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Abstract: The purpose of this pilot study was to evaluate the effectiveness of whole body
vibration (WBV) training as a modality for inducing changes in body composition, cardiovascular condition, and muscular strength in sedentary postmenopausal women. WBV training
was compared with other training regimens, ie, aerobic training and circuit resistance training,
commonly used to promote weight loss, cardiovascular conditioning, and muscular strength.
Postmenopausal women (aged 48–60 years) were randomly assigned to WBV training, circuit
resistance training, or aerobic training. Participants trained three times per week for 8 weeks. The
training regimens were progressive in nature, with increases in training intensity and duration
occurring throughout the 8-week period. Body composition was assessed using dual-energy
X-ray absorptiometry analyses. A modified Bruce treadmill protocol was used to assess aerobic
capacity (VO2peak) and time to peak exhaustion. Upper and lower body strengths were determined
by one repetition maximum (1-RM) chest and leg presses, respectively. Variables were analyzed
using separate 3 (exercise mode) × 2 (time) repeated-measures analysis of variance with effect
sizes due to the small sample size. No significant main effects or interactions were seen for any
body composition variable; however, moderate to large effect sizes (η2=0.243 and η2=0.257)
were detected regarding interactions for percent body fat and lean body mass favoring aerobic
training and circuit resistance training. For VO2peak, no significant main effects or interactions
were detected (time, η2=0.150; P=0.11; time × group, η2=0.139; P=0.30); but a significant
time effect was observed for time to peak exhaustion (η2=0.307; P=0.017). A significant interaction for upper body strength (η2=0.464; P=0.007), and main effect for time in lower body
strength (η2=0.663; P=0.0001) was detected. Post hoc analysis indicated a significant increase
in upper body strength for circuit resistance training (P=0.023) and a decrease for WBV training (P=0.015). Our results indicate that WBV may not be an effective alternative to traditional
training with regard to body composition or aerobic capacity, but could have a positive impact
on lower body strength.
Keywords: acceleration training, percent body fat, lean body mass, exercise, maximum oxygen
consumption
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Obesity contributes significantly to a number of health conditions, including cardiovascular and metabolic diseases, and maintaining a healthy weight is associated with
optimal health. A healthy body weight may be achieved through a combination of
exercise and a healthy diet.1–3 Despite these established concepts, and the increasing
availability of weight loss products and programs, the incidence of obesity continues
to escalate.
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One problem that exists for many overweight and obese
individuals is an inability to perform exercise for a duration
and intensity sufficient to induce changes in body weight or
body composition.4,5 Weight-related issues, such as orthopedic limitations or reduced physical capacity, make it difficult
for overweight or obese individuals to perform many of the
traditional land-based exercise activities. These limitations,
in conjunction with time constraints, lack of enjoyment in
performing regular exercise, and work or family issues,
create reasons to avoid regular exercise programs. Because
of these factors, many individuals begin exercise programs
but have difficulty with adherence, and eventually stop
exercising.6 Evidence exists suggesting that adherence rates
are lower when exercise sessions are longer, particularly
when comparing 15-minute or 30-minute sessions with
45-minute sessions.7 Since whole body vibration exercise
sessions are typically shorter in duration, this modality may
promote greater adherence.
Postmenopausal women are at higher risk for increases
in body fat and decreases in muscle mass and bone density
than younger women and men.8–11 The increased risks are
likely due to contributions from several factors, including
decreased physical activity and lower estrogen levels. 12
Increased body fat also places postmenopausal women at
increased risk for development of cardiovascular disease,
diabetes, and cancer.13
In order to overcome the actual or perceived barriers
associated with traditional exercise, new modalities with
the potential to impact body weight and composition must
be investigated. One such modality is whole body vibration
(WBV) exercise. Existing research indicates that there may be
potential for WBV to positively impact body composition and
muscular strength.1,14–19 For example, three separate studies
have reported a relationship between vibration exercise and
oxygen consumption and/or energy expenditure,20–22 with one
report finding that WBV training increases oxygen consumption at a rate similar to that of moderate walking.20 Therefore,
WBV may serve as an alternative modality for individuals
who cannot or prefer not to participate in traditional modes
of exercise.
In addition to the potential for improving body composition, WBV has been shown to induce positive changes in
neuromuscular performance, such as increased strength and
power output.18,22–24
To date, only one study by Roelants et al has examined
the effects of WBV on body composition.22 Although these
researchers found that 24 weeks of WBV training did not produce any significant changes in body composition in young,
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untrained females, the exercise training protocol lacked a
key element necessary to increase oxygen consumption, ie,
external load, as indicated by three published studies, and a
pilot study from our laboratory.20,21,25,26 Further, a protocol
designed to assess the effects of WBV exercise on an older,
more sedentary population would have considerable value
given the potential application in managing sarcopenic
obesity.
The purpose of this study was to compare the impact
of a progressive WBV exercise program with that of two
traditional programs (circuit resistance training and aerobic
training) that have been shown to have positive effects on
body composition in postmenopausal women.1,14–17 We
hypothesized that WBV exercise would have an effect on
body composition similar to that of the traditional methods
of aerobic and circuit training. However, due to the shorter
workout times and unique environment associated with WBV
exercise compared with aerobic training and circuit training,
WBV exercise may provide a viable alternative to these more
traditional forms of exercise, thereby effectively promoting
physical activity through a greater adherence rate.

Materials and methods
Subjects
Subjects were recruited using flyers distributed throughout
the university’s medical campus, and by advertisements
placed in campus and community print and electronic media.
The initial contact with subjects occurred by either telephone
or electronic mail to introduce the study parameters and
assess participant eligibility. This was followed by an inperson interview with subjects who remained interested and
met the inclusion criteria. Prior to participation, all subjects
completed an eligibility questionnaire, a medical screening
form, and a consent form approved by the university’s subcommittee for the use and protection of human subjects.
In order to be considered for the study, potential subjects
had to be healthy, sedentary females aged 48–65 years and
with a body mass index (BMI) $24. Major exclusion criteria
were current smoking, current use of hormone replacement
therapy, and current or recent (within the past year) participation in WBV training, or any other exercise training program.
Participants who met the initial eligibility requirements as
determined by the telephone questionnaire were given details
of the study, including exactly what their participation would
entail, as well as frequency and duration of each appointment.
Participants were told that although they would not receive any
monetary compensation, they would receive two dual-energy
X-ray absorptiometry (DEXA) scans, two complete fitness

Clinical Interventions in Aging 2014:9

Clinical Interventions in Aging downloaded from https://www.dovepress.com/ by 107.23.129.77 on 27-May-2019
For personal use only.

Dovepress

evaluations, and 8 weeks of exercise training with a fitness
professional. Additionally, they were informed that their participation in the study would be purely voluntary and that they
were free to discontinue their involvement at any time.
Of the 28 enrolled participants, 19 completed all program
requirements. Six of the enrolled participants withdrew for
various reasons, including work conflicts (n=3), aggravation
of previous injuries (n=2), and transport problems (n=1).
Three participants did not attend for their first training session, despite completing all baseline testing.

Study design
This prospective, training study examined the effectiveness
of WBV exercise as an effective intervention for weight loss,
aerobic capacity, and strength compared with the established
training strategies of aerobic training and circuit resistance
training. All exercise protocols were progressive in nature and
were designed to reflect training strategies normally practiced
by individuals desiring to induce these changes. Group and
time effects and time × group interactions for the response
variables were assessed using repeated-measures analysis of
variance and, due to the small sample size, effect sizes were
also reported. During the training period, subjects were asked
to refrain from additional physical activity and were told to
follow their normal eating habits.

Testing procedures
Once participants completed the initial screening process
and met the eligibility criteria, they reported at the laboratory for baseline testing. A verbal and written explanation of
all test procedures was provided, and each participant was
again given the opportunity to ask questions. The evaluations included standard height and weight measurements
(Healthometer 402 EXP Doctor’s Scale, Bridgeview, IL,
USA), resting heart rate and blood pressure, and completion
of the health screening questionnaire. Following this initial
screening, baseline testing was continued.

Body composition
Participants were scheduled to receive a DEXA scan within
1 week of the initial testing day. A trained and licensed technician performed all DEXA scans. DEXA reports included
a detailed assessment of body composition, including body
weight, BMI, percent body fat, and lean body mass.

Aerobic capacity
On a third testing day, participants were given a baseline aerobic capacity treadmill test. Due to the practical
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c onsiderations of performing a maximal aerobic capacity
test, a peak oxygen consumption (VO2peak) test was chosen.
All metabolic equipment was calibrated prior to each treadmill test and participants were fitted with a gas collection
mask and heart rate monitor (model F51, Polar USA, Lake
Success, NY, USA), which transmitted a constant heart rate
response to the metabolic cart computer. Gas exchange data
were collected and analyzed using the Viasys metabolic cart
(Oxycon Mobile, Viasys, Yorba Linda, CA, USA). The participant was provided with a 3-minute warm-up period which
also acquainted her with the treadmill (Quinton Treadmills,
Bothell, WA, USA). During the warm-up period, the test
procedures were again explained and the participants were
informed that they would periodically be asked to provide
their perceived level of exertion by selecting a number
between 6 and 20 from a visual chart.27 The VO2peak test
required the participant to walk on a treadmill at a pace
consistent with the modified Bruce protocol.28 Participants
were instructed to request to stop when they reached maximum volitional fatigue, indicated by reaching a rating of
perceived exertion $17 on the Borg scale of 6–20. An active
cool-down period of 3–5 minutes was administered following the completion of the test. Time to peak exhaustion was
also recorded.

1-RM strength testing
After an appropriate break of approximately 5–10 minutes
following the aerobic capacity test, participants performed
one-repetition maximum (1-RM) strength tests for the
upper body and lower body, using chest press and leg press,
respectively, on selectorized exercise machines (Life Fitness
Circuit Series, Schiller Park, IL, USA). Participants were
shown how to perform each exercise with proper form. Seat
settings were adjusted appropriately for each participant to
ensure optimal body and joint positioning. The leg press
exercise position consisted of the participant being seated in
a reclined position with feet placed on the platform slightly
wider than hip width, and knees held at 90°. The chest press
exercise required the participant to sit with her back against
the pad and feet flat on the floor. Hands were positioned
such that they were adjacent to the chest. Seat settings were
recorded in order to maintain consistency for post-testing.
Testing of the 1-RM consisted of completing three warm-up
sets of ten, five, and three repetitions using a comfortable
weight, increasing the weight for each set.29,30 Once the
warm-up sets were completed, weight was progressively
increased for repeated single repetition attempts until failure
occurred. A rest period of 3–5 minutes was allowed between
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maximum attempts. The 1-RM score was recorded as the
highest weight successfully lifted.
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Post-testing
Within 1 week of completion of the 8-week exercise training
program, all participants returned to the research laboratory for
post-testing. Post-testing appointment times were scheduled as
close to the pretesting appointment time as possible.

Training protocols
Randomization

Following baseline testing, participants were randomly
assigned to one of three training modalities, ie, WBV training,
aerobic training, or circuit resistance training. Participants
remained in these respective groups for the duration of the
study, thus each participant completed only one type of exercise training program. Regardless of group assignment, participants were required to complete three exercise sessions per
week for 8 weeks, for a total number of 24 sessions. Because
all three protocols were progressive in nature, including an
increase in duration of exercise sessions, the total time per
session and per week varied from week to week. During the
final week, ie, week 8, WBV sessions were approximately
17–20 minutes in duration, while aerobic training and circuit
resistance training sessions lasted approximately 45 minutes.
Thus, on a weekly basis, WBV training was performed for
roughly 60 minutes, versus 2.25 hours for aerobic training
and circuit resistance training.

WBV training protocol
WBV training involved multiple sets of a squat exercise on
a Power Plate vibration platform (Power Plate Pro5, Power
Plate North America, Northbrook, IL, USA). Squats were
performed in sets of ten, 15, or 20 repetitions (or 30, 45, or
60 seconds per set, respectively) at a rate of one squat every
3 seconds. Participants were carefully monitored to ensure
proper form. They were instructed to stand on the vibration
platform with feet slightly wider than shoulder width apart.
Each participant was directed to squat as deeply as she could
up to a knee angle of 1.57 rad, making sure to maintain
heel contact with the platform throughout the movement.
Participants rested their hands on the console for balance, but
were instructed to maintain an open handgrip to reduce their
capacity to use the console for help during the exercise.
During the latter stages of the protocol, external loads were
applied using a weighted belt.
A periodized strategy allowed variation in training sets and
repetitions during WBV training, thereby adding variety and
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reducing boredom. The training protocol was also progressively
altered by applying external load, as a percent of lean body
mass, and increasing exercise duration (see Table 1). A work
to recovery ratio of 1:1 was maintained throughout the 8-week
program. Participants were given an introductory period which
consisted of low volume and low vibration frequency. The original protocol design included 1 week of low-amplitude vibration, with the intention of increasing the vibration amplitude.
As participants became acquainted with WBV training, the
amplitude was intended to increase significantly; however,
some participants reported unacceptable discomfort with highamplitude vibration. Therefore, the protocol was redesigned to
include only low-amplitude vibration.
The periodized model was based on weekly variation,
and applied undulating durations of work periods while
maintaining total volume. This strategy has not yet been
documented as the optimal approach for performing WBV
exercise; however, it allowed cycles of relative overload and
recovery and added a degree of variety that was, anecdotally,
less monotonous for the exercising participants.

Aerobic training protocol
Participants who were assigned to the aerobic training
group performed an 8-week progressive treadmill-walking
program in accordance with American College of Sports
Table 1 Whole body vibration training protocol
Session

Frequency
(Hz)

Load
(% LBM)

Sets/
repetitions

Time/set
(seconds)

1–3*
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

30
35
35
35
35
35
35
35
35
35
40
40
40
40
40
40
40
40
40
40
40
40

0
5
5
5
10
10
10
15
15
15
20
20
20
20
25
25
25
25
30
30
30
30

4/10
6/10
4/15
3/20
7/10
5/15
4/20
8/10
6/15
5/20
9/10
7/15
6/20
10/10
8/15
7/20
11/10
9/15
8/20
12/10
10/15
9/20

30
30
45
60
30
45
60
30
45
60
30
45
60
30
45
60
30
45
60
30
45
60

Note: *Sessions 1–3 were familiarization sessions.
Abbreviation: % LBM, percent load of lean body mass.
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Medicine guidelines.31 Participants walked on a treadmill (Life
Fitness) on 3 nonconsecutive days per week for 8 weeks. The
intensity and duration of the aerobic training program increased
progressively throughout the 8-week study. Intensity was
defined as percent of age-predicted maximal heart rate.
All exercise sessions began with a 5-minute warm-up at
approximately 40% of age-predicted maximal heart rate and
ended with a 5-minute cool-down at a continually declining
intensity. Exercise intensity was monitored throughout the
exercise sessions using a Polar heart rate monitor.
A trained and certified exercise professional was present at all training sessions to ensure safety and protocol
adherence. In order to achieve and maintain appropriate
exercise intensity, treadmill speed and grade were adjusted
to keep the participant at her appropriate training heart rate.
The aerobic training protocol is outlined in Table 2.

Circuit resistance training protocol
The first circuit resistance training session consisted of
participants completing additional 1-RM testing on all nine
selectorized exercise machines (Life Fitness) to determine
the exercise intensity that would be used for the 8-week
training program. The nine exercises that were performed
included, in the following order: leg press, chest press, leg
extension, lat pulldown, seated leg curl, shoulder press,
biceps curl, triceps extension, and abdominal crunch.
Exercise sessions were performed on 3 nonconsecutive
days per week. The intensity of the exercise was initially
set at 50% of the 1-RM, and increased to 55% 1-RM and
60% 1-RM at weeks 4 and 6, respectively, as part of the
progressive strategy. Total volume of exercise gradually
increased over the 8-week period as rest/transition periods
were decreased (Table 3). A trained and certified fitness
professional was present at all training sessions for safety
and to ensure protocol adherence.
Table 2 Aerobic training protocol
Session #

Intensity

Duration (minutes)

1–3*
4
5–6
7–9
10–12
13–14
15–16
17–18
19–21
22–24

50%–60%
60%–65%
60%–65%
65%–70%
65%–70%
70%–75%
70%–75%
70%–75%
75%–80%
75%–80%

20
20
25
30
35
30
35
40
35
40

Notes: Intensity was determined by age-predicted maximal heart rate. *Sessions
1–3 were familiarization sessions.
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Table 3 Circuit resistance training protocol
Session

Sets/repetitions

Intensity

Rest period (seconds)

1*
2–3
4–9
10–12
13–15
15–18
19–24

–
1/12
2/12
2/12
3/12
3/12
3/12

100%
50%
50%
55%
55%
55%
60%

–
60
30
45
60
30
45

Notes: Intensity was determined by a 1-RM test procedure. *Session 1 was used
to obtain 1-RM.
Abbreviation: 1-RM, one repetition maximum.

Statistical analyses
Descriptive data (ie, age, height, weight, and BMI) were
analyzed using one-way analysis of variance. Separate 3 × 2
repeated-measures analysis of variance, with three levels of
exercise mode (WBV training, aerobic training, and circuit
resistance training), and two levels of time (pretest and posttest) were initially used to analyze the main outcome variables: body weight, BMI, percent body fat, lean body mass,
upper and lower body 1-RM (using the chest press and leg
press, respectively), VO2peak, and time to peak exhaustion. Due
to the small sample size, all analyses included quantifications
of effect size. Analyses were performed using PASW software
version 18 (SPSS Inc., Chicago, IL, USA).

Results
Participant characteristics
The physical characteristics of the study participants (n=19)
are presented in Table 4.

Body composition
No significant pretraining differences were observed between
the groups for age, height, body weight, BMI, percent body
fat, or lean body mass. Mean values, change scores, and percent difference for body weight, BMI, percent body fat, and
lean body mass are presented in Table 5. The 3 × 2 repeatedmeasures analysis of variance revealed no significant main
Table 4 Physical characteristics of subjects

Age (years)
Height (m)
Weight (kg)
BMI

WBVT
(n=6)

AT
(n=6)

CT
(n=7)

53.2±2.1
1.64±0.06
87.73±23.69
32.6±7.9

55.2±6.4
1.60±0.07
90.00±8.27
35.3±5.6

54.1±5.3
1.61±0.07
79.00±8.27
30.6±3.2

Note: Values are the mean ± standard deviation.
Abbreviations: BMI, body mass index; CT, circuit resistance training; AT, aerobic
training; WBVT, whole body vibration training.
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Table 5 Body composition

WB (kg)
WBVT
AT
CT
BMI
WBVT
AT
CT
BF%
WBVT
AT
CT
LBM (kg)
WBVT
AT
CT

Table 6 Aerobic capacity

Pre

Post

Δ

Percent
change

87.73±23.69
90.00±8.27
79.00±8.27

88.07±23.30
90.08±8.27
80.00±7.37

0.34
0.08
1.01

0.39
0.09
1.28

32.55±7.93
35.28±5.60
30.61±3.24

32.65±7.68
35.35±5.69
31.06±3.23

0.10
0.07
0.45

0.31
0.19
1.47

46.47±5.16
52.63±5.62
44.61±5.49

47.12±4.57
52.13±5.88
44.37±5.66

0.65

0.13

-0.50
-0.24

-0.01
-0.01

46.18±9.21
42.46±3.60
43.59±5.000

45.81±8.67
42.85±3.81
44.37±4.92

-0.36
0.49
0.78

0.78
1.15
1.78

Note: Values are the mean ± standard deviation.
Abbreviations: BMI, body mass index; WB, body weight; BF%, percent body fat;
LBM, lean body mass; CT, circuit resistance training; AT, aerobic training; WBVT,
whole body vibration training.

effects or interactions for any of the four variables. However,
for percent body fat, a moderate effect size was seen for the
time × group interaction (η2=0.243; P=0.10), with the WBV
group showing a slight increase in percent body fat while the
aerobic training and circuit resistance training groups showed
minor declines. A time × group interaction also approached
significance for lean body mass (P=0.093). As can be seen
from the results reported in Table 5, there was a slight decline
in lean body mass for the WBV group, while the aerobic
training and circuit resistance training groups showed minor
increases. The effect size for the time × group interaction for
lean body mass was moderate to large (η2=0.257).

Aerobic capacity
The results for VO2peak and time to peak exhaustion are
presented in Table 6. The 3 × 2 repeated-measures analysis
of variance for VO2peak revealed no significant main effect
for time (η2=0.150; P=0.11) or time × group interaction
(η2=0.139; P=0.30). For time to peak exhaustion, a significant
main effect for time was observed (η2=0.307; P=0.017).

1-RM strength
Results for upper body and lower body strengths are presented
in Table 7. The 3 × 2 repeated-measures analysis of variance
revealed a significant interaction for upper body strength
(η2=0.464; P=0.007), and for lower body strength, a main
effect for time (η2=0.663; P=0.0001). Post hoc analysis
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Pre
VO2peak (mL/kg/min)
WBVT
19.15±3.88
AT
16.27±3.12
CT
16.41±6.10
TPE (minutes)*
WBVT
12.32±2.62
AT
9.36±1.45
CT
11.94±2.49

Post

Δ

Percent
change

18.50±2.38
19.38±3.39
19.24±5.99

-0.65
3.11
2.83

3.39
19.11
17.25

12.71±2.20
11.39±1.81
13.21±2.25

0.39
2.03
1.27

3.17
21.69
10.64

Notes: *Significant effect by time (P=0.017). WBVT (n=6), AT (n=6), CT (n=7).
Abbreviations: TPE, time to peak exhaustion; CT, circuit resistance training;
AT, aerobic training; WBVT, whole body vibration training; VO2peak, peak oxygen
uptake.

indicated a significant increase in upper body strength in the
circuit resistance training group (P=0.023) and a significant
decrease in the WBV group (P=0.015). One-way analysis
of variance performed for change in scores for upper body
strength showed a significant difference between WBV training and circuit resistance training (P=0.005).

Discussion
The primary objective of this study was to determine if
8 weeks of WBV training could produce positive changes in
body composition, muscular strength, and aerobic capacity
compared with those produced by aerobic training and circuit
resistance training. Our results indicate that WBV training
had no effect on body composition; however, there is some
evidence that WBV training may have the potential to positively impact aerobic performance and muscular strength. As
expected, circuit resistance training resulted in the greatest
improvements in 1-RM scores for the upper body, while
WBV training, circuit resistance training, and aerobic training
Table 7 1-RM strength
Pre
UBRM (kg)
WBVT
AT
CT
LBRM (kg)**
WBVT
AT
CT

Post

Δ

Percent
change

18.13±8.95
11.67±6.04
16.96±7.17

16.04±7.10
11.88±5.13
18.75±6.56

-2.08
0.21
1.79

11.49*
1.78
10.54*

101.14±45.40
62.50±19.8
80.20±19.9

120.83±38.20
75.38±31.54
94.15±16.33

19.70
12.88
13.96

19.47
20.60
17.41

Notes: WBVT (n=6), AT (n=6), CT (n=7). *Significant within group difference
(P,0.05); **significant main effect for time.
Abbreviations: UBRM, upper body one repetition maximum using the chest
press; LBRM, lower body one repetition maximum using the leg press; 1-RM, one
repetition maximum; CT, circuit resistance training; AT, aerobic training; WBVT,
whole body vibration training.
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induced similar positive changes in lower body strength. All
three training modalities resulted in significant improvements
in time to peak exhaustion.
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Body composition
The results of the current study do not support the use of
8 weeks of WBV training as an effective intervention for
producing positive changes in body composition in obese
postmenopausal women. This observation is in agreement
with the findings of Roelants et al who found no significant
changes in percent body fat after 24 weeks of WBV training
in untrained women aged 20.3±2.0 years.22 Our results also
reflect those reported by von Stengel et al, who saw no additional benefit when adding WBV to 15 minutes of lower body
strength training when performed using a protocol including
20 minutes of aerobic dance (70–80/HRmax), 5 minutes of
balance and coordination training, and 20 minutes of upper
and lower body elastic band training.32 Verschueren et al
found no significant changes in lean body mass after 6 months
of WBV training, which supports the lack of improvement
in lean body mass in the current 8-week study.33
Our results differ from those reported by Fjeldstad et al,
who noted a significantly greater decrease in percent body
fat over an 8-month training period for their WBV group
compared with a resistance training and control group;
however, the WBV and resistance training groups showed
significant increases in bone-free lean body mass.34 Our
results also vary to some extent from those reported by
Lamont et al in men aged 20–30 years.35 These researchers
reported a significantly greater increase in lean body mass
than in controls for a group that performed WBV exercises
during recovery from active squatting, rather than during
the exercise itself. The exercise group that squatted without
WBV recovery did not achieve significant increases in lean
body mass above controls. In agreement with our results,
only a group effect was seen for percent body fat; however,
an alternative evaluation of change in scores revealed that
only the squat group employing the WBV recovery showed
a significant reduction in body fat. These data argue for utilization of WBV as a recovery method rather than a modality
superimposed during a bout of standard resistance exercise.
Also in contrast with our results, Vissers et al reported that
6 months of WBV training or aerobic training each had the
capacity to reduce visceral adipose tissue and maintain that
loss for the remainder of a year-long testing period, but only
when combined with caloric restriction.36
There are a number of possible explanations for the lack
of significant changes in body composition as a result of
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WBV training seen in the current study. First of all, there is
the matter of sample size. It should be noted that although
there was no significant effect of WBV training on lean body
mass in the current study, a moderate to large effect size was
demonstrated (η2=0.257). Perhaps replicating the study with
a larger number of subjects would yield significant values.
The second possibility is that the volume of work completed was not sufficient to produce a significant improvement in body composition. This argument is supported by
the positive results seen by Fjeldstad et al in their 8-month
study providing the WBV intervention three times per week
in a sample of women aged 60–75 years.34 Additionally,
the reports by several investigators that acute WBV applied
during dynamic exercise results in greater increases in
oxygen uptake,22,37,38 and that WBV training can produce a
significant increase in post-exercise energy expenditure, lend
support to the potential for positive effects of this intervention on body composition when provided over a prolonged
training period.37 However, the training results reported by
Roelants et al, von Stengel et al, and Verschueren et al, as
well as the excess post-exercise oxygen consumption results
reported by Serravite et al, indicate that further research is
warranted.22,26,32,33
A fourth issue when evaluating the effects of WBV training on body composition is the limited research to date on
the topic, which makes it difficult to determine an optimal
training protocol with which to adequately compare WBV
training with aerobic training and circuit resistance training.
We attempted to create a significant WBV training stimulus
with progressive increases in exercise intensity throughout
the duration of the study. The periodized protocol used in the
current study varied the sets and repetitions, progressively
increasing the volume of exercise on a weekly schedule.
Because adding an external load to WBV training increases
oxygen utilization rates, our protocol also used an external
load (10%–30% of lean body mass) to increase caloric
expenditure.20,21,26 However, the conservative external load
and WBV amplitude used may have been insufficient to
positively impact percent body fat or lean body mass.
The conflicting results seen among these studies may
best be summarized by the conclusions drawn by Cochrane
in his review paper on the topic. Cochrane suggests that
although WBV exercise does increase metabolic demand,
even with the addition of external load and high frequency/
amplitude settings, it does not seem to match the intensity
of traditional aerobic exercise necessary to induce changes
in body composition.39 This is consistent with the findings
of the current study, which shows that WBV training can
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provide some benefit, yet the ability to have an effect on body
composition was not significant.
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Aerobic performance
Aerobic performance was evaluated using VO2peak and time
to peak exhaustion. Although aerobic training and circuit
resistance training produced improvements in VO2peak of
19.1% and 17.3%, respectively, these improvements were
not statistically significant, and likely due to the small sample
size. When comparing this result with the nonsignificant
decline in VO2peak of 3.39% seen with WBV training, we question the relative effectiveness of WBV training in improving
aerobic capacity compared with aerobic training and circuit
resistance training.
For time to peak exhaustion, however, improvements
were seen across all training modalities, with no significant
differences between groups. As anticipated, the improvement in time to peak exhaustion scores using the aerobic
training modality was the most pronounced (21.69%), with
circuit resistance training and WBV training producing
progressively lower improvements (10.64% and 3.15%,
respectively). Our results for aerobic training and circuit
resistance training reflect the improvements in aerobic performance and reductions in fatigue previously reported in
the literature with these training modalities.40–43
To date, there has been only a single investigation
comparing the influence of WBV training and other training modalities on cardiovascular response. Bogaerts et al
compared the effects of WBV training and a combined
cardiovascular and resistance training program on cardiovascular fitness.44 They reported that both VO2peak and time to
peak exhaustion improved on WBV training and combined
cardiovascular and resistance training groups of participants,
with no significant differences between the groups. However,
the standard program produced a greater improvement in
time to peak exhaustion. Clearly, more controlled studies are
required for effective examination of the potential for WBV
training to improve not only oxygen consumption, but also
other cardiovascular health factors.

Maximum strength
Upper body strength and lower body strength were assessed
using the 1-RM test. As expected, the circuit resistance training exercise modality elicited a significant improvement
in upper body strength for obese postmenopausal women,
while WBV training had a significant negative effect. All
three exercise modalities significantly increased lower body
strength (between 17.4% and 20.6%). The increase in upper
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body strength by circuit resistance training was attributable
to inclusion of upper body exercises in the circuit resistance
training protocol, whereas improvements in lower body
strength were likely the result of all three training modalities requiring the use of lower body movements (ie, circuit
resistance training participants performed specific lower
body resistive training, aerobic training participants performed walking activity, and the WBV training participants
performed squats as a part of their training). These data suggest that all three modalities of training may have beneficial
effects on lower body strength. It has been well established
in the literature that circuit resistance training improves lower
body strength.41,45–48
Our results are in agreement with a number of studies reporting that WBV training can be used to improve
lower body strength in older persons. For example, two
studies from the same research group showed that, in postmenopausal women, 24 weeks of WBV training produced
similar improvements in static and dynamic strength as
those produced by resistance training; however, the WBV
training sessions lasted 10 minutes while the resistance
training sessions lasted 40 minutes.23,33 A study by Bemben
et al examined the impact of combining WBV training and
high-intensity resistance training on 1-RM performance.49
They reported that the resistance training group improved
over controls in 13 of 16 muscle groups tested, while WBV
training plus resistance produced performance improvements in 15 of the 16 muscle groups. Bogaerts et al found
comparative increases in leg extension strength and power
between a mixed exercise program and WBV training for the
upper and lower body muscles.44 A study by Rees et al found
that a progressive WBV training protocol produced greater
improvements in plantar flexion strength and similar knee and
hip flexion and extension strength and power using a resistance training program without WBV.50 Machado et al found
a significant increase in muscle strength and thigh muscle
growth in women aged 65–90 years after ten weeks of selective squat exercises using vertical WBV training.51 Mikhael
et al reported that vertical WBV training (12 Hz, 1.0 mm;
20 minutes per day, 3 days per week; 1-minute 1:1 work to
recovery duty cycle) over a 3-month training period improved
upper body and lower body strength whether knees were in
a locked or flexed condition.52 Overall, these studies support
our finding that a periodized WBV training program can
positively affect strength and that these improvements may
rival those produced by typical resistance training protocols.
In addition, the improvements seen in lower body strength but
not upper body strength in our study are likely the result of
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a decline in vibratory stimulus transmission across muscles
and joints farther from the point of application.53,54
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Conclusion
While the conclusions that can be drawn from this study are
limited by the sample size, study duration, and potentially
low resistance overload and volume used during WBV
training, our analysis, including effect sizes, allows some
conclusions to be drawn. The first is that none of the exercise protocols used in this study were effective in inducing
positive changes in body composition measures across the
8-week training period utilized. The second is that all of the
training protocols appeared to be effective in improving test
duration during treadmill testing, yet this was accomplished
without significant improvements in VO2peak. Finally, all
the programs seemed effective in improving lower body
strength, but improvements in upper body strength were
limited to the resistance training group, which specifically
targeted improvement in upper body strength using targeted
exercises.
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