometric knee extension

Peak isometric torque from the knee extensor muscles was
measured using a Biodex dynamometer. Peak isometric torque
was calculated as the average torque over 500 ms immediately
before the application of the interpolated twitch stimulation.
Torque signals were sampled at 2000 Hz using an analogue-
to-digital board, and data were monitored and stored on an
IBM personal computer for analysis. Subjects were all well-
trained strength athletes, and were very familiar with perform-
ing MVCs. The subjects were also provided with verbal
encouragement throughout the MVC to ensure that a max-
imal effort was given in each trial.

Whole-body vibration treatment

The WBYV treatment was administered using a commercially
available WBV platform (NEMES-LC, SN: LC-0056). The
WBYV platform provided a sinusoidal vibration at a frequency
of 30Hz and an amplitude of =+ 4mm. Thirty hertz was
chosen as this frequency has been shown to result in the
greatest activation of the quadriceps muscle group (Cardinale
& Lim, 2003).

Protocol

Baseline measurements (i.e. peak isometric torque during
MVC, resting muscle twitch torque and voluntary muscle
activation) were recorded with a 12-min rest interval separat-

ing each test (Fig. 1). The 12-min rest interval was chosen to
ensure that all the potentiation resulting from the MVC was
gone before beginning the second measurement. A 25-min rest
interval separated the baseline measurements and the post-
intervention measurements, and a 20-min rest interval sepa-
rated the two post-intervention measurements. The longer rest
interval was selected to ensure that the subjects had sufficient
neural recovery between trials so that a maximal effort could
be given for each MVC. For both the baseline measurements
and the post-intervention measurements, the trials with the
greatest peak isometric torque during the MVC were used for
further data analysis.

For the post-intervention measurements, RTT was re-
corded immediately before the treatment (Fig. 1). This value
served as the reference for the post-intervention RTT mea-
surement and allowed for evaluation of the effects of the
treatment on RTT. Following the baseline measurement of
RTT, the subject was released from the Biodex dynamometer
and stepped onto the vibration platform. The subject main-
tained a quarter squat position (knee angle measured at
130° of knee flexion) with the heels slightly elevated for three
sets of 60's of vibration (30 Hz, amplitude =+ 4 mm) with a 60-
s rest interval. Following the treatment, the subject was
returned to the Biodex dynamometer and the RTTpost was
measured at the 1-min mark post-treatment. The remainder
of the twitch interpolation technique was performed as
described above.

Control treatment

For the control treatment, the subjects stood on the vibration
platform in the same position as for the vibration treatment,
except that in this instance, no vibration was administered. All
other aspects of the protocol for the control treatment were
identical to the protocol described above.

Statistical analysis

The statistical analysis used to evaluate the treatment effects
has been described in detail by Armitage, Berry and Mat-
thews (2002). Briefly, the outcome measure for peak iso-
metric torque, voluntary muscle activation and RTT was
calculated by the change in the pre-treatment score and the
post-treatment score. The difference between the change on
Day 1 and Day 2 was calculated. The mean score for Group 1
and Group 2 was then compared using the two-sample -test
method. This method was used to evaluate the effects of
vibration on the following variables: change in voluntary
muscle activation, change in peak isometric torque and the
effects of the treatment on RTT. The level of significance was
set at P < 0.05.
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Table 2. Mean (SE) baseline and post-treatment values for peak isometric torque, resting muscle twitch torque (RTT), interpolated twitch torque (ITT)/

RTT ratio and voluntary muscle activation

Treatment Baseline peak Post-treatment Baseline Post-treatment Baseline ITT/RTT Post-treatment
isometric peak isometric RTT (Nm) RTT (Nm) ratio and voluntary ITT/RTT ratio and
torque (Nm) torque (Nm) muscle activation (%) voluntary muscle

activation (%)

Vibration 248.6 ( +9.9) 244.3 (£ 11.3) 289.0 (+7.7) 271.8 (£ 6.3) 0.135 ( + 0.017) 0.136 ( + 0.015)

86.5 (+1.7) 86.4 (+1.6)

Control 260.8 (+11.5) 241.3 (+ 14.4) 2941 (+6.4) 2739 (£ 54) 0.116 ( & 0.017) 0.155 ( £ 0.018)

88.4 (+1.7) 845 (+1.8)

Table 3. Mean (SE) values for changes in voluntary muscle activation
and peak isometric torque, and post-activation potentiation (PAP) of
resting muscle twitch torque (RTT) following vibration and control
treatment

Treatment  Change in Change in peak PAP of RTT (%)
voluntary isometric torque
Muscle (Nm)
activation (%)
Vibration 0.1 (£ 1.5)* —44(+£39)* -—-55(+16)
Control 39 (+£13) —19.5(+4.6) —6.6 (£1.3)

*Statistical significance as compared with control (P<0.05).

Results

The baseline and post-treatment values for peak
isometric torque, voluntary muscle activation and
RTT are summarized in Table 2. There was no PAP
present following WBYV; in fact, RTT decreased
following the WBYV treatment and the control treat-
ment (Table 3). RTT decreased by — 6.6 +1.3%
(mean £ SE) following the control treatment and
— 5.5+ 1.6% following the WBV. A comparison of
these changes was not significantly different (P =
0.5703).

Voluntary muscle activation decreased following
the WBYV treatment and the control treatment. The
mean change ( £ SE) in voluntary muscle activation
was 3.9 + 1.3% following the control treatment and
0.1 £1.5% following the WBV (between goup
P =0.0252).

Peak isometric torque during MVC decreased
compared with baseline values for both the WBV
and the control treatment conditions. The mean
change ( & SE) in peak isometric torque was — 19.5 £
4.6 Nm (8.9%) following the control treatment and
—4.4 4 39Nm (1.9%) following the WBV treatment
(between group P = 0.0094).

Discussion

The results of the present investigation did not
indicate the presence of PAP of RTT, enhanced
voluntary muscle activation of the knee extensors
or increased peak isometric torque from the knee
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extensors during MVC following acute administra-
tion of WBV. In fact, following WBV, peak isometric
torque and voluntary muscle activation of the knee
extensors decreased. These results are consistent with
the findings of similar investigations that have eval-
uated the acute effects of WBV on an MVC of
isometric knee extension (Torvinen et al., 2002; De
Ruiter et al., 2003; Erskine et al., 2007). Erskine et al.
(2007) reported a significant decrease in peak iso-
metric torque during MVC following 10 min of WBV
compared with no change following a static squat
without WBYV in seven healthy males. However, in
the present investigation, a comparison of the decrease
in voluntary muscle activation and peak isometric
torque following the WBYV treatment and the control
treatment was significantly different. Although the
decrease in voluntary muscle activation and peak
isometric torque was minimal for both conditions
the change was significantly less following WBV. It
is believed that this change was not due to environ-
mental or psychological variables such as motivation
as the conditions for each trial were carefully con-
trolled, the subjects were all very familiar with per-
forming MVC;s and they were also provided with
feedback and verbal encouragement for each trial to
ensure a maximum effort was given. If the decrement
in performance was not a result of psychological or
environmental factors, then this result may provide
evidence of a compensatory effect of WBV.

There are findings in the scientific literature that
support the concept of a compensatory effect of
vibration in a fatigued state (Bongiovanni et al.,
1990). An investigation on the effects of vibration
during fatiguing resistance exercise for the elbow
flexors found that following vibration, the median
power frequency of the elbow flexors was elevated in
comparison with control, suggesting a potentiation
of the higher threshold motor units that may have
allowed fatigued motor units to recover (McBride
et al., 2006). This acute post-vibratory effect has also
been documented in other vibration-related investi-
gations (Bongiovanni & Hagbarth, 1990; Bongio-
vanni et al., 1990; Martin & Park, 1997). It is
unclear whether or not the significantly smaller
decline in voluntary muscle activation following



WBYV that was observed in the present investiga-
tion was a vibration-related effect but based on the
literature it would seem that this finding is novel and
further investigation of this possibility is warranted.

To the authors’ knowledge, the present investiga-
tion was unique in that it was the first to investigate
the acute effects of WBV on RTT. The specific WBV
used in this study did not result in PAP. However, it
is critical to consider the possibility that the treat-
ment and testing protocol used in this investigation
induced sufficient fatigue to abolish any observable
PAP, as PAP and fatigue are factors that can co-exist
following exercise (Hodgson et al., 2005). It is also
possible that the 1-minute time delay that occurred
between the subject stepping off the vibration plat-
form and back into the Biodex strength testing
machine affected the observation of PAP as PAP is
time sensitive (Sale, 2002) and other post-vibration-
induced neuromuscular changes appear to be time
sensitive as well (Arcangel et al., 1971).

While there was no observable PAP of RTT
following WBYV, vibration has been shown to po-
tentiate the stretch reflex (Arcangel et al., 1971). It is
likely that dynamic movements involving a stretch-
shorten cycle, such as jumping and running, would
be enhanced to a greater degree by a vibration-
induced potentiation of the stretch reflex than would
isometric contractions, as were used here. A recent
investigation on the acute effects of WBV on muscle
strength and power lends support to this claim as
WBYV resulted in an acute improvement in vertical
jump height but not strength during an ‘isometric
squat (Cormie et al., 2006). It has been postulated by
other investigators that potentiation of reflex me-
chanisms may underlie the acute improvements
in performance in dynamic movements that have
been observed following WBV (Cormie et al., 2006;
Bullock et al., 2008).

Finally, it should be mentioned that a systematic
investigation into the neuromuscular response to
WBYV and isolation of the precise mechanisms that
underlie the potential improvement or decrement in
performance during the subsequent task is extremely
challenging. By the nature of the generalized me-
chanical stimulus, WBV affects many muscle groups
and biological systems simultaneously such as the
neuroendocrine system, vestibular function, the cir-
culatory system and muscle and skin sensory recep-
tors, all of which have the capacity to affect the
biological response to and subsequent performance
following WBV (Jordan et al., 2005). This is con-
trasted with the literature on PAP, which typically
involves movements with a more specific neuromus-
cular effect such as squatting or jumping exercise
(Hodgson et al., 2005). Therefore, the complex
biological response to WBV must be considered
when comparing WBV with other more specific

Acute effects of whole-body vibration on muscle

forms of activity, which have been used in PAP
investigations.

In conclusion, the WBV protocol used in this
experiment did not improve voluntary muscle activa-
tion or peak isometric torque of the knee extensors
during an MVC of isometric knee extension. Unex-
pectedly, the decrease in peak isometric torque and
voluntary muscle activation following WBV was
significantly smaller than following the control treat-
ment. It is unclear whether or not WBV caused a
compensatory effect but based on the scientific litera-
ture, further research into this possibility may be
warranted. There was no observable PAP of RTT
and although this may be attributable to fatigue or
timing of the measurement, this finding may lend
support to the idea that the potentiation of reflex
pathways is partially responsible for the acute post-
vibratory improvement in jumping and running tasks.

Perspectives

The use of traditional strength and power exercises to
acutely enhance performance has been termed PAP
(Hodgson et al., 2005). Several investigators have
also evaluated the effectiveness of WBYV to acutely
enhance performance during strength, running and
jumping tasks (Cochrane & Stannard, 2005; Cormie
et al., 2006; Bullock et al., 2008); however, very little
is understood regarding the physiological mechan-
isms underlying such improvements. Proposed me-
chanisms for PAP include those with a neurogenic
and myogenic basis (Hodgson et al., 2005), and
several investigators have proposed a neurogenic
mechanism for a WBV-induced enhancement in
performance. The results of the present investigation
did not reveal an enhanced myogenic or neurogenic
response of the knee extensors muscles following
acute exposure to WBV. However, an unexpected
finding was that the decline in voluntary muscle
activation and peak isometric torque during an
MVC was significantly less following WBYV, which
may provide evidence of a compensatory effect of
WBYV as this finding has been observed elsewhere in
the scientific literature (McBride et al., 2006). There
was no evidence of PAP, and while this may be due
to the effects of fatigue or the timing of the measure-
ment, this finding may lend support to the concept
that other mechanisms, such as the potentiation of
reflex pathways, are contributors to the post-vibra-
tory improvement in performance that has been
observed in dynamic movements such as jumping
and running tasks (Bosco et al., 2000; Cochrane &
Stannard, 2005; Bullock et al., 2008). While the data
on WBYV are mixed, it would appear that there is the
potential for acute improvements in dynamic perfor-
mance following WBV. While the results of the
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present investigation failed to support the hypoth-
eses, the findings are relevant to the body of scientific
evidence on WBV as a systematic investigation was

undertaken to evaluate the effects of WBV on two of

the key mechanisms underlying PAP. Furthermore,
this study provides a basis for the possible scenarios
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