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Abstract

Background: The aim of the study was to investigate whether whole-
body vibration training (WBVT) can be applied beneficially within an
outpatient low frequency exercise program.

Methods: In a prospective, controlled, randomized study, WBVT effec-
tiveness and safety were investigated in COPD stage II-IV patients un-
dergoing a 3-month training program. Participants took part in a 90-min
circuit training once a week. On top patients were randomized to either
perform squats with WBVT, or without (conventional training group
(CTQ)). Before and after the intervention, a sit-to-stand test (STST), a
6-min walk test (6-MWT), the COPD assessment test (CAT), and the
chronic respiratory disease questionnaire (CRQ) were evaluated.

Results: Twenty-eight out of 55 patients completed the study (n =12
WBTYV, n = 16 CTG). The STST time remained nearly constant for
the CTG (A -0.8 + 3.1 s) and the WBVT (A 1.4 £ 3.2 s; P =0.227),
respectively. Similarly, for both WBVT and CTG, the 6-min walk
distance remained unchanged (A7 + 55 m vs. 9 £ 45 m, P = 0.961).
In three out of four categories, the CRQ scores showed a significant
improvement within WBVT, and in one category when comparing
across groups. The CAT score dropped by -0.8 + 2.9 points within
CTG and by 2.4 + 2.7 points within WBVT (P = 0.105). There were
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no adverse events related to WBVT.

Conclusion: The implementation of WBVT in the context of an out-
patient low frequency exercise program did not significantly improve
the patients’ exercise capacity. An improvement in CAT and partially
in CRQ was shown within WBVT. However, regarding the high drop-
out rate (49%), these results must be interpreted with caution.

Keywords: Whole-body vibration training; Pulmonary rehabilita-
tion; COPD; Sit-to-stand test; 6-min walk test; Exercise training

Introduction

The clinical relevant benefits of pulmonary rehabilitation in
patients with chronic obstructive pulmonary disease (COPD)
are proven on a high level of evidence [1]. Furthermore, pul-
monary rehabilitation following an exacerbation of COPD
leads to a reduction of re-hospitalization [2] and mortality [3]
and can positively influence the progression of COPD [4].

Physical training represents a major component of pulmo-
nary rehabilitation programs [5, 6]. While the Anglo-American
hemisphere emphasizes exercise training only [7], a multidis-
ciplinary approach of pulmonary rehabilitation is preferred in
Germany [8]. Since benefits of rehabilitation usually diminish
about 1 year after such programs, the question of sustainabil-
ity is discussed on national and international levels. In Ger-
many, outpatient post-rehabilitation programs are established
amongst others, and its policies as well as content are regulated
for this purpose [9]. The content of these follow-up programs
(usually low frequency and low intensity) is well documented
and thoroughly described elsewhere [10, 11].

The advantage of using whole-body vibration training
(WBVT) in different rehabilitation programs like patients with
osteoporosis or neurological illness has been investigated exten-
sively [12, 13]. The method has been also evaluated in a recent
study during an inpatient rehabilitation program of patients with
severe to very severe COPD. The study by Gloeckl et al showed
a significantly larger increase in exercise capacity when patients
trained with WBVT in addition to conventional endurance and
strength training [14]. As a training device for WBVT, a side
alternating vibration platform (Galileo®) was used. The concept
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Assessed for eligibility (n= 97)

Excluded (n = 42)

+ Not meeting inclusion criteria (n = 15)
+ Declined to participate (n = 23)
+ Other reasons (n = 6)

Randomized (n = 55)

A4

[ Allocation ]

A4

Allocated to WBVT (n = 28)

Allocated to CTG (n = 27)

[ Follow-Up J

Discontinued (n = 16)

1. Unreliability (n = 4)

2. Health restrictions (n = 4)

3. time-dependent problem (n = 3)
4. Other reasons (n = 5)

Discontinued (n = 11)

1. Unreliability (n = 1)

2. Health restrictions (n = 1)

3. time-dependent problem (n = 5)
4. Other reasons (n = 4)

[ Analysis ]

Analyzed (n = 12)
+ Excluded from analysis (n = 0)

Analyzed (n = 16)
+ Excluded from analysis (n = 0)

Figure 1. Study flow chart. WBVT: intervention group with whole-body vibration training; CTG: conventional training group.

of WBVT is based on imitating a human’s natural walking mo-
tion sequence. The fast side alternating movement simulates the
walking motion sequence with adjustable amplitude and fre-
quency. As a natural mechanism to this kind of vibration, the
body reacts by contracting muscles alternatively in the lower left
and right extremities. Beyond a frequency threshold of 10 - 12
Hz, these muscle contractions are not voluntary anymore, but
are induced by muscle stretch reflexes [15]. WBVT activates
muscles from the legs up to the torso, increases the perfusion es-
pecially in the legs, and stimulates the overall blood circulation.

We hypothesized that a complementary WBVT could also
be used as an effective training supplement in a low frequency
and low intensity outpatient exercise program in COPD pa-
tients. The primary aim of this study was to investigate wheth-
er WBVT would lead to a significant increase in the five-rep-
etition sit-to-stand test (STST) in comparison to a non-WBVT
training group.

Methods

Setting and study design

The study represents a prospective, randomized and con-
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trolled interventional study at the St. Remigius Hospital in
Leverkusen, Germany. Patients participated in an outpatient
exercise training program once a week. In total, 94 patients
with COPD were screened for eligibility from November
2013 through September 2015. Following the examination of
inclusion and exclusion criteria, a detailed explanation was
given and patients signed informed consent. Randomization
was performed according to a computer-generated randomi-
zation list provided by the study statistician using a 1:1 rand-
omization without block randomization. The group allocation
was performed by a third party not being involved in patient
recruitment. Group allocation was done after patients have
signed informed consent. The study flow chart is presented in
Figure 1. The ethics commission of the University of Witten-
Herdecke has verified the study (No. 124/2013). Then, the
study was registered in the German Clinical Trials Register
(DRKS No. 00006070).

Inclusion criteria

Patients with COPD at stages II-IV according to GOLD guide-
line were included [1]. Patients had to be willing to complete
the training entirely. Furthermore, they had to participate in
pre- and post-assessments at the outpatient center. The partici-
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pants had to give a written consent to the data acquisition and
study participation.

Exclusion criteria

Exclusion criteria were acute COPD exacerbation within the
last 28 days prior to study inclusion and presence of any con-
traindication for WBVT (e.g. artificial joint replacement, re-
cent or planned surgery, a history of deep vein thrombosis or
known aortic aneurysm).

Measurements

Initially, the inclusion and exclusion criteria were reviewed.
In the beginning and the end of the training intervention, pa-
tients performed the following assessments: 6-min walk test
(6-MWT), five-repetition STST, the 1-min STST, body ple-
thysmography, COPD assessment test (CAT) and chronic res-
piratory disease questionnaire (CRQ).

Pulmonary function testing

Spirometry and body plethysmography (PowerCube, Fa.Gan-
shorn™, Germany) were conducted in the beginning and
the end of the study, while respecting the guidelines of the
American Thoracic Society [16, 17], and utilizing refer-
ence values of the European Respiratory Society (ERS)
[18].

STST

STSTs were carried out with a chair of standard height (46 cm).
To avoid support with the arms, patients were asked to cross
them in front of the chest. Initially, the test was demonstrated
by an experienced colleague and then performed by the partici-
pant. Two STST versions were used. Firstly, the participants
were asked to conduct the motion in their own pace as often
as possible within 1 min (1-min STST). Attention was given
towards a full extension of lower extremities. The amount of
fully completed repetitions was recorded as outcome param-
eter. Patients were allowed to use rest periods to complete the
I-min test, if necessary [19].

Following, after a 15-min break, the second STST version
was performed. Here, the time the patient needed to complete
five repetitions of getting up and sitting down as quick as pos-
sible, was measured (five-repetition STST).

6-MWT

Participants were asked to walk as far as possible on a 30-m
track back and forth in their own pace (without running), ad-
hering to the guidelines for the 6-MWT of the American Tho-
racic Society [20].
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Health-related quality of life
CRQ

The health-related quality of life was assessed using the Ger-
man version of the CRQ. The CRQ consists of four domains
namely dyspnea, fatigue, emotional function and mastery.
Evaluation of the individual domains reaches from 1 (major
impairment) to 7 (without impairment) [21].

CAT

The questionnaire, filled in by the patients themselves, evalu-
ates the global impact of the COPD (e.g. cough, expectora-
tion, dyspnea, and stenocardia) on the health status. Each of
the eight questions is rated between 0 and 5 points resulting
in a maximum score of 40 points. A score of 0 is the best pos-
sible result. Higher values indicate a serious negative impact
of COPD on the participant’s quality of life [22].

Intervention

Within the outpatient pulmonary rehabilitation groups, partici-
pants were randomly assigned to a CTG or a WBVT group. In
each training session, the WBVT group performed squat ex-
ercises on the side-alternating Galileo vibration platform (No-
votec Medical, Pforzheim, Germany). Patients performed three
sets of up to 20 squat repetitions with a frequency of 24 - 26 Hz
and an amplitude of 3 mm. Training was conducted shoeless
and in following sequence: slightly bended knees (10 - 20°),
standing and bending of 30 - 40° without holding on with arms.
The CTG conducted the same amount of squat exercises but
without WBVT. The remaining content of the training stayed
the same and had a duration of 90 min per unit. It included exer-
cises with dumbbells and Thera-band®, different modalities of
walking, ergometer training, stair climbing, dance, and more. It
furthermore consisted of endurance training and rolling walker
training orientating at activities of daily living. The full train-
ing content is described extensively elsewhere [11]. Over the
course of 3 months, the described training was continued once a
week. All adverse events occurring during or after the training,
e.g. cardiac incidents or injuries, as were noted.

Trial objectives

The primary objective was the change in measured time of the
five-repetition STST in group comparison, while the second-
ary objectives were changes in 6-min walk distance (6MWD),
I-min STST, CAT, CRQ and adverse events recorded by the
participants or the staff.

Statistical analysis

A significance value of 5%, power of 80% in combination with
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Table 1. Anthropometric Data, Baseline Characteristics 5
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Table 3. Comparison of Treatment Effects

WBVT at WBVT at

Intragroup CTG at

CTG at3 Intragroup Intergroup

baseline 3 months Delta P-value baseline months Delta P-value P-value
FEV1% pred. 484+£209 449+189 -3.5£22.5 0.753 51.2+17.3 509+164 -03+7.7 0.683 0.944
6-MWD, m 553+7 561 +9 7+ 55 0.574 481 +£121 490+ 125 9+45 0.484 0.798
1-min STST, repetitions 20.8£6.0 20.9+84 0.1+3.8 0.937 16863 181+£75 13+52 0420 0.852
5-rep STST, s 11.9+2.1 134+42 14+£33 0.272 139+48 133+£4.1 -0.7+£3.1 0.326 0.378
CAT, pts. 203+£7.7 178+72 -24+27 0.073 208+5.5 199+£7.0 -0.8+29 0.321 0.139

FEV1% pred.: forced expiratory volume in one second % of target; 6-MWT: walking distance in 6-min walk test; m: meter; pts: points; 1-min STST:
1-min sit-to-stand test; 5-rep STST: sit-to-stand test with five repetitions; WBVT: intervention group with whole-body vibration training; CTG: conven-

tional training group.

completed the study. The quality of life, recorded via the CAT
score, improved in the WBVT. Here, the minimal important
difference of -2 points was achieved, though it was not reached
for the CTG with -0.8 points (Table 3). However, the differ-
ence was not statistically significant. Quality of life measured
by the CRQ showed a significant change for WBVT in the sub-
groups fatigue (P = 0.022), emotional function (P = 0.007),
and mastery (P = 0.018). Furthermore, there was a significant
difference between both groups for emotional function (P =
0.041). An overview of CRQ results is presented in Table 4.

Adverse events, as defined in the protocol, were not ob-
served.

Discussion

In the present study, no significant effects on exercise capac-
ity could be found with the training protocol used in this study.
The primary outcome parameter (STST) did not change signifi-
cantly in any group. With an improvement of 7 m (WBVT) and
9 m (CTQG), neither group exceeded the MID of 30 m for the
6-MWT. These results are not consistent with previous findings.
We assume multiple reasons for this. Firstly, participants with the
greatest physical impairments, and thus the largest potential for
improvement, dropped out of the study especially in the WBVT
group due to several reasons. Literature suggests that typically
participants with reduced exercise capacity benefit most from
physical training [23]. Gloeckl et al demonstrated a statistically
significant improvement following a WBVT intervention (+27
m) using WBVT as a complementary exercise modality on top
of conventional endurance and strength training [14].

In most training studies, the benefits of training interven-

Table 4. Results CRQ

tions are demonstrated during outpatient rehabilitation programs
with poorly trained participants. In our study, 71% of participants
(n = 39) starting the study took already part in a regular training
program. This might explain the relatively high baseline values
for exercise capacity (as measured by STST and 6-MWT).

We furthermore assume that a training session only once
a week might have been too less, thus neither of the groups
showed significant changes. The current training guidelines
from the American College of Sports Medicine recommend
a training frequency of 3 - 5 times per week [24]. However,
these recommendations are difficult to realize for COPD pa-
tients in the long-term. Therefore, there seems to be a trade-
off between lower frequency and thus feasible training and
the training effect for COPD patients. Despite the rather low
training frequency, a high discontinuation rate of 49% for both
groups was observed in our study. Typically, discontinuation
rates in training studies are found to be between 20% and 40%
[25]. Furthermore, the dropout rate in our study was very high
compared with dropout rates reported in studies using WBVT
in other patient populations [26-28]. However, the dropout rate
in both groups was similar and all dropout reasons were not
directly related to the intervention (for reasons, Fig. 1). Unfor-
tunately patients who dropped out of the WBVT group were
patients with significantly lower exercise capacity compared
to completers (Table 2). This might have led to a certain un-
derestimation of WBVT effects, because patients with lower
exercise capacity have been shown to have the most potential
for improvement [23]. Nevertheless, our results may be inter-
preted with caution due to the high dropout rate of 49%.

Another cause for the quite low benefit of our 12-week
training intervention is the homogeneity in the training content.
Both groups performed the same training, with the exception of
using WBVT during squat training. Surely, one cannot expect

WBVT at WBVT at Intragroup CTG at CTG at3 Intragroup  Intergroup

baseline 3 months P-value baseline months P-value P-value
Dyspnea 4.15+1.36 4.58 +£1.28 0.222 4.09+1.23 420+1.15 0.841 0.560
Fatigue 3.88+1.25 448 +£1.32 0.022 3.86 +0.89 4.23+0.92 0.058 0.466
Emotional function 4.08+1.16 492+1.19 0.007 427+1.10 4.43+0.92 0.421 0.041
Mastery 4.04+1.21 5.04+1.40 0.018 4.34+1.30 4.64 +1.28 0.126 0.052

CRQ: Chronic respiratory disease questionnaire; WBVT: intervention group with whole-body vibration training; CTG: conventional training group.
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a large additional training effect by varying only a single and
small modality in the context of an entire training concept. This
result is in accordance with the conclusions drawn by Salhi et al
[25]. Another approach for explaining the lack of improvement
is the difficulties associated with standardizing training content,
as well as intensity during regular PR. It was not documented,
how intensively the participants exercised during the remaining
training program (heart rate, SpO,, Borg, etc.)

We nevertheless observed an improvement in the CAT
score and partially in the area of health-related quality of
life, despite the lack of an increase in exercise capacity in the
WBVT group. Some differences in the CRQ domains were
statistically significant but not of clinical relevance. However,
due to the low number of participants completing the study, we
should not over-interpret these results.

There are also some limitations in our study that need to
be considered. We have registered a very high dropout rate of
49%, leading to a sample size below the a priori calculated
power calculation. Therefore, this major limitation of our study
should be taken into account when interpreting our results. The
rather high level in baseline exercise capacity for completers
limited a higher improvement in exercise capacity by a low fre-
quency training program. In contrast, Salhi et al solely included
patients with a 6-MWT of < 70% pred. in their study. Potential-
ly our participants also could have benefitted from training with
additional weight to induce a sufficient training stimulus [25].
In their systematic review, Gloeckl et al described that espe-
cially patients with muscular impairments benefit from WBVT
by training solely with their own body weight [15]. Our pro-
tocol also did not consider an increase in vibration frequency,
which might have further limited the effect of WBVT. Similar
to our study the results of the study by Furness et al showed that
WBVT did not exacerbate symptoms of COPD [29]. Addition-
ally, our study has shown that patients are at least able to main-
tain their exercise performance in the context of the 3 months
exercise training which can be seen as an important benefit in
patients with COPD. However, in another recent study with a
small sample size WBVT improved functional capacity in the
6-MWT of patients with COPD undergoing a training program
on the vibrating platform as well as in all domains of the SGRQ
quality of life in a safe and feasible way [30].

Conclusion

WBVT was feasible and safe in patients with COPD during an
outpatient low frequency exercise program. However, a benefit
on exercise capacity could not be demonstrated with the use of
an additional WBVT. It is assumed that the reason for this lack
of improvement relies in the low volume and intensity of train-
ing sessions, calling for studies with higher training frequen-
cies. Additionally, a high dropout rate is further weakening the
reliability of this study.
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