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Abstract
Background: Low back pain (LBP) affects about 80% of the population at some time in their lives. Exercise therapy is the most
widely used nonsurgical intervention for low back pain in practice. Thus, whole-body vibration (WBV) exercise is becoming
increasingly popular in relieving musculoskeletal pain and in improving function. However, the efficacy of WBV exercise is not without
dispute for low back pain. This meta-analysis, with its comprehensive and rigorous methodology, will provide better insight into this
problem.

Methods:Published articles will be identified using electronic searches from 1950 to 2018. The Cochrane Library, PubMed,Web of
Science, Embase, CINAHL-Ebsco, PEDro, and China Biology Medicine will be searched for randomized controlled trials. Studies
without a parallel comparison group will be excluded. Two reviewers will independently select relevant studies that investigate on
WBV exercise for patients with LBP. Data extraction will be done independently by the same 2 reviewers who selected the studies.
The primary outcome will be to assess pain, back-specific disability index, and adverse effect. Continuous data will be pooled by
calculating the mean difference using the random-effects model.

Results: The results of the final meta-analysis will provide an evidence of WBV exercise for low back pain.

Conclusion: This meta-analysis will provide a detailed summary of the evidence on the effects of WBV exercise on patients with
LBP, in comparison with general exercise or without treatment. This review will benefit to researchers and policy makers who are
interested in the treatment of LBP by WBV exercise.

Abbreviations: CI = confidence interval, NRS = numeric rating scale, ODI = Oswestry disability index, PRISMA-P = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses protocols, RCT = randomized controlled trial, RMDQ = Roland–Morris
disability questionnaire, SD = standard deviation, SF-36 = short form-36, LBP = low back pain, VAS = visual analog scale, WBV =
whole-body vibration.
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1. Introduction

Low back pain (LBP) is one of the leading causes of disability and
remains a main public health concern in many developed
countries.[1,2] Currently, the prevalence of LBP is reported to be
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84%and that of chronic LBP is about 23%, with 12%of patients
becoming disabled because of LBP.[3] The effect of LBP goes
beyond the pain itself and could be profound and serious,
especially with LBP frequently resulting in indirect costs, loss of
productive capacity, and increase in risk of suffering from other
medical issues.[4,5] In Australia in 2001, the total cost of LBP in
2001 was AUS$9.17 billion, whereas the direct health care costs
reached only AUS$1.02 billion.[6] In the United States, the total
direct and indirect expenses for LBP treatment are approximated
to be more than $100 billion every year.[7]

Most clinical practices[3,8,9] recommend exercise intervention
as an efficient solution to improve back function and decrease
pain in patients with LBP. Whole-body vibration (WBV) exercise
is a popular method of reducing pain intensity and improving
function and quality of life.[10]WBV exercise involves performing
immobile standing or conducting dynamic exercises through a
vibratory platform.[11,12] Vibratory stimulation plus exercise
intervention may complement standard physical rehabilitation
programs for LBP.[13]

The WBV exercise is currently being promoted as a treatment
for patients with LBP.[13–21] A theoretical basis explains the effect
of WBV exercise on the treatment of LBP. First, positive
correlations exist between core muscle inactivity and pain
intensity and the function of patients with LBP.[22–24] WBV
exercise could activate muscle fibers and strengthen core stability
muscles to improve back function in patients with LBP.[25–27]
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Second, paravertebral muscle spasm occurs in most patients
with LBP, and WBV exercise may relieve pain by relaxing the
paravertebral muscles.[21] Third, proprioception deficits of the
lumbosacral region often lead to spine dysfunction and instability
in patients with LBP. WBV exercise could improve propriocep-
tive function by activating the proprioceptors of patients
with LBP.[14,28]

Despite these benefits of WBV exercise, its exact effect on LBP
has yet to be fully understood. Research suggests that WBV
exercise could alleviate pain intensity and improve function in
patients with LBP.[18,19,21] Conversely, several articles report that
WBV exercise is not useful for patients with LBP and that
exposure to vibrations is traditionally considered to be
harmful.[29–31] Scientific evidence on WBV exercise for LBP
should be ascertained to save time and reduce the burden of
patients with LBP and their families. Therefore, a meta-analysis
of all randomized controlled trials (RCTs) is conducted in this
study to assess the effect of WBV exercise on patients with LBP.
The results are then compared with those of general exercise or
the case without intervention.
2. Methods

2.1. Study registration

The meta-analysis will be performed and reported in accordance
with the PRISMA-P 2015 statement[32,33] (Supplemental file 1,
http://links.lww.com/MD/C508). The protocol is registered on
the international prospective register of systematic reviews
(PROSPERO registration number: CRD42012003505. Avail-
able at: http://www.crd.york.ac.uk/prospero/).
Table 1

Search strategy for PubMed.

Number

#1 “Single-Blind Method”[Mesh] OR “Double-Blind Method”[Mesh] O
[Publication Type] OR “Intention to Treat Analysis”[Mesh] OR
“Clinical Trial” [Publication Type]

#2 “random∗”[Text Word] OR allocation[Text Word] OR “random allo
blind[Text Word] OR “randomized controlled trial∗”[Text Word

#3 #1 OR #2
#4 “Back Pain”[Mesh] OR “Low Back Pain”[Mesh]
#5 backache[Title/Abstract] OR dorsalgia[Title/Abstract] OR lumbago

[Title/Abstract] OR sciatica[Title/Abstract] OR spondylosis[Title
#6 #4 OR #5
#7 whole-body vibration[Text Word] OR vibration exercise[Text Word
#8 #3 AND #6 AND #7

Table 2

Model of pairwise comparisons that will be used to determine study

Pairwise comparison that can be derived from the study

Group 1

WBV exercise Usual car
WBV exercise Nonexerci
WBV exercise Other exe
WBV exercise + Intervention X Interventio
WBV exercise WBV exer
WBV exercise Doses of

WBV=whole-body vibration.
∗
Such as different frequency and amplitude, intensity, or setting of WBV exercise.

2

2.2. Search strategy

Relevant articles will be identified by electronically searching the
following data sources (from 1950 to 2018): PubMed, Web of
Science, Embase, the Cochrane Library, CINAHL-Ebsco, PEDro,
andChinaNational Knowledge Infrastructure. The searchwill be
limited to RCTs, and no language restriction will be imposed.
The details of the PubMed search are provided in Table 1. The

duplicates identified after the database search will be removed.
We will manually scan reference lists to identify other relevant
articles from several sports medicine journals.
2.3. Criteria in considering studies for this review
2.3.1. Types of studies. Published RCTs will be included. No
restrictions on language used or trial date will be imposed.

2.3.2. Types of participants. Articles involving both male and
female participants (older than 18 years) will be included.

2.3.3. Types of interventions. Studies that compare interven-
tion groups receiving WBV exercise and control groups receiving
general exercises, such as strength and stretching exercises, or no
treatment will be included. Table 2 reports model of pairwise
comparisons which would be used to determine studies criteria.
WBV exercise is a training method in which an individual
performs physical activities while on a machine that sends
vibration signals to the body.

2.3.4. Types of outcomemeasures.Outcome measures will be
assessed on the basis of the analyses of individual patient data
from published studies. Outcomes will be recorded in 3 time
periods: short term (not longer than 3 months), intermediate (6
months), and long term (1 year or more).
Search terms

R “Randomized Controlled Trials as Topic”[Mesh] OR “Randomized Controlled Trial”
“Controlled Clinical Trials as Topic”[Mesh] OR “Clinical Trials as Topic”[Mesh] OR

cation”[Text Word] OR placebo[Text Word] OR single blind[Text Word] OR double
] OR RCT[Text Word]

[Title/Abstract] OR lumbar pain[Title/Abstract] OR coccyx[Title/Abstract] OR coccydynia
/Abstract] OR back disorder$[Title/Abstract]

] OR vibrat$[Text Word] OR WBV[Text Word]

criteria.

Group 2 Study criteria

e Yes
se controls Yes
rcise Yes
n X Yes
cise + Intervention X No
WBV exercise

∗
No
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http://www.crd.york.ac.uk/prospero/


Zheng et al. Medicine (2018) 97:38 www.md-journal.com
The primary outcomes include the following:
1.
 Pain intensity: Pain intensity will be measured with a pain
numeric rating scale (NRS) and a visual analog scale (VAS).
The NRS is an 11-point (from 0 to 10) scale for patient self-
reporting of pain. The VAS is marked as “no pain” (score 0)
and “unbearable pain” (score 10) from left to right.
Back-specific disability index: The back-specific disability
2.

index will be determined from the responses in the Oswestry
disability index (ODI) obtained using the Roland–Morris
disability questionnaire (RMDQ). The ODI covers 10 items,
with the value of 0 representing no disability and the value of
100 representing the maximum disability possible. The
RMDQ score ranges from 0 to 24. A high score equates to
poor back function.
Adverse event: Reports of adverse events associated withWBV
3.

exercise will be considered.

The secondary outcomes include the following:

1. Global improvement: Global improvement and quality of life

will be measured with questionnaires such as short form-36
(SF-36).
Return to work/absenteeism
2.

3.
 Depression and anxiety.
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2.4. Selection of studies

All citations identified through the performed search will be
downloaded into a reference manager database. Two authors
with familiarity with the cited authors and publication journals
will independently screen the studies to be included using
prespecified criteria. If the abstract of a study fails to meet the
selection criteria, the study will be immediately excluded.
Otherwise, the full paper will be retrieved. Two authors using
the same selection criteria will conduct the abstract screening,
read the full papers, and make final selection decisions. Any
discrepancies will be resolved through discussion; if necessary, a
3rd reviewer will step in to resolve disagreements. Figure 1 shows
the flow chart of the study selection procedure.

2.5. Data extraction

A standardized form will be used to extract data from the
included studies. The following data will be extracted: study
design, patient characteristics (e.g., number of participants and
age), study characteristics (e.g., country where the study was
conducted and year), description of the experimental and control
interventions, duration of the follow-up, types of assessed
outcomes, and time points. Data will be extracted independently
luded in 
synthesis 
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by the same authors who conducted the selection of studies. Any
disagreements will be discussed, and an arbiter will be consulted
when necessary. Data related to the primary outcomes will be
assessed for inclusion in the meta-analyses, and the final value
scores (means and standard deviations [SDs]) will be extracted.
2.6. Dealing with missing data

We will contact the authors of the included studies if means or
SDs are not reported.Wewill approximate themeans and SDs for
the data reported in a graph rather than a table. If a study reports
median, interquartile range (IQR), standard errors, 95%
confidence interval (CI), or P-values without SDs, we will
transform these values into means or SDs. For example, if
continuous data are shown as IQR or median, we will estimate
the median to be equivalent to the mean, and we will
approximate the SD from the IQR data using the equation.
2.7. Quality assessment of included studies

We will use the Cochrane Collaboration recommendations[34] to
evaluate the quality of all included studies. The following
information will be assessed: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other biases. Two authors will evaluate
the methodologic quality of all included studies. An arbiter will
be consulted to address any disagreements.
Regardless of the amount of data available for the quantitative

analyses and data summary, the overall quality of the evidence
for each outcome will be assessed. The Grading of Recommen-
dations Assessment, Development, and Evaluation approach[35]

will be used to assess the overall quality of the evidence by
employing the adopted version of the criteria advocated by the
Cochrane Back Review Group.[36] The factors that may decrease
the quality of the evidence are the study design and risk of bias,
inconsistency of the results, indirectness (not generalizable),
imprecision (sparse data), and others (e.g., reporting bias). The
quality of the evidence for a specific outcome will be reduced by
a level on the basis of the performance of the studies against these
5 factors.
2.8. Statistical analysis
2.8.1. Data analysis. Relative risk will be used to analyze
dichotomous outcomes. The mean difference or the standardized
mean difference will be used to analyze continuous outcomes.
The standardized mean difference will be selected if different
outcomes or units are used to measure the outcomes. Mean
difference will be chosen if the same outcome or unit is used to
measure outcomes. Uncertainty will be expressed with 95% CI.
Outcome measurements from individual trials will be combined
through meta-analysis, where possible (intervention, outcomes
and clinical comparability of patients with LBP between trials),
using a random-effect model. The results will be qualitatively
described from clinically comparable studies in the review if the
outcome is not possible for meta-analysis.

2.8.2. Assessment of heterogeneity. The Chi-squared and I2

tests will be used to assess the heterogeneity of the included
articles. If I2 < 50% and P> .10 (Chi-squared test), the
heterogeneity will be regarded as acceptable. The P-value of
.10 of the Chi-squared test and I2 > 50% indicate a significant
statistical heterogeneity.
4

2.8.3. Assessment of publication biases.With sufficient data,
Egger regression test will be performed to assess potential
publication bias using Stata 12.0.

2.8.4. Subgroup analysis.With adequate data, we will perform
the following subgroup analyses:
1.
 Types of control groups (e.g., general exercise, placebo, wait-
and-see groups)
Types of patients (e.g., acute, subacute, chronic LBP)
2.

3.
 Duration of follow-up (i.e., short, medium, and long term)

4.
 Differential application of WBV exercise (e.g., different
frequencies, amplitudes).

3. Discussion

Many different types of exercise programs are used to relieve pain
and improve back function for patients with LBP. Recently,WBV
exercise has become increasingly popular in relieving LBP and
improving function and quality of life. Although WBV exercise
has a theoretical basis in the treatment of LBP, its effect on the
improvement of pain and function is controversial.
A previous systematic review[37] included 3 RCTs (published

between 2002 and 2005) and concluded the need to perform a
strict study designed to confirm the effect of WBV exercise as a
safe and high-quality intervention for LBP. However, the meta-
analysis only focused on the result description of the included
articles and on the qualitative synthesis rather than on the meta-
analysis. Another systematic review[38] covering 27 studies
reported that exposure to WBV increases the risk of LBP and
sciatica. However, this systematic review focused on evaluating
the association occupational exposure to WBV and LBP.
Occupational exposure to WBV is different from WBV exercise,
which entails longWBV exposure time and regularWBV patterns
(e.g., frequency and amplitude). For example, truck drivers and
farmers are often exposed to WBV while driving trucks and
operating farm equipment.
At present, no systematic review and meta-analysis has been

performed to determine the efficacy of WBV exercise in
improving back function and reducing pain in patients with
LBP. In addition, whether WBV exercise is useful in patients with
LBP remains unclear. Therefore, the aim of our meta-analysis is
to ascertain the effectiveness of WBV exercise in improving pain
and back function in patients with LBP, whether WBV exercise
offers more beneficial effects than general exercise for patients
with LBP, and the adverse effects associated with WBV exercise.
This meta-analysis will benefit researchers and policy makers
who are interested in the treatment of LBP via WBV exercise.
Author contributions

Conceptualization: Yili Zheng, Zhijie Zhang, Xueqiang Wang.
Data curation: Yili Zheng, Mengsi Peng, Haoyu Hu.
Formal analysis: Zhijie Zhang, Mengsi Peng, Haoyu Hu.
Funding acquisition: Haoyu Hu, Xueqiang Wang.
Investigation: Zhijie Zhang, Haoyu Hu.
Methodology: Yili Zheng, Haoyu Hu, Xueqiang Wang.
Project administration: Mengsi Peng, Haoyu Hu.
Resources: Mengsi Peng, Juan Zhang.
Software: Zhijie Zhang, Juan Zhang.
Supervision: Yili Zheng, Mengsi Peng, Juan Zhang, Xueqiang

Wang.
Validation: Mengsi Peng, Juan Zhang.



[19] Maddalozzo GF, Kuo B, Maddalozzo WA, et al. Comparison of 2

Zheng et al. Medicine (2018) 97:38 www.md-journal.com
Visualization: Mengsi Peng, Juan Zhang.
Writing – original draft: Yili Zheng, Zhijie Zhang, Xueqiang

Wang.
Writing – review & editing: Zhijie Zhang, Xueqiang Wang.
References

[1] Maher C, Underwood M, Buchbinder R. Non-specific low back pain.
Lancet 2017;389:736–47.

[2] Linek P, Noormohammadpour P,MansourniaMA, et al.Morphological
changes of the lateral abdominal muscles in adolescent soccer players
with low back pain: a prospective cohort study. J Sport Health Sci 2018;
https://doi.org/10.1016/j.jshs.2018.02.002 [Epub ahead of print].

[3] AiraksinenO, Brox JI, Cedraschi C, et al. Chapter 4: European guidelines
for the management of chronic nonspecific low back pain. Eur Spine J
2006;15:S192–300.

[4] Ivanova JI, BirnbaumHG, Schiller M, et al. Real-world practice patterns,
health-care utilization, and costs in patients with low back pain: the long
road to guideline-concordant care. Spine J 2011;11:622–32.

[5] Lin CC, Li Q, Williams CM, et al. The economic burden of guideline-
recommended first line care for acute low back pain. Eur Spine
2018;27:109–16.

[6] Walker BF,Muller R, GrantWD. Low back pain in Australian adults: the
economic burden. Asia Pac J Public Health 2003;15:79–87.

[7] CrowWT, Willis DR. Estimating cost of care for patients with acute low
back pain: a retrospective review of patient records. J Am Osteopath
Assoc 2009;109:229–33.

[8] Chou R, Qaseem A, Snow V, et al. Diagnosis and treatment of low back
pain: a joint clinical practice guideline from the American College of
Physicians and the American Pain Society. Ann Intern Med
2007;147:478–91.

[9] Steffens D, Maher CG, Pereira LS, et al. Prevention of low back pain: a
systematic review and meta-analysis. JAMA Intern Med 2016;176:
199–208.

[10] Wang P, Yang L, Liu C, et al. Effects of whole body vibration exercise
associated with quadriceps resistance exercise on functioning and quality
of life in patients with knee osteoarthritis: a randomized controlled trial.
Clin Rehabil 2016;30:1074–87.

[11] Chung P, Liu C, Wang H, et al. Various performance-enhancing effects
from the same intensity of whole-body vibration training. J Sport Health
Sci 2017;6:333–9.

[12] Yang WW, Chou LW, Chen WH, et al. Dual-frequency whole body
vibration enhances vertical jumping and change-of-direction ability in
rugby players. J Sport Health Sci 2017;6:346–51.

[13] Wang XQ, Pi YL, Chen PJ, et al. Whole body vibration exercise for
chronic low back pain: study protocol for a single-blind randomized
controlled trial. Trials 2014;15:104.

[14] Belav�y DL, Armbrecht G, Gast U, et al. Countermeasures against lumbar
spine deconditioning in prolonged bed rest: resistive exercise with and
without whole body vibration. J Appl Physiol 2010;109:1801–11.

[15] Fontana TL, Richardson CA, Stanton WR. The effect of weight-bearing
exercise with low frequency, whole body vibration on lumbosacral
proprioception: a pilot study on normal subjects. Aust J Physiother
2005;51:259–63.

[16] Belav�y DL, Hides JA, Wilson SJ, et al. Resistive simulated weight bearing
exercise with whole body vibration reduces lumbar spine deconditioning
in bed-rest. Spine (Phila Pa 1976) 2008;33:E121–31.

[17] Tiemessen IJ, Hulshof CT, Frings-Dresen MH. Low back pain in drivers
exposed to whole body vibration: analysis of a dose-response pattern.
Occup Environ Med 2008;65:667–75.

[18] Belav�y DL, Wilson SJ, Armbrecht G, et al. Resistive vibration exercise
during bed-rest reduces motor control changes in the lumbo-pelvic
musculature. J Electromyogr Kinesiol 2012;22:21–30.
5

multimodal interventions with and without whole body vibration
therapy plus traction on pain and disability in patients with
nonspecific chronic low back pain. J Chiropr Med 2016;15:
243–51.

[20] Yang J, Seo D. The effects of whole body vibration on static balance,
spinal curvature, pain, and disability of patients with low back pain. J
Phys Ther Sci 2015;27:805–8.

[21] Boucher JA1, Abboud J, Dubois JD, et al. Trunk neuromuscular
responses to a single whole-body vibration session in patients with
chronic low back pain: a cross-sectional study. J Manipulative Physiol
Ther 2013;36:564–71.

[22] del Pozo-Cruz B, Hernández Mocholí MA, Adsuar JC, et al. Effects of
whole body vibration therapy on main outcome measures for chronic
non-specific low back pain: a single-blind randomized controlled trial. J
Rehabil Med 2011;43:689–94.

[23] Wang XQ, Zheng JJ, Bi X, et al. Effect of core stability training on
patients with low back pain. HealthMED 2012;6:754–9.

[24] Yue YS, Wang XD, Xie B, et al. Sling exercise for chronic low back pain:
a systematic review and meta-analysis. PLoS One 2014;9:e99307.

[25] Wang XQ, Zheng JJ, Yu ZW, et al. A meta-analysis of core stability
exercise versus general exercise for chronic low back pain. PLoS One
2012;7:e52082.

[26] Maeda N, Urabe Y, Sasadai J, et al. Effect of whole-body-vibration
training on trunk-muscle strength and physical performance in healthy
adults: preliminary results of a randomized controlled trial. J Sport
Rehabil 2016;25:357–63.

[27] Ye J, Ng G, Yuen K. Acute effects of whole-body vibration on trunk
muscle functioning in young healthy adults. J Strength Cond Res
2014;28:2872–9.

[28] Stewart VH, Saunders DH, Greig CA. Responsiveness of muscle size and
strength to physical training in very elderly people: a systematic review.
Scand J Med Sci Sports 2014;24:e1–0.

[29] Issurin VB. Vibrations and their applications in sport. A review. J Sports
Med Phys Fitness 2005;45:324–36.

[30] Zeng X, Trask C, Kociolek AM. Whole-body vibration exposure of
occupational horseback riding in agriculture: a ranching example. Am J
Ind Med 2017;60:215–20.

[31] Hulshof CT, Verbeek JH, Braam IT, et al. Evaluation of an
occupational health intervention programme on whole-body vibration
in forklift truck drivers: a controlled trial. Occup Environ Med
2006;63:461–8.

[32] Burström L, Nilsson T, Wahlström J. Whole-body vibration and the risk
of low back pain and sciatica: a systematic review and meta-analysis. Int
Arch Occup Environ Health 2015;88:403–18.

[33] Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P), 2015:
elaboration and explanation. BMJ 2015;350:g7647.

[34] Romain AJ, Bortolon C, Gourlan M, et al. Matched or nonmatched
interventions based on the transtheoretical model to promote physical
activity. A meta-analysis of randomized controlled trials. J Sport Health
Sci 2018;7:50–7.

[35] Song G, Chen CC, Zhang J. Association of traditional Chinese exercises
with glycemic responses in people with type 2 diabetes: a systematic
review and meta-analysis of randomized controlled trials. J Sport Health
Sci 2018;https://doi.org/10.1016/j.jshs.2018.08.004 [Epub ahead of
print].

[36] Atkins D, Best D, Briss PA, et al. GRADE Working GroupGrading
quality of evidence and strength of recommendations. BMJ
2004;328:1490.

[37] Henschke N, Ostelo RW, van Tulder MW, et al. Behavioural treatment
for chronic low-back pain. Cochrane Database Syst Rev 2010;
CD002014.

[38] Perraton L, Machotka Z, Kumar S. Whole-body vibration to treat low
back pain: fact or fad? Physiother Can 2011;63:88–93.

https://doi.org/10.1016/j.jshs.2018.02.002
https://doi.org/10.1016/j.jshs.2018.08.004
http://www.md-journal.com

	Whole-body vibration exercise for low back pain
	Outline placeholder
	1 Introduction
	2 Methods
	2.3 Criteria in considering studies for this review
	2.3.4 Types of outcome measures

	2.5 Data extraction
	2.8 Statistical analysis
	2.8.4 Subgroup analysis


	Author contributions

	References


