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BACKGROUND: The objective of this study was to investigate the benefits of a low-volume
out-patient whole-body vibration training (WBVT) program on exercise capacity in comparison
with a calisthenics training program in subjects with COPD. METHODS: In this single-center
randomized controlled trial, 29 subjects with mild to severe COPD were randomized to WBVT or
to calisthenics training, including relaxation and breathing retraining in combination with calisthenics
exercises. Both groups equally exercised for a duration of 3 months with 2 sessions of 30 min/week.
Outcome parameters were 6-min walk distance (6MWD, primary outcome), 5-repetition sit-to-
stand test, leg press peak force, Berg balance scale, St George Respiratory Questionnaire, and
COPD assessment test. RESULTS: Twenty-seven subjects completed the study (WBVT, n � 14;
calisthenics training program, n � 13). Baseline characteristics between groups were comparable.
Subjects in the WBVT group significantly improved median (interquartile range) 6MWD (�105
[45.5–133.5] m, P � .001), sit-to-stand test (�2.3 [�3.1 to �1.3] s, P � .001), peak force (28.7
[16.7–33.3] kg, P � .001), and Berg balance scale (1.5 [0.0–4.0] points, P � .055). Changes in
6MWD, sit-to-stand test, and leg press peak force were also found to be significantly different between
groups in favor of the WBVT group. Only the between-group difference of the COPD assessment test
score was in favor of the calisthenics training group (P � .02). CONCLUSIONS: A low-volume WBVT
program resulted in significantly and clinically relevant larger improvements in exercise capacity com-
pared with calisthenics exercises in subjects with mild to severe COPD. (ClinicalTrials.gov registration
DRKS9706.) Key words: exercise test; COPD; physical exercise; training. [Respir Care 0;0(0):1–•. © 0
Daedalus Enterprises]

Introduction

Regular exercise training results in major benefits con-
cerning exercise capacity and quality of life in patients

with COPD.1 Therefore, guidelines of the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) classify
exercise training as a cornerstone in disease management.2
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The main effects of exercise training are related to im-
provements in the cardiovascular system as well as skel-
etal muscle function and morphology. However, the ad-
herence of COPD patients to undergoing and continuing
long-term participation in out-patient exercise training pro-
grams in general is poor and varies between 10 and 32%.3

New effective exercise training programs of short duration
may lead to better acceptance by patients while addressing
necessary improvements in patients with COPD.

Whole-body vibration training (WBVT) could be a new
and time-saving exercise approach aimed at increasing ex-
ercise performance in patients with COPD. In general,
WBVT is performed while standing on a vibration plat-
form that applies vibrations at different frequencies. If a
subject exercises at high frequencies (�20 Hz), the muscle
relaxation time is interrupted, and that results in a higher
output of muscle power. WBVT modalities have been per-
formed successfully in several clinical populations.4 Until
now, only a few studies have investigated WBVT in sub-
jects with COPD.5-9 A reliable comparison of these studies
is not possible due to inhomogeneous study protocols and
settings, but there seems to be some preliminary evidence
that WBVT may be an effective and promising additional
exercise method beyond traditional training regimes in pa-
tients with COPD.10

Calisthenics exercises have been shown to be an effec-
tive exercise modality in COPD treatment.11 In Germany,
out-patient calisthenics exercise groups are well established
to maintain long-term effects following pulmonary reha-
bilitation.

We hypothesized that intensive WBVT of just 1 h/week
may provide a training stimulus sufficient to improve
exercise capacity superior to calisthenics training. There-
fore, the aim of this study was to compare the effects of
a low-volume WBVT for 3 months against conventional
calisthenics training in subjects with mild to severe
COPD.

Methods

Setting and Study Design

A prospective, single-site, randomized controlled trial
was performed at St Remigius Hospital (Leverkusen, Ger-
many) in cooperation with Philipps-University Marburg
(Marburg, Germany). From August 2015 until January
2016, a total of 50 patients were asked to participate in the
study. Twenty-nine subjects were recruited according to
the inclusion and exclusion criteria. Subjects were ran-
domized into one of 2 intervention groups, (1) a WBVT
group or (2) a calisthenics training group, by using a com-
puter-generated randomization list with a 1:1 ratio (Fig. 1).
The study was approved by the ethical board of Philipps-
University Marburg (approval 171/14) and was registered at

the German Clinical Trials Registry (www.germanctr.de;
DRKS9706).

Inclusion Criteria

Subjects were eligible for the study when they fulfilled
the following criteria: stable COPD in stage I to III (ac-
cording to the GOLD classification),2 written informed
consent, age �65 y, and no involvement in any kind of
regular exercise training (at least once per week) within
the last 3 months before study inclusion.

Exclusion Criteria

Patients were not included in the study when they pre-
sented one or more of the following issues: clinical signs
of a severe cardiac event (eg, congestive heart failure),
severe arterial hypertension, severe psychiatric or cogni-
tive impairment, orthopedic comorbidity (eg, artificial joint
in the lower extremities), neurological disorders, or an
acute COPD exacerbation within the last 4 weeks.

Intervention

Subjects in the WBVT group trained twice per week for
30 min for 3 months using a side-alternating vibration plat-
form (Galileo, Novotec Medical, Pforzheim, Germany).
WBVT sessions consisted of a warm-up (10 min of tread-
mill walking or cycling with low intensity, stretching

QUICK LOOK

Current knowledge

Comprehensive pulmonary rehabilitation is a very ef-
fective and widely recommended therapeutic tool in
patients with COPD. A cornerstone of every pulmonary
rehabilitation program is an exercise training program
particularly addressing endurance and strength. The
overall goal is to achieve a significant improvement in
physical performance. However, long-term adherence
to most pulmonary rehabilitation programs is poor due
to time and effort.

What this paper contributes to our knowledge

A low-volume whole-body vibration training of 1 h/week
can lead to clinically importance and significant im-
provements in exercise performance compared with cal-
isthenics exercises, and the results are comparable with
those of a comprehensive pulmonary rehabilitation pro-
gram. The vibrating platform can serve as an alternative
treatment that provides functional improvement.
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exercises), WBVT (15 min), and cool-down (5 min).
Training was performed for 3 � 2 min (2 min of rest in
between) at a frequency of 6 –10 Hz and a mean peak-
to-peak displacement of 4 – 6 mm during the first 4 weeks.
Subjects stood on the WBVT platform shoeless in an
isometric squat position with knees slightly bent (knee
angle of �150°) and arms by their sides or on the arm-
rest of the device (Fig. 2). During the breaks, subjects
were allowed to sit or to walk around as individually
preferred. Exercise duration as well as the vibration
frequency were progressively increased over time (for
WBVT protocol, see Table 1). The calisthenics training
group performed group training sessions twice per week
for 3 months consisting of 30 min of relaxation and
breathing retraining in combination with calisthenics
exercises. Both exercise training groups were super-
vised by an exercise therapist.

Outcomes

All measurements were performed at baseline and at the
end of the 3-month study period.

6-Minute Walk Test. The primary end point of this
study was the difference in the 6-min walk distance
(6MWD) from baseline to 3 months between the WBVT
and calisthenics training program. For that purpose, a stan-
dardized 6-min walk test was performed according to the
American Thoracic Society guidelines,12 using the refer-
ence equation of Troosters et al.13

Lung Function Testing. Spirometry and body plethys-
mography were performed in accordance with the guide-

lines of the American Thoracic Society14,15 and reference
values from the European Respiratory Society.16

5-Repetition Sit-to-Stand Test. The 5-repetition sit-to-
stand test was performed using a chair with a standard
height of 46 cm. Subjects were asked to stand up and sit
down 5 times as quickly as possible with their arms folded
across their chest. During the standing position, knees and
hips had to be fully extended. The outcome of this test was
the time needed to complete the test.17

Leg Press Peak Force. The one-repetition maximum of
the lower extremities was determined by using a leg press
device (Funktionsstemme Reha, MedLife, Gallbrunn, Aus-
tria). The one-repetition maximum was calculated by us-
ing tables for determining the theoretical peak force.18 The

Fig. 1. Flow chart.

Fig. 2. Subject during whole-body vibration training. With
permission.
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equation used for maximal repetitions from 1 to 10 was:
One-repetition maximum � (weight lifted)/[1.0278 � (rep-
etitions � 0.0278)]. For example, for a subject can bench-
press 70 kg 6 times, the estimate of his one-repetition
maximum using the equation above is: One-repetition
maximum � 70/[1.0278 � (6 � 0.0278)] � 70/(1.0278 �
0.1668) � 70/0.861 � 81.3 kg.

Muscle Cross-Sectional Area. The muscle cross-sec-
tional areas of the quadriceps rectus femoris and quadri-
ceps intermedius were measured by ultrasound at pre-
defined points of the thigh.19

Berg Balance Scale. The Berg balance scale consists of
14 different tasks (eg, standing up from a chair, standing
on one leg, picking up an item from the ground) and
assesses static and dynamic balance performance.20 The
total Berg balance scale assessment takes �15 min. The
investigator scores each task between 0 (failed to perform
the task) and 4 points (task was performed without any
problems). All scores are then summarized, yielding a max-
imum score of 56 points (� excellent balance performance).
The Berg balance scale is a well-validated tool to assess
subjects’ risk of falling.21

Single-Leg Stance. The single-leg stance test provides a
quantitative measurement of postural control.22 Subjects
are asked to stand on one leg as long as possible without
contacting the floor with the other leg. Time until task
failure is taken as the outcome parameter of this test.

St George Respiratory Questionnaire. The St George
Respiratory Questionnaire is a multidimensional question-
naire that assesses disease-specific health-related quality
of life in subjects with chronic lung diseases. The St George
Respiratory Questionnaire is a self-administered question-
naire with 50 items comprising 3 domains (symptoms,
activity, and impact), each scored from 0 to 100, with
higher scores corresponding to worse health-related qual-
ity of life.23

COPD Assessment Test. This COPD-specific question-
naire evaluates the overall burden in subjects with COPD

using 8 different questions. Each question can be scored
from 0 points (not impaired) to 5 points (maximally im-
paired). Accordingly, the total score can range from 0 to
40 points, with higher scores reflecting greater burden of
the disease.24 The most reliable estimate of the minimum
important difference of the COPD assessment test is 2
points.25

Statistical Analyses. The sample size calculation was
performed using G*Power 3.1 and yielded a total sample
size of 18 subjects considering 2 degrees of freedom with
a power (1 � �) of 95% and an � of 5%.26

The results are given as the median with interquartile
range. Delta values were calculated for each parameter
between before (baseline) and after (3 months) measure-
ments. Statistical analyses for between-group comparisons
were performed using the Mann-Whitney U test. Compar-
isons between baseline parameters were done by chi-square
test (for frequency distributions) or the U test. Intragroup
differences were compared using the Wilcoxon signed-
rank test. All statistical tests were performed 2-sided with
a significance level of � at 5%.

Results

Baseline Characteristics

Twenty-seven of 29 subjects (WBVT, n � 14; calis-
thenics training program, n � 13) completed the study and
were included in the final per-protocol analysis. For drop-
out reasons, see Figure 1. Baseline characteristics (Table
2) were only significantly different concerning the sit-to-
stand test. All other parameters were comparable between
groups.

Exercise Capacity

Subjects in the WBVT group were able to increase
6MWD by 105 (45.5–133.5) m (P � .001; Table 3). The
improvement between groups was significantly (P � .001)
higher compared with the calisthenics training group (15
[�3 to 21] m, P � .10) (Fig. 3). Also, during the 5-repe-
tition sit-to-stand test, only subjects in the WBVT group

Table 1. Training Program for Whole-Body Vibration Training Group

Weeks 1–4 Weeks 5–8 Weeks 9–12

Training session Twice/week for 3 � 2 min, 2-min
rest in between

Twice/week for 3 � 3 min, 2-min
rest in between

Twice/week for 3 � 3 min, 2-min
rest in between

Aim of WBVT Muscle relaxation, proprioception Improve intermuscular coordination Improve muscle power and strength
WBVT frequency, Hz 6–10 12–18 21–24

In all cases, peak-to-peak displacement was 4–6 mm, and body position was an isometric squat position at 150° knee angle.
WBVT � whole-body vibration training
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could significantly improve testing time by �2.3 (�3.1 to
�1.3) s (P � .001), whereas sit-to-stand test time for sub-
jects in the calisthenics training group remained unchanged
(Fig. 4). The same was true for changes in leg press peak
force (WBVT: 28.7 [16.7 to 33.3] kg, P � .001 vs calis-
thenics training program: 3.0 [�2.5 to 5.8] kg, P � .13;
Fig. 5).

No significant intra- or intergroup differences were found
for the single-leg stance test. However, the multidimen-
sional Berg balance scale improved significantly by 1.5
(0.0–4.0) points (P � .053) only in the WBVT group.
Measurements of the cross-sectional area of the rectus
femoris or the quadriceps intermedius did not yield any
significant changes in any group.

Health-Related Quality of Life

Changes in the different St George Respiratory Ques-
tionnaire domains did not reach significance. However,
the between-group difference of the COPD assessment test
score was significantly (P � .02) larger in favor of the
calisthenics training group (Table 4). No adverse events
were observed during the study period.

Discussion

Our study shows significantly larger improvements in
exercise capacity during a 3-month WBVT intervention in
subjects with COPD than can be achieved with calisthen-

ics exercises. Such large effects on exercise capacity are
usually only reported after more comprehensive pulmo-
nary rehabilitation programs.27-29 It is remarkable that sub-
jects reached these improvements despite their high exer-
cise capacity at baseline and with a time investment of
only 1 h/week. It is known that patients with COPD, es-
pecially those with major limitations in the 6MWD at the
beginning of the program, benefit the most from the ex-
ercise training.30 However, the minimum important differ-
ence of 30 m in the 6MWD was clearly exceeded in the
current study.12 This finding is in line with previous WBVT
studies that also showed beneficial effects in subjects with
COPD but using different more time-consuming study set-
tings and designs.5-7,31

A study published by Pleguezuelos et al6 investigated
the effects of WBVT versus usual care in 51 subjects with
COPD (GOLD stages III and IV). After 6 weeks of train-
ing (3 times/week), subjects in the WBVT group increased
6MWD by 80 m. This finding is in line with our results.
However, there are some substantial differences between
these 2 studies. Subjects in GOLD stages I to III were
included in our study. Accordingly, these subjects were
less impaired in their functional exercise capacity (6MWD
at baseline, 510 m) compared with subjects in the Plegu-
ezuelos study al6 (6MWD at baseline, 410 m). It is known
that subjects with lower exercise capacity respond better to
exercise training than subjects with a normal exercise ca-
pacity.32 Interestingly, the current study demonstrated that
also subjects with mild to moderate disease and well pre-

Table 2. Baseline Characteristics

Characteristics WBVT (n � 14) CTG (n � 13) P

Male/female sex, n 7/7 7/6 .84
Age, median (IQR) y 69 (65.3–73) 70.0 (66–78) .34
COPD I/II/III, n 3/6/5 3/4/6 .80
Pack-years, median (IQR) 35.0 (9.8–45) 23.0 (10–30) .53
BMI, median (IQR) kg/m2 27.2 (24.6–34) 30.6 (29–32.5) .38
FEV1, median (IQR) L 1.5 (1–1.8) 1.5 (1.4–1.7) .65
FEV1, median (IQR) % predicted 63.0 (39.3–71) 52.0 (43–73) .85
Tiffeneau index, median (IQR) % 57.5 (38–64.8) 63.0 (54–67) .38
6MWD, median (IQR) m 507.0 (439.8–594.8) 490.0 (410–608) .56
5-Rep STST, median (IQR) s 12.9 (11.6–13.9) 15.0 (14–16.3) .035
Leg press peak force, median (IQR) kg 92.0 (66.7–138) 130.0 (112–142) .12
Arterial hypertension, n (%) 6 (43) 4 (31) .52
Diabetes mellitus, n (%) 2 (14) 3 (23) .56
Cancer, n (%) 2 (14) 3 (23) .56
Cardiovascular diseases, n (%) 4 (28) 2 (15) .41

WBVT � whole-body vibration training
CTG � calisthenics training group
IQR � interquartile range
BMI � body mass index
6MWD � 6-min walk distance
5-Rep STST � 5-repetition sit-to-stand test
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served exercise capacity can benefit from WBVT
(�6MWD, 105 m). Furthermore, only men were included,
and the control group in the Pleguezuelos trial al6 per-
formed no active intervention, whereas the control group
in our trial received an active training program. This em-
phasizes the value of WBVT, since between-group differ-
ences might be expected to be smaller when comparing 2
active interventions.T
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Fig. 3. Box and whisker plot of whole-body vibration training (WBVT)
compared with calisthenics training group (CTG) (baseline vs after
3 months) for 6-min walk distance (6MWD). Boxes represent 25th
to 75th percentiles, center lines denote the median, and whiskers
show minimum and maximum values.

Fig. 4. Box and whisker plots of whole-body vibration training
(WBVT) compared with the calisthenics training group (CTG) (base-
line vs after 3 months) in the 5-repetition sit-to-stand-test (5-rep
STST). Boxes represent 25th to 75th percentiles, center lines de-
note the median, and whiskers show minimum and maximum val-
ues.
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Also, the subjects’ adherence concerning WBVT in the
current study was very high (dropout rate of 7%), although
the training intensity was progressively increased. This is
remarkable because out-patient WBVT training studies in
subjects with COPD usually report dropout rates of
12–73%,33 and exercise training programs in general re-
port dropout rates of 10–32%.3 One possible reason for
the low dropout rate in the current study could be the short
duration of the training sessions (twice weekly for 30 min),
and maybe participants tended to have positive expecta-
tions about the benefits of exercise in the future. In the
Pleguezuelos et al trial6 the WBVT training intensity cho-
sen was very high (34 Hz) in comparison with our protocol
(maximum 24 Hz in the last 4 weeks). The drop out rate
was also much higher (15%), although the study duration
was half (6 weeks vs 12 weeks).

Patients with COPD often present impaired postural
control compared with healthy age-matched patients.
Moreover, recent studies suggest that these subjects fre-
quently fall.31,32 Associated factors contributing to im-
paired postural control are muscle weakness, physical
inactivity, the need for supplemental oxygen, and lim-
ited mobility.34 Former studies have shown that WBVT
positively impacts posture and balance in the healthy
elderly.35 However, up to now, the effects of WBVT on
balance in subjects with COPD have not yet been in-
vestigated. Our study has shown that subjects in the
WBVT were able to significantly improve balance (as
measured by the Berg balance scale), but the between-
group difference in the Berg balance scale was not sig-
nificantly different. However, it must be considered that

Fig. 5. Box and whisker plot of whole body vibration training (WBVT)
compared with the calisthenics training group (CTG) (baseline vs
after 3 months) for leg press peak force. Boxes represent 25th to
75th percentiles, center lines denote the median, and whiskers
show minimum and maximum values.
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subjects in the WBVT group reached a baseline value of
52 points out of a maximum of 56 points in this test.
This high baseline value might have contributed to a
ceiling effect. Also the large between-group difference
at baseline for the single-leg stance (11 s for the WBVT
group vs 5 s for the calisthenics training group) showed
that subjects in the WBVT group had a better balance
capacity at baseline.

Measurements of the muscle cross-sectional area did
not yield any significant changes in the 2 groups. It seems
that the improvements in exercise capacity induced by
WBVT may not be explained by a measurable increase in
muscle mass of lower extremities. In general, the applica-
tion of mechanical vibrations to the human body induces a
mechanical stress on different kinds of tissue (eg, bones,
muscles, skin, or nerves). This vibration elicits involuntary
muscle contraction and relaxation circles (induced by mus-
cle stretch reflex). Therefore, the benefits of WBVT are
more related to neurophysiological improvements than to
muscle hypertrophy.36-38 Although the WBVT frequency
in this study was increased up to 24 Hz (high intensity),
the load on the muscles might have been still too low to
achieve muscle hypertrophy. WBVT might have been suf-
ficient to increase muscle mass had additional weights
been used.39

COPD impact on health status as measured by the COPD
assessment test increased significantly only in the calis-
thenics training group. But the difference was not of clin-
ical relevance, since the minimum important difference of
2 points was not exceeded.25 We assume that the COPD
assessment test might not be specific enough to detect
changes in exercise capacity, since only 2 of 8 questions of
the COPD assessment test are related to physical activity.
COPD severity assessed by the COPD assessment test
score can be directly related to air-flow limitation.40 That
there were no changes in the COPD assessment test score
is not surprising, since we observed no changes in air-flow
obstruction in our subjects. However, only subjects in the
WBVT group increased quality of life measured by the
more sensitive multidimensional St George Respiratory
Questionnaire, but this nonsignificant increase was under
the estimated minimum important difference threshold
of �4 points.41

Our study also has some limitations that should be con-
sidered. The number of participants was quite low. How-
ever, it was still above the a priori calculated sample size.
Also, some outcome parameters like the single-leg stance
or the COPD assessment test might have been rather in-
sensitive tools to assess balance or quality of life. Other
assessment tests with a higher discriminatory power would
have been useful. Nevertheless, these assessment tests were
only secondary outcome parameters.

Conclusions

In summary, our study showed that in cases of mild to
severe COPD, a low-volume WBVT program can result in
significant and clinically relevant larger improvements in ex-
ercise capacity than can be achieved with calisthenics exer-
cises. We assume that a short training of only 1 h/week will
result in better training discipline and a lower dropout rate
over a period of 3 months.
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