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Abstract N\
Background: The aims of the present systematic review and meta-analysis were to evaluate published, randomized controlled |
trials that investigate the effects on whole-body vibration (WBV) training on total, femoral neck, and lumbar spine bone mineral density
(BMD) in postmenopausal women, and identify the potential moderating factors explaining the adaptations to such training.

Methods: From a search of electronic databases (PubMed, Web of Science, and Cochrane) up until September 2017, a total
10 studies with 14 WBV groups met the inclusion criteria. Three different authors tabulated, independently, the selected indices in
identical predetermined forms. The methodological quality of all studies was evaluated according to the modified PEDro scale. For
each trial, differences within arms were calculated as mean differences (MDs) and their 95% confidence intervals between pre- and
postintervention values. The effects on bone mass between exercise and control groups were also expressed as MDs. Both analyses
were performed in the total sample and in a specific class of postmenopausal women younger than 65 years of age (excluding older
women).

Results: The BMD of 462 postmenopausal women who performed WBV or control protocol was evaluated. Significant pre-post
improvements in BMD of the lumbar spine were identified following WBV protocols (P =.03). Significant differences in femoral neck
BMD (P=.03) were also found between intervention and control groups when analyzing studies that included postmenopausal
women younger than 65 years.

Conclusions: WBV is an effective method to improve lumbar spine BMD in postmenopausal and older women and to enhance
femoral neck BMD in postmenopausal women younger than 65 years.

Abbreviations: BMC = bone mineral content, BMD = bone mineral density, DXA = dual-energy x-ray absorptiometry, MD =

mean difference, RCT = randomized controlled trial, WBV = whole-body vibration.
Keywords: bone mass, exercise, perimenopause, whole-body vibration training, women

1. Introduction

One of the major risk factors associated with fragility fractures is
low bone mineral density (BMD)!"! that can, ultimately, result
in a higher predisposition for osteoporosis.”! There has been
an increased research interest in populations who suffer from an
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accelerated loss of bone mass, particularly older adults (men and
women age >65 yr'®! and postmenopausal women). Menopause
is characterized by hormonal changes, which include a decline in
estrogen levels, that play an important role in bone remodeling in
females.*!

Although pharmaceutical treatments are used to increase
bone mass,*! physical exercise has been shown to be an effective
treatment.'®! It is known that a mechanical stimulus is necessary
to maintain bone health."”! In this regard, different training
programs, such as resistance and multicomponent trainings,
have shown increases in BMD of the femoral neck and lumbar
spine in postmenopausal®?! and older women.”>'! In addition,
whole-body vibration (WBV) training has been used as an
alternative exercise intervention and has shown to also increase
bone density via mechanical load."" "' WBV involves standing on
an oscillating plate that generates vertical acceleration, which
transmits high-frequency mechanical stimuli to sensory recep-
tors throughout the body."?! The vibration training requires a
greater response from the muscle and bone tissues to absorb and
dampen the energy caused by oscillatory actions. It has been
shown that WBV can produce osteogenic effects counteracting
age-related alterations in bone mass.'>'*! Furthermore, the
training program on a vibratory platform has its added benefits
with a shortened duration of treatment and lower perceived
exertion.!!’!
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Numerous studies have examined the effect of WBV on bone
mass in postmenopausal women,'*3% but the findings are
somehow contradicting. Iwamoto et al®! observed that 12
months of WBV (intensity of 20 Hz, frequency once per week, and
exercise duration of 4min) plus alendronate had a significant
improvement on BMD in the lumbar spine in postmenopausal,
osteoporotic women. In contrast, Slatkovska et al'*!! showed that
WBYV (frequency of 90 or 30 Hz, with a peak of acceleration of 0.3
g) did not increase BMD of the calcaneal after 12 months. Also,
Rubin et al®¥! found no changes in bone mineral content (BMC) of
the spine, hip, and distal radius in postmenopausal women
following WBYV (frequency of 30 Hz and magnitude of 0.2 g).

It remains controversial as to whether WBV has a positive
effect on bone mass and structure in women. Thus, the aims of
this systematic review and meta-analysis were to evaluate
published, randomized controlled trials (RCTs) that investigated
the effects of WBV on total, femoral neck, and lumbar spine
BMD in postmenopausal women and identify the potential
moderating factors explaining the adaptations to such training.

2. Methods
2.1. Study design

The present research followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines.**
Ethical approval and informed patient consent were not required,
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as this research was a systematic review and had no direct patient
contact or influence on patient care. Eligibility criteria were
predetermined by the authors. Only RCTs studies were
considered for inclusion in the present review. Three different
authors (EM-C, JAR-A, and DJR-C) tabulated independently, the
selected indices in identical predetermined forms. Any discrep-
ancies in methodology, retrieval of articles, and statistical
analysis were resolved by the consensus of all authors.

2.2. Literature search and data collection

Searches were conducted in PubMed, Web of Science, and
Cochrane up until September 2017. The following keyword
combinations were used: “women” OR “older adults” OR
“elderly” AND “whole body vibration” OR “WBV” AND
“bone mineral density” OR “bone mass” OR “BMD” OR “bone
mineral content” OR “BMC”. Figure 1 shows a flow diagram of
the results from the entire search process.

2.3. Selection criteria

Only clinical, WBV, RCTs published in the English language
were included. The following inclusion criteria had to be met:
participants were postmenopausal (the definition of the post-
menopausal period was the years following the year when
menstruation ceased) and/or older women (women older than
65 yr); 1 group of the study performed WBYV; total, femoral neck,
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Figure 1. Flow diagram of the process of study selection. WBV = whole-body vibration.
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or lumbar spine BMD were one of the outcome measures; and
dal-energy x-ray absorptiometry was used to measure the
different variables. Studies were excluded if participants were
>75 years; they did not use WBV on sinusoidal vibration
platforms; there was no control group; participants were not
standing on the platform (ie, sitting or lying position); and
participants were taking medical treatments which might have
influenced bone mass.

2.4. Quality assessment

The methodological quality of all RCTs studies were evaluated
according to the modified PEDro scale using the following
criteria: eligibility criteria were specified; participants were
randomly allocated to groups (in a crossover study, participants
were randomly allocated to treatment groups); allocation was
concealed; the groups were similar at baseline with regards to
the most important prognostic indicators; all participants were
blinded to the interventions; all therapists who administered the
therapy were blinded; there was blinding of all assessors who
measured at least 1 key outcome; measures of at least 1 key
outcome were obtained from >85% of the participants initially
allocated to groups; all participants for whom outcome measures
were available received the treatment or control condition as
allocated or, where this was not the case, data for at least 1 key
outcome were analyzed by “intention to treat”; the results of
between-group statistical comparisons were reported for at least
1 key outcome; and the study provided both point measures and
measures of variability for at least 1 key outcome.

2.5. Statistical methods

The meta-analysis and statistical analyses were performed using
Review Manager software (RevMan 5.2; Cochrane Collabora-
tion, Oxford, UK) and Comprehensive Meta-analysis software
(Version 2; Biostat, Englewood, NJ). For each trial, differences
within arms were calculated as mean differences (MDs) and their
95% confidence intervals between pre- and postintervention
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values. The effects on bone mass between exercise and control
groups were also expressed as MDs. Both analyses were
performed in the total sample and in a specific class of
postmenopausal women younger than 65 years of age (excluding
older women).

Statistical heterogeneity was assessed using the Cochran chi-
square, I? statistics. I* values of 30% and 60% represented a
moderate level of heterogeneity. A P value <.1 for the chi-square
was defined as indicating the presence of heterogeneity.

Potential moderating factors were evaluated by subgroup
analysis, comparing trials grouped by dichotomous or continu-
ous variables that could potentially influencing bone mass.
Median values of continuous variables were used as cut-off values
for grouping trials. Changes in potential moderating factors were
expressed and analyzed as post-minus preintervention values.
Publication bias was evaluated using the estimating funnel plot
asymmetry test. A P value <.05 was considered statistically
significant.

3. Results

3.1. Characteristics of included studies

In the initial literature search, 1159 titles and relevant abstracts
were found. Among them, there were 938 duplicates leaving 221
articles. A total of 188 studies were excluded based on abstract/
title screening. Full texts were retrieved for the remaining 33
articles, of which only 10 RCTs were included in the qualitative
synthesis based on the inclusion criteria (ie, these were only 10
articles that contained BMD outcomes that could be compared
with at least 1 other study). Figure 1 shows the flow diagram of
the study selection process.

Table 1 summarizes the main characteristics and properties of
the 10 studies in this review.""®>°! The RCTs included in this
systematic review were published between the years 2004 and
2017, and the total number of postmenopausal women was 462
(ranging from 22'71 to 96!%%! participants). Some of these studies
included >1 intervention group and control group (ie, parallel

Main characteristics ~ of included studies in the meta-analysis.

n
Years past Medication  PEDro

Study, year of publication Region, country menopause C WBV 9 (%) Age yr BMI, kg/m? Disease status Scale
Beck and Norling,"'® 2010 Queensland, Australia >5 A 14 15 100 689+70 248+29 None None 7

B 13 685+86 26.7+4.4
Karakiriou et al,l'”! 2012 Komotini, Greece >3 9 13 100 534411 276414 None None 7
Lai et all'® 2013 Taichung, Taiwan 9 14 14 100 60.1+71 227+1.9 Osteopenia and None 6

Osteoporosis

Marin-Cascales et al,l'® 2015  Murcia, Spain >3 10 14 100 60.1+£58 31.9+56 None None 6
Marin-Cascales et al,®® 2017 Murcia, Spain >3 10 15 100 59.6+59 31.4+57 None None 6
Davis et al,?" 2014 Texas, EE.UU. >1 A 9 13 100 622+60 NA None None 5

B 5
Ruan et al,?? 2008 Beijing, China ~10 A 43 51 100 61.2+82 244+33  Osteoporosis  None 4

B
Rubin et al,®®! 2004 Omaha, Nebraska USA. 3-8 28 28 100 573 24.4 None None 10
Verschueren et al,?% 2004 Leuven, Belgium ~15 23 25 100 64.6+33 26.3+36 None None 7
Von Stengel et al,?%! 2011 Erlangen, Bavaria, ~13 A 33 34 100 68.1+40 26.9 None Vitamin D 9

Germany and calcium
B 29 67.9+3.8 27.2

Data are expressed in mean=+SD or n.
All characteristics refer to the WBV group.

A=study's WBV group 1, B=study’'s WBV group 2, BMI=body mass index, C=control group, N/A=not applicable, WBV=whole-body vibration.
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Characteristics of whole-body vibration training intervention and bone mass assessment of studies included in the meta-analysis.

Whole-body vibration training intervention

BMD assessment

Type of Frequency, Session Duration, Number of Frequency, Amplitude,
Study, year of publication  Group exercise wk ! length, s wk sessions Hz mm g Measure  Units
Beck and Norling,"® 2010 A Static 2 900 32 64 30 N/A 0.3 DXA g/cm?
B 360 12.5 2 1
Karakiriou et al,l"” 2012 Static 3 420-720 24 72 35-40 1.5 3.7-4.83 DXA g/cm?
Lai et al,l"® 2013 Static 3 300 24 72 30 N/A 3.2 DXA g/em?
Marin-Cascales et al,"¥ 2015 Static + dynamic 3 300-480 12 36 35 4 9.86 DXA g/cm?
Marin-Cascales et al,®% 2017 Static + dynamic 3 300-660 24 72 35-40 4 9.86-12.88 DXA g/em?
Davis et al,®"! 2014 A Static 3 90-300 36 108 30-35 2 3.62-4.93 DXA g/em?
B 40-50 4 12.88-20.12
Ruan et al,??! 2008 A Static 5 600 12 60 30 5 9.06 DXA g/em?
B 24 120
Rubin et al,® 2004 Static 7 1200 52 364 30 N/A 0.2 DXA g/em?
Verschueren et al,?% 2004 Static + dynamic 3 1800 24 72 35-40 1.7-25 2.8-5 DXA g/cm?
Von Stengel et al,®®, 2011 A Static + dynamic 3 900 52 156 35 17 8 DXA g/em?
B 12.5 12

Data are mean or range.

A=study’s whole-body vibration (WBV) group 1, B=study’s WBV group 2, BMD = bone mineral density, DXA = dual-energy x-ray absorptiometry, g=acceleration (where 1 gis the acceleration due to the Earth’s

gravitational field or 9.81m/s?), N/A=not applicable.

group design). The mean age of the participants was from 53.417!
to 68.91¢! years. Regarding the sample population, the studies
comprised in this systematic review showed postmenopausal
women in 3 different conditions (no disease, osteopenic, or
osteoporotic); 1 study included women with osteopenia and
osteoporosis '8! and another presented only osteoporotic
volunteers.*?)

3.2. Characteristics of the interventions

The characteristics of the different WBV interventions are present
in Table 2. The intensity of the protocols varied from 12.5!¢! to
50Hz"*!"! and the amplitude from 1.5"7' to 12mm.'*’! The
duration of the different interventions ranged from 121"%**1 to 52
weeks of training!*?! with a weekly frequency of 2!'%! to 7
sessions.!?*! Total session length varied from 90" to 1800
seconds.** The values for acceleration (g) ranged from 0.21%% to
20.12m/s*1; thus, the intensity of the training was different
among the studies.

3.3. Main effects analysis

When all studies and respective WBV groups were examined,
there was no significant pre-post effect on total (P=.96; MD =
0.0; Fig. 2A) and femoral neck BMD (P=.44; MD=0.01;
Fig. 2B). However, there was a significant pre-post improvement
in BMD of the lumbar spine (P=.03; MD =0.02; Fig. 2C). When
comparing WBV with control groups, no significant differences
were observed in total (P=.74; MD=0.01; Fig. 3A), femoral
neck (P=.28; MD=0.02; Fig. 3B) and lumbar spine BMD
(P=.46; MD =0.02; Fig. 3C).

3.4. Subgroup analysis

Interestingly, when analyzing studies that included postmeno-
pausal women younger than 65 years no significant pre-post
change in femoral neck BMD was found (P=.42; MD=0.01;
Fig. 2D). However, there was a significant increase in BMD of the
lumbar spine (P=.05; MD=0.02; Fig. 2E) following WBV
between pre and postintervention. In addition, significant

differences in femoral neck BMD (P=.03; MD=0.01; Fig. 3D)
were also observed between WBV and control groups.
Nevertheless, no statistical significance was found in lumbar
spine BMD (P=.10; MD =0.02; Fig. 3E) when comparing WBV
with control groups.

Subgroup analysis assessing potential moderating factors for
BMD of the femoral neck and lumbar spine are presented in
Tables 3 and 4, respectively.

Concerning population and exercise characteristics, from all
the studies that had femoral neck as an outcome variable,
no significant differences were observed between subgroups
(Table 3): the number of the participants, age, BMI, number of
sessions, duration, frequency, amplitude, type of exercise, and
sessions length were not factors in femoral neck BMD changes
with WBV in postmenopausal women.

As for the number of participants (n), studies with >25
participants presented significant training effect on BMD of
the lumbar spine (P=.05; MD=0.02; Table 4). For partic-
ipants younger than 65 years old and with a BMI younger than
25kg/m?, WBV was effective in reducing bone loss at the
lumbar spine (P=.05; MD=0.02; Table 4). Nevertheless,
no significant differences were obtained between subgroups
(Table 4).

Regarding the total number of sessions, a significant pre-post
effect on lumbar spine BMD was observed for more!?"-*>*°! and
less!'6718:22:241 than 108 sessions (P=.000001; MD=0.03; and
P=.01; MD=0.01, respectively). Furthermore, significant differ-
ences were obtained between subgroups (P=.00001) with 108 or
more sessions presenting a higher MD (Table 4). When including
postmenopausal women younger than 65 years the results are
similar (>108 sessions: P=.00001; MD=0.04; <108 sessions:
P=.01; MD=0.01; Table 4). Again, there were statistical
differences between subgroups in women younger than 65 years
(P=.00001) with 108 or more sessions presenting a higher MD
(Table 4).

With respect to WBV frequency, training at 20Hz or more
induced a significant pre-post effect on lumbar spine BMD
(P=.04; MD=0.02; Table 4). However, no statistical signifi-
cance was found between groups that trained with higher and
lower frequencies (P=.79; Table 4).
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Post Pre Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Becketal,, 2010a 0.857 0104 15 0859 0097 15 196% -0.00}0.07,0.07]
Becketal., 2010b 0883 0119 13 0889 0113 13 128% -0.01[-0.10,0.08]

Marin-Cascales etal, 2015  0.839 0.113 14 0938 0.095 14 17.0% 0.00 [-0.08, 0.08]
Marin-Cascales etal, 2017 0927 0.119 15 0924 0105 15 158% 0.00 [-0.08, 0.08]
Verschueren etal., 2004 1.031 0.096 25 1.027 0.098 25 348% 0.00 [-0.05, 0.06]
Total (95% CI) 82 82 100.0%  0.00[-0.03,0.03]
Heterogeneity: Tau*= 0.00; Chi*= 0.04, df= 4 (P = 1.00); F= 0% J t + }
01 -005 0 005 04
A Testfor overall eflect = 0.05 (P = 0.95) Favours [decrease] Favours [increase)

Post Pre Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Becketal, 2010a 0.741 0114 15 075 0112 15 46% -0.01[-0.09,007]
Becketal., 2010b 0.738 0156 13 0.749 0156 13 21% -0.01[0.13,0.11]
Davis et al., 2014a 0849 0.077 13 0844 007 13 95% 0.01 [-0.05, 0.06]
Davis et al., 2014b 0.89 0.071 5 089 0071 5 39% 0.00[-0.09, 0.09]
Ruan et al., 2008a 0669 0103 51 0666 0.1 51 195% 0.00 [-0.04, 0.04] —_—
Ruan et al., 2008b 0687 0106 51 0666 01 51 18.9% 0.02 [-0.02, 0.06] ———
Verschueren etal, 2004 0.886 0.134 25 0878 0136 25 54% 0.01 [-0.07, 0.08]
von Stengel etal, 2011a 0733 008 34 0725 0079 34 21.2% 0.01 [-0.03, 0.05] —
von Stengel etal, 2011b  0.699 0088 29 0697 0087 29 14.9% 0.00 [-0.04, 0.05] —_—
Total (95% CI) 236 236 100.0% 0.01[-0.01, 0.02] ?
Heterogeneity: Tau?= 0.00; Chi*= 0.82, df= 8 (P = 1.00), F= 0% _031 o ?05 5 o 505 031

B Testfor overall effect Z=0.77 (P = 0.44) Favours [decrease] Favours [increase]

Post Pre Mean Difference Mean Difference
Slug! or Subgrogg Mean SD Total Mean SD Total Weighl IV, Random, 95% CI IV, Random, 95% CI
Becketal, 2010a 0872 012 15 0876 0122 15 24% -0.00[-0.09,0.08]
Becketal., 2010b 0941 0206 13 0.941 02 13 08% 0.00[-0.16,0.16]
Davis et al., 2014a 106 012 13 106 013 13 20% 0.00[-0.10,0.10]
Davis et al., 2014b 1.2 026 5 115 0.2 5 02% 0.05[-0.24,0.34]
Karakiriou et al., 2012 1.079 002 13 1075 002 13 234% 0.00(-0.01,0.02] -
Laietal, 2013 0835 0.098 14 0818 0088 14 36% 0.02 [-0.05, 0.09]
Ruan etal,, 2008a 0.847 0.021 51 0836 0022 51 293% 0.01 [0.00, 0.02] -
Ruan et al., 2008b 0.872 0.024 51 0836 0022 51 288% 0.04 [0.03, 0.04] -

Verschuerenetal, 2004 0901 0145 25 0904 0143 25 28% -0.00[0.08,0.08]
von Stengel etal, 2011a 0919 0138 34 0914 0141 34 39% 0.01 [-0.06, 0.07]
von Stengel etal, 2011b  0.944 0153 29 0937 0157 29 28% 0.01 [-0.07,0.09]

Total (95% CI) 263 263 100.0%  0.02[0.00,0.03] P

Heterogeneity: Tau®= 0.00; Chi*= 22.12, df=10 (P = 0.01); F= 55% 0= - 5 505 ) 0 %5 031
C  Testforoverall effect Z= 217 (P = 0.03) " Favours [decrease] Favours [increase]

Post Pre Mean Difference Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Davis et al,, 2014a 0.849 0.077 13 0844 007 13 16.5% 0.01[-0.05, 0.06] —_—t

Davis et al., 2014b 0.89 0.071 5 089 0071 5 6.8% 0.00[-0.08,0.09)

Ruan et al., 2008a 0669 0.103 51 0.666 01 51 341% 0.00[-0.04,0.04] s

Ruan et al,, 2008b 0687 0.106 51 0.666 0.1 51 331% 0.02[-0.02,0.06) e

Verschuerenetal, 2004 0886 0.134 25 0878 0.136 25 9.4% 0.01 [-0.07,0.08]

Total (95% CI) 145 145 100.0% 0.01[-0.01,0.03] ?
Heterogeneity: Chi*= 0.49, df= 4 (P=0.97), F= 0% _0:1 0 :05 o 0 :05 011
p Testforoveralleffect Z=0.81 (P=0.42) Favours [decrzase] Favours [increase]

Post Pre Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis etal,, 2014a 106 012 13 106 013 13 27%  0.00[0.10,0.10]
Davis etal., 2014b 12 026 5 115 02 5 03% 005}0.24,034) +
Karakiriou et al,, 2012 1079 002 13 1075 002 13 262%  0.00}-0.01,002 b
Laietal, 2013 0835 0098 14 0818 0088 14 49%  0.02[-0.05 009
Ruan et al,, 2008a 0.847 0021 51 0836 0022 51 313% 0.01 [0.00, 0.02] -
Ruan et al,, 2008b 0872 0024 51 0836 0022 51 309% 0.04 [0.03, 0.04) —-
Verschuerenetal, 2004 0901 0145 25 0904 0143 25 38% -0.00[-0.08,0.08]
Total (95% CI) 172 172 100.0%  0.02[0.00, 0.03] i
Heterogeneity: Tau®= 0.00; Chi*= 21.48, df= 6 (P = 0.002); F= 72% -0:1 -0:05 3 2 55 0:1

E Lot i
Testfor overall effect Z=1.97 (P = 0.05) Favours [decrease] Favours [increase]

Figure 2. Mean difference (MD) in bone mineral density (BMD) between post- and preintervention. Squares represent the MD? for each trial. Diamonds represent
the pooled MD across trials. (A) Total BMD; (B) femoral neck; (C) low back; (D) Femoral neck in postmenopausal women younger than 65 years; and (E) low back in
postmenopausal women yonger than 65 years. Cl = confidence interval, SD = standard deviation.

There was a significant pre-post WBV effect when the training  observed between groups that used higher and lower amplitudes
sessions consisted of amplitudes heavier than Smm (P=.05; (Table 4).
MD=0.02) or 8g (P=0.04; MD=0.02) on bone mass at the Finally, in relation to the type of exercise used, no significant
lumbar spine. However, no statistical group differences were  differences were found between subgroups. However, when
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Becketal, 2010a 0.857 0.104 15 0951 0155 14 159%  -0.09[-0.19,0.00) |
Becketal., 2010b 0883 0119 13 0951 0155 14 14.4% -0.07[-0.17,0.04) —
Marin-Cascales etal, 2015 093% 0113 14 0892 0097 10 18.9% 0.05[-0.04,0.13] _rr
Marin-Cascales etal, 2017 0927 0118 15 0892 0097 10 187% 0.04 [-0.05,0.12) —
Verschueren et al,, 2004 1.031 0096 25 1.027 0068 23 321% 0.00 [-0.04, 0.05) —_—
Total (95% CI) 82 71 100.0%  -0.01[-0.06, 0.04] ?
Heterogeneity. Tau®= 0.00; Chi*= 7.10, df= 4 (P= 0.13); P= 44% -0=.2 -u=.1 5 0?1 0?2
Testfor overall effect Z= 0.33 (P = 0.74) Favours [control] Favours [experimental)
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Becketal, 2010a 0741 0114 15 0754 0112 14 101% -0.01[-0.10,0.07]
Becketal, 2010b 0739 0156 13 0754 0112 14 84% -0.02[0.120.09
Davis etal, 2014a 0.849 0077 13 0802 0415 9 B81% -005[-0.16,0.05) =
Davis et al,, 2014b 0.89 0.07 5 0902 015 9 75% -0.01[0.13,010)
Ruan et al,, 2008a 0669 0103 51 0575 00839 43 141% 0.09 [0.06,0.13] —_—
Ruan et al., 2008b 0687 0106 51 0573 0099 43 13.9% 0.11 [0.07,0.16) —
Verschueren etal., 2004 0.886 0.134 25 084 0105 23 11.5% 0.05[-0.02,0.11] e —
von Stengel etal, 2011a 0733 008 34 0.727 0115 33 134% 0.01 [-0.04, 0.05) S——
von Stengel etal, 2011b 0699 0088 29 0.727 0115 33 131% -0.03[-0.08,0.02) —_—
Total (95% CI) 236 221 100.0%  0.02[-0.02, 0.07] ?
Heterogeneity: Tau®= 0.00; Chi*= 34.69, df= 8 (P < 0.0001); F=77% .g=_2 .rj_1 0 0?1 sz
Testfor overall effect: Z=1.07 (P = 0.28) Favours [control] Favours [experimental]
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Becketal, 2010a 0872 012 15 0924 0114 14 89% -005[-0.14,003] =
Becketal, 2010b 0941 0206 13 0924 0114 14 67% 0.02[-0.11,0.14)
Davis etal,, 2014a 106 012 13 112 013 89 77% -006[-0.17,0.05) —
Davis etal, 2014b 12 026 5 112 013 9 30% 008016032
Karakiriou et al,, 2012 1079 002 13 1113 002 9 11.9% -0.03[0.05,-0.02]
Laietal, 2013 0835 0098 14 0815 0076 14 10.0% 0.02 [-0.04,0.08] -
Ruan et al,, 2008a 0.847 0.021 51 0755 0033 43 12.0% 0.09[0.08,0.10] -
Ruan et al., 2008b 0872 0024 51 0746 0035 43 12.0% 0.13[0.11,0.14] -
Verschuerenetal, 2004 0901 0145 25 093 0146 23 80% -003[0.11,0.05 —
von Stengel etal, 2011a 0919 0.138 34 0918 0.163 33 956% 0.00 [-0.07, 0.07] -1
von Stengel etal, 2011b 0944 0153 29 0918 0163 33 9.2% 0.03[-0.05,0.10] —
Total (95% CI) 263 244 100.0% 0.02 [-0.03, 0.07] ’
Heterogeneity: Tau®= 0.01; Chi*= 261.65, df = 10 (P < 0.00001); = 96% _012 _0%1 5 011 012
Testfor overall effect Z=0.73 (P = 0.46) Favours [control] Favours [experimental]
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis etal, 2014a 0005 0.007 13 0005 0018 9 201% 0.00 [-0.01, 0.01) ——
Davis et al,, 2014b 0.029 0.006 5 0.005 0.018 9 19.8% 0.02 (0.01, 0.04) ——
Ruan et al., 2008a 0.003 0003 51 -0.008 0006 43 24.0% 0.01 [0.01, 0.01] -
Ruan et al,, 2008b 0021 0006 51 -0.01 0004 43 24.0% 0.03 (0.03, 0.03) L3
Rubin et al,, 2004 -0.005 0052 28 -0.002 0052 28 121%  -0.00[-0.03,0.02] I —
Total (95% CI) 148 132 100.0% 0.01[0.00, 0.03] sl
Heterogeneity: Tau®= 0.00; Chi*= 205.00, df= 4 (P < 0.00001); F= 98%

Test for overall effect Z= 211 (P=0.03)

-005 -0025 0 0025 005
Favours [control] Favours [experimental]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis etal., 2014a 0 001 13 002 002 9 17.6% -0.02(0.03,-0.01] =
Davis etal., 2014b 005 0.086 5§ 002 002 9 74% 0.03 [-0.02, 0.08) -
Karakiriou et al,, 2012 0.004 0 13 -0.018 0 9 Not estimable
Laietal, 2013 0017 001 14 -0.004 0002 14 192% 0.02[0.02,0.03] -
Ruan et al, 2008a 0.011 0.001 51 -0.005 002 43 192% 0.02[0.01,002] -
Ruan et al,, 2008b 0036 0.002 51 -0.014 0018 43 19.2% 0.05[0.04, 0.06] -
Rubin et al,, 2004 -0.005 0035 28 -0.006 0.017 28 175% 0.00[-0.01,0.02) b o
Verschuerenetal, 2004 -0003 0.002 25 0.004 0 23 Not estimable
Total (95% CI) 200 178 100.0%  0.02[-0.00,0.03] B
Heterogeneity: Tau®= 0.00; Chi*= 141.90, df= 5 (P < 0.00001), F= 36% o1 005 o5 oh

Testfor overall effect Z=1.64 (P=0.10)

Favours [control] Favours [exparimental]

Figure 3. Mean difference (MD) in postintervention bone mineral density (BMD) between whole-body vibration (WBV)-trained and control postmenopausal women.
Squares represent the MD? for each trial. Diamonds represent the pooled MD across trials. (A) Total BMD; (B) femoral neck; (C) low back; (D) femoral neck in
postmenopausal women younger than 65 years; and (E) low back in postmenopausal women younger than 65 years. Cl = confidence interval, SD = standard

deviation.
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Subgroup analyses assessing potential moderating factors for femoral neck bone mineral density in postmenopausal women and
postmenopausal women younger than 65 years.

Studies Whole-body vibration
References MD (95% CI) I? P Poits

Group Number”

Femoral Neck BMD
Population characteristics

N
>25 4 Ruan et al®?; Von Stengel et al* 0.01 (=0.01, 0.03) 0 95 vl
<25 5 Beck and Norling!"®: Davis et al®"): Verschueren et al®*! 0.00 (—0.03, 0.04) 0 39

Age
>65 yr 4 Beck and Norling!"®: Von Stengel et al®® 0.01 (=0.01, 0.02) 0 81 72
<65 yr 5 Davis et al®"; Ruan et al®; Verschueren et al®¥ 0.01 (—0.01, 0.03) 0 42
BMI Davis et al®"! N/A
>25 kg/m? 4 Beck and Norling!"®": Verschueren et al®: Von Stengel et al®®! 0.01 (=0.02, 0.03) 0 vl 81
<25 kg/m? 3 Beck and Norling!"®; Ruan et al®? 0.01 (=0.02, 0.04) 0 48
Exercise characteristics
Number of sessions
>108 Sessions 5 Davis et al®"; Ruan et al®?; Von Stengel et al®® 0.01 (=0.01, 0.03) 0 38 67
<108 Sessions 4 Beck and Norling!"®; Ruan et al®?; Verschueren et al®” 0.00 (—0.03, 0.03) 0 94
Duration
>32 wk 4 Davis et al®""; Von Stengel et al®® 0.00 (—0.02, 0.03) 0 69 84
<32 wk 5 Beck and Norling!"®; Ruan et al®; Verschueren et al®” 0.01 (—0.02, 0.03) 0 49
WBV frequency
>20 Hz 7 Beck and Norling!"®": Davis et al®": Ruan et al®?; 0.01 (=0.01, 0.03) 0 40 75
Verschueren et al®; Von Stengel et al®®
<20 Hz 2 Beck and Norling!"®; Von Stengel et al®® 0.00 (—0.04, 0.04) 0 98
WBV amplitude
>5 mm 3 Ruan et al®?; Von Stengel et al*” 0.01 (—0.01, 0.03) 0 45 85
<5 mm 5 Beck and Norling!"®; Davis et al®"’; Verschueren et al®*:; 0.01 (=0.02, 0.03) 0 68
Von Stengel et al®
WBV amplitude
>8¢ 5 Davis et al®""; Ruan et al®?; Von Stengel et al® 0.01 (=0.01, 0.03) 0 40 74
<8¢ 4 Beck and Norling!"®"; Davis et al®"; Verschueren et al®*! 0.00 (—0.04, 0.04) 0 95
Type of exercise
Static 6 Beck and Norling!"®": Davis et al®": Ruan et al®? 0.01 (=0.02, 0.03) 0 98 93
Mixed 3 Verschueren et al®; Von Stengel et al®® 0.01 (=0.02, 0.03) 0 98
Session length
>600 s 6 Beck and Norling!"®; Ruan et al®?; Verschueren et al®¥; 0.01 (—0.01, 0.03) 0 42 80
Von Stengel et al®®
<600 s 3 Beck and Norling!"®; Davis et al®" 0.00 (—0.04, 0.05) 0 94
Femoral Neck BMD (<65 yr)
Population characteristics
N
>25 2 Ruan et al®? 0.01 (=0.02, 0.04) 0 A 78
<25 3 Davis et al®"; Verschueren et al®*! 0.00 (—0.04, 0.04) 0 81
BMI Davis et al®! N/A
>25 kg/m? 1 Verschueren et al®¥ 0.01 (=0.07, 0.08) N/A 83 92
<25 kg/m? 2 Ruan et al®? 0.01 (=0.02, 0.04) 0 M

Exercise characteristics
Number of sessions

>108 Sessions 3 Davis et al®"; Ruan et al®? 0.01 (=0.02, 0.04) 0 38 68
<108 Sessions 2 Ruan et al®?; Verschueren et al®! 0.00 (—0.03, 0.04) 0 82

Duration
>32 wk 2 Davis et al*"! 0.00 (—0.04, 0.05) 0 88 78
<32 wk 3 Ruan et al®; Verschueren et al®* 0.01 (=0.01, 0.04) 0 40

WBV amplitude
>5 mm 2 Ruan et al®? 0.01 (=0.02, 0.04) 0 M 78
<5 mm 3 Davis et al®"; Verschueren et al®” 0.00 (—0.04, 0.04) 0 81

WBV amplitude
>8¢ 3 Davis et al®"; Ruan et al®? 0.01 (=0.02, 0.04) 0 43 86
<8¢ 2 Davis et al®'"; Verschueren et al®” 0.01 (=0.04, 0.05) 0 79

Type of exercise
Static 4 Davis et al®"; Ruan et al® 0.01 (=0.01, 0.03) 0 43 97
Mixed 1 Verschueren et al®” 0.01 (—0.07, 0.08) N/A 83

Session length
>600 s 3 Ruan et al®; Verschueren et al®¥ 0.01 (=0.01, 0.04) 0 40 78
<600 s 2 Davis et al®"! 0.00 (—0.04, 0.05) 0 88

" Number of WBV-trained postmenopausal women groups into this studies references. Certain enrolled studies were not included because the value used for subgroup analysis was not reported in them.
BMD = bone mineral density, BMI=body mass index, Cl=confidence interval, I>=heterogeneity, MD =mean difference, N/A=not applicable, P=test for overall effect, Py = test for subgroup differences,
WBV =whole-body vibration.
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Subgroup analyses assessing potential moderating factors for low back bone mineral density in postmenopausal women and
postmenopausal women younger than 65 years.

Studies Whole-body vibration
Group Number References MD (95% Cl) P P Poite
Low back BMD
Population characteristics
N
>25 4 Ruan et al®?; Von Stengel et al®® 0.02 (—0.00, 0.04) 82 .05 20
<25 7 Beck and Norling"®; Karakiriou et al''”"; Lai 0.00 (—0.01, 0.02) 0 72
et al"®; Davis et al®"’; Verschueren et al®¥
Age
>65 yr 4 Beck and Norling!"®: Von Stengel et al®®! 0.00 (—0.04, 0.05) 0 89 56
<65 yr 7 Karakiriou et all'”"; Lai et al'®: Davis et al®"; 0.02 (0.00, 0.03) 72 05
Ruan et al®?; Verschueren et al®¥!
BMI Davis et al®"! N/A
>25 kg/m? 5 Beck and Norling!"®": Karakiriou et al'”); 0.00 (—0.01, 0.02) 0 60 18
Verschueren et al®¥; Von Stengel et al’®®
<25 kg/m? 4 Beck and Norling!'®; Lai et al"®: Ruan et al®? 0.02 (0.00, 0.04) 82 .05
Exercise characteristics
Number of sessions
>108 Sessions 5 Davis et al®"’; Ruan et al®; Von Stengel et al® 0.03 (0.03, 0.04) 0 .000001 .00001
<108 Sessions 6 Beck and Norling!'®); Karakiriou et all'”; Lai 0.01 (0.00, 0.02) 0 .01
et al"®; Verschueren et al®”
Duration
>32 wk 4 Davis et al®'; Von Stengel et al® 0.01 (—0.04, 0.05) 0 80 67
<32 wk 7 Beck and Norling!"®": Karakiriou et al'”); Lai 0.02 (—0.00, 0.03) 72 .06
et al"®; Ruan et al®?: Verschueren et al®¥
WBV frequency
>20 Hz 9 Beck and Norling!"®": Karakiriou et al'”; Lai 0.02 (0.00, 0.03) 64 04 79
et al"®; Davis et al®"; Ruan et al®?;
Verschueren et al®”; Von Stengel et al®®
<20 Hz 2 Beck and Norling!"®; Von Stengel et al®® 0.01 (—0.07, 0.08) 0 88
WBV amplitude Lai et all"® N/A
>5 mm 4 Beck and Norling!"®: Ruan et al®; Von Stengel 0.02 (0.00, 0.04) 82 .05 18
et al®d
<5 mm 5 Karakiriou et all'”?; Davis et al®""; Verschueren 0.00 (—0.01, 0.02) 0 60
et al®: Von Stengel et al®®
WBV amplitude
>8¢ 5 Davis et al®"; Ruan et al®?; Von Stengel et al® 0.02 (0.00, 0.04) 76 04 18
<8y 6 Beck and Norling!'®’; Karakiriou et all'”; Lai 0.00 (—0.01, 0.02) 0 58
et al"®; Davis et al®"; Verschueren et al®¥
Type of exercise
Static 8 Beck and Norling!"®": Karakiriou et al'”; Lai 0.02 (0.00, 0.03) 67 04 57
et al"®; Davis et al®"; Ruan et al®?
Mixed 3 Verschueren et al®; Von Stengel et al® 0.00 (—0.04, 0.05) 0 88
Session length
>600 s 7 Beck and Norling!"®": Karakiriou et al'”; Ruan 0.02 (—0.00, 0.03) 73 .06 89
et al®?: Verschueren et al®: Von Stengel
et al®d
<600 s 4 Beck and Norling"'®; Lai et all'®; Davis et al®"! 0.01 (—0.04, 0.06) 0 67
Low back BMD (<65 yr)
Population characteristics
N
>25 2 Ruan et al®? 0.02 (—0.00, 0.05) 94 .06 19
<25 5 Karakiriou et all'”; Lai et all"®: Davis et al®"; 0.00 (—0.01, 0.02) 0 56
Verschueren et al®¥
BMI Davis et al®" N/A
>25 kg/m? 2 Karakiriou et al''”; Verschueren et al®¥ 0.02 (—0.00, 0.03) 0 63 17
<25 kg/m? 3 Lai et al"®: Ruan et al®? 0.02 (0.00, 0.05) 83 .05
Exercise characteristics
Number of sessions
>108 Sessions 3 Davis et al®"; Ruan et al®®? 0.04 (0.03, 0.04) 0 .00001 .00001
<108 Sessions 4 Karakiriou et all'”%; Lai et al"®; Ruan et al®?; 0.01 (—0.00, 0.02) 0 01
Verschueren et al®
(continued)
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(continued).

Studies Whole-body vibration
Group Number” References MD (95% Cl) P P Ppitt
Duration
>32 wk 2 Davis et al?"! 0.01 (=0.09, 0.10) 0 75 81
<32 wk 5 Karakiriou et all'”; Lai et all"®; Ruan et al®?; 0.02 (—0.00, 0.03) 81 .06
Verschueren et al®
WBV amplitude Lai et al™® N/A
>5 mm 2 Ruan et al®? 0.02 (—0.00, 0.05) 94 .06 18
<5 mm 4 Karakiriou et all'”; Davis et al®"); Verschueren 0.00 (—0.01, 0.02) 0 62
et al?
WBV amplitude
>8¢ 3 Davis et al®"; Ruan et al®? 0.02 (—0.00, 0.05) 88 .05 17
<8¢ 4 Karakiriou et all'”"; Lai et all'®; Davis et al®"; 0.00 (—0.01, 0.02) 0 57
Verschueren et al®!
Type of exercise
Static 6 Karakiriou et al'”"; Lai et all'®; Davis et al®"; 0.02 (0.00, 0.03) 76 .05 63
Ruan et al®?
Mixed 1 Verschueren et al®” —0.00 (—0.08, 0.08) N/A 94
Session length
>600 s 4 Karakiriou et all'”"; Ruan et al®?; Verschueren 0.02 (—0.00, 0.04) 86 .08 89
et al?
<600 s 3 Lai et al"®; Davis et al®" 0.01 (—0.04, 0.07) 0 65

" Number of WBV-trained postmenopausal women groups into this studies references. Certain enrolled studies were not included because the value used for subgroup analysis was not reported in them.
BMD = bone mineral density, BMI=body mass index, Cl=confidence interval, £ = heterogeneity, MD = standardized mean difference, N/A=not applicable, P=test for overall effect, Py =test for subgroup

differences, WBV =whole-body vibration.

WBYV was based on static exercises, a significant effect on BMD
lumbar spine was observed (P=.04; MD=0.02; Table 4).

4. Discussion

The main purpose of this meta-analysis was to evaluate
published, RCTs that investigated the effects of WBV training
on bone mass in postmenopausal women. The present meta-
analysis showed that 3 to 13 months of WBV had no overall pre-
post effect on total or femoral neck BMD in postmenopausal
women. However, it was determined that this training method is
effective in improving lumbar spine BMD in postmenopausal
women. Furthermore, the present meta-analysis showed signifi-
cant differences in femoral neck BMD between the intervention
and control groups when analyzing the studies that also included
postmenopausal women younger than 65 years.

The exercise characteristics of the WBV appear to explain some
of the contrasting findings in the literature. This meta-analysis
observed that there were significant pre-post adaptations in
lumbar spine BMD, independent of the total number of WBV
sessions. However, performing 108 or more sessions showed
greater MD compared to <108, with significant differences
between subgroups being found in lumbar spine BMD. It is worth
noting that the cumulative dose (ie, the total time in which the
subjects stand on the vibration platform) is positively related with
improved bone mass and that it seems to be more important than
the duration of intervention."®*3! Hence, the number of training
sessions per week is more relevant to attain significant improve-
ments on BMD. Interestingly, the results indicated that the
magnitude of the increments on bone mass after WBV were
independent of the frequency and amplitude of WBV as no
significant differences were observed between these subgroups.
However, WBV generated improvements on lumbar spine BMD
with frequencies >20Hz and amplitudes >5mm or 8 g. This is in

accordance with previous research that indicated the use of
frequency <20Hz does not provide sufficient training stimu-
lus.’*351 Moreover, it suggests that the mechanical signals of
high frequency and lower amplitudes are needed to effectively
transfer the energy to the spine and hip, and thus recommending
the employment of frequencies >20 Hz.*®! In relation to the
duration of intervention and sessions length, no significant
differences were obtained on bone mass. Nevertheless, a tendency
for significance was identified (P=.06) for longer length sessions
(>600 seconds). This is in line with other studies that obtained
statistical improvements with extended length sessions.?*** The
subgroup analysis concerning the type of exercise showed no
significant differences between groups. Nonetheless, studies that
included WBV with static exercises produced positive effects on
lower back BMD in comparison with dynamic/mixed training
protocols, which showed no changes. This agrees with previous
research that observed no changes in lumbar spine BMD
following 24 weeks of WBYV using static and dynamic knee-
extensors exercises.*¥ However, Von Stengel et al'**! demon-
strated increased in lumbar spine BMD following 12 months of
WBYV using dynamic squat exercises in postmenopausal women.
Thus, it remains unclear whether the type of exercise (static,
dynamic or mixed) affects bone mass differently in WBV and
further investigations are needed to identify what type of exercise
is most effective in improving bone health in this population.
The improvement on bone mass observed with WBV may have
depended on a variety of factors that could have interacted with
one another, such as loading frequency, magnitude, and rest
periods.®”! The varying methodological differences (vibration
protocols) among the included studies may explain the
controversial results between them. There are several factors,
such as elderly,®®! sex, muscle dystrophy,****! and neurological
disorders, ™! which are determinants of increased risk for
osteoporosis. It is assumed that the vibration training may
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produce microtrauma to the bone tissue which is then repaired by
the osteoblast action,*?! increasing bone density after physical
stress. Furthermore, WBV has demonstrated improvements in
growth hormone and testosterone levels at the lumbar and hip
regions in men and women.*>™*! Several studies have found
increases in BMD after WBV,1822] although others have not
shown any improvement following WBV.['”?! Ruan et al'**!
observed that BMD of the lumbar spine increased by 4.3% and
that femoral neck BMD improved by 3.2% following 6 months
of WBV (10 min duration, 5 times per week, frequency of 30 Hz
and amplitude of 5mm). The authors observed a significant
decrease in BMD in the control group by 1.9% at the lumbar
spine and 1.7% at the femoral neck. Karakiriou et al''” observed
no change in BMD of the lumbar spine in the vibration treatment
group but a decrease in the control group, suggesting that WBV
may have helped maintain BMD. In contrast, Davis et al'*!!
analyzed bone density in a group of postmenopausal women
(62.2+6.0 yr), who were randomly assigned to 3 groups low
intensity (2mm; 30-35Hz); high-intensity (4 mm; 40-50Hz);
and control group. They showed no changes in BMD in any of the
groups following WBV.?!!

There are some explanations for the discrepancy in the
literature regarding the benefits of WBV on BMD. It has been
suggested that mechanotransduction varies at different regions of
the body due to the nonlinear musculoskeletal system, as well as
due to the different body positions used during vibration
training.’®*®! Therefore, this may explain the differences
between the training effect on the femoral neck and lumbar
spine based on the amount of stimuli that the region receives. The
discrepancy in the literature may also be due to varying sample
sizes among the included studies.!*”!

In a prior meta-analysis on WBV by Oliveira et al,"”"* a
significant effect on lumbar spine BMD with WBV was found
when compared with a no intervention group, which is in line
with our findings. Nevertheless, to the best of the authors’
knowledge, the present meta-analytical review is the first focusing
on BMD adaptations in postmenopausal that takes into account
age. The current meta-analysis includes a subgroup of postmen-
opausal women under the age of 65 years. Age and menopause
transition are determinant factors to BMD loss. Therefore, it is
essential to examine individuals who start this transition well
before 65 years of age and how bone loss evolves in these
individuals over time.

There are some limitations to the present meta-analysis that
should be addressed: the low number of RCTs reviewed due to
the few publications in the literature that focused on the effect
of WBYV intervention on bone mass in postmenopausal women;
the authors of the studies used a wide age range when defining
menopausal women, which included older women; and the
high heterogeneity between studies with regards to WBV
protocols.

(48]

5. Conclusion

This meta-analysis demonstrated that WBV is a potential
nonpharmacological intervention for improving bone mass in
postmenopausal and older women, particularly on lumbar spine,
which was shown the most sensitive area. In addition, significant
differences were found between intervention and control groups
in BMD of the femoral neck in postmenopausal women younger
than 65 years. WBV is a safe and effective method and may be
used in addition to other training methods to minimize BMD
reduction in postmenopausal women. However further studies
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are still needed to define the optimal protocol in this population.
Based on the results obtained in the present meta-analysis WBV
training improves bone mass in the lumbar spine in postmeno-
pausal women, particularly in women younger than 65 years of
age with a BMI <25kg/m®. When prescribing this type of
protocol, professionals should take into consideration the
following guidelines: the volume of work should be >108 total
sessions, the vibration frequency should be >20Hz, and the
amplitude of the oscillation should be >5mm/8g.
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