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ABSTRACT
Objective: This systematic review aimed to investigate the effect of whole-body vibration (WBV) on balance or
proprioception for patients with nonspecific chronic low back pain (NSCLBP).
Methods: A comprehensive search was conducted using 5 databases—PubMed, Web of Science, Cochrane Library,
Science Direct, and Physiotherapy Evidence Database—from inception to January 2022. Randomized clinical trials
that examined the efficacy of WBV on balance or proprioception in patients with NSCLBP were incorporated. The
methodological quality of each included study was assessed using the Physiotherapy Evidence Database scale.
Results: Our search strategy yielded 5309 articles, of which 7 published randomized clinical trials (313 patients) met
the inclusion criteria. Three of the 4 included studies that investigated balance reported significant improvements after
WBV, of which 2 were of high methodological quality. The remaining 3 studies investigating proprioception also
showed significant improvements after WBV intervention.
Conclusion: Although some studies seem to provide promising results regarding the efficacy of WBV or WBV
combined with exercise in improving balance and proprioception in patients with NSCLBP, at present, no definite
conclusions can be drawn due to article heterogeneity and lack of clinical trials. (J Chiropr Med 2023;22;284-293)

Key Indexing Terms: Vibration; Postural Balance; Proprioception; Low Back Pain
TAGGEDAPTARAH1INTRODUCTION TAGGEDAPTARAEND

Chronic low back pain (CLBP) is one of the most
expensive musculoskeletal conditions having an estimated
lifetime prevalence of 60% to 90%.1 It is reported that
CLBP in around 90% to 95% of patients has nonspecific
causes.2 Studies have shown that low back pain (LBP) last-
ing for more than 3 months affects around 15% to 45% of
the population and is found to be the most common cause
of disability in people aged between 45 and 65 years.3 The
chronicity of pain may occur due to multiple factors like
psychological, emotional, variability in pain thresholds,
and neuroplasticity.4 CLBP also presents with multiple
related symptoms like reduced lumbar flexibility,5 poor
static balance6 and proprioception,7 decreased overall phys-
ical fitness, and health-related quality of life.8

CLBP, presenting with a decreased proprioceptive abil-
ity might be attributed to the neuromuscular deficits and
altered balance in the activation pattern of agonist and
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antagonist muscles.7 A decrease in proprioception and
motor control impairment may also occur due to long-last-
ing pain, which can interfere with the proprioception inputs
to the brain.9 Thus, pain and proprioception may be interre-
lated, as an increase in proprioception is seen with a reduc-
tion in pain.9 Studies have also shown CLBP being
associated with static as well as dynamic balance deficits.10

These deficits are difficult to recover from and may persist
even after LBP resolves, thus making patients with CLBP
vulnerable to injuries.11

According to most clinical trials, multiple therapeutic
approaches like taping, bracing, manual therapy, and bal-
ance board exercises have been used to improve balance
and proprioception.12,13 Recently increasing in popularity,
whole-body vibration (WBV) therapy requires a person to
stand with flexed knees and barefoot on a platform and pro-
vides mechanical oscillatory movements to the whole
body.14 The patient assumes a flexed knee posture to help
avoid transmissions to the head during the therapy.14 WBV
devices can operate at different frequencies and amplitudes.
However, it is known that therapeutic effects are seen at
lower frequencies, as they induce muscle relaxation and,
thus, help reduce LBP by acting on paravertebral
muscles.15 Higher frequencies, on the other hand, lead to
adverse effects on the body and may increase the risk of
back pain16 and its associated problems.

The efficacy of WBV has been examined in those
with cerebral palsy,17 osteoporosis,18 fibromyalgia,19

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcm.2023.04.006&domain=pdf
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osteoarthritis,20 stroke,21 obesity,22 and anterior cruciate
ligament reconstruction.23 In recent years, studies have
examined the effects of this intervention on balance and
proprioception in patients with nonspecific chronic low
back pain (NSCLBP).24-32 However, ambiguity persists
regarding the efficacy of WBV due to the absence of a stan-
dard therapeutic protocol in terms of vibration parameters
like frequency, amplitude, and duration. To the best of the
authors’ knowledge, no prior systematic reviews have been
done regarding the efficacy of WBV on balance or proprio-
ception in patients with NSCLBP. Thus, the objective of
this study is to perform a systematic review of existing
studies to investigate the efficacy of WBV on balance or
proprioception in patients with NSCLBP. We hypothesized
that WBV would be an effective therapeutic intervention in
improving balance and proprioception in patients with
NSCLBP.
TAGGEDAPTARAH1METHODS TAGGEDAPTARAEND

Registration Protocol
Our study was registered in the International Prospective

Register of Systematic Reviews (PROSPERO) and can be
accessed via registration number CRD42021235873. Due
to the nature of the study, ethical approval was not
required.
Inclusion Criteria
Our systematic review followed Preferred Reporting

Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.33 The population, intervention,
comparison, outcome, and study design (PICOS) system
was incorporated for this review. A study must have met
the following inclusion criteria to be selected for our
research. (1) Type of population: the study population must
consist of all participants with NSCLBP (LBP persisting
for at least 3 months) irrespective of their age, sex, and eth-
nicity. Studies that recruited participants having any spe-
cific LBP with known pathology (infection, rheumatoid
arthritis, ankylosing spondylitis, tumor, fracture, or meta-
bolic disease) were excluded. (2) Type of intervention:
intervention must have WBV therapy in which mechanical
oscillatory movements on a platform are provided while
the patient stands on the platform with knees flexed to
avoid vibrations to the brain. The research trials that exam-
ined the effect of WBV in combination with other exercise
interventions were also included. (3) Type of comparison:
there can be various types of comparison interventions
without any particular restriction (eg, sham treatment, tradi-
tional exercises, stabilization exercises). Studies comparing
the effects of WBV in combination with other types of
interventions in patients with NSCLBP were also included.
(4) Type of outcomes: studies having balance (postural
control, postural equilibrium, body posture, balance con-
trol, and postural sway), proprioception, or positional sense
as primary or secondary outcome measures were included.
(5) Type of study design: only randomized clinical trials
(parallel, cross-over, or cluster designs) were included.

However, the studies were excluded if (1) outcome meas-
ures did not include balance or proprioception; (2) they were
non-English-language texts, abstracts, papers, or conference
papers from annual meetings; (3) they were done on animal
subjects; and (4) they studied locally applied vibration inter-
ventions, seated vibration devices, or stochastic resonance
WBV (random vibrations applied while the patient stands on
2 separately oscillating platforms).
Data Sources and Searches
A comprehensive search strategy using 5 databases,

namely, PubMed, Web of Science, Cochrane Library, Sci-
ence Direct, and Physiotherapy Evidence Database
(PEDro), was conducted from inception to January 2022.
Our search strategy located the articles by using a combina-
tion of keywords "whole-body vibration OR whole-body
vibration therapy OR whole-body vibration training," "bal-
ance OR postural control OR postural equilibrium OR bal-
ance control," "proprioception OR position sense," and
"non-specific chronic low back pain OR chronic low back
pain OR low back pain OR back pain." The search strategy
was adapted according to different databases (see Supple-
mentary Data).

Studies published from inception to January 2022 were
included. The process of searching and selecting studies
was done independently by 2 researchers (N.T., Z.K.).
After exporting all records found on different academic
databases to the Mendeley reference manager, the dupli-
cates were removed, and nonrelevant studies were excluded
based on the exclusion criteria. The remaining included
studies were further screened on the basis of abstract and
then closely reviewed for full-text eligibility based on
inclusion criteria. Figure 1 shows a flowchart of our search
strategy according to PRISMA guidelines.33 Screening
strategy was discussed with other independent investiga-
tors, and any dispute was settled by discussion.
Methodological Quality Assessment
The methodological quality of each included study was

conducted using the PEDro scale.34 The total score is cal-
culated up to 11 points. In this, criterion 1 talks about the
external validity of the studies, criteria 2 to 9 focus on the
internal validity of the trials, and criteria 10 to 11 help to
identify whether the studies have enough statistical infor-
mation to derive interpretable results. The methodological
quality increases with the increment in the scores. Rating
of the quality is as follows: good quality, 6 to 8; fair qual-
ity, 4 to 5; and poor quality, below 4.34



Fig 1. Flow diagram for selection of articles based on PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses).33 Systematic screening of articles at different stages of systematic review in which 7 of 5309 articles are selected at the end of our
search strategy.
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Data Extraction and Analysis
Data were extracted from the selected studies, which

included participant characteristics, WBV parameters (type,
device, frequency, amplitude, duration), interventions and
comparisons, outcome measures, and results. Effect size
(Cohen’s d) was calculated for post-treatment values of the
control group and experimental group to determine signifi-
cant differences between the groups. Cohen’s d is deter-
mined as the mean difference of 2 samples divided by the
pooled standard deviation. Effect size ≥0.8 was considered
to be high, between 0.5 and 0.8 was considered moderate,
and effect size <0.5 was regarded as low.35
TAGGEDAPTARAH1RESULTS TAGGEDAPTARAEND

Search Results
Our comprehensive search resulted in a total of 5309

studies, of which 7 studies were included after thorough
screening. Among these 7 included studies, 6 were random-
ized controlled trials, and 1 was a randomized cross-over
trial. Four of the studies compared the efficacy of WBV
combined with exercise to exercise alone in patients with
NSCLBP. One of the studies examined the effect of WBV
compared with no treatment at all. One was the randomized
cross-over trial, which examined the immediate effect of
WBV, and 1 study compared the effect of 2 types of vibra-
tion (horizontal vs vertical) in patients with NSCLBP.
Methodological Quality Assessment of Studies
PEDro criterion of scoring was used to assess the level of

evidence of the included studies, as shown in Table 1. Among
them, 3 were of good quality,24-26 3 were fair,27-29 and 1 of
the studies was considered to be of poor-level evidence.30
Characteristics of Study Sample
The characteristics of included studies are mentioned in

Table 2. After the extraction of data, 313 patients (55.2%
female, 44.7% male) with NSCLBP were included. The
sample size ranged from 24 to 89, with the average age of
patients ranging from 18 to 63.9 years. Of all the 7 included
studies, 4 studies investigated balance (static balance or
postural stability)24,26-28 and the other 3 studies25,29,30

recorded proprioception as their primary or secondary out-
come measures.
WBV Specifications
The WBV device used for intervention in 3 out of 7

studies was Galileo 2000 (Novotec, Pforzheim, Germany)



Table 1. Methodological Quality of Included Studies

Study
Physiotherapy Evidence Database Scale

Final Score Quality
1 2 3 4 5 6 7 8 9 10 11

del Pozo-Cruz et al, 201124 1 1 0 1 0 0 1 1 1 1 1 7 Good

Wang et al, 201925 1 1 1 1 0 0 1 1 1 1 1 8 Good

Kim et al, 201826 1 1 0 1 0 0 1 1 1 1 1 7 Good

Yang et al, 201527 1 1 0 1 0 0 0 1 0 1 1 5 Fair

Wegener et al, 201928 1 1 0 1 0 0 0 0 0 1 1 4 Fair

Jung et al, 202029 1 1 1 1 0 0 0 0 0 1 1 5 Fair

Sajadi et al, 201930 1 1 0 0 0 0 0 0 0 1 1 3 Poor

The Physiotherapy Evidence Database Scale numbers represent the following: (1) eligibility criteria mentioned; (2) random allocation to groups or to
treatment order in case of crossover trial; (3) concealed allocation; (4) baseline similarity; (5) blinding of participants; (6) blinding of therapists; (7) blind-
ing of assessors; (8) acceptable follow-up; (9) intention-to-treat analysis; (10) between-group statistics; (11) point measures and measures of variability.
“1” represents satisfied criterion and “0” represents unsatisfied criterion. Rating of the quality: good quality, 6-8; fair quality, 4-5; and poor quality,
below 4.
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or Galileo plate, and the rest used several different devices
(ie, VIB5070, Power Plate Inc, EXXTREAM 1000, and
TT2590£7). All the patients stood with flexed knees on
the platform to avoid the vibration reaching the head, and
some also performed dynamic exercises on the vibrating
platform. Frequency in 6 studies was kept low (ie, up to 30
Hz24-29), and in 1 study30 both low- and high-frequency
WBV effects were seen in patients. Amplitude was not
reported in 4 studies, and the rest used 2 to 5 mm of ampli-
tude. The duration of the overall intervention period was
kept at 12 weeks in 4 studies,26-28,31 and the remaining had
kept 6 weeks,29 18 weeks,30 and immediate evaluation32 as
their duration. All the studies used vertical vibrations, and
only 1 study26 compared horizontal with vertical vibrations
to test for better results in patients. WBV specifications and
parameters are mentioned in Table 3.
Outcome Measures and Their Effects
This review focuses on balance or proprioception as key

outcome parameters for assessing the efficacy of WBV. In
all the studies, effect size (Cohen’s d) was calculated using
post-treatment measures of control and experimental groups
except in 2 studies where Cohen’s d was calculated for pre-
and posttreatment values of low-frequency vibration group30

and vertical vibration group.26 This was done to compare
the studies on even grounds (Table 4). Balance testing in dif-
ferent studies was performed using various methods. Out of
4 studies24,26-28 investigating the effects of WBV on balance,
2 studies24-26 used the Biodex Stability System, which mea-
sured the anteroposterior and mediolateral stability index. In
contrast, 1 study27 used Tetrax to measure fall index, and 1
study28 MFT-S3-Check, which measured 3 parameters of
balance (ie, stability index, sensorimotor index, and
symmetry index). Only 1 study30 reported a high effect size
in both its balance parameters (1.95; 1.18), and the
rest24,27,28 showed low effect size except for mediolateral
stability index (0.56) and sensorimotor index in standing
(0.5), which fell under moderate effect size. Two studies26,27

found a statistically significant difference in all its parame-
ters of balance (0.000, 0.001; <0.05), and 1 study24 found a
statistically significant difference in 1 of its balance parame-
ters (ie, anteroposterior stability index [0.031]). Of the 3
studies that gave statistically significant differences in terms
of balance parameters for the WBV group, 2 were of high
quality and 1 was regarded as fair.

The effects of WBV on proprioception were evaluated
in 3 of the 7 included studies by different instruments.
These studies measured proprioception in the form of repo-
sitioning errors at different angles of trunk flexion and
extension. Two studies25,29 showed high effect size (-1.14,
-0.78; 0.93), and 1 study30 showed high effect size (1.94)
in neutral position, moderate (0.57) and low (0.35) effect
size in 30% and 60% of lumbar flexion, respectively. Two
recent studies25,30 conducted in 2019, where 1 was of good
and the other poor methodological quality, showed statisti-
cally significant differences (0.005, 0.036; <0.001, 0.05,
0.004) in proprioception after WBV intervention.
TAGGEDAPTARAH1DISCUSSION TAGGEDAPTARAEND

In the present review, all 3 studies evaluating proprio-
ception reported a significant improvement in the WBV
group compared with the controlled condition despite their
differing assessment methods. All the studies used an
active repositioning test during the evaluation, which may
also account for the uniformity of results concerning the



Table 2. Included Studies and Their Characteristics

Study Sample Description Treatment and Comparison Outcome Measures

del Pozo-Cruz et al, 2011
(randomized controlled
trial)24

N = 50 (49 followed up for the entire study) patients with NSCLBP
(minimum 6 mo of symptoms)
Age (y) = 40-70; CG: 59.53 (5.47); WBV group: 58.71 (4.59)
BMI = CG: 31.47 (6.41); WBV group: 28.6 (3.84)

CG: Normal pattern of daily activities were continued for 12 wk.
WBV group: WBV was given twice a week with 1-d gap in between the 2
sessions for a total of 12 wk. The participant stood on the platform with knees
flexed 120°.

Postural stability (Biodex balance system;
anteroposterior stability index, mediolat-
eral stability index)
[0, 12 wk]

Wang et al, 2019
(randomized controlled
trial)25

N = 89 patients with NSCLBP (minimum 3 mo of symptoms)
Age (y) = between 18 and 60; CG: 22.02 (4.59); WBV group: 21.64
(3.01)
BMI =CG: 21.88 (1.88); WBV group: 22.68 (2.54)

CG: general exercise program was given.
WBV group: exercise program similar to control group was given along with
WBV. Both groups had 5-min warm-up followed by 15-min exercise and then
5-min cool down in each session.

Trunk proprioception
(Con-Trex isokinetic dynamometer; joint
position sense in flexion and extension)
[0, 12 wk]

Kim et al, 2018
(randomized controlled
trial)26

N = 28 patients with NSCLBP (minimum 6 mo of symptoms)
Age (y) = HVG: 55.1§ 11.2; VVG: 53.7 § 12.1
BMI =NR

Both HVG and VVG performed exercise for 30 min/d, 3 times a week for
overall duration of 12 wk. Both groups had 5-min warm-up, 20-min WBV
exercise, and 5-min cool-down session. However, in HVG, horizontal vibra-
tions were given in sagittal axis, and in VVG, vertical vibrations were given in
vertical axis.

Standing balance control score
(Biodex stability system; anteroposterior
stability index, mediolateral stability
index)
[0, 6, 12, 16 wk]

Yang et al, 2015
(randomized controlled
trial)27

N = 40 patients with NSCLBP (minimum 3 mo of symptoms)
Age (y) =CG: 30.95; WBV group: 32.80
BMI = CG: 23.33; WBV group: 24.37

CG: lumbar stability training done for 30 min.
WBV group: 25min of lumbar stability training followed by 5min of WBV.
Participant stood with slightly flexed knees and lumbar lordosis on platform.
The training in both groups was conducted for 3 times per week for total of 6
wk.

Static balance (Tetrax; fall index)
[0, 6 wk]

Wegener et al, 2019
(randomized controlled
trial)28

N = 65 (33 were followed up for the entire study) patients with nonspe-
cific chronic back pain (minimum 3 mo of symptoms)
Age (y) = 61.6 (7.9); CG: 63.9 (6.5); WBV group: 60.9 (8.2)
BMI = NR

CG: classic physiotherapy performed twice a week in 3 blocks of 6 wk each.
WBV group: WBV given twice a week in 3 blocks of 6wk each, in which
time and intensity was progressed with each block.
Five defined trunk stability exercises were performed by both groups for an
overall duration of 18 wk.

Balance and postural stability
(MFT-S3-Check; stability index, sensori-
motor index, and symmetry index)
[0, 18-24 wk]

Jung et al, 2020
(randomized controlled
trial)29

N = 50 patients with NSCLBP (minimum 3 mo of symptoms)
Age (y) = between 10 and 19; CG: 18.04§ 0.68; WBV group: 18.00§
0.65
BMI =NR

Both WBV and CG performed 5-min warm-up followed by 6 exercises and
then 5-min cool down for 25 min/d, 3 times a week for overall duration of 12
wk. In WBV the exercises were performed on the WBV platform, and in CG,
without any vibratory platform. Patients stood with knees 30°-45° flexed on
the platform.

Trunk proprioception
(Dualer IQ digital, repositioning error)
[0, 12 wk]

Sajadi et al, 2019
(randomized crossover
trial)30

N = 24 patients with NSCLBP (minimum 3 mo of symptoms)
Age (y) = between 20 and 35; 25.2 (2.6)
BMI =NR

Two separate WBV sessions were conducted with a 2-wk washout period in
between them.
In the first session, half the patients received low-frequency WBV while the
other half was given high-frequency WBV. In the second session the order
was reversed.
Patient stood with 15 flexed knees for five 1-min vibration sets with 1 min rest
in between the sets.

Position sense
(Electro goniometer; repositioning error in
neutral, 30% and 60% of lumbar flexion)
[0, 2 wk]

Values are represented as mean (standard deviation).

BMI, body mass index; CG, control group; HVG, horizontal vibration group; NR, not reported; NSCLBP, nonspecific chronic low back pain; VVG, vertical vibration group;WBV, whole-body vibration.
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Table 3. WBV Parameters

Study Device Vibration Type
Frequency
(Hz) Amplitude Session Duration

Sessions
per Week

Total
Duration

del Pozo-Cruz et al,
201124

Galileo 2000 Side-alternating
oscillations

20 NR 6-8 min 2 12 wk

Wang et al, 201925 VIB5070; BODY-
GREEN, Taiwan

NR 18 NR 15 min 3 12 wk

Kim et al, 201826 HVG: EXXTREAM
1000; AMH
International Ltd,
Incheon, Korea

HVG: horizontal
vibrations
VVG: vertical
vibrations

HVG:
3-5
VVG:
28-34

HVG:
1-48 mm
VVG:
2.5-5 mm

20 min 3 12 wk

Yang et al, 201527 Galileo 2000 NR 18 Controlled
without
restriction

5 min 3 6 wk

Wegener et al, 201928 Galileo plate (Novotec
Medical GmbH,
Pforzheim, Germany)

NR 5-12
12-20
20

NR 1-2 min each of 5
exercises on WBV

2 18 wk

Jung et al, 202029 TT2590£7, Turbo-
Sonic Co, Seoul,
Korea

NR 15 2 mm 15 min 3 12 wk

Sajadi et al, 201930 Power Plate Inc,
Irvine,
California

NR High: 50
Low: 30

2.5 mm 5 min NA 2 sessions with
2-wk gap in
between

HVG, horizontal vibration group; NA, not applicable; NR, not reported; VVG, vertical vibration group;WBV, whole-body vibration.
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positive effects seen in the WBV group. Compared with
passive repositioning, active repositioning has a much
more significant role in activating muscle receptors.36

WBV enhances muscular activity, leading to increased
muscle mechanoreceptor activity and thus improves reposi-
tioning accuracy while assessing proprioception actively.36

All 3 studies, however, studied the effects on the younger
age group; therefore, the results cannot be generalized to
the older age group. Two of the studies25,29 followed a sim-
ilar protocol of 12-week intervention in which WBV was
integrated with exercises and performed for a 15-minute
duration with 5 minutes of warm up and cool down. One of
the studies,30 however, was a cross-over trial where imme-
diate effects of WBV on proprioception were assessed in
different angles of lumbar flexion. With regard to WBV
parameters, a low frequency was used in 2 of the studies,
and for the cross-over trial, the pre- and postintervention
results of only the low-frequency group (ranging up to 30
Hz) were analyzed. An amplitude of 2 to 2.5 mm was used
in 2 studies, and 1 study did not report the magnitude. The
other parameters like orientation, exercises, posture, and
the device used were not uniform. Also, it was noted that
the sample population of all 3 had baseline pain intensity
within the low to moderate range. Low pain levels may
also be associated with better proprioceptive outcomes, as
claimed by previous studies that a sensory competition
occurs between chronic pain and proprioceptive inputs at
the higher centers.9 Therefore, the efficacy of WBV on
intense LBP could not be established.

With regard to the balance outcome, not much data was
available to confirm a positive effect. Out of 4 studies, 1
study28 reported improvement in the WBV group but not
significant enough and could establish no superiority of
WBV over classical physiotherapy. In contrast, 2
studies24,26 that used a similar assessment tool to measure
balance (Biodex Stability System) reported significant
improvement in anteroposterior stability index, and 1
study26 showed improvement in mediolateral stability
index as well in the WBV group. Yang et al27 also reported
more significant improvements in the WBV group com-
pared with the control group in terms of fall index. The
negative findings of Wegener et al28 in comparison with
other studies may be attributed to the increased proportion
of depressive symptoms seen in its chronic back pain
patients and also might be due to different vibration inten-
sity protocols used. The superiority of WBV could not be
confirmed due to incomparable protocols used in the
groups. The positive effects of WBV training on balance
may have occurred due to diminished reaction time of pos-
tural muscles and motor unit recruitment thresholds by
enhancing muscle spindle sensibility and excitability.37 Of
all the 3 studies showing a positive effect on balance, 2
were of good methodological quality and 1 was regarded
as fair.



Table 4. Outcome Measures

Study Outcome Measures
CG
Pretreatment

CG
Posttreatment

EG
Pretreatment

EG
Posttreatment

Effect Size
(Cohen’s d) P Value

del Pozo-Cruz et
al, 201124

N = 49
CG = 24
EG = 25

Postural stability:
Anteroposterior stabil-
ity index
Mediolateral stability
index

0.57 § 0.40
0.47 § 0.36

0.57 § 0.40
0.47 § 0.37

0.52 § 0.22
0.33 § 0.17

0.41 § 0.95
0.30 § 0.21

0.219518
0.565099

.031

.422

Wang et al, 201925

N = 89
CG = 44
EG = 45

Trunk propriocep-
tion:
Joint position sense
In flexion
In extension

3.96 (3.22, 4.7)
3.06 (2.37, 3.74)

3.67 (3.12, 4.21)
2.76 (2.26, 3.26)

3.55 (2.82, 4.28)
2.96 (2.28, 3.64)

1.91 (1.36, 2.44)
1.66 (1.17, 2.15)

-1.14
-0.78

.005

.036

Kim et al, 201826

N = 28
HVG =14
VVG =14

Standing balance
control score:
Anteroposterior stabil-
ity index
Mediolateral stability
index

-
-

-
-

VVG:
4.00 § 0.80
3.89 § 1.79

VVG:

2.52 § 0.71
2.25 § 0.79

1.956792
1.185391 .000

.001

Yang et al,
201527

N = 40
CG = 20
EG = 20

Static balance:
Fall index 23.40 § 12.73 21.69

§ 12.68
30.59 § 14.97 21.80 § 10.39 0.00949 <.05

Wegener et al,
201928

N = 33
CG = 16
EG = 17

Balance and postural
stability:
STI in standing
STI in sitting
SMI in standing
SMI in sitting
SI in standing (left)
SI in standing (right)
SI in sitting (left)
SI in sitting (right)

5.6 § 1.5
4.9 § 2.9
5.0 § 1.5
4.1 § 2.7
50.7 § 7.5
49.3 § 7.5
44.5 § 15.1
55.5 § 15.1

4.8 § 1.4
2.6 § 2.3
4.0 § 1.2
2.0 § 1.8
49.3 § 10.3
50.8 § 10.3
45.9 § 17.5
54.1 § 17.5

5.0 § 1.0
3.9 § 2.1
4.0 § 1.2
2.9 § 1.9
47.8 § 13.0
52.2 § 13.0
51.7 § 22.0
48.3 § 22.0

4.4 § 1.1
2.9 § 2.4
3.4 § 1.2
2.0 § 1.6
52.2 § 14.4
47.8 § 14.4
48.3 § 21.9
51.7 § 21.9

0.317721
0.127631
0.5
0
0.231648
0.239636
0.121075
0.121075

.885

.51

.493

.217

.718

.718

.773

.773

Jung et al, 202029

N = 50
CG = 25
EG = 25

Trunk propriocep-
tion:
Repositioning error

2.80 § 1.00 2.16 § 0.99 2.72 § 0.79 1.40 § 0.58 0.936738 1.20

Sajadi et al,
201930

(randomized
crossover trial)
N = 24

Position sense:
Repositioning error
In neutral
In 30% of lumbar
flexion
In 60% of lumbar
flexion

-
-
-

-
-
-

LFG:
-2.91 (.57)
13.6 (1.97)
29.7 (3.97)

LFG:
-1.47 (.88)
14.6 (1.47)
28.48 (2.78)

1.942314
0.57535
0.355992

<.001
.05
.004

All values extracted are in the form of mean (standard deviation) or mean (95% confidence interval). P values <.05 are considered statistically signifi-
cant.
CG, control group; EG, experimental group; HFG, high-frequency group; HVG, horizontal vibration group; LFG, low-frequency group; SI, symmetry
index; SMI, sensorimotor index; STI, stability index; VVG, vertical vibration group.
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Considering variable patient characteristics in terms of
age and body mass index and wide variations in WBV
parameters like frequency (5-34 Hz), amplitude, and dura-
tion (6-18 weeks), it is not possible to generalize the results
to larger populations. Thus, due to different protocols and
data heterogeneity, more studies are required to give a
conclusive result regarding the impact of WBV on balance
and proprioception in NSCLBP.

Correlating With Other Studies
During our thorough search of databases, we came

across 1 systematic review published in 2020,38 which
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evaluated the efficacy of WBV in NSCLBP. However, the
outcome parameters assessed (pain and functional ability)
in that systematic review differed from our study (balance
and proprioception). The effects of WBV have also been
reported in the form of systematic reviews and meta-analy-
ses in recent years but in different populations like ACL
reconstruction,39 Parkinson disease,40 postmenopausal
women,41 older adults,42 peripheral neuropathy,43 stroke,44

and chronic obstructive pulmonary disease.45 The majority
of these reviews used the PEDro scale to assess the meth-
odological quality and rated most of their studies from fair
to good. Our study also included articles of fair to good
quality; however, one of the trials included had a poor
methodological quality, but we found its results relevant
for this review.

Our study extensively investigated all the parameters
involved in WBV training. From assessing all the retrieved
articles, much heterogeneity was found among participant
characteristics, assessment methods, and WBV parameters
(frequency, amplitude, device, duration); thus, a meta-anal-
ysis could not be performed from the pooled data.
Although heterogeneity was found, data were not excluded
because outcome measures are found to interest readers
and practitioners.

Limited work is available on therapeutic WBV regard-
ing LBP, but many research trials have been done to study
occupational exposure to WBV leading to LBP. Studies
show that WBV can have negative as well as positive
impacts depending on the duration of application. A sys-
tematic review of 2015 depicts that WBV escalates LBP
and sciatic symptoms.16 Thus, there is a need to define a
standard WBV protocol to differentiate the negative and
positive results and for the proper application of WBV in
clinical setups.
Strengths and Limitations
In this systematic review, 5 internationally esteemed

databases were searched thoroughly, and any disagreement
was settled by discussion. Two independent researchers
evaluated the methodological quality of studies using the
PEDro scale. PRISMA guidelines were followed and
PROSPERO registration was done to ensure authenticity.
The use of aforementioned methodology contributed to
reducing the risk of bias.

However, due to the lack of trials, our study could only
assess the effects of WBV on static balance and not on
dynamic balance. We were also unable to carry meta-anal-
ysis out of the pooled data owing to heterogeneity and the
methodological quality of the studies included. Our study
lacked the ability to carry out subgroup analyses due to
inadequate research trials. Lastly, an exaggeration of the
reported results might have occurred due to a lack of blind-
ing of participants and therapists. Thus, the conclusions are
still hazy regarding its clinical application in NSCLBP.
Recommendations for Future Studies
More studies are required on the efficacy of WBV,

focusing on balance and proprioception as the outcome
measures. Future studies should also investigate the effec-
tiveness of WBV on balance under dynamic conditions.
Kim et al26 reported improvement after both horizontal and
vertical vibration and found no significant difference
between their results; thus, studies focusing on the applica-
tion of horizontal vibrations as a therapeutic intervention
should also come up. Furthermore, there is a need for bet-
ter-designed, long-term, follow-up trials to form a clear
view of the effects of different parameters of WBV on bal-
ance and proprioception in patients with NSCLBP. More
high-quality studies with a larger sample size are needed to
form a standard WBV protocol and to establish a clear per-
spective regarding the efficacy of WBV in comparison with
other interventions (general exercises and stability training).
TAGGEDAPTARAH1CONCLUSION TAGGEDAPTARAEND

The included studies provide promising results regard-
ing the efficacy of WBV or WBV combined with exercise
in improving balance and proprioception in patients with
NSCLBP. However, at present, no definite conclusions can
be made due to the heterogeneity and lack of clinical trials.
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Practical Applications
� This review investigated the effect of whole-
body vibration on balance or proprioception
for patients with nonspecific chronic low back
pain.

� Three of the studies reported significant
improvements after whole-body vibration.

� Three studies investigated proprioception and
showed significant improvements after
whole-body vibration intervention.

� Although some studies seem to provide prom-
ising results, no definite conclusions can be
drawn due to article heterogeneity and lack of
clinical trials.
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