


24). In comparison with strengthening exercise, WBV
did not significantly increase the gait speed of
individuals with knee OA (SMD = 0.29 points, 95% CI
=-1.11-1.69, p = 0.68) (Fig. 8).

Muscle strength. Six trials reported the outcome
measures of muscle strength, involving isokinetic peak
torque, peak power at 90°/s, and knee extensor
isometric strength (14, 15, 20, 26, 27, 29). WBV
significantly improved the extensor isokinetic peak
torque (SMD = 0.65 points, 95% Cl = 0.00 - 1.29, p =
0.05) and isokinetic peak power (SMD = 0.68 points,
95% Cl =0.26 - 1.10, p = 0.001). For subgroup
analysis, low-frequency vibration was beneficial for
extensor isokinetic peak torque (SMD = 0.90 points,
95% Cl = 0.07 — 1.73, p = 0.03) and isokinetic peak
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power (SMD = 0.76 points, 95% Cl =0.26 - 1.26, p =
0.003). No significant difference in flexor strength was
found (Fig. 9). WBV with strengthening exercises
showed additio- nal effects on knee extensor isometric
muscle strength (SMD = 0.44 points, 95% Cl =
0.13-0.75, p = 0.006) (Fig. 11). Subgroup analysis
showed high-frequency WBYV significantly enhanced
knee extensor isometric strength (SMD = 0.51 points,
95% Cl = 0.17-0.84, p = 0.003) (Fig. 11). No
significant difference in flexor strength was found (Fig.
10).
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Fig. 11. Forest plot of meta-analysis and subgroup analysis of randomized controlled trials (RCTs) of whole-body vibration (WBV) plus exercise vs
exercise alone for change in knee flexor isokinetic peak torque (F ISK PT) and flexor isokinetic peak power (F ISK PW). SD: standard deviation;
95% CI: 95% confidence interval.
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Discussion:

The result of this meta-analysis showed that WBV with
exercise had additional positive effects on pain,
self-reported function, TUG test, and extensor muscle
strength in patients with knee OA, compared with a
control group performing strengthening exercises alone.
More importantly, no adverse outcomes were

reported for WBV. However, there was no evidence that
WBV with exercise had superior effects on stiffness,
B6MWT, balance, CST, and knee flexor strength.
Sub-group analysis showed that both low and
high-frequency WBYV training significantly reduced pain,
improved self-reported function and TUG test. It is
known that vibration therapy improves muscle strength
(80), although the exact mechanism is unclear. Studies
have suggested that WBV modulates neuromuscular
adap- tations (16), and therefore improves muscle
strength. The vibration produced by the oscillating
platform is capable of stimulating muscle spindles,
resulting in activation of the alpha-motor neurone,
followed by vi- bration tonic reflex (31, 32) and spinal
and supraspinal mechanisms, which are possible
mechanisms to explain the positive effects of WBV on
knee OA (11, 33).

Vibration therapy has been shown to have multiple ef-
fects on muscle strength, postural control and
balancing ability (34-36). With reduced pain, muscle
strength and functional performance, patients with OA
can improve (37). Studies have shown that, similar to
exercise, WBV can affect the central mechanisms,
cortical reorganiza- tion and nociceptive activity, and
therefore reduce pain and enhance muscle strength.
Therefore, several studies have considered vibration
therapy as a type of exercise therapy (7, 38, 39).
However, the current study found that WBV together
with strengthening exercise did not significantly improve
B6MWT, BBS, CST, or gait speed
test (GST) compared with strengthening exercises
alone. The difference may be due to the heterogeneity
of included studies and limited sample size. The
analysis of CST, GST, and BBS were based on fewer
than 100 participants, and the higher 12 statistic of
6MWT suggested higher heterogeneity among the
included studies. Therefore, the conclusion regarding
functional performance still requires more evidence from
larger trials. Stiffness of the knee is not improved with
WBYV, which may be due to the fact that cartilage wear
from OA cannot be reversed. The current study also
found that WBV combined with strengthening exercise
was more effective for improving knee extensor
strength, whereas there was a limited effect on knee
flexor strength. The position of participants on the
vibratory platform may be responsible for this difference
(40). It should be noted that the effects of WBV training
on muscle strength are related to the initial length of the
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muscle. Studies have shown that stretched muscles are
more sensitive to exposure to WBV (40, 41). Most
participants in the current review had slight flexion of the
knees on the vibration platform and therefore the
quadriceps were stretched, which explains the
increased response to vibration.

Subgroup analysis showed that both high- and
low-fre- quency WBV were effective in improving pain,
physical function and knee extensor muscle strength.
Studies have shown that the effectiveness of WBV on
outcomes may be influenced by various vibration
parameters. A previous meta-analysis demonstrated
that treatment effects on mus- cle strength increased
linearly with increase in vibration frequency (42).
However, these results are controversial, as other
studies have demonstrated that high-frequency WBV
did not generate significant positive effects in
comparison with the control groups with inadequate
exposure time (43). Therefore, short-term WBV may not
have positive effects on the musculoskeletal system
(88). The current meta-analysis showed that frequency
may not be the only important parameter, as duration
and amplitude probably also play a role. Therefore,
additional randomized controlled trials are necessary to
compare the effects of different vibration frequencies
and amplitudes. Currently, the optimal regime for WBV
is unclear.

Previous systematic reviews and meta-analyses (13,
44) had reported that WBV along with exercise did not
significantly improve pain control, physical function, and
muscle strength, but, in contrast, we found that WBV
training produced additional effects on pain, functional
performance, and knee extensor
muscle strength. This is due to the recent publications
that the current meta-analysis also included, which
largely increased the sample size. Dong et al. (38) also
reported similar results to the current study, and WBV
could serve as an effective complementary intervention
to alleviate pain in patients with OA. Subgroup analysis
for their study was based on duration of treatment. Re-
sults had shown that long-term WBV training showed
better results for pain control (38) and physical function
(12) compared with short-term WBV training. Based on
the current findings, we recommend that WBV can be
used together with strengthening exercises for knee OA.
This study has also clarified current controversy on the
effectiveness of WBV on knee OA.

This study has several strengths. To our knowledge,
the current systematic review and meta-analysis has the
largest sample size to date, with a total of 14 randomi-
zed controlled trials for qualitative analysis, and 10 for
quantitative analysis. This study provides evidence that
WBV has beneficial effects on knee OA, as the results of
previous studies are controversial. Furthermore,
subgroup analysis was conducted based on vibration
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frequency, whilst previous reviews were based on tre-
atment duration. This study also has some limitations.
Subgroup analyses for muscle strength and function
(CST, GST, BBS) were based on limited sample size, and
there was a lack of studies comparing the beneficial
effects of low-frequency WBV with high-frequency WBV
with regards to isokinetic and isometric strength.
Furthermore, heterogeneity of data and exercise pro-
grammes of included studies may have an effect on
results. In addition, the current study did not separately
analyse the differences in effects of WBV on male and
female participants. Another limitation of this review was
that the protocol was not registered.

In conclusion, WBV is a safe and effective training
modality for individuals with knee OA. WBV combined
with exercise was superior to exercise alone, in impro-
ving pain, physical function (TUG test and WOMAC), and
knee extensor strength (isokinetic and isometric). WBV
training did not produce additional positive ef- fects on
stiffness, CST, BMWT, balance, gait speed, and knee
flexor strength compared with a control group with
strengthening exercises alone. Both high- and low-
frequency WBV had beneficial effects on pain intensity,
physical function and knee extensor strength. Further
larger-scale studies are necessary to validate the optimal
regime for WBV. Furthermore, WBV can be incorpora-
ted into conservative management protocols for patients
with knee OA.
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