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Figure 4 Forest plot of the effect of WBV. (A) The rate ratio of the fall rate/person-years between the WBV and control
group. (B) The RR of experiencing one or more falls. Area of each square is proportional to study weight in meta-analysis and
horizontal lines represent exact 95% Cls. Diamonds represent pooled effect estimates from random effects meta-analysis. RR,

risk ratio; WBYV, whole-body vibration.

Risk of biases within studies

The majority of studies were categorised as having a low
risk of bias in the randomisation with unclear risk of bias
in the allocation due to insufficient reporting in half of
the studies. The performance bias was categorised as
high risk when the participants reported falls and were
not blinded to the intervention. One study used wellness
therapy in the control group and did not inform the
participants of the hypotheses and was thus considered
unclear in the risk of performance bias with respect to
falls reporting.” Non-blinding of participants were cate-
gorised as unclear risk of bias when the outcome were
bone parameters. The risk of bias in selective reporting
was categorised as low risk if the trial reported all stated
outcomes in the papers and was conducted before 2005.
After 2005, trials had to be registered online at a registry
or having published a study protocol reporting the
prespecified outcomes. Figure 2 shows a summary of the
risk of bias assessment.

Fractures

One study reported fractures as a primary outcome (risk
ratio (RR) 0.48 (95% CI 0.14 to 1.56), with an intracluster
correlation coefficient of 0.000 (figure 3).

Falls

Four studies reported falls as primary outcome.
Three studies reported fallers and the number of falls in
total in each group during the intervention,” * * and
one study reported the mean number of falls per partici-
pants.” One study reported no events in the control arm
in the 6-week intervention and adjusted rate ratio could
not be calculated. Pooling the studies with falls reported
as outcomes showed a fall rate ratio of 0.67 (95% CI 0.50

21 25 26 42

to 0.89, P=0.006, 12=19%) (figure 4A) in the intervention
groups compared with non-intervention and a relative
risk of experiencing falls of 0.76 (95% CI 0.48 to 1.20,
P=0.24, I’=24%) (figure 4B).

Two trials reported falls as adverse effects.”” ™ A post
hoc sensitivity analysis was conducted to assess if the inclu-
sion of these trials would alter the result. In this analysis,
a fall rate/person-years rate ratio of 0.65 (95% CI 0.50
to 0.85, P=0.002, 12:8%) was found and a relative risk of
experiencing falls of 0.67 (95% CI 0.46 to 0.98, P=0.04,
1’=13%) (see online supplementary figure 1a,b).

Post hoc subgroup analyses were conducted to assess
the association between the duration and the magnitude
of the vibration and falls, duration over 6 months fall rate
ratio of 0.61 (95% CI 0.47 to 0.80, P=0.0004, I’=0%, two
studies), duration over 6 months and relative risk of expe-
riencing falls of 0.65 (95% CI 0.48 to 0.88, P=0.005, I’=0%,
one study), low-magnitude vibration fall rate ratio of 0.56
(95% CI 0.40 to 0.78, P=0.0006, one study), high-magni-
tude vibration fall rate ratio of 0.80 (95% CI 0.55 to 1.18,
P=0.26, I’=0%, two studies) (see online supplementary
figure 2a—c).

Bone mineral density

Seven studies reported data on lumbar spine
BMD.'? 2! # 2394042 The results showed no overall effect
with a mean difference of 0.00 (95% CI -0.00 to —0.01,
P=0.11, I’=22%) (figure 5A). Six studies reported data
on total hip BMD,'* *! ***** showing similar results with a
mean difference of 0.00 (95% CI -0.00 to 0.01, P=0.27,
1’=50%) (figure 5B). Subgroup analyses with vertical and
side-alternation vibration explained 44.5% of the hetero-
geneity in the lumbar spine BMD, and side-alternation
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A Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% ClI
2.1.1 vertical vibration
Beck 2010 0 0.0604 13 -0.01 0.0165 719% 0.01 [-0.03, 0.05) *
Gomez-Cabello 2014 0.01 0.0546 24 00001 0.0006 25 47% 0.01 [-0.01,0.03] —

Leung 2014 0.0006 0.0363 250 -0.005 0.0421 282 27.3% 0.01 [-0.00, 0.01] T
Verschueren 2004 -0.003 0019 25 0004 002 24 149% -0.01[0.02,0.00 I
Von Stegel 2011 0014 0022 46 0019 0031 47 15.0% -0.00[-0.02,0.01] .
Von Stegel Elvis 11 2011 0.005 0017 34 -0.005 0018 17 16.3% 0.01 [-0.00, 0.02) |
Subtotal (95% ClI) 392 402 80.1% 0.00 [-0.00, 0.01] -
Heterogeneity: Tau®= 0.00; Chi*=8.18, df=5 (P = 0.15); F= 39%
Test for overall effect: Z=0.77 (P = 0.44)
2.1.2 side-alternating vibration
Beck 2010 -0.004 0.044 15 -0.01 0.0165 7 36% 0.01 [-0.02, 0.03]
Iwamoto 2004 0.051 0045 25 0042 0046 25 3.6% 0.01 [-0.02, 0.03]
Von Stegel Elvis 11 2011 0.007 0.023 29 -0.005 0018 16 12.7% 0.01 [-0.00, 0.02) |
Subtotal (95% ClI) 69 48 19.9% 0.01[0.00, 0.02] i
Heterogeneity: Tau®= 0.00; Chi*= 0.19, df= 2 (P = 0.91); F= 0%
Test for overall effect: Z= 2.06 (P = 0.04)
Total (95% ClI) 461 450 100.0% 0.00 [-0.00, 0.01] <
Heterogeneity: Tau?= 0.00; Chi*= 10.26, df = 8 (P = 0.25); F= 22% t t t t
Testfor overall efiect: Z=1.61 (P=0.11) F;efufs' Ebﬂml Fa\?dg:s \ﬁg\f
Test for subaroup differences: Chi*=1.80, df=1 (P =0.18), F= 44.5%
B
Whole body vibration Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, 95% CI v, 95% CI
Gomez-Cabello 2014 -0.02 07712 24 0.0013 0.0508 25 0.0% -0.02[-033,029 ¢ >
Santin-Medeiros 2015 -0.022 0.046 19 -0.034 0133 18 0.5% 0.01 [-0.05,0.08] + >
Verschueren 2004 0.008 0.016 25 -0.006 0.013 23 187% 0.01[0.01,0.02] —
Verschueren 2011 0.006 0017 54 0007 0019 57 229% -0.00(-0.01,0.01] -
Leung 2014 -0.013 0.0257 250 -0.014 0.0347 282 27.9% 0.00 [-0.00, 0.01] o
Von Stegel 2011 0.001 0.0017 46 0001 0016 47 29.9% 0.00 [-0.00, 0.00] .
Total (95% CI) 418 452 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 9.93, df= 5 (P = 0.08); F= 50%
Test for overall effect: Z=1.11 (P=0.27)

Experimental Control
Study or Subgroup Mean SD Total Mean

0.00 [-0.00, 0.01]

005 -0.025 0 0025 005
Favours control Favours WBV

Mean Difference Mean Difference

Gomez-Cabello 2014 -1.01 13.1422 24 -509 676322 25
Liphardt 2015 =27 27727 17 -2 1.7729

Total (95% CI) 41
Heterogeneity: Tau*= 0.00; Chi*=0.12,df=1 (P=0.73); F= 0%

SD_Total Weight IV, , 95% Cl IV, Random, 95% Cl
0.4% 4.08[-22.95 31.11] * 1 >
14 996%  -0.70 [2.31,0.91]

39 100.0% -0.68[-2.29,0.93]

I .
1 T

Test for overall effect: Z= 0.83 (P = 0.41) 10 Fav;f"s Controll Eavours ng 1o
D ) ! .
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% CI IV, R 95% CI
Gomez-Cabello 2014 -511 224823 24 -208 93495 25 6.3% -3.03(12.74,668 *

Liphardt 2015 1.5 3.0016 17 -0.7 1.2483 14 937% 2.20[0.63,3.77) —.—

Total (95% ClI) 41 39 100.0% 1.87 [-0.62, 4.36] s
Heterogeneity: Tau?= 1.08; Chi*=1.08, df=1 (P = 0.30); F= 8% 5_10 + 3 é 1U=

Testfor overall effect. Z=1.47 (P=0.14)

Favours control Favours WBV

Figure 5 The effect of WBV exercise in forest plots on (A) areal BMD of the lumbar spine with weighted mean difference and
95% Cl, divided in subgroups with vertical vibration and side-alternating vibration, (B) areal BMD in total hip with weighted
mean difference and 95% ClI, (C) volumetric BMD of the distal tibia with weighted mean difference with 95% CI and (D) WBVs
effect on volumetric BMD of the distal radius with weighted mean difference and 95% CI. Area of each square is proportional to
study weight in meta-analysis and horizontal lines represent exact 95% Cl. Diamonds represent pooled effect estimates from
random effects meta-analysis. BMD, bone mineral density; WBV, whole-body vibration.

vibration showed a mean difference of 0.01 (95% CI 0.00
to 0.02, P=0.04, I’=0%) with 117 participants. All studies
reporting BMD in total hip used vertical vibration.

One study reported change in total proximal femoral
trabecular BMD and change in integral lumbar spine
vertebral BMD.** The results from the originally planned
duration of 24 months showed no effect on integral
lumbar spine vertebral BMD with a mean difference of
0.00 (95% CI -0.00 to 0.00) and total femoral trabecular
BMD mean difference of 0.00 (95% CI -0.00 to 0.01)
(see online supplementary figure 3a,b). Two studies
reported volumetric BMD (vBMD) of radius and tibia
using HRpQCT2O or quantitative CT (pQCT) scans.”’
The results for the ultradistal site using HRpQCT and a
4% site in tibia and radius using pQCT were combined

in forest plots showing no statistically significant effects
with a vBMD tibia mean difference of -0.68 (95% CI
-2.99 to 0.93, P=0.41, 1°’=0) and a vBMD radius mean
difference of 1.87 (95% CI -0.62 to 4.36, P=0.30, I’=8%)
(figure 5C,D).

Bone microarchitecture

One study reported measurements of cortical porosity
(Ct.Po) and trabecular BMD (tbBMD)? using HRpQCT.
We refrained from performing a meta-analysis due to the
limited data (see online supplementary figure 4). In tibia,
WBYV compared with control showed an increase in mean
difference in Ct.Po of 0.20% (95% CI -0.25 to 0.65) and
decrease in tbBMD mean difference —0.3mg HA/ cm®
(95% CI -0.58 to 0.02). In radius, WBV compared with
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A

wBv Control
Study or Subgroup Mean SD Total Mean

SD_Total Weight IV, Random, 95% ClI

Mean Difference
IV, Random, 95% CI

Mean Difference

Kiel 2014 0.01596 0.2058 56 0.00495 01755 62
Verschueren 2004 -0.084 0.4224 25 -0.98 4.9281 25

Total (95% Cl) 81 87 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 0.80, df=1 (P = 0.37), F=0%
Test for overall effect: Z=0.34 (P=0.73)

wBvV Control
Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total Weight IV, Random, 95% CI

0.01 [-0.06, 0.08)
0.90[-1.04,2.83) ]

0.01 [-0.06, 0.08]

4 -2 0 2 4
Favours WBV Favours Control

Mean Difference
IV, Random, 95% CI

Kiel 2014 3901 235 56 -1.02 204 62

4.92[-3.06,12.90]

20 -0 0 10 20
Favours control Favours WBV

Figure 6 Presents the effect of WBV exercise on bone resorption markers in forest plot with CTX and the reported effect
on bone formation marker amino terminal P1NP. Area of each square is proportional to study weight in meta-analysis

and horizontal lines represent exact 95% Cls. Diamonds represent pooled effect estimates from random effects meta-
analysis. CTX, carboxy-terminal collagen cross-link; P1NP, propeptide of type | collagen; WBV, whole-body vibration.

no intervention showed an increase mean difference
in Ct.Po of 0.10% (95% CI —0.15 to 0.35) and decrease
in tbBMD mean difference -0.90 mg HA/CmS (95% CI
-0.90 to 2.10) (see online supplementary figure 4).

Bone turnover markers

One study reported data on the bone resorption marker
CTX" and two studies on both CTX and the bone forma-
tion marker PINP." ** One of the studies reported log
transformed CTX and PINP' and no untransformed
data could be obtained from the authors. The result
for the meta-analysis on CTX was a mean difference of
0.01ng/mL (95% CI -0.06 to 0.08, P=0.73, I’=0) and with
data available from only one trial, the result for PINP was
amean difference of 4.92ng/mL (95% CI -3.06 to 12.90)
(figure 6A,B).

Calcaneal BUA

A single study reported calcaneal BUA mean change in
comparing two vibration groups with a control group,39
we refrained from performing a meta-analysis due to
the limited data (see online supplementary figure 5).
The low magnitude vertical vibration group had a mean
difference of 1.99dB/MHz (95% CI -0.84 to 4.82) and
the high-magnitude side-altering vibration group a mean
change of 4.69dB/MHz (95% CI 1.61 to 7.77) compared
with the controls (see online supplementary figure 5).

Quality assessment

Quality of evidence was assessed for each outcome
(table 3). For the outcome of fractures, the evidence was
downgraded for imprecision due to the 95% CI around
the pooled estimate of effect includes both the possi-
bility of no effect and appreciable benefit. The evidence
for falls rate was downgraded for study limitations due
to non-blinding of the participants. The risk of falls was
downgraded for imprecision and study limitations due to

non-blinding of the participants. Bone parameters were
all downgraded for indirectness since they are surrogate
markers for bone strength. Regarding bone parameters,
the outcomes were downgraded for imprecision if the
95% CI around the pooled estimate of effect includes
both the possibility of no effect and appreciable benefit
and for inconsistency if the I? statistics showed substantial
heterogeneity. Publication bias could not be assessed by a
funnel plot with Egger’s test since all of the meta-analyses
contained less than 10 studies.”®

DISCUSSION

This systematic review and meta-analysis provides
evidence that WBV exercise reduces fall rate in adults
above 50 years of age. We found a tendency in reduction
of the proportion of fallers, no overall effect on BMD,
whereas only sparse data were available regarding bone
microarchitecture parameters, bone turnover markers
and BUA. One study reported fractures showing non-sig-
nificant fracture reduction.

Strengths and limitations

This study had some limitations. By not including non-
English language literature and not extracting data from
grey literature or adverse effects, the risk of selection bias
exists. Looking at the studies reporting falls as adverse
effects in the included studies, the WBV reduces the falls
rate and risk in agreement with our findings.

Only one study had fractures as primary outcome and
had a low fracture rate.”’ The studies contributing with
falls data were non-blinded which could be important
when reporting falls. However, all studies included in
the primary falls analysis did record falls prospectively
limiting the risk of recall bias.*' * **** The populations in
the studies consisted of 82% community-dwelling adults
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Table 3 Summary of findings table presents the findings and the quality of each outcome using the GRADE considerations

WBYV compared with usual care for fracture risk

Bibliography
No of participants Quality of the Anticipated absolute effects
(studies) evidence Relative effect Risk with
Outcomes Follow-up (GRADE) (95% Cl) usual care Risk difference with WBV
Fractures 710 (Y2121 @) RR 0.48 2 per 100 1 fewer per 100
(1 RCT) Moderate* (0.14 to 1.56) (2 fewer to 1 more)
Fall rate/person-years 746 dppO Rate ratio 0.67 34 per 100 11 fewer per 100
(8 RCTs) Moderatet (0.50 to 0.89) (17 fewer to 4 fewer)
The risk of experiencing falls 805 (1210@) RR 0.76 23 per 100 6 fewer per 100
(fallers) (3 RCTs) Lowt (0.48 to 1.20) (12 fewer to 5 more)
Total bone mineral density 911 dppO - Mean 0
lumbar spine (BMD spine) (7 RCTs) Moderate§ (0 to 0.01 higher)
BMD total hip (BMD hip) 870 (<1:10@) - Mean 0
(6 RCTs) Lowq| (0 to 0.01 higher)
Volumetric bone mineral 80 [+1210@) - Mean 0.68 lower
density tibia (2 RCTs) Low™* (2.29 lower to 0.93 higher)
Volumetric BMD radius 80 1000 - Mean 1.87 higher
(2 RCTs) Very lowtt (0.62 lower to 4.36 higher)
Serum biomarker of bone 138 [+1210@) - Mean 0.01 higher
resorption (CTX) (2 RCTs) Low** (—0.06 lower to 0.08 higher)
Serum biomarker of bone 118 (Y1 0@) - Mean 4.92 higher
formation (P1NP) (1 RCT) Low** (3.06 lower to 12.9 higher)

The risk in the intervention group (and its 95% ClI) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% ClI).

High quality: We are very confident that the true effect lies close to that of the estimate of the effect; Moderate quality: We are moderately
confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different; Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect; Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the

estimate of effect.

*Serious imprecision, due to the 95% ClI around the estimate of effect includes both the possibility of no effect and appreciable benefit.
TSerious study limitations—lack of blinding of the participants reporting falls.

FSerious study limitations—lack of blinding of the participants reporting fall, and serious imprecision, due to the 95% Cl around the pooled
estimate of effect includes both the possibility of no effect and appreciable benefit.

§Indirectness (surrogate marker for bone strength).
{lindirectness, and statistical heterogeneity

**Indirectness, and imprecision due to the 95% CI around the estimate of effect includes both the possibility of no effect and appreciable

benefit.

ttindirectness, and imprecision due to the 95% CI around the estimate of effect includes both the possibility of no effect and appreciable

benefit and statistical heterogeneity.

BMD, bone mineral density; CTX, carboxy-terminal collagen cross-link; GRADE, Working Group grades of evidence; P1NP, propeptide of type
| collagen; RCTs, randomised controlled trials; RR, risk ratio; WBYV, whole-body vibration.

with 90% being female, making the results generalisable
only to people with similar characteristics.

Strengths of this review include that the evidence is
obtained from RCTs, followed the PRISMA guidelines of
reporting and was registered at PROSPERO to improve
transparency. A thorough literature search was conducted
with assistance from a research librarian and we further-
more performed a hand search of the reference lists of
included papers and earlier reviews references.®® * 327
The risk of selection bias was reduced by having two
independent reviewers select the papers and extract the
data. In the systematic review, all outcomes were assessed

regarding quality using the GRADE guidelines where
fracture is classified as a critical outcome.”” We classi-
fied falls as an important outcome and bone parameters
being of limited importance as surrogate makers for frac-
ture risk.”” We only pooled homogeneous outcomes in
the meta-analysis leading to low statistical heterogeneity
in the falls analysis with moderate statistical heteroge-
neity regarding BMD of the hip and spine. Preassigned
subgroup analysis for vertical versus side-alternating
vibration could explain 44.5% of the heterogeneity in
the lumbar spine analysis, whereas regarding total hip
BMD, all studies used vertical vibration and no subgroup
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analysis was performed. Meta-regression analysis was not
performed due to the insufficient number of studies in
the analysis.™

Comparisons with other studies and reviews

Prior reviews of exercise have shown that exercise
programme designed to prevent falls in older adults
also seem to prevent injuries caused by falls, including
fractures.** * The majority of these exercise programme
included balance training, functional training and
strengthening exercises. Earlier reviews have shown
that WBV have balance improving capabilities and the
ability to improve muscle strength of the lower extrem-
ities,”*! and WBV might thus prevent fractures by its
fall-reducing capacity or by lowering the impact of a fall.

Our meta-analysis shows that rate of falls can be
reduced and suggests a reduction in the proportion of
fallers. The number needed to treat to prevent one fall
was 11 (table 3). Sustaining a fall increases the risk of
injury and reducing the number of times an individual
falls, even if not the number of fallers may have clinical
and economic relevance to the individual and to society.
Falls are very prevalent among the ageing population
with one in every three adults aged 65+ years old expe-
riencing a fall every year.® Due to an ageing population,
afocus on interventions capable of reducing falls seems
of utmost importance.'’ Prior systematic reviews have
shown that other exercise programmes can reduce fall
rate through muscle strength and balance training, and
it has been found that exercising for a period of more
than 3 hours per week is associated with alarger decrease
in fall rate.'® WBV exercise consists of shorter workouts
and with the ability to stand as the only requirement for
physical function. With the available data the analysis
shows a fall reduction in the vibration groups with low
heterogeneity, and with the observational power of the
post hoc subgroup analyses, we found an association
between studies with duration longer than 6 months
and a larger reduction in falls.

To our knowledge, this is the first meta-analysis
conducted on WBV and falls but earlier findings of a
positive effect on surrogate markers for falls (balance
and muscle strength)*' can be viewed as an improve-
ment in important risk factors for falls in agreement
with our findings.

Our results on BMD are consistent with other system-
atic reviews, showing no overall effect on BMD.*"™**
Earlier reviews suggested a positive effect on BMD in
adolescents™ and in a subgroup analysis with improve-
ments after LWBV on lumbar spine BMD* and HWBV
on total hip BMD.* We found a similar but small effect
of side alternating vibration on lumbar spine BMD. In
contrast to others, this systematic review also compre-
hensively assessed other bone parameters, that is,
bone microarchitecture, turnover markers and BUA.
We found one study assessing cortical porosity and
trabecular BMD of tibia and radius® with no overall
effect, which is in line with results found in a younger

age group.” We found no effect on bone resorption
markers in line with studies in younger participants.*® *
One study in this review had a positive effect in bone
formation markers, but with logarithmic transformed
data it could not be pooled with non-transformed
data" (see online supplementary figure 6). One study
looked at BUA of the calcaneus showing a positive
effect” in conflict with earlier findings from younger
participants.*” Animal data suggest an effect of WBV on
bone strength,'”™'® but the same effect in humans is not
evident. Reasons for this include diversities in training
protocols, duration, adherence, damping of the vibra-
tion by the use of shoes and different standing positions
on the vibration plates.

In summary, the the evidence from this system-
atic review indicate that WBV may reduce fall rate
with moderate certainty and the risk of falls with low
certainty. Future trials could enhance the certainty by
systematically reporting falls when monitoring adverse
effects, and if possible by blinding participants. The
quality of evidence for the effect on bone parameters is
moderate to low, partly since they are surrogate markers
of fracture risk, and future research should focus on
the critical outcome fractures with larger trial sizes and
adequate follow-up.

CONCLUSION

In conclusion, our data show a reduced rate of falls by
WBV. Only one study reported fractures showing a non-sig-
nificant reduction. We found no effect on BMD, and the
data on microarchitecture and bone turnover markers
were sparse. WBV exercise could be implemented in
current falls prevention guidelines. It might potentially
reduce fractures by reducing falls, but the impact on frac-
tures needs further larger adequately powered studies.
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