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Abstract

Objective: This study systematically reviews previous work on the effects of whole body vibration exercise (WBVE) on pain associated with
chronic musculoskeletal disorders.

Data Sources: Seven electronic databases (PubMed, Embase, CINAHL, Web of Science, Cochrane, Physiotherapy Evidence Database [PEDro],
and the China National Knowledge Infrastructure) were searched for articles published between January 1980 and September 2018.

Study Selection: Randomized controlled trials involving adults with chronic low back pain (CLBP), osteoarthritis (OA), or fibromyalgia were
included. Participants in the WBVE intervention group were compared with those in the nontreatment and non-WBVE control groups.

Data Extraction: Data were independently extracted using a standardized form. Methodological quality was assessed using PEDro.

Data Synthesis: Suitable data from 16 studies were pooled for meta-analysis. A random effects model was used to calculate between-groups mean
differences at 95% confidence interval (CI). The data were analyzed depending on the duration of the follow-up, common disorders, and different
control interventions.

Results: Alleviation of pain was observed at medium term (standardized mean difference [SMD], -0.67; 95% CI, -1.14 to -0.21; 12, 80%) and
long term (SMD, -0.31; 95% CI, -0.59 to -0.02; 12, 0%). Pain was alleviated in osteoarthritis (OA) (SMD, -0.37; 95% CI, -0.64 to -0.10; P<.05; Iz,
22%) and CLBP (SMD, -0.44; 95% CI, -0.75 to -0.13; P<.05; IZ, 12%). Long-term WBVE could relieve chronic musculoskeletal pain conditions
of OA (SMD, -0.46; 95% CI, -0.80 to -0.13; P<.05; 2, 0%). WBVE improved chronic musculoskeletal pain compared with the treatment “X”
control (SMD, -0.37; 95% ClI, -0.61 to -0.12; P<.05; Iz, 26%), traditional treatment control (SMD, -1.02; 95% CI, -2.44 to 0.4; P>.05; Iz, 94%)
and no treatment control (SMD, -1; 95% CI, -1.76 to -0.24; P<.05; Iz, 75%).

Conclusions: Evidence suggests positive effects of WBVE on chronic musculoskeletal pain, and long durations of WBVE could be especially
beneficial. However, WBVE does not significantly relieve chronic musculoskeletal pain compared with the traditional treatment. Further work is
required to identify which parameters of WBVE are ideal for patients with chronic musculoskeletal pain.
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Chronic musculoskeletal pain that last for >3 months is a com-
mon public health problem.' People with chronic musculoskeletal
pain suffer from functional disability."* Nearly half of all patients
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who visit general practitioners report symptoms of pain,® which
can affect one’s long-term overall quality of life.* Chronic
musculoskeletal pain is the leading type of chronic pain reported.’
The most common types of chronic musculoskeletal disorders are
chronic low back pain (CLBP), osteoarthritis (OA), and fibro-
myalgia syndrome.® The lifetime prevalence of low back pain is
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about 84%, and 23% all low back pain cases involve CLBP.” OA
affects 13.9% of all young adults and 33.6% of the elderly.® In
European populations, the estimated overall prevalence of fibro-
myalgia syndrome is between 2.9% and 4.7%. The prevalence of
chronic musculoskeletal disorders and mental illnesses is esti-
mated to result in continued losses worth $47 trillion by 2030.”
Therefore, low-cost and easily accessible treatments with mini-
mal side effects must be developed to address chronic musculo-
skeletal pain.

Exercise therapy is one of the main methods of various non-
pharmacologic treatments.'® According to the clinical guidelines,
exercise therapy is recommended as an effective treatment for
reducing pain and improving disability among patients with
chronic musculoskeletal disorders.”''"'> Whole body vibration
exercise (WBVE) is a new type of treatment to cure patients with
chronic musculoskeletal pain, which has been used in recent
years.'*'> WBVE can affect central mechanisms, cortical reor-
ganization,'® and second-order nociceptive activities,'” thereby
reducing pain. A number of randomized collation experiments
have concluded that WBVE could reduce pain in patients with
chronic musculoskeletal disorders, including women with fibro-
myalgia syndrome'” and elderly patients with knee OA.'® How-
ever, previous systematic reviews of knee OA demonstrate that
WBVE does not significantly reduce pain, despite findings of pain
intensity reduction in the included trials. 19,20 Indeed, the merits of
WBVE when used as a treatment for patients with chronic
musculoskeletal pain remain debated. Further research must be
conducted to confirm the effectiveness of WBVE in patients with
chronic musculoskeletal disorders.

In terms of a systematic review of WBVE, previous studies
focused on only 1 type of chronic musculoskeletal disorder, such
as fibromyalgia®' and knee OA.?° To date, only 1 literature review
explored the use of WBVE for chronic disorders using 26 papers,
7 of which focused on musculoskeletal conditions; the results
indicated that pain seemed to decline in the physiotherapy plus
vibration group.”” Any qualitative reviews may not be valid,
because they are more subjective than quantitative meta-ana-
lyses.”” Also, there was no meta-analysis to collect data on all
chronic musculoskeletal disorders and examine the effectiveness
of WBVE as a treatment for chronic musculoskeletal pain.

Thus, the objective of this systematic review is to evaluate the
evidence on the effectiveness of WBVE in reducing pain in pa-
tients with chronic musculoskeletal pain conditions and to explore
whether WBVE is a viable intervention for chronic musculo-
skeletal pain. In this review, we first examined whether the
required information has been gathered and whether the conclu-
sions obtained are reliable. Next, we conducted the subgroup
analyses of the chronic musculoskeletal conditions, control in-
terventions, and durations of WBVE.

List of abbreviations:

CI confidence interval
CLBP chronic low back pain
OA osteoarthritis
PEDro Physiotherapy Evidence Database
RCT randomized controlled trial
SMD standardized mean difference
VAS visual analog scale
WBYV whole body vibration
WBVE whole body vibration exercise

Methods

The methods followed in this systematic review are aligned with
the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.”*

Inclusion criteria

Seven electronic databases, namely, PubMed, Embase, CINAHL,
Web of Science, Cochrane, Physiotherapy Evidence Database
(PEDro), and the China National Knowledge Infrastructure were
searched for articles published between January 1980 and
September 2018. The detailed search strategy for each database is
presented in supplemental appendix S1 (available online only at
http://www.archives-pmr.org/).

In this study, only studies involving randomized controlled
trials (RCTs) were included. The review included full English or
Chinese articles with evaluation data, including means and stan-
dardized mean difference (SMD). Reviews, systematic reviews,
protocols, studies involving animal research, and those without
RCTs or clinical research were excluded.

The patients included in the study should have reported chronic
musculoskeletal pain lasting for at least 3 months. The condition
was defined broadly as pain that affects muscles, tendons, liga-
ments, and bones. Musculoskeletal disorders included CLBP, OA,
rheumatoid arthritis, ankylosing spondylitis, fascia pain, fibro-
myalgia, and so on. Exclusion criteria for participants were as
follows: (1) pregnancy; (2) pain without musculoskeletal disor-
ders; and (3) duration of pain of less than 3 months. WBVE was
the only intervention considered. The included studies were
required to have 1 primary outcome that focused on pain, such as
the visual analog scale (VAS), numeric rating scale, Western
Ontario and McMaster Universities Osteoarthritis Index, and
facial expression scale score.

Methodological quality

Two authors independently selected full articles based on their
titles and abstracts. If the data could not be checked from the
original article directly, we contacted the primary authors. If dif-
ferences were noted between the 2 reviewers, a third author was
asked to resolve the issue. We evaluated the methodological
quality of the studies using the PEDro scale, which contained 11
items. The PEDro scale is a reliable assessment tool for systematic
reviews of physical therapy studies, especially RCTs.”> The 2
authors performed quality assessment independently.

Data extraction, selection and coding

We collected the baseline of the studies that include the first
author, primary report, sample size, mean age, duration of
symptoms, main pain outcome assessments, experimental group
intervention, control group intervention, and duration of inter-
vention (in weeks). To identify the effects of WBVE on chronic
musculoskeletal pain, this meta-analysis compared mean values
for pain between WBVE intervention and control groups. Sub-
group analyses were then performed. First, this systematic review
included various common chronic musculoskeletal diseases, such
as OA, CLBP, and other chronic musculoskeletal diseases.
Therefore, the subgroup analysis was performed based on
different musculoskeletal diseases. Second, the ranges of control
interventions were classified as no treatment, traditional treatment,
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and treatment “X.” Subgroup analysis was conducted based on
different control interventions as follows: (1) WBVE plus treat-
ment X vs WBVE; (2) WBVE vs traditional treatment; and (3)
WBVE vs no treatment. Third, the subgroup analysis was per-
formed according to the durations of WBVE. The intervention
time of all the included studies was ranked from low to high and
divided into 3 equal parts, namely, short term (<4 weeks from
randomization), medium term (>4 and <I12wk) and long
term (>12wk).

The final continuous data were presented by SMD and 95%
confidence interval (CI), because the scales of the outcome
measurements were not the same. We used Review Manager
version 5.0" to analyze the continuous data through a random
effect model. The conclusion was a conservative evaluation of
the influence of WBVE training on musculoskeletal disorders.
Heterogeneity was assessed using the Cochran Q statistic with a
cut-off point of >50%. The chi-square test was defined
according to the degree of significance; publication bias was
assessed using Egger test. A value of P<.05 was considered to be
statistically significant. Sensitivity analysis was used to assess
the results in a consistent and high-quality manner by individ-
ually removing each study. The subgroup analysis was

conducted on the basis of the different durations of WBVE, as
described previously. If 2 or more control groups were involved,
we combined the original data according to the calculation
formula of the meta-analysis. All data were analyzed using
Stata/MP" statistical software.

Results

Study selection

A total of 2146 potentially eligible articles were included through
our search strategy. A total of 2024 studies were in English, and
122 studies were in Chinese. After excluding the duplicates, we
retained 1430 studies. A total of 1367 records were removed
because of the following reasons: not related to whole body vi-
bration (WBV) (n=984); not related to musculoskeletal disorders
(n=289); not RCTs (n=8); not clinical studies (n=11); not
preferred outcomes (n=3); systematic reviews (n=20); reviews
(n=27); animal studies (n=14); and protocols (n=6). After
assessing 63 full-text articles for eligibility, we identified 44 full-
text articles that failed to meet the inclusion criteria. In such
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Fig1  Flow diagram of study selection.
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Table 1  Characteristics of included studies
Main Pain
Sample Duration of Outcome Experimental Group Control Group Duration of
Primary Report  Size Mean Age & SD (y) Symptoms =+ SD (y) Assessments Intervention Intervention Intervention (wk)
Alentorn-Geli et al”® Fibromyalgia 33 55.97+1.55 EVG: 10.1£0.7 EG: 9.8+£0.8 VAS Traditional exercise with Traditional exercise: 2/ 6
WBV: 2/wk wk
Avelar et al'® Knee 0A 21 VG: 75+5 EG: 71+4 NR WOMAC (self- Squatting exercise with ~ Squatting exercise: 3/ 12
reported pain) WBV: 3/wk wk
Bokaeian et al*® Knee 0A 28 ST+WBV: 51.8+8.3 NR VAS Strength training with  Strength training: 3/wk 8
ST: 54.04+3.9 WBV: 3/wk
del Pozo-Cruz et al*® Chronic low 49 WBV group: >0.5 VAS Standing position with ~ Normal pattern of daily 12
back pain 58.71+4.59 WBV: 2/wk activity
control group:
59.53£5.47
Horstmann et al®®*  Chronic Achilles 54 46 NR VAS Knee slightly bending 1. Eccentric training: 3/ 12
Tendinopathy position with WBV: 3/  wk 2. Wait and see
wk
Iwamoto et al*’ Osteoporosis 52 ALN: 70.6+8.7 NR Face scale score one taking alendronate One taking alendronate; 12
ALN+EX: (5 mg daily) with WBV 5 mg daily
71.9+8.1 (1/wk)
Park et al'* Knee OA 22 WBV with home- >0.5 NRS Home-based exercise Home-based exercise 8
based exercise: with WBV: 3/wk
60.0+5.7 home-
based exercise
only: 62.5+6.2
Rittweger et al** Chronic Lower 60 51.7 >0.125 (continuously) VAS WBVE: 2/wk Isodynamic lumbar 12
Back Pain or >2 (intermittently) extension: 2/wk
Simao et al** Knee 0A 31 Control group: NR WOMAC (self- Squatting exercise with 1. Squatting exercise: 3/ 12
7145.3 squat reported pain) WBV: 3/wk wk 2. Daily life
group: 69+3.7
platform group:
75+7.4
Tsuji et al*® Knee pain 38 WBVE group: NR VAS Strength and flexibility ~ Strength and flexibility 8
62.1+5.5 control training with WBV: 3/  training with WBV: 3/
group: 60.914.6 wk wk
Wang et al* Knee OA 39 WBVE+QSE: NR VAS WBVE+QSE: 5/wk QSE: 5/wk 12
61.1£7.1 QSE:
61.5+7.3
Wang et al*° Knee OA 99 WBVE+QSE: NR VAS WBVE-+QSE: 5/wk QSE: 5/wk 24
61.2+£9.6 QSE:
61.5+9.1

(continued on next page)
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Table 1 (continued)

Main Pain
Sample Duration of Outcome Experimental Group Control Group Duration of
Primary Report  Size Mean Age £+ SD (y)  Symptoms £ SD (y) Assessments Intervention Intervention Intervention (wk)
Yang et al** Chronic low 40 lumbar stability >0.25 VAS Lumbar stability Lumbar stability 6
back pain training with training with WBV: 3/ training: 3/wk
WBV: 32.80, wk
lumbar stability
training: 30.95
Ke et al* Knee OA 40 57.35+2.98 >0.5 VAS Traditional therapy with Traditional therapy: 3/ 4
WBV: 3/wk wk
Zhongmiao et al** knee OA 42 47~78 NR VAS WBVE training: 5/wk Normal pattern of daily 3
activity
Binglin et al*® Chronic low 46 Exercise therapy >0.25 VAS Exercise therapy with Exercise therapy: 3/wk 12
back pain with WBV: WBV: 3/wk
25.24+2.22:
Exercise therapy:
24.76+1.96

NOTE. Intervention/dose: number of intervention time/number of sessions.

Abbreviations: ALN, taking alendronate; EG, exercise group; EVG, exercise and vibration group; EX, exercise; NR, not reported; NRS, numeric rating scale; QSE, quadriceps strengthening exercise; ST, strength

training; VG, vibration group; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Table 2  PEDro scale of quality for included trials
Random Concealed Similar at  Subjects Therapists Assessors <15% Intention  Between-Group

Study Allocation  Allocation  Baseline Blinded  Blinded Blinded Dropouts  to Treat Comparisons
Alentorn-Geli et al*>  Yes No Yes No No Yes Yes No Yes

Avelar et al'® Yes No Yes No No No Yes No Yes

Bokaeian et al*® Yes Yes Yes No No Yes Yes No Yes

del Pozo-Cruz et al*®  Yes No Yes No No Yes Yes Yes Yes

Horstmann et al*® Yes Yes Yes No No Yes Yes No Yes

Iwamoto et al*’ Yes No Yes No No No No No Yes

Park et al** Yes No Yes No No No No No Yes

Rittweger et al®*® Yes No Yes No No No No Unclear Yes

Simao et al*’ Yes Yes Yes No No Yes Yes No Yes

Tsuji et al** Yes Yes Yes No No No Yes No Yes

Wang et al* Yes Yes Yes No No Yes Yes Yes Yes

Wang et al*° Yes Yes Yes No No Yes Yes No Yes

Yang et al** Yes No Yes No No No Yes No Yes

Ke et al* Yes Yes Yes No No No Yes No Yes
Zhongmiao et al*’ Yes Unclear Yes No No Yes No No Yes

Binglin et al*° Yes Unclear Yes No No Yes Yes No Yes

studies, the participants did not report any chronic pain for at least
3 months, the intervention was not WBVE, and the outcome was
not a pain scale. According to the response, we excluded 2
studies'??® because of data loss. Moreover, we excluded 1 study27
because it had no clear intervention time. Finally, 16 records (13
trials in English and 3 trials in Chinese) were included in our
meta-analysis. The details of the selection process are presented
in figure 1.

Characteristics of included studies

The characteristics of the 16 included studies comprise a total of
680 patients who reported chronic musculoskeletal disorders, such
as ﬁblromyalgia,]3 knee OA,l 1,18,28-33 CLBP,IS"M’36 osteoporosis,37
and chronic Achilles tendinopathy.’® These characteristics are
summarized in table 1. The main outcome measure was pain in-
tensity, whereas others used the VAS, numeric rating scale, and
the Western Ontario and McMaster Universities Osteoarthritis
Index (pain). The duration of the included studies ranging from 3
weeks to 24 weeks. The follow-up time ranged from 3 weeks to 12
months. Sixteen studies were RCTs. In most of the interventions,
WBVE involved combination of exercises. Examples include
traditional exercise with WBV,'® squatting exercise with WBV,'®
exercise therapy with WBYV, and so on.® A range of controls
was used, including home-based exercise,'' normal pattern of
daily activity®' and some other exercise.

The methodological quality of all the included articles was
assessed, as shown in table 2. If “yes” was 1 point and “no or
unclear” was 0 points, the mean method methodological quality of
included studies was 4.875. Across all trials, the subjects and
therapists were not blinded to the treatments, and 4 trials had a
dropout rate of more than 15%.'"2"%327 In addition, unclear
allocation concealments were observed in 9 trials because of the
absence of details.'""'?'318-31:33-3739 The paseline, random allo-
cation, between-group comparisons and point measures and
variability data met the criteria in all of the trials. Only 2 of the 16
trials performed an intention-to-treat analysis.'>*’ Nine trials re-
ported that the right assessors were blinded,'?!3-2831.33:36.38
whereas the remaining 7 trials did not report this setting clearly.

As demonstrated in the Methods section, the reported outcomes
for the experimental and the control groups were compared.

WBVE for chronic musculoskeletal pain

Data from 16 of the included studies were suitable for meta-
analysis. The total number of participants in the WBVE groups
was 328, whereas that in the control groups was 342. Although the
fixed effects model did not show effect on the results, we analyzed
the data with a relatively conservative random effects model. The
total result demonstrated that WBVE achieved better gains than
the control in terms of relieving chronic musculoskeletal pain
(SMD, -0.48; 95% CI, -0.81 to -0.16; P<.05; I?, 74%) noted
in figure 2.

Short-term effects of WBVE on chronic musculoskeletal pain
The subgroup analysis was performed on the basis of the different
durations of WBVE for chronic musculoskeletal pain. In terms of
WBVE as an intervention to reduce pain, no more than 4 weeks
were considered short-term duration. These subgroups included 4
cases of knee OA''“?7% and 1 case of CLBP.*” The results
indicated that WBV did not significantly relieve chronic muscu-
loskeletal pain (SMD, -0.09; 95% ClI, -0.61 to 0.43; P>.05; Iz,
72%) noted in figure 3.

Medium-term effects of WBVE on chronic musculoskeletal pain
For medium term (>4 and <12 weeks), the WBVE group showed
improvements in chronic musculoskeletal pain (SMD, -0.67; 95%
CI, -1.14 to -0.21; P<.05; 12, 80%) (see fig 3). These groups
included 1 case of fibromyalgia,'* 5 cases of knee OA,''*'#2%2933
4 cases of CLBP,'>**% 1 case of chronic Achilles tendinopathy,*®
and 1 case of knee pain.”’

Long-term effects of WBVE on chronic musculoskeletal pain

For long-term effects (>12 weeks), the whole body vibration
group showed improvements in chronic musculoskeletal pain
(SMD, -0.31; 95% CI, -0.59 to -0.02; P<.05; I>, 0%) (see fig
3).2%3%7 Three trials reported long-term effects of WBVE on
chronic musculoskeletal pain, including 2 cases of knee OA”"*
and 1 case of osteoporosis. */ Two RCTs on knee OA assessed
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

WBV Control

Study or Subgroup Mean SD Total Mean SD Total Weight
5.2.1 OA

Avelar 2011 -109 3235 11 -95 36.78 10
Bokaeian 2016 -3.6 2.89 15 -4.4 3 11
Ke Liu,2015 -0.93 165 20 =032 179 20
Park 2013 -1.45 1.73 11 -0.63 233 11
Simao, MNLM -1375 162 10 -62.5 51861 11
Wang 2016 -48 1.11 19 -4.2 1.18 20
Wang 2016a -12.73 2.3 49 -12.42 232 50
Zhong miao, 2005 -1.42 1.83 33 0,89 189 9
Subtotal (95% CI) 168 142

Heterogeneity, Tau? = 0.03; Chiz = 8.93, df = 7 (P = 0.26); P = 22%
Test for owverall effect: Z = 2.65 (P = 0.008)

5.2.2 CLBP

Binlin 2016 -1.78 0291 23 -1.31 0.73 23
del 2011 -9.36 15.99 25 0.14 154 24
Rittweger 2002 -2.4 176 25 -2.4 2 25
Yang 2015 =2.9 159 20 -1.7% 1.7 20
Subtotal (95% CI) 93 92

Heterogeneity, Tau? = 0.01; Chi® = 3.42, df = 3 (P = 0.33); I = 12%
Test for overall effect: Z = 2.76 (P = 0.006)

5.2.3 other chronic musculoskeletal diseases
Alentarn-GCeli 2008 -27  2.02 11 -32.62 5.04 22

5.4% -0.38[-1.25, 0.48]
5.9%  0.26[-0.52, 1.05]
6.7% -0.25 [-0.97, 0.28]
5.5% -0.38[-1.23, 0.46]
5.4% -0.61[-1.49, 0.27]
6.6% -0.51[-1.15, 0.12]
7.9% -0.13 [-0.53, 0.26]

5.8% ~1.23 [-2.02, 0.44]
49.2% =-0.37 [-0.64, -0.10]

6.9% -0.56[-1.15, 0.03]
7.0% -0.60[-1.17, -0.02]
7.1%  0.00[-0.55, 0.55]
6.6% -0.68[-1.32, -0.05]
27.5% -0.44 [-0.75, -0.13]

3.1% -5.08[-6.57, -3.59]

ol 1l

ol }1

Horstmann 2013 -20.9 3488 22 -28.04 32.8 32 7.1% 0.21[-0.34, 0.75] 1=

lwamata 2005 -2.2 1.21 25 -1.7 Leel, 25 7.0%  -043[-0.99 0.14] =

Tsuji 2014 -0.7 205 ] -4.9 203 29 6.0% 0.20[-0.55, 0.95] ==

Subtotal (95% CI) 67 108 23.3% -1.08 [-2.47,0.32] Eo

Heterogeneity, Tau® = 1.82; Chi® = 44.64, df = 2 (P < 0.00001); I* = 93%

Test for overall effect; 2 = 1.51 (P = 0.13)

Total (95% CI) 328 342 100.0% =-0.48 [-0.81, -0.16] '3

Heterogeneity. Tau® = 0.21; Chi* = 57.44, df = 15 (P < 0.00001); I = 74% 1_10 —lS % 10=

Test for overall effect: 2 = 2.92 (P = 0.003)
Test for subgroup differences: Chi* = 1.00, df = 2 (P = 0.61), I? = 0%

WBY CONTROL

Fig 2  Forest plot of the subgroup analyses of WBVE for chronic musculoskeletal pain based on different diseases after intervention. SMD (95%
CI) was calculated from 8 studies for OA, 4 studies for CLBP, and 4 studies for other chronic musculoskeletal diseases.

the long-term effects of WBVE after 16 weeks of follow-up” and
24 weeks of follow-up>’; both RCTs reported that WBVE showed
positive effects on pain. The same results were obtained in trials
on osteoporosis.”’

WBVE for chronic musculoskeletal pain in different diseases
The subgroup analysis was based on WBVE for chronic muscu-
loskeletal pain in common disorders such as OA,!1:18:28-33.37
CLBP,'>** and other chronic musculoskeletal diseases.
The aggregated results of 16 RCTs indicated that WBVE allevi-
ated the condition of patients with OA (SMD, -0.37; 95% CI,
-0.64 to -0.10; P<.05; 12, 22%) (see fig 2). In addition, significant
differences were observed in WBVE for pain in patients with
CLBP'>**7° (SMD, -0.44; 95% CI, -0.75 to -0.13; P<.05; I,
12%) (see fig 2). Furthermore, no significant differences were
observed in WBVE for pain in patients suffering from other
chronic musculoskeletal diseases (SMD, -1.08; 95% CI, -2.47 to
0.32; P>.05; 12, 93%) (see fig 2).

13,38,39

Different durations of WBVE for OA

The subgroup analyses of WBVE for chronic musculoskeletal pain
conditions of OA based on different durations of WBVE. In the
short-term (<4wk; SMD, -0.47; 95% CI, -1.1 to 0.16; P>.05; I
71%) (fig 4) and medium-term (>4 and<12wk; SMD, -0.31; 95%
CI, -0.65 to 0.04; P>.05; I2, 0%) (see fig 4) periods, WBVE did not
significantly reduce pain in patients with OA. The results were same
to the medium term. However, the WBVE group experienced im-
provements in pain for the long term (>12wk; SMD, -0.46; 95%
CIL, -0.80 to -0.13; P<.05; I, 0%) (see fig 4).

www.archives-pmr.org

WBVE for chronic musculoskeletal pain in different control
interventions

The subgroup analysis was performed on the basis of various
control interventions. Squatting exercise,'® strength training,”*
home-based exercise,’ 139" lumbar stability training,’”‘35 and
quadriceps strengthening exercise®”*® were included in the treat-
ment X. Treatments involving alendronate,’” eccentric training,”’
traditional exercise,'>*> and isodynamic lumbar extension>” were
included in the traditional treatment group. Normal pattern of
daily activity,">" wait and see,”’® and daily life’® were included
in no treatment group. The results indicated that WBVE plus
treatment X compared with the treatment X alone (SMD, -0.37;
95% Cl1, -0.61 to -0.12; P<.05; 12, 26%) (fig 5), WBVE compared
with traditional treatment (SMD, -1.02; 95% CI, -2.44 to 0.40;
P>.05; 12, 94%) (see fig 5) and no treatment (SMD, -1; 95% CI,
-1.76 to -0.24; P<.05; 12, 75%) (see fig 5).

Publication bias

The Egger test for all the trials included in the meta-analyses was
evaluated for publication bias. The value of the Egger test showed
evidence of publication bias (P=.008; 95% CI, -0.48 to -1.50).

Adverse events

Four studies included a statement of related adverse
events.''>?%% One patient felt anxious during WBVE at first,
but the patient ultimately completed the intervention. Three sub-
jects did not show up on testing day.'® Fourteen participants did
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Test for overall effect: 2 = 2.98 (P = 0.003)

Test for subgroup differences: Chi® = 2.86, df = 2 (P = 0.24), I = 30.1%

Fig 3

calculated from 7 studies for short term, 12 studies for medium term, and 3 studies for long term.
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[WBV]Experimental [CONTROL]Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 short term
Park 2013 -0.27 1.81 11 -0.73 1.92 11 4.5% 0.24 [-0.60, 1.08] T T—
Zhong miao, 2005 -1.42 1.83 33 0.89 1.89 9 4.7% -1.23[-2.02, -0.44] =
Ke Liu,2015 -0.92  1.65 20 -0.22  1.79 20 5.3% -0.35 [-0.97, 0.28] —r
Rittweger 2002 -1.5 1.74 25 -2.2 2.1 25 5.5% 0.41 [-0.15, 0.97] =
Wang 2016a -B8 2.4% 49  -9.42 2.31 50 6.1% 0.26 [-0.14, 0.65] ~
Subtotal (95% CI) 138 115 26.0% -0.09 [-0.61, 0.43] *
Heterogeneity, Tau? = 0.25; Chi® = 1451, df = 4 (P = 0.006); I = 72%
Test for overall effect: 2 = 0.35 (P = 0.73)
6.1.2 medium term
Alentorn-Geli 2008 =27  3.03 11 -3.62 5.04 22 2.6% -5.08[-6.57, -3.59] —_—
Simao, NLM -1375 162 10 -625 5161 11 4.2%  -061[-1.4% 0.27] —
Ayelar 2011 -10% 3325 11 -85 326.78 10 4.4% -0.38[-1.25, 0.48] =S
Park 20132 -1.45 1.73 11 -0.63 2.33 11 4.4% -0.38[-1.23, 0.4¢€] -
Bokaeian 2016 -3.6 2.89 15 -4.4 3 11 4.7% 0.26[-0.52, 1.05] =
Tsuji 2014 -0.7 205 9 -4.9 203 29 4.8% 0.20[-0.55, 0.95] ==
Yang 2015 -2.9 15% 20 -1.75 1.7 20 5.2% -068[-1.32, -0.05] ==
Wang 2016 -4.8 1.11 19 -4.2 1.18 20 5.2% -051[-1.15, 0.13] =
Horstmann 20132 -20.8 2488 22 28.04 3228 32 5.3% -1.432[-2.04, -0.82] -
Binlin 201& -1.78 0581 22 -131 073 232 5.4%  -056[-1.15, 0.02] ==
del 2011 -9.36 15.9% 25 0.14 15.4 24 5.5% -0.60[-1.17, -0.02] =
Rittweger 2002 -2.4 1.76 25 -2.4 2 25 5.5% 0.00[-0.55, 0.55] ==
Subtotal (95% CI) 201 238 57.2% -0.67[-1.14,-0.21] L 3
Heterogeneity: Tau? = 0.52; Chi? = 55.70, df = 11 (P < 0.00001); I* = 80%
Test for overall effect: 2 = 2.83 (P = 0.005)
6.1.3 long term
Wang 2016 -4 =l d 15 -3.2 1.43 20 5.2% -061[-1.25, 0.03] ==
Iwamaoto 2005 -2.2 121 25 -1.7 1.1 25 5.5%  -0.43[-0.99% 0.14] —
Wang 2016a -12.73 2.3 49 -12.42 2.32 50 6.1% -0.13 [-053, 0.26] -
Subtotal (95% CI) 93 95 16.8% =-0.31[-0.59, -0.02] #
Heterogeneity, Tau? = 0.00; Chi¥ = 1.77, df = 2 (P = 0.41); I* = 0%
Test for overall effect: Z = 2.08 (P = 0.04)
Total (95% CI) 432 448 100.0% -0.46 [-0.76, -0.16] [
Heterogeneity: Tau? = 0.35; Chi? = 82.94, df = 19 (P < 0.00001); I* = 77% o -=S 5 5‘ 1:0

WBV CONTROL

Forest plot of the subgroup analyses of WBVE for chronic musculoskeletal pain based on different durations of WBVE. SMD (95% C(I) was

WBV CONTROL Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 short term for OA
Ke Liu, 2015 -0.93 165 20 -0.32 1.7% 20 322.5%  -0.35[-0.97, 0.28]
Wang 2016a -10.24 2.37 49 -10.12 2.33 50 40.1% -0.05[-0.44, 0.34]
Zhong miaa, 2005 -1.42 1.83 33 0.89 1.89 9 27.4% -1.23[-2.02, -0.44] -
Subtotal (95% CI) 102 79 100.0% -0.47 [-1.10, 0.16]
Heterogeneity, Tau® = 0.22; Chi? = 6.93, df = 2 (P = 0.03); I = 71%
Test for overall effect: Z = 1.46 (P = 0.15)
1.2.2 medium term for OA
Awvelar 2011 -108 335 11 -95 36.78 10 15.8% -0.3B[-1.25, 0.48] -
Bokaeian 2016 -3.6 2.89 15 -4.4 3 11 19.2% 0.26[-0.52, 1.05] -
Park 2013 -1.45 1.73 11 -0.63 233 11  16.4% -0.38[-1.23, 0.48] —-
Simaa, NLM -137.5 162 10 -59.52 1819 21 20.2% -0.43[-1.18, 0.33] —=r
Wang 2016 48 1.11 19 -42 118 20 287% -051[-1.15, 0.13] -
Subtotal (95% ClI) 66 73 100.0% -0.31[-0.65, 0.04] ]
Heterogeneity Tau® = 0.00; Chi® = 2.61, df = 4 (P = 0.63); I = 0%
Test for overall effect: Z = 1.75 (P = 0.08)
1.2.3 long term for OA
Wang 2016 -4 1.11 19 -3.2 143 20 27.7% -0.61[-1.25, 0.03] -
Wang 2016a -11.67 2.3¢ 49  -10.7 2.35 50 72.3% -0.41[-0.81, -0.01] [ |
Subtotal (95% CI) 68 70 100.0% -0.46 [-0.80,-0.13] '
Heterogeneity. Tau? = 0.00; Chi® = 0.27, df = 1 (P = 0.60); I? = 0%
Test for overall effect: Z = 2.69 (P = 0.007)

-1o -5 5 10

Test for subgroup differences: Chi = 0.47, df = 2 (P = 0.79), I* = 0%

Favours [experimental] Favours [control]

Fig 4

Forest plot of the subgroup analyses of WBVE for chronic musculoskeletal pain conditions of OA based on different durations of WBVE.

SMD (95% CI) was calculated from 3 studies for short term, 4 studies for medium term, and 2 studies for long term.
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[WBV]Experimental [CONTROL]Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 WBV + Xvs X
Awelar 2011 -10%9 335 11 -95 36.78 10 6.6% -0.38[-1.25, 0.48] =
Binlin 2016 -1.78 0.91 23 -131 073 23 11.8% -0.56[-1.15, 0.03] -
Bokaeian 2016 -3.6 289 15 -4.4 3 11 7.8% 0.26[-0.52, 1.05] ==
lwamoto 2005 -2.2 1.21 25 -1.7 1.1 25 12.7% -0.43 [-0.99, 0.14] -
Park 2013 -1.45 1.73 11 -0.63 2.33 11 6.8% -0.38[-1.23, 0.48] —T
Simao, MLM -137.5 50.2 10 -625 5161 12 5.5% -1.42[-2.27, -0.46] =
Tsuji 2014 -0.7 205 9 -4.3 2032 29 8.3% 0.20[-0.55, 0.95] T
Wang 2016 -4.8 1.1 19 -4.2 1.18 20 10.6% -051[-1.15, 0.13] -
Wang 2016a -12.73 2.3 49 -12.42 2.32 50 19.3% -0.12 [-0.53, 0.26] -
Yang 2015 -2.9 1.59 20 -1.75 1.7 20 10.6% -068[-1.32, -0.05] -
Subtotal (95% CI) 192 211 100.0% -0.37[-0.61,-0.12] ¢

Heterogeneity, Tau? = 0.04; Chi® = 12.23, df = 9 (P = 0.20); I* = 26%
Test for overall effect: 2 = 2.94 (P = 0.003)

7.1.2 WBV vs Traditional treatment

Alentorn-Geli 2008 -27.03 3.03 11 -3.62 5.04 22 21.1% -5.09[-658, -3.59] —
Horstmann 2013 -20.9 3488 22 -39.9 30.13 19 26.2% 057 [-0.06, 1.20] Il
Ke Liu,2015 -0.93 1.65 20 -0.32 1.79 20 26.2%  -0.35 [-0.97, 0.28] -
Rittweger 2002 -2.7 1.78 25 -2.7 1.78 25 26.5% 0.00[-0.55, 0.55] -
Subtotal (95% CI) 78 86 100.0% -1.02 [-2.44, 0.40] i
Heterogeneity. Tau? = 1.90; Chi® = 47.53, df = 3 (P < 0.00001); I* = 94%
Test for overall effect; 2 = 1.40 (P = 0.18)
7.1.3 WBV vs No treatment
del 2011 -5.26 15.9% 25 0.14 15.4 24 286% -060[-1.17, -0.02] -
Harstmann 2013 -20.9 34.88 22 -12.8 35.82 16 27.4% -0.22 [-0.87, 0.42] .-
Simaa, MLM -137.5 50.2 10 10 85.25 12 19.1% -2.41[-3.56, -1.26] —a
Zhong miao, 2005 -1.42 1.83 33 089 189 9 25.0% -1.23[-2.02, -0.44] —-
Subtotal (95% CI) 90 61 100.0% =1.00[-1.76,-0.24] -
Heterogeneity. Tau® = 0.44; Chi® = 12.1%, df = 2 (P = 0.007); I* = 75%
Test for overall effect: 2 = 2.59 (P = 0.010)
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Test for subgroup differences: Chi? = 3.09, df = 2 (P = 0.21), I* = 35.2%

Fig 5

WBYV CONTROL

Forest plot of the subgroup analyses of WBVE for chronic musculoskeletal pain based on different interventions in control groups after

intervention. SMD (95% (I) was calculated from 10 studies for “WBVE+-treatment X” vs “treatment X alone,” 4 studies for “WBVE vs traditional

treatment,” and 4 studies for “WBVE vs no treatment.”

not complete the experiments. Three participants did not have
sufficient time or interest to attend the training.'”® One study
included 9 participants with CLBP who dropped out of the
experiment because of unspecified causes.™

Discussion

In this meta-analysis, we searched for a certain number of studies
and gathered evidence to evaluate the effects of WBVE on chronic
musculoskeletal pain. The overall findings showed that WBVE is
related to significant improvements in pain from chronic muscu-
loskeletal disease. Subgroup analysis demonstrated that short-term
WBVE did not significantly alleviate chronic musculoskeletal
pain. By contrast, long-term WBVE presented improvements in
patients with chronic musculoskeletal pain. Therefore, the long
durations of WBVE for chronic musculoskeletal pain are more
beneficial than short durations.

WBVE is a type of mechanical vibration that is transmitted
through the body via different musculoskeletal structures, such as
muscles, bones, cartilage, and joints. The tonic vibration reflexes
and spinal and supraspinal neurophysiological mechanisms were
considered to be the underlying reasons explaining the positive
effects of WBVE on musculoskeletal structures and neuromus-
cular responses.*’ In addition, given that WBVE is a clinical
intervention, the appropriate duration of treatment is required.
Acute WBVE may affect microscopic changes in musculoskeletal

www.archives-pmr.org

structures, such as the degree of muscle activity*' and the prop-
erties of the intramuscular connective tissue.*” Short-term WBVE
is unable to relieve chronic musculoskeletal pain. In a previous
clinical study, the WBVE was conducted for 20 weeks to improve
muscle function®® and 12 weeks to improve quality of life** and
decrease pain.'” Long-term WBVE could sufficiently enable the
adjustment of the musculoskeletal system, such that chronic
musculoskeletal pain could be effectively treated.

According to the subgroup analysis, the aggregated results
indicated that WBVE is more effective for treating chronic
musculoskeletal pain than no treatment and treatment X alone.
This finding reveals that WBVE could be an effective comple-
mentary intervention to cure chronic musculoskeletal disorders.'™
22293045 However, WBV did not significantly relieve chronic
musculoskeletal pain compared with the traditional treatment.
Traditional treatments harness the knowledge, skills, and practices
based on the theories, beliefs, and experiences of different cul-
tures.*® Tn the current meta-analysis, traditional treatments
included exercise therapies, such as eccentric training,”® iso-
dynamic lumbar extension,” and other traditional exercises.'>*?
Traditional exercise, as a form of nondrug therapy, provides pa-
tients with benefits related to chronic musculoskeletal pain.(’

This systematic review assessed the effects of WBVE on
chronic musculoskeletal pain associated with various common
diseases. The results of subgroup analysis demonstrated that
WBVE shows good effects in improving chronic musculoskeletal
pain caused by OA and CLBP. Furthermore, the long-term WBVE
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could relieve pain in patients with OA. Previous systematic re-
views report that WBVE does not reduce pain in patients with
knee OA.'”?*" Differences in the results may be the result of
differences in the eligible studies and the duration of WBVE. In
addition, the different parameters of WBVE (duration, exercises
or vibration frequencies) may have different effects on chronic
musculoskeletal pain.**>° Thus, further work is required to
identify which parameters of WBVE are ideal for patients with
chronic musculoskeletal pain.

We used the chi-square test and I-square statistic to evaluate
heterogeneity among the studies. The quality and consistency of the
results were tested by sensitivity analysis that could solve the issue
of heterogeneity. Moreover, we conducted sensitivity analysis by
removing each study individually. In this review, the overall result
was stable when the sensitivity analysis was performed. Only 1
study'? indicated an effect on the degree of heterogeneity (from
I*=75% to I*=35%). This study'” reported on WBVE for chronic
musculoskeletal pain in patients with fibromyalgia. The main
reason for the high sensitivity could mainly be due to fact that the
disease was different from others. Moreover, heterogeneity appears
to be influenced by various factors, such as different control groups,
effective or ineffective results, and so on.”" In future investigations,
we need additional moderator analyses or subanalyses to identify
the various sources of heterogeneity and minimize heterogeneity as
much as possible. Even though the study showed influence on the
degree of heterogeneity, the overall effect size was still not affected
(P<.05). According to the stable P value, we concluded that these
results were reliable and stable.

Strengths and study limitations

We gathered the selected articles from a wild range of electronic
databases, such as PubMed, Cochrane Library CINAHL
(EBSCO), Web of Science, PEDro, Embase, and the China Na-
tional Knowledge Infrastructure. Our results represented global
studies, because the selected studies originated from Asia, Africa,
Europe, and South America. Two reviewers selected the articles,
extracted data, and assessed quality independently to reduce bias
and transcription errors. In contrast to previous studies, our meta-
analysis involved an adequate number of eligible studies to obtain
reliable results.'®*° Furthermore, detailed subgroup analyses were
performed in 3 aspects (different diseases, control interventions,
and durations of WBVE). We identified the effectiveness of
WBVE for chronic musculoskeletal pain. Thus, this meta-analysis
could serve as a sufficient reference for clinical practice.
However, our review has several limitations. First, even though
we used a rigorous search strategy in the review, we had to exclude a
number of good studies because of language restrictions.”” We
could not identify the languages, except for Chinese and English.
Therefore, we easily ignored clinical studies that failed to meet the
inclusion criteria. Second, we were not able to access all the
available data that could be applied to our meta-analysis, because
the data were limited or excessive and were provided in a different
manner, thereby preventing us from obtaining data for our meta-
analysis.'>?° This characteristic could be considered a limitation of
this review, because we did not know whether the final results were
influenced by data loss. Third, although all of the included studies
were RCTs, only 7 studies (44%) reported how other studies con-
cealed patient allocation. Considering the principle of intention to
treat, only 2 studies involved intention-to-treat analysis that

considered potential risk biases and detection biases.” Finding
patients and therapists for WBVE studies is challenging, but blinded
assessors and concealed allocations can remedy the limitations.>
Fourth, few eligible RCTs for long term, daily life, and CLBP
were noted in the subgroup analysis, which would reliably influence
the subresults. Fifth, the only outcome was pain intensity (VAS),
which was described by SMD and random effects in this meta-
analysis. Our review indicated various outcome measures to affect
conclusions potentially. Sixth, few adverse events happened in
WBVE studies. However, we were unable to confirm whether
WBVE was completely safe for patients. WBVE involved a low risk
of injury for patients with chronic musculoskeletal diseases.

Implications for policy and practice

WBVE is a type of training method that can improve neuromus-
cular performance in healthy people®® and clinical patients.’
Considering the popularity of WBVE, many clinicians, re-
searchers, policymakers, and other health care professionals are
interested in the effectiveness, safety, and quality of WBVE. Our
meta-analysis demonstrated that WBVE could relieve pain in
patients with chronic musculoskeletal disorders, and a long
duration of WBVE could be especially beneficial. The results
identified the significance of scientific and clinical research. They
also provided useful information for patients with chronic
musculoskeletal conditions, clinicians, and healthcare policy-
makers as they view other valid treatment options.

Conclusions

Evidence suggests the positive effects of WBVE on chronic
musculoskeletal pain and long durations of WBVE could be espe-
cially beneficial. WBVE showed a more positive effect compared
with no treatment, and WBVE plus treatment X showed better ef-
fects than treatment X alone only in reducing pain caused by chronic
musculoskeletal disorders. However, WBVE did not significantly
relieve chronic musculoskeletal pain compared with the traditional
treatment. Further work is required to identify which parameters of
WBVE are ideal for patients with chronic musculoskeletal pain.
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