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Abstract

Background: To identify and synthesize available published studies on the effect of local muscle vibration (LMV) on pain,
stiffness, and function in individuals with knee OA.

Methods: Five databases were searched to find relevant papers on April 29, 2020, including, PubMed, Scopus, EMBASE (Ovid),
Science Citation Index, and COCHRANE Central Register for Controlled Trials (CENTRAL). Randomized controlled trials (RCTs)
and nonrandomized-controlled-trials (non-RCTs), such as interrupted time series and prospective cohort studies were included. Two
independent reviewers screened articles and assessed inclusion through predefined criteria. Participants’ characteristics, study design,
intervention characteristics, outcomes, and main results were collected independently by 2 reviewers. The risk of bias assessment of
included studies was conducted using Cochrane risk of bias tools for RCTs and non-RCTs.

Results: Six studies were included: 3 RCTs and 3 non-RCTs. The risk of bias in included studies was generally moderate to high.
Improvement of pain, stiffness, and function following the application of LMV were reported in all studies.

Conclusion: This review revealed the promising effect of LMV on pain, stiffness, function, and knee range of motion (ROM)
improvements for individuals with knee Osteoarthritis (OA) . However, further well-designed studies are required to have a convincing
conclusion on the effect of LMV in individuals with knee OA.
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Introduction
Osteoarthritis (OA) is one of the most common knee  OA in the United States was estimated to be 27 million in
joint degenerative diseases (1). The prevalence of knee 2005 and is expected to be 67 million in 2030 (2, 3). The
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muscle vibration improves pain, stiffness, function, and knee
ROM in people with knee osteoarthritis. However, further
well-designed studies are required to have a convincing
conclusion on the effect of local muscle vibration in people
with knee osteoarthritis.
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knee OA causes pain, stiffness, functional disability, loss
of knee joint range of motion (ROM), and decreased
quadriceps muscle activity (4, 5).

The conservative treatments for rehabilitation of indi-
viduals with knee OA consist of weight loss, patient edu-
cation on coping strategies, exercises, orthotic treatments,
and neuromuscular training (6). Neuromuscular training,
such as whole-body vibration (WBV) and local muscle
vibration (LMV), have been suggested over the past 2
decades to improve muscular activity and functional ca-
pacity in knee OA (7-10). The WBYV is the most common-
ly used method and is reported to be effective in the man-
agement of complications of knee OA (7, 9, 11). Howev-
er, a decrease in vibration energy before attaining the tar-
get muscle, the high cost of associated equipment, and the
limited portability of the WBV platform, are reasons to
limit its application in clinical settings (12, 13). The LMV
is a method of neuromuscular training that could be direct-
ly applied to the targeted muscle belly or muscle-tendon
via a lightweight handheld applicator and might be con-
sidered as a cost-effective alternative for WBV.

According to the International Classification of Func-
tioning, Disability, and Health (ICF) (14), the main aim of
rehabilitation of individuals with knee OA is to decrease
the level of disability by improving 'body function' and
'activity and participation components’ Body function is
defined as what an individual can do in a standard envi-
ronment. Additionally, activity is the execution of a task
by an individual, and participation is contribution and
involvement in a life situation (15). To encompass all as-
pects of disability, it may be necessary to employ outcome
measures in the 2 components. Pain is the most common
consequence of knee OA (16) and is associated with in-
creased joint stiffness, decreased knee ROM (17), and
decreased muscle function (18). All of these complica-
tions are associated with a decrease in physical function
(19-21). As a result, these outcomes should be assessed as
the main outcomes following intervention in the rehabili-
tation of individuals with knee OA. In most studies, vibra-
tion has been applied in sitting positions (22-26). Howev-
er, the application of LMV in standing and walking posi-
tions has recently been suggested (27). To decide on the
application of the LMV in the standing and walking con-
ditions for the rehabilitation of individuals with knee OA,
it must be ensured that it does not adversely affect the
postural control.

The effect of LMV on biomechanical parameters, such
as peak torque, muscle function, and muscle strength, was
reported in asymptomatic healthy individuals (13, 27-34).
One systematic review synthesized the effect of LMV on
muscle strength in asymptomatic healthy individuals (10)
and showed that LMV could enhance muscle strength.
However, there is contradictory evidence on the effect of
LMYV on clinical and biomechanical parameters in indi-
viduals with knee OA (22, 23, 25, 26). For example,
Benedetti et al showed that the application of LMV for 2
weeks would increase the muscular activity in individuals
with knee OA. However, Rice et al (26) reported no statis-
tically significant change in the produced torque and
quadriceps and hamstring muscle strength.
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Therefore, we conducted a systematic review of the
peer-reviewed publications to identify and synthesize the
available peer-reviewed publications on the effect of LMV
on knee joint pain, stiffness, physical function, postural
balance, and muscular activity in individuals with knee
OA. In addition, we aimed to identify the most important
LMV characteristics, such as frequency, the amplitude of
displacement, application location, and position of the
application.

Methods

Protocol and Registration

The protocol of this systematic review has been former-
ly issued in PROSPERO with registration No.
CRD42019116321. The PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analyses) guide-
lines were followed to perform the current review (35).

Eligibility Criteria

The published studies with the following criteria were
included in our review: population: individuals with knee
OA, grade II to 1II based on the Kellgren and Lawrence
(K&L) grading system (36), aged between 35 to 75 years;
intervention: LMV, which was the local application of
vibration to the muscle belly or the tendon via an applica-
tor; comparator: fake vibration, exercise, and no treat-
ment; outcomes: pain, stiffness, and function, ROM, elec-
tromyography (EMG), and postural response; study de-
signs: randomized controlled trials (RCTs), interrupted
time series, and prospective cohort studies. Studies that
evaluated the effect of WBV were excluded.

Information Sources

Five databases were searched to find relevant papers on
April 29, 2020, including, PubMed, EMBASE (Ovid),
Scopus, Science Citation Index, and COCHRANE Central
Register for Controlled Trials (CENTRAL). We conduct-
ed a manual search of Google scholar with “Allintitle” to
find more papers that are relevant. The registry of clinical
trials (clinical trials.gov), and the World Health Organiza-
tion (15) international clinical trials registry platform
(http://www.who.int/ictrp/en/) were searched to ascertain
the comprehensiveness of the search. First, the first author
searched the PubMed database to develop a search tem-
plate using key concepts, Medical Subject Headings
(MeSH) terms, and keywords. Then, the second author
checked the template for comprehensiveness. The search
template was used to complete the searches in the remain-
ing databases. We searched the reference list of included
papers to find more papers that are relevant. The search
was limited to the English language.

Search

The search strategy used for the PubMed search is pre-
sented in Table 1. This search strategy was used as a tem-
plate to do the searches in the remaining databases.

Study Selection
Two independent reviewers (first and second authors)
screened the titles and abstracts at screening level 1. The
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Table 1. Search Strategies

Databases Total Found Search
Articles

("Vibration"[Mesh] OR Vibrat*[TIAB] ) AND ("Osteoarthritis, Knee"[Mesh] OR (("Knee Joint"[Mesh] OR

PubMed 100 "Knee"[Mesh] OR Knee[TIAB] OR Knees[TIAB] OR femorotibial[TIAB]) AND ("Osteoarthritis"[Mesh]
OR Osteoarth*[TIAB] OR arthros*[TIAB] OR "Arthritis"[Mesh] OR arthrit*[ TIAB] OR osteo-
arthritis[TIAB] OR osteo-arthrosis[TIAB]) ) OR gonarthrosis| TIAB])

Scopus 157 TITLE-ABS-KEY((Vibrat* ) AND (((Knee OR Knees OR femorotibial) AND (Osteoarth* OR arthros* OR
arthrit* OR osteo-arthritis OR osteo-arthrosis) ) OR gonarthrosis) )

Web of Science 176 TS=((Vibrat* ) AND (((Knee OR Knees OR femorotibial) AND (Osteoarth* OR arthros* OR arthrit* OR
osteo-arthritis OR osteo-arthrosis) ) OR gonarthrosis) )

EMBASE 194 (Vibrat*:ab,ti OR 'vibration'/exp ) AND ('knee osteoarthritis'/exp OR (('knee'/exp OR Knee:ab,ti OR

Knees:ab,ti OR femorotibial:ab,ti) AND (‘osteoarthritis'/exp OR 'arthritis'/exp OR Osteoarth*:ab,ti OR ar-
thros*:ab,ti OR arthrit*:ab,ti OR osteo-arthritis:ab,ti OR osteo-arthrosis:ab,ti) ) OR gonarthrosis:ab,ti)

third reviewer adjudicated any unresolved discrepancies.
Then, 2 reviewers screened the full-texts (level 2). The
reason for the exclusion of the papers was recorded.

Data Collection Process

The data extraction was conducted by the first author
and the second author reviewed the accuracy of the data.
The missing records were requested from the correspond-
ing author with email contact. If we received no response,
the author was contacted twice, at 1-week intervals.

Data Extraction

The following information was extracted from each
study. The first author, publication year, the country in
which the study was conducted, study design, objectives,
primary and secondary outcome measures, the main re-
sults, and conclusions, participants’ characteristics (knee
OA grade, number of samples, sex, and mean age), and
vibration characteristics (frequency, amplitude of dis-
placement, force, location of LMV application, and dura-
tion of LMV application).

Risk of Bias in Individual Studies

Two independent reviewers (first and second authors)
performed the risk of bias assessment of the included stud-
ies. The disagreements among the reviewers were re-
solved by discussion with the third reviewer to reach a
consensus.

The risk of bias in RCTs was assessed using the
Cochrane Risk of Bias (RoB 2.0) tool (37). This tool con-
sisted of 5 domains: randomization process, deviations
from intended interventions, missing outcome data, meas-
urement of outcomes, and selection of the reported result.
Three judgments were possible for risk of bias: low, some
concerns, and high. A summary of bias assessment of in-
cluded randomized studies is provided in Table 2.

The nonrandomized studies were assessed using the
Cochrane Risk Of Bias In Non-randomized Studies-of
Interventions (ROBINS-I) tool (38). This tool consisted of
7 domains: confounding, selection of participants into the
study, classification of the interventions, deviations from
intended interventions, missing data, measurement of out-
comes, and selection of the reported result. Five judg-
ments were possible for risk of bias: no information, low,
moderate, serious, or critical. A summary of bias assess-
ment of included nonrandomized studies is provided in
Table 3.

Synthesis of Results

We planned to conduct a meta-analysis if data were
available. If pooling of data was not possible because of
methodological heterogeneity (variability in trial design
and quality) or clinical heterogeneity (variability in partic-
ipants and intervention type) among studies (39), we
planned to conduct a narrative synthesis of the findings.

Table 2. Risk of Bias Assessment for Randomized Controlled Studies Using the Cochrane Risk of Bias (RoB 2.0) Tool

Study Randomization Deviations From In- Missing Out- Measurement Selection of the Overall
(Year) Process tended Interventions come Data of Qutcomes Reported Result

Benedetti et al Low risk Some concerns Some concerns Low risk Some concerns Some concerns
Rabini et al Low risk Low risk Low risk Low risk Some concerns Some concerns
Kitay et al Low risk High risk Some concerns Low risk Some concerns High risk

Table 3. Risk of Bias Assessment for

Nonrandomized Studies Using the Cochrane Risk of Bias in Nonrandomized Studies of Interventions tool

Study Confounding  Selection of  Classification Deviations Missing Measure- Selection of ~ Overall
(Year) Participants of the Inter- From Intended Data ment of the
into the ventions Interventions Outcomes Reported
Study Result
Rice et al Serious Low Low Low Low Moderate Low Serious
Shanahan et al Low Low Low Low Low Moderate Low Moderate
Lievens et al Low Low Serious Low Low Serious Low Serious
http://mjiri.iums.ac.ir
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Results

Study Selection

A total of 676 studies were identified through 5 elec-
tronic databases (Fig. 1). After removing duplicates and
review of titles and abstracts, 27 studies were considered
eligible to be included in the full-text screening. Of these,
21 studies were excluded: 3 studies were not available in
English, 7 used different interventions, 7 were conference
abstracts, 2 used different populations, and 2 records were
clinical trial registrations. No study was identified in a
manual search of reference lists. Finally, 6 studies were
included in the review.

Study Characteristics

The studies were conducted Australia (24), Belgium
(40), Italy (22, 23), New Zealand (26), and United States
(25). The sample size ranged from 8 to 71, with a mean
age of 58.6 to 74.4 years (Table 4). Table 4 details the
characteristics of participants.

Four studies included individuals with knee OA (22, 23,
25, 40), and 2 included 2 groups of healthy asymptomatic

individuals and individuals with knee OA (24, 26). Also, 4
studies included established knee OA (=2 based on the
K&L grading system) (23-26), and 2 studies did not report
knee OA grade (22, 40).

The characteristics of LMV (frequency, displacement
amplitude, force, duration, and location of application)
used in the studies are summarized in Table 4. The setups
of LMV were different; the amplitude and frequency of
the LMV were 0.1 (25) to 1.5 mm (26) and 10 (25) to 150
Hz (22), respectively. The LMV application time was 15
seconds (24) to 20 minutes (22, 25, 26, 40). The applica-
tion of LMV was on the muscles’ belly (22, 24), on the
infra-patellar tendon (23, 26), and the knee joint (25, 40).
The force of LMV was reported to be 20 (22) to 30 New-
ton (26). The force was not reported in 4 studies (23-25,
40).

Risk of Bias in Individual Studies

Based on the RoB 2 Tool, one of the RCTs was at high
risk of bias. Based on the Robins-I tool, 2 non-randomized
studies were at serious risk of bias.

g Records identified through database
= searching Additional records identified
E'E: (n=1774): PubMed (114), Scopus (175), through other sources
= Web of Science (171), EMBASE (237), (n=0)
& COCHRANE (77).
]
PR v v
Records after duplicates removed
(n=367)
)
&=
=
]
5
7]
Records screened Records excluded
(n=407) " (n=380)
v
Full-text articles excluded, with
Z reasons (n = 21); Conference
E Full-text articles assessed | abstract (7), Non-English (3),
2 for eligibility Different intervention (7),
M n=27) Clinical Trial Registration (2),
Different population (2).
\ 4
= . .
o Studies included in the
= o .
= qualitative synthesis
= (n=06)

Fig. 1. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram)
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Table 4. Overview of the Studies Concerning the Effect of Local Muscle Vibration in Patients With Knee Osteoarthritis. Description of Interven-
tions in Included Studies

Author/ Mean age Participants Control Interven- Vibration Protocol
Year/ (years) tion Vibration Location of Vibra- Duration of Vibra-
Country Parameters tion Application tion Application
Benedetti et 58.6 - Knee OA participants in ~ NMES application F=150 Hz - Vastus lateralis 2 weeks,
al. 2017, the intervention group A=N-m muscle belly 5 days per week,
Italy (n=15) Force=20-25 N - Vastus medialis 1 time each day,
- Knee OA participants in muscle belly 20 min each time.
the control group (n=15) - Rectus femoris
muscle belly
Rabini et al. 74.4 - Knee OA participants in Sham treatment F=100 Hz Close to infra- 3 consecutive days,
2015, Ttaly the intervention group A=0.21t00.5 patellar tendon 3 times each day,
(n=25) mm 10 min each time,
- Knee OA participants in Force= N-m 1 min interruption.
the control group (n=25)
Shanahan et 66 - Knee OA participants Pre/ post vibration F=60 Hz - Quadriceps muscle 1 day,
al. 2014, treated with LMV (n=30) application A=0.5 mm belly. 2 times each day,
Australia - Health group treated Force= N-m - Triceps surae 15 s each time.
with LMV (n=30) tendon.
- Tibialis anterior
muscle belly.
Rice et al. 62.7 - Knee OA participants Pre/ post vibration F=50 Hz Infrapatellar tendon. 1 day,
2011, New treated with LMV (n=15) application A=1.5 mm 1 time each day,
Zealand - Health group treated Force=25-30 N 20 min each time.
with LMV (n=15)
Kitay et al. 61.4 - Knee OA participants in Sham treatment F=10Hz, 27 - Just above the knee 4 weeks,
2009, Unit- the intervention group Hz,42 Hz joint. 7 days each week,
ed States (n=34) A=0.1 mm - Just below the 2 times each day,
- Knee OA participants in Force=N-m knee joint. 20 min each time.
the control group (n=37)
Lievens et N-m - Knee OA participants in No-treatment F= N-m Just above the knee. 10 days,
al. 1984, the intervention group A=.5-1 mm 1 time each day,
Belgium (n=238) Force= N-m 20 min each time.

- Knee OA participants in
the control group (n=8)

LMV, local muscle vibration; NMES, neuromuscular electrical stimulation; F, frequency; A, amplitude; Hz, Hertz; min, minute, NI, newton; s, second; mm; millimeter;

N-m, not mentioned.

The overall risk of bias assessment showed that the risk
of bias was high (or serious) in 3 studies (25, 26, 40); of
the other 3 studies, 2 (22, 23) had a ‘some concerns’ risk
of bias, and 1 (24) had a moderate risk of bias. In RCTs,
the 'randomization process' and 'measurement of out-
comes' domains were dominant with a low risk of bias
(Table 2). In nonrandomized papers, the ‘selection of par-
ticipants into the study,” ‘deviations from intended inter-
ventions,” and 'missing data' domains were dominant with
a low risk of bias (Table 3). The most common shortcom-
ings in RCTs and nonrandomized studies were the meas-
urement of outcomes and selection of the reported result
(Table 2 and Table 3).

Results of Studies

We reviewed the results of studies with respect to thera-
peutic and biomechanical outcomes: pain, stiffness, func-
tion, EMG, ROM, and postural response. A detailed
summary of the study results is provided in Table 4 and
Table 5.

Pain

Pain was reported in 3 studies (22, 23, 25) using the
Western Ontario and McMaster universities arthritis index
(WOMAC). Two ‘some concern quality’ studies found
that 3 consecutive days to the 2-week application of LMV
improved pain in individuals with knee OA in comparison
with individuals with knee OA who received sham treat-

ment (23) or neuromuscular electrical stimulation
(NMES) application (22). One ‘'high-risk quality' study
also showed that a 4-week application of LMV improved
pain in individuals with knee OA compared to individuals
with knee OA who received sham treatment (25). The
knee OA grade of participants was >2 based on the K&L
grading system.

Stiffness

The effect of LMV on stiffness was assessed in 3 stud-
ies using the WOMAC index (22, 23, 25). One ‘some
concern quality’ study found that 3-day application of
LMV improved stiffness in individuals with knee OA
compared to individuals high-risk OA who received sham
treatment (23). A similar finding was reported in a ‘high
risk quality’ study which assessed the 4-week effect of
LMV in individuals with knee OA (25). The stiffness
score was not reported separately in 1 ‘some concern qual-
ity” study (22). However, the improvement of the WOM-
AC total score following a 2-week application of LMV in
individuals with knee OA compared to individuals with
knee OA who received NMES was reported. The knee OA
grade of participants was >2 based on the K&L grading
system (Table 4) (22, 23, 25).

Physical Function
Change in physical function following application of
LMV was investigated in 3 studies using the WOMAC
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Table 5. Overview of the Results and Conclusion of the Studies Concerning the Effect of Local Muscle Vibration in Patients With Knee Osteoarthritis

Outcome Studies Mean (SD) Mean P CI Conclusions
Measure Difference  Value
Pain Kitay et al. 10.5(3.3) - 0.001 - After 4 weeks of application of LMV, pain decreased.
Benedetti et 4(1.8) -1.4 (1.6) 0.02 -2.63 After 2 weeks of application of LMV, pain decreased.
al. 2.6 (1.5)
Rabinietal. 57.68 (18.99) -18.48 0.001 - After 3 days of application of LMV, pain decreased.
39.20 (17.45) 28.85
Stiffness Kitay et al. 4.6 (1.4) - < - After 4 weeks of application of LMV, stiffness decreased.
- 0.001
Benedetti et 53.1(17.5) -8.7(6.9) < - After 2 weeks of applicatiom of LMV, stiffness decreased.
al. 44.4 (15.7) 0.001  21.13
Rabinietal.  57.68 (18.99) -18.48 0.001 - After 3 days of application of LMV, stiffness decreased.
39.20 (17.45) 28.85
Physical Kitay et al. 29.1 (1.8) - < - After 4 weeks of application of LMV, function increased.
function - 0.001
Benedetti et 53.1(17.5) -8.7(6.9) < - After 2 weeks of application of LMV, function increased.
al. 44.4 (15.7) 0.001  21.13
Rabinietal. 57.68 (18.99) -18.48 0.001 - After 3 days of application of LMV, function increased.
39.20 (17.45) 28.85
EMG Rice et al. 0.13 (0.06) 1.4 % 0.94 -0.04 After 20 min application of LMV, EMG amplitude and isometric
0.13 (0.06) torque of quadriceps and hamstring muscles were unchanged.
Benedetti et 3.0(0.4) 0.2 (0.3) 0.40 -0.27 After 2 weeks of application of LMV, the involvement of type II
al. 3.2(0.8) muscle fiber increased.
Knee RoM Lievens et 149.5 (not- 6.2 <0.05 - After 10 days of application of LMV, active and passive RoM of
al. reported) knee increased.
155.7 (not-
reported)
Kitay et al. 1.6 (24) - 0.02 - After 4 weeks of application of LMV, RoM increased.
Benedetti et 129.7 (8.5) 43 0.001 -1.55 After 2 weeks of application of LMV, RoM increased.
al. 134.0 (7.1)
Postural Shanahan et 1.9 (not- 0.2 0.76 - - CoP displacement increased after application of LMV to triceps
response al. reported) surae muscle.
2.1 (not- - CoP displacement was unchanged after LMV application to quad-
reported) riceps and tibialis anterior muscles

ROM, range of motion; CoP, center of pressure; LMV, local muscle vibration; EMG, electromyography; SD, standard deviation.

index (22, 23, 25). One 'some concern quality’ study on 3-
consecutive days of LMV application showed the im-
provement of physical function in individuals with knee
OA compared to individuals high-risk OA who received
sham treatment (23). Similar results were reported in a
‘high risk quality’ study with 4-weeks of LMV application
(25). The physical function score was not reported sepa-
rately in 1 'some concern quality’ study (22). However,
they reported improvement in the WOMAC total score
following a 2-week application of LMV in individuals
with knee OA compared to individuals with knee OA who
received NMES. The knee OA grade of participants was
>2 based on the K&L grading system.

Electromyography

One ‘some-concern quality’ study (22) (based on RoB
2.0 tool) and 1 ‘serious-risk quality’ study (26) (based on
ROBINS-I tool) evaluated the muscular activity of quadri-
ceps and hamstrings muscles following application of
LMYV using EMG. Rice et al (26) reported that 1-day ap-
plication of LMV (20 minutes) to infer-patellar tendon has
no significant effect on the EMG amplitude of quadriceps
muscle in individuals with knee OA compared to asymp-
tomatic healthy individuals who received LMV. Benedetti
et al (22) reported that 2-week application of LMV to
vastus lateralis could lead to a decrease in mean frequency
of the power spectrum and muscle fiber conduction veloc-
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ity of individuals with knee OA compared to individuals
with knee OA who received NMES.

Range of Motion

One ‘some-concern quality’ (22), 1 ‘high-risk quality’
study (25) (based on RoB 2.0 tool), and 1 ‘serious risk
quality’ study (40) (based on ROBINS-I tool) evaluated
the effect of LMV on knee ROM in individuals with knee
OA. Consistently across 3 studies, knee ROM was in-
creased following the application of LMV. Application of
LMV to quadriceps muscle belly induced an increase in
knee ROM in individuals with knee OA compared to indi-
viduals with knee OA who received NMES (22). Applica-
tion of LMV to surfaces above and below of the knee joint
induced an increase in knee ROM in individuals with knee
OA compared to individuals with knee OA who received
sham treatment (25). Application of LMV to only 1 sur-
face above the knee joint induced an increase in knee
ROM in individuals with knee OA compared to individu-
als with knee OA who received no treatment (40). The
duration of the intervention wvaried from 3 consecutive
days (3 times each day) (22) to 10 days (1 time each day)
(40), and 4 weeks (14 times each week) (25).

Postural Response
Only one ‘moderate-risk quality’ study evaluated the ef-
fect of LMV on postural control in individuals with knee
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OA using the displacement of the center of pressure (CoP)
(24). The results suggested that anterior-posterior dis-
placement of CoP had no change following 2-time (15
seconds each time) application of LMV to quadriceps and
tibialis anterior muscles in individuals with knee OA
compared to asymptomatic healthy individuals who re-
ceived LMV. However, the application of LMV on triceps
surae would result in more CoP displacement in individu-
als with knee OA compared to asymptomatic healthy in-
dividuals.

Discussion

Summary of Evidence

This systematic review synthesized the evidence on the
clinical and biomechanical effect of LMV in individuals
with knee OA. This review highlighted that the number of
published studies and the quality of studies assessed the
effect of LMV on pain, stiffness, function, EMG, and knee
ROM in individuals with knee OA are limited and gener-
ally in weak quality. As a result, we cannot draw any defi-
nite conclusion. More studies with a stronger level of evi-
dence are required to evaluate the effects of LMV on peo-
ple with knee OA.

The WOMAC questionnaire could be used to evaluate
pain, stiffness, and physical function in individuals with
knee OA (41). All 3 studies on the WOMAC score con-
sistently reported an improvement in pain, stiffness, and
physical function following the application of LMV (22,
23, 25). The previous investigation suggested that gains in
clinical and biomechanical parameters following applica-
tion of the LMV are results of enhanced spinal-mediated
reflex activity (42) and cortical excitability (27). The re-
sults of our study demonstrate that application of LMV
showed the promising effect on clinical outcomes for in-
dividuals with knee OA, despite the difference in vibration
frequency, duration, and displacement amplitude. The
results suggest that the difference in intervention charac-
teristics may have a minimum impact on LMV efficacy on
pain, stiffness, and function as long as the vibration fre-
quency is in the range of 10 Hz to 150 Hz, the displace-
ment amplitude in the range of 0.2 to 1.5 mm, and the
duration of application is in range of 1 to 20 minutes.
While the risk of bias was generally moderate to high, the
results should be interpreted with caution.

The quadriceps weakness is reported in people with
knee OA (43, 44). Physiotherapy and land-based exercise
have been reported to improve muscle strength in people
with knee OA, but the presence of pain limits active exer-
cise (45, 46). Physical modalities, such as LMV, have
been suggested to facilitate physiotherapy interventions to
improve muscle activation and strength. The previous
study reported that the quadriceps muscle activation level
remains elevated for 5 minutes after application of the
LMV (13). The controversies in the effect of LMV on
muscle strength could be related to the sample of the study
and the duration of intervention (22, 26). Given the equal
vibration duration (20 minutes) (22, 26), different follow-
up duration, vibration frequency, vibration force, vibration
displacement amplitude, and location of application could

explain the controversy among the results. However, it
can be suggested that improving muscle performance in
individuals with knee OA needs prolonged application of
LMYV to gain a positive result. In summary, given the lim-
ited number of studies that assessed the effect of LMV on
muscle strength, it is unclear which parameters in the
LMV application are more decisive to improve muscle
function in individuals with knee OA, and further well-
designed studies are required to have a definitive conclu-
sion.

The promising effect of LMV on the improvement of
knee ROM was shown for individuals with knee OA (22,
25, 40). While the limitation of ROM is associated with an
increasing level of disability in individuals with knee OA
(47), it could be suggested that the application of LMV
can lead to a reduced level of disability in individuals with
knee OA (22, 25, 40). However, 3 studies with moderate
to high risk of bias are not sufficient to make a conclusive
decision regarding the effect of LMV application on knee
ROM in individuals with knee OA. These studies provide
preliminary evidence to pursue further research.

Application of vibration to tendon or muscle belly may
cause the illusion of movement (48, 49), or falling when
applied to leg muscles in standing position or during walk-
ing (50, 51). Therefore, the application of LMV may be
associated with compensatory strategies for compromised
postural control for individuals with knee OA (51). On the
other hand, the application of LMV to knee muscles in
standing and walking conditions is suggested for the reha-
bilitation of people with knee OA (27). As a result, evalu-
ating the effect of LMV on postural control has a key role
in deciding whether to use LMV in walking/standing con-
ditions for the rehabilitation of people with knee OA.

The available evidence reported no significant change in
anterior-posterior displacement of CoP following applica-
tion of LMV to quadriceps and tibialis anterior muscles.
However, increased CoP perturbation was detected fol-
lowing the application of LMV to the triceps surae mus-
cle. These results suggest that the application of LMV to
the quadriceps muscle, as the most predictive muscle in
the progression of knee OA (52), in standing and walking
conditions could be implemented for the rehabilitation of
people with knee OA. However, there is only 1 study with
a moderate risk of bias available. Thus, caution is needed
when interpreting these results.

Limitations

There are some limitations in this systematic review:
First, despite the inclusion of 5 databases to identify the
relevant evidence, we may have missed some studies;
second, because of the limited number of studies and het-
erogeneity of study designs, knee OA grades, and the out-
comes, we were not able to provide a quantitative synthe-
size of the evidence; third, limiting this systematic review
to studies in the English language excluded evidence in
other languages.

Conclusion
This review revealed the promising effect of LMV on
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pain, stiffness, physical function, and knee ROM im-
provements for individuals with knee OA. However, this
review highlighted a knowledge gap for high-quality evi-
dence on the effect of LMV on clinical and biomechanical
outcomes in individuals with knee OA.
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