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ABSTRACT

Dabbs, NC, Muñoz, CX, Tran, TT, Brown, LE, and Bottaro, M. Effect

of different rest intervals after whole-body vibration on vertical

jump performance. J Strength Cond Res 25(3): 662–667,

2011—Whole-body vibration (WBV) may potentiate vertical jump

(VJ) performance via augmented muscular strength and motor

function. The purpose of this study was to evaluate the effect of

different rest intervals after WBV on VJ performance. Thirty

recreationally trained subjects (15 men and 15 women) volun-

teered to participate in 4 testing visits separated by 24 hours. Visit 1

acted as a familiarization visit where subjects were introduced to

the VJ and WBV protocols. Visits 2–4 contained 2 randomized

conditions per visit with a 10-minute rest period between

conditions. The WBV was administered on a pivotal platform with

a frequency of 30 Hz and an amplitude of 6.5 mm in 4 bouts of 30

seconds for a total of 2 minutes with 30 seconds of rest between

bouts. During WBV, subjects performed a quarter squat every

5 seconds, simulating a countermovement jump (CMJ). Whole-

body vibration was followed by 3 CMJs with 5 different rest

intervals: immediate, 30 seconds, 1 minute, 2 minutes, or 4

minutes. For a control condition, subjects performed squats with no

WBV. There were no significant (p . 0.05) differences in peak

velocity or relative ground reaction force after WBV rest intervals.

However, results of VJ height revealed that maximum values,

regardless of rest interval (56.93 6 13.98 cm), were significantly

(p, 0.05) greater than the control condition (54.44 6 13.74 cm).

Therefore, subjects’ VJ height potentiated at different times after

WBV suggesting strong individual differences in optimal rest

interval. Coaches may use WBV to enhance acute VJ performance

but should first identify each individual’s optimal rest time to

maximize the potentiating effects.
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INTRODUCTION

E
nhancing performance in athletes and recreation-
ally trained individuals has become increasingly
common for sport performance today. Traditional
techniques to train for sport performance are still

prevalent (25,26,29), but an increasing number of options
have been identified. Traditional training techniques, such as
strength training, plyometrics, and weightlifting, may benefit
from the inclusion of nontraditional techniques to further
enhance performance (8,14,16,32).
One of the more recent nontraditional techniques is whole-

body vibration (WBV), which has been shown to increase
performance in upper and lower body muscular activity in
both trained and untrained populations (4,7,10,12,15,17,22).
Current research has shown that WBV exposure at
a moderate intensity is safe and effective in stimulating the
neuromuscular system (8) and has been shown to induce
nonvoluntary muscle contractions (20), which may be
beneficial in sport performance. Whole-body vibration has
also shown an increase in power production by facilitation of
an explosive strength effort (4,21,30) leading to enhancement
of performance via muscular strength and motor function
(5,6). Also, sprinting and jumping performance has been
shown to increase after bouts of WBV (2,3,7,14). This
enhancement of acute performance is accomplished with
little or no effort by the subject (31). In contrast, WBV has
also been shown not to increase performance but to only
have similar effects as traditional techniques (12,14–16,24).
Whole-body vibration is increasingly being used as awarm-up

for its potentiating effect before performance. Warm-up before
performance is often recommended to prevent injury and to
prepare the body for activity. Whole-body vibration has been
usedas active passivewarm-up insteadof traditional activewarm-
upmethods (13,14,31) because of its reported acute performance
effects. The acute lower body neuromuscular activation from
WBV (1,2) may be beneficial in many power sports.
Whole-body vibration exposure variables such as fre-

quency, amplitude, duration, and rest intervals need to be
considered to optimize performance. Rest intervals after
WBV have been shown to effect performance outcomes with
too short a rest possibly over stimulating the neuromuscular
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system and too long a rest may be allowing any effect to
dissipate (2). Therefore, optimal rest intervals are crucial to
the use of WBV to enhance sport performance. Previously
researched, rest intervals after acute bouts of WBV have been
used from immediately post to 10 minutes (2,3,7,12,14,27,33)
and have demonstrated conflicting results.
Therefore, the purpose of this study was to investigate the

effect of different rest intervals after WBVon vertical jump (VJ)
performance. If optimal rest intervals are determined after
WBV in maximizing VJ performance then individual perfor-
mance may increase. This implies the impact WBVmay have
on individuals before a single explosive maximal performance
and the importance of examining optimal rest intervals in
individuals to optimize performance outcomes and can be
prescribed by professionals workingwith individuals seeking to
enhance VJ performance. To our knowledge, no work has been
previously reported examining different rest intervals before
maximal VJ using this specific pivotal WBV platform.

METHODS

Experimental Approach to the Problem

We were interested in acute performance potentiation after
WBV exposure as might be used in a modified warm-up
procedure. Therefore, this study used a repeated measures
design by having subjects perform 5 different rest interval
conditions and comparing VJ performance to a control
condition without WBV. Rest intervals ranged from imme-
diate post to 4 minutes post.

Subjects

Thirty recreationally trained individuals (15 men age: 23.6 6

1.72 years, height: 175.596 6.97 cm, body mass: 80.986 9.63
kg; 15 women age: 23.4 6 2.23 years, height: 156.59 6 27.53
cm, body mass: 60.126 8.06 kg) volunteered to participate in
4 testing visits. The participants were selected at random from
responders to fliers distributed over the university campus,
and by word of mouth.
Subjects who were recreationally trained were defined as

individuals who within the last year participated in lower
body strength and power activities about 3 times a week;
highly trained athletes were excluded from this study
because of their training status. Subjects were asked to
refrain from any physical activity 24 hours before testing and
were excluded if they reported any lower body orthopedic
injury or musculoskeletal injury within the past year. Each
visit was within plus or minus 1 hour from initial to all
proceeding visits, separated by at least 24 hours during the
spring season in a controlled laboratory setting. Subjects
were asked to wear comfortable clothing and the same shoes
for each visit. Diet and hydration were not recorded, but
subjects were asked to keep consistent throughout the
duration of the study. Each subject read and signed
a university Institutional Review Board approved informed
consent form before participation.
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Procedures

Visit 1 served as a familiarization session, which included
completing the informed consent, anthropometric measure-
ments, familiarization with the countermovement jump
(CMJ) andWBVprotocol. During the familiarization session,
each subject completed 3 CMJs to assess variability; if the 3
CMJs exceeded 5% difference in jump height, they were asked
to return to the laboratory on a subsequent day to complete
another 3 jumps until the criterion was met. Subjects then
performed 6 experimental conditions in 3 days with 2
conditions per day (3) separated by a 10-minute rest period.
This rest period was deemed sufficient because previous
literature has shown that WBV is ineffective after 10 minutes
of exposure (2). The order in which the conditions were
performed was randomized and separated by at least
24 hours.
Whole-body vibration was performed on a MedVibe

NitroFit Deluxe vibration platform (Scottsdale, AZ, USA),

which administered a pivotal vibration frequency at 30 Hz

(2,14) with a vertical amplitude of 6.5 mm. Amplitude was

controlled by having subjects place their feet at the widest

point on the plate. Whole-body vibration sessions entailed

4 bouts of 30 seconds (3) for a total of 2 minutes of vibration
with 30 seconds rest between bouts. During WBV, subjects
performed quartersquats (3,11) every 5 seconds while also
simulating the arm swing used in a CMJ. Subjects were
instructed to step off the plate during the rest time. After
WBV exposure, subjects were instructed to walk quickly to
the force plate (;15 ft) at which point they stood quietly until
their rest interval for that condition was completed and then
performed 3 CMJs.
One condition served as a control during which the subjects

stood on the vibration platform with no vibration, completed
the squatting protocol then immediately performed 3 CMJs.
The other 5 conditions used rest intervals of either immediately
post, 30 seconds, 1 minute, 2 minutes, or 4 minutes followed by
3 CMJs (2). In addition, each subject’s max value for each
variable, regardless of rest interval, was analyzed as another
condition, thereby making 7 conditions overall.
During all conditions, subjects were instructed to begin

with their arms at a 90� angle and then perform a CMJ to
a self-selected depth with arm swing and jump as high and as
explosively as possible. Fifteen seconds of rest separated each
jump, and all jumps were performed on an AMTI force plate

Figure 1. Individual differences between control and maximal vertical jump height.
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(Advanced Mechanical Technology, Inc., Watertown, MA,
USA). An EPIC VJ tester (EPIC Athletic Performance Inc.,
Colorado Springs, CO, USA) was used to measure jump
height to the nearest quarter inch and was positioned next to
the force plate. Data were sampled at 1,000 Hz andmaximum
values from the peak velocity (PV) repetition for each
condition were analyzed. The force plate was connected to a
desktop computer running custom LabVIEWdata collection
and analysis software (version 7.1, National Instruments
Corporation, Austin, TX, USA), which analyzed force and
velocity. Peak velocity was determined by subtracting body
weight from the force–time curve, dividing by bodymass, and
integrating with respect to time using the trapezoidal rule for
numerical integration. Peak velocity (m�s21) was recorded as
the maximum velocity value before take-off. Relative ground
reaction force (rGRF in N�kg21) was determined by dividing
peak GRF by body weight. After completing 1 condition,
subjects sat in a chair with no active movement for 10 minutes
and then completed the second condition for that visit.

Statistical Analyses

All statistical procedures were conducted using the Statistical
Package for the Social Sciences (PASW 18.0 for Windows,
SPSS, Inc., Chicago, IL, USA). An a priori alpha was set at
0.05 to determine significance. Differences in VJ height,
rGRF, and PVbetween conditions were analyzedwith a 23 7
(sex by condition) mixed factor analysis of variance.

RESULTS

No significant (p . 0.05) interaction of sex by condition was
found for any variable. There was a main effect for sex for all
variables demonstrating greater values for men when com-
pared to women. There were no main effects for condition
for either rGRF or PV (Table 1). However, there was a main
effect for condition for VJ height. This was followed up with
an least significant difference (LSD) pairwise comparison
demonstrating that maximum values, regardless of rest
interval, were significantly (p , 0.05) greater than the
control condition (power = 0.45, effect size = 0.39) (Table 1).
Individual results are shown in Figure 1.

DISCUSSION

This study sought to determine the optimal rest interval after
bouts ofWBVto increase VJ height, PV, and rGRF. Themajor
finding was that after WBV VJ height increased at different
individual rest intervals, whereas there was no change in PVor
rGRF. Because the rest interval eliciting increased VJ height
was variable across this subject population, it suggests strong
individual differences in optimal rest interval.
Previous research has stated that 1-minute rest post WBV

and a frequency of 30Hzwere optimal for potentiation, which
supports our present findings. Although frequency was the
same in this and previous studies, our study did differ in the
time exposure of WBV. Bedient and coworkers (2,3) exposed
subjects to 1 bout of 30 seconds of WBV and found an

increase in CMJ resulting in a homogenous optimal rest
interval of 1 minute post when compared to immediate post,
5 minutes or 10 minutes. In contrast, our study exposed
subjects to 4 bouts of 30 seconds of vibration with a 1:1 rest
ratio and found individual optimal rest intervals.
The findings of our study are partially supported by

Cormie et al. (14), who found that 2.5 mm of displacement
at 30 Hz significantly increased VJ height after 30 seconds of
WBV exposure, whereas our present study used 4 bouts of
30 seconds of exposure with 6.5-mm displacement. Similar
to our present investigation, McBride et al. (27) found that
WBV exposure of 30 seconds at 30 Hz while performing
bilateral body weight squats resulted in a significant increase
in peak GRF for WBV compared to control. Additionally,
they found these results both immediately post and 8
minutes post WBV. They concluded that their protocol may
have induced postactivation potentiation (PAP) (27).
Postactivation potentiation is induced by a voluntary
contraction and has consistently been shown to increase
both peak force and rate of force development during
subsequent muscle actions (34). However, the voluntary
action might also induce fatigue, and it is the balance
between PAP and fatigue that will determine the net effect
on performance of a subsequent activity. The PAP fatigue
relationship appears to be affected by several variables
including recovery period after the voluntary action (28).
Also, PAP occurrence may be highly individualized (9).
Some individuals may have a greater PAP effect than fatigue
effect, whereas others may have a greater fatigue effect than
PAP effect for the same rest interval (28). In the present
study, we found no differences between the rest interval; we
found that WBV within 0–4 minutes before performance
increased VJ height. Thus, we suspect PAP may also
partially explain the results of our study. The protocol we
used may have been sufficient to induce PAP but
conservative enough not to induce fatigue.
In our current study, VJ height increased with no differ-

ences in PVor rGRF, which may be because of our use of the
EPIC to measure VJ height instead of using the force plate to
estimate it. Using the EPIC to measure VJ height does not
control for changes in arm reach or trunk twist from jump to
jump, which may alter scores (18). The force plate estimates
VJ height and does not control for differences in landing
mechanics, which could alter VJ height estimation (18). In
addition, our results demonstrated no differences in PV or
rGRF between rest intervals, which may be explained by the
use of recreationally trained individuals and their lack of high
velocity training as compared to elite athletes (19).
It is possible that VJ height in our study may also have

been influenced by our testing protocol. After each set of
CMJs, subjects performed 3 jumps separated by 15 seconds.
Our data reflect the maximum VJ height for each condition,
and it is possible that prior jumps affected subsequent VJ
performance. However, previous research analyzing the
kinetics of complex training intervals and their effect on VJ
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performance demonstrated no significant difference be-
tween 5 trials across rest time intervals of 10 seconds, 1
minute, 2 minutes, 3 minutes, and 4 minutes (23). Another
important factor is the WBV platform used. Our present
study used a pivotal platform, whereas others (2,3,27) have
used other types (e.g., vertical, sliding horizontal, and
triplanar), which may elicit different muscular mechanisms
thereby resulting in different performance outcomes.

PRACTICAL APPLICATIONS

The current investigation indicates that using 4 sets of
30-second bouts ofWBVbefore performancemay increase VJ
height in recreationally trained subjects, albeit at different
individual rest times. Therefore, it is recommended that each
individual’s optimal WBV rest time be determined before
jumping to elicit the greatest potentiating effects for
performance. To acquire individual optimal rest times prior
to performance, we would recommend that individuals to be
assessed before their competition phase. Determining optimal
rest times would allow individuals to incorporate WBV into
their prejump routine for a single explosive movement during
competition. For example, a high jumper could use WBV
before a single explosive jump during competition to
maximize performance. These acute effects may apply to
athletes in sport performance. Any long-term performance
gains have not yet been investigated but should be studied in
future research.
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