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Effect of Magnetic Knee Wrap on Quadriceps Strength in
Patients With Symptomatic Knee Osteoarthritis
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ABSTRACT. Chen C-Y, Chen C-L, Hsu SC-C, Chou S-W,
Wang K-C. Effect of magnetic knee wrap on quadriceps
strength in patients with symptomatic knee osteoarthritis. Arch
Phys Med Rehabil 2008;89:2258-64.

Objective: To determine the effects of magnetic knee wrap
on isokinetic quadriceps strength in patients with painful knee
osteoarthritis (OA).

Design: Randomized, double-blinded, placebo-controlled
and before-after trial.

Setting: Rehabilitation clinic in a tertiary hospital.
Participants: Eligible patients (N!50) (mean age " SD,

66.0"8.6y) with mild to moderate knee OA were recruited
from the outpatient department and 37 (74%) completed the
trial. Only 3 (6%) withdrew due to study-related adverse
effects.

Interventions: Wearing the active (n!24) or sham (n!26)
magnetic knee wrap for 12 weeks.

Main Outcome Measures: The primary outcome measure
was isokinetic quadriceps strength. Secondary outcome mea-
sures included the Health Assessment Questionnaire Disability
Index (HAQ-DI) and the Health Assessment Questionnaire
(HAQ) Pain Scale.

Results: Using intention-to-treat analyses, the peak isoki-
netic quadriceps strength increased significantly in the treated
leg at 30°/s (P!.007) and 60°/s (P!.022) after wearing the
magnetic knee wrap. Compared with baseline, the median strength
increase for the treated leg in the study group significantly ex-
ceeded that in the control group at week 4 (.05Nm/kg vs
#.09Nm/kg at 60°/s, P!.038) and week 12 (30°/s, .09Nm/kg vs
.04Nm/kg, P!.044; 60°/s, .17Nm/kg vs .02Nm/kg, P!.031). The
HAQ-DI and HAQ Pain Scales improved significantly in both
groups. Compared with baseline, the improvement at week 12 in
terms of the HAQ-DI in the study group significantly exceeded
that in the control group.

Conclusions: Magnetic knee wrap may significantly facili-
tate isokinetic quadriceps strength in patients with mild to
moderate knee OA.

Key Words: Magnetics; Muscle strength; Osteoarthritis,
knee; Quadriceps muscle; Rehabilitation.
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OSTEOARTHRITIS IS A widespread, slowly developing
disease, with a prevalence increasing with age.1 Because

30% to 40% of persons over the age of 60 years have knee OA,2,3

it is likely to contribute greatly to disability in the general
population because it limits the ability to walk, to rise from a
chair, and to use stairs.4 The treatments for the knee OA
include oral medication, intra-articular steroid or sodium hyal-
uronate injection, surgical management, and physical therapy
(including therapeutic heat therapy, electrotherapy, muscular
strengthening, knee brace, and insole usage). Pharmacologic
agents commonly used in the treatment of OA are often costly,
and possess numerous potential side effects that limit their use
with many patients. In older patients, chronic use of NSAIDs is
associated with a high frequency of adverse effects.5,6 Current
evidence indicates that selective cyclooxygenase-2 inhibitors
have important adverse cardiovascular effects that include in-
creased risk for myocardial infarction, stroke, heart failure, and
hypertension.7 Therefore, initial treatment should focus on
nonpharmacologic approaches (eg, physical therapy, heat/cold,
orthotics).8 Electromagnetic fields have been used therapeuti-
cally for 2000 years for various indications.9 Federal authori-
ties in the United States do not currently regulate sales, but the
marketed devices are not Food and Drug Administration ap-
proved. No adverse effects on human health have been ob-
served with static magnets up to 2 Tesla10,11; however, the
efficacy of magnetic therapy has not been clarified in modern
literature.12

Clinical trials evaluating magnetic therapy for knee OA have
been limited and conflicting. Research into magnetic therapy
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Index
ITT intention-to-treat
IQR interquartile range
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NSAID nonsteroidal anti-inflammatory drug
OA osteoarthritis
ROM range of motion
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VAS visual analog scale
WOMAC Western Ontario and McMaster Universities
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generally may be divided into 2 areas: studies on pulsed elec-
tromagnetic fields and studies on SMFs. The pulsed electro-
magnetic field for the pain relief of knee OA has been reported
to be effective in 3 double-blind placebo-controlled trials.13-15

But the pulsed electromagnetic field therapy is more expensive
and significantly less available to consumers. Therapeutic mag-
nets constructed with permanent magnets that generate SMFs
have gained popularity in recent years. Eccles11 reviewed sev-
eral published, well conducted controlled trials and suggested
that SMFs can induce analgesia. On the other hand, a recent
systematic review by Pittler et al16 did not support the uses of
static magnets for pain relief. However, Pittler pointed out in
the same review that the evidence is insufficient to exclude a
clinically important benefit for OA. To date, most studies use
the 100-mm VAS for pain or the WOMAC17 as their outcome
measurements. Hong et al18 studied the effect of a magnetic
necklace on pain and reported that the placebo effect alone
accounted for the 44% improvement observed in the control
group. The placebo effect was reported to be significant and
strongest when pain was the outcome.19 Besides, many placebo-
controlled experiments are suspect because it is difficult to
blind subjects to the presence of a magnet.12 Indeed, it is
impossible to blind subjects to their use of a nonmagnetic
material because it will not stick to metal objects. Unfortu-
nately, the types of trials that are particularly influenced by
blinding are those with subjective outcomes or outcomes re-
ported by patients (eg, quality of life instruments).20 For rea-
sons mentioned above, further studies on the therapeutic effects
of SMF using more quantitative and objective outcome mea-
sures are warranted to decrease bias from the placebo effect
and blinding.

Decreased quadriceps strength,21-25 muscles imbalance,26

impaired proprioception,24,27 and balance25,28 have been found
in patients with knee OA. Among these, quadriceps strength is
strongly associated with knee pain and disability.29 The isoki-
netic strength measurement is a quantitative method and has
good reliability in both healthy and arthritic patients.30,31 This
work attempted to determine the therapeutic effect of magnetic
knee wrap on isokinetic quadriceps strength in patients with
mild to moderate knee OA throughout the 12-week treatment
period.

METHODS

Participants
Patients with chronic knee pain were first screened consec-

utively based on specified selection criteria from the rehabili-
tation or orthopedic clinic in a tertiary care hospital. The
diagnosis of knee OA was based on the clinical and radiologic
criteria defined by the American College of Rheumatology.32

Because of the concern for compliance, we chose to recruit
patients with mild to moderate knee OA (Ahlbäck classifica-
tion33 grade I). Patients who suffered from radiographically
advanced knee OA (the Ahlbäck classification grade II–V) or
marked knee effusion with limited ROM were excluded and
given more aggressive combined therapy such as drugs, phys-
ical therapy, and even joint trapping/intra-articular steroid in-
jection. Patients with cognitive impairment or active medical
problems such as recent myocardial infarction and congestive
heart failure were excluded because they were not suitable for
isokinetic muscle testing. We did not recruit patients with
metal knee implant or electronic devices such as pacemakers
because of the possible interaction between magnetic fields and
metal implants. Exclusion criteria also included pregnancy,
inability to walk without assistance, joint infection, other dis-
eases involving the knees, such as rheumatic/psoriatic arthritis,

neurologic disorders, hip, and/or lumbar spine OA with re-
ferred pain to the study knee, history of intra-articular glu-
cocorticoid, or hyaluronic acid injection 3 months prior to
enrollment, and systemic connective tissue diseases. Table 1
shows the demographic and clinical data of the participants.

The investigation was approved by the hospital human re-
search ethics committee. All participants received an explana-
tion of the study and gave written informed consent before
enrollment.

Procedure
This was a 1:1 randomized, double-blinded, and placebo-

controlled study. The participants were asked to wear the knee
wrap over the painful knee for 12 weeks. To determine the
most severely affected leg, we asked subjects to identify the leg
in which they experienced worse knee pain. If both knees were
equally painful, the nondominant leg was chosen. The chosen
leg was deemed the “treated leg.” All participants were re-
quested to wear the knee wrap only on their designated knee for
12 weeks whenever they were awake except while bathing. The
compliance to therapy was assessed by questioning how long
the participants had spent wearing the knee wrap every day.
During the 12-week study period, exercises with lower-limb
muscle strengthening effect such as quadriceps strengthening
exercises, jogging, mountaineering, bicycling, and treadmill
training were prohibited. As far as possible, the medication and
daily physical activities were kept constant, apart from small
changes in mild analgesics such as acetaminophen and
NSAIDs. Neither intra-articular/periarticular injections nor
physical therapy were given during the study period.

Randomization and Blinding
A statistician generated the randomization sequence and

placed the results in sequentially numbered envelopes. The
randomization sequence was created using a permuted block
sequence from a random number generator. A research assis-
tant, who had no other tasks or patient contact throughout the
study, conducted group assignment. The study coordinator
conducted all other study procedures including enrollment and
study visits. Procedures were designed to maximize blinding
for all study participants and study personnel.

Magnetic Devices
Both sham and active magnetic knee wraps used in this study

were manufactured by Nu-Magnetics Inc.a The magnetic knee
wraps are comprised of a reinforced and flexible magnetic
rubber compound pressed into a sheet and cut into the shape of
a knee wrap. The strength of the multipolar magnetic field is
35mT, as measured with a Lakeshore 430 gauss meterb on the
surface of the knee wrap. The effective field of the magnet

Table 1: Demographic and Clinical Data of 42 Subjects
Participating in the Study Using the ITT Model

Variable
Study Group

(n!21)
Control Group

(n!21)

Age (y) 64.2"6.8 66.1"8.7
Height (cm) 154.1"8.9 154.7"7.8
Weight (kg) 65.3"9.0 63.1"8.8
BMI (kg/m2) 28.0"3.8 26.4"3.4
Men/women 4/17 5/16
Symptom duration (min)* 18 (3.5–42) 6 (3.3–21)

NOTE. Values are mean " SD unless otherwise noted.
Abbreviation: BMI, body mass index.
*Median (IQR).
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from the knee wrap surface is 17mm and the magnetic strength
is reduced inversely with the square of the distance. Beyond
17mm, the magnetic field was measured in the range of the
ambient magnetic field of the earth at about .50 gauss. The
sham knee wrap was designed to be indistinguishable from
the true magnetic wrap in size, shape, material, and balance;
its gauss meter readings did not exceed the .50 gauss of the
earth’s magnetic field.

Outcome Measures
The outcomes were assessed by the same technician, before

wearing the knee wrap, and at 1 week, 4 weeks, and 12 weeks
while wearing the knee wrap, by analyzing quadriceps isoki-
netic strength of the treated leg and the 2-page Stanford
HAQ.34 Owing to circadian variations in OA pain perceptions,
data were gathered on similar days of the week and at similar
times of the day as far as possible.35

Isokinetic quadriceps strength. The primary outcome
measure was the quadriceps strength of the treated leg using the
Biodex System 3 isokinetic dynamometer.c The assessment
was performed with the knee unwrapped. The pilot study
showed that eccentric contractions were extremely uncomfort-
able and concentric knee flexion contractions more than 90°
were usually painful for the study population. Therefore, only
concentric contraction in limited ROM was examined. Before
the evaluation, every participant was instructed regarding the
basic principles of isokinetic assessments and performed a
15-minute warm-up. Participants’ positioning on the dyna-
mometer followed the protocol of the manufacturer, with the
back supported and the hip flexed to approximately 80°. Trunk
and thigh straps were fastened for stabilization. This study used
a variation on the standard Biodex exercise protocol (Software
Version 3.29 and 3.30)c for isokinetic testing. At the beginning
of the test the participants were allowed to familiarize them-
selves with the movement of each testing speed. The order of
tests was: (1) knee extension/flexion concentric protocol at
60°/s, then (2) knee extension/flexion concentric protocol at
30°/s. Tests were started at 80° and performed through a joint
arc from 80° to 20° (0°!full extension). The first and last 10°
were subsequently deleted to account for the acceleration and
deceleration of the dynamometer at the ends of the ROM, and
also to account for possible inconsistent effort. Thus, force was
measured between joint angles of 30° and 70°. Each subject
was asked to perform 5 maximal repetitions without pause at
each of the testing speeds. CV of the peak torque recorded from
the 5 repetitions was calculated immediately to determine the
reproducibility and trial was aborted if CV was greater than
15%. Aborted efforts were repeated in order to obtain the best
possible representation of strength for each participant. The
maximum number of trials for each test was 3. Thirty-second
rest periods were imposed between trials. Sample data regard-
ing power, velocity, and angle were computer analyzed. Grav-
ity effect torque was calculated based on the subject’s leg
weight at a 30° angle. The concentric peak extension torque of
the quadriceps was measured and expressed as a ratio relative
to body weight (Nm/kg). Previous studies that evaluated the
inhibited quadriceps strength of patients with knee OA using
angular velocity of 30°, 60°, 120°, and 180°/s found that the
inhibition on strength and the postrehabilitation improvement
were more obvious at slower angular velocity.36,37 Together
with the high standard required (CV$15%) and the concern of
fatigue and pain in isokinetic testing, only 2 angular velocities
(30° and 60°/s) were selected in this study.

Health assessment questionnaire. Secondary outcome
measures were the change in the HAQ-DI and the HAQ Pain
Scale during 12 weeks’ follow-up. The HAQ38,39 was devel-

oped for arthritic conditions in general and the final version
contains 20 items covering 8 categories of disability, which
were combined to derive a single disability index ranging from
0 to 3. The low score indicates good health. A previous study40

found that the HAQ-DI was more sensitive to the detection of
disease progression of knee OA than the WOMAC.17 The
HAQ Pain Scale was designed to assess the presence or absence
of arthritis-related pain and its severity over the previous week.
Pain was measured on a double-anchored VAS that was stan-
dardized to a length of 10cm. The scale ranged from 0 (no pain
at the left anchor point) to 100 (severe pain at the right anchor
point). Participants were instructed to place a vertical mark on
the line to indicate the severity of their pain. The HAQ was
given face-to-face in a clinical setting and has been validated.34

Additionally, a test performed after the end of this study
assessed masking and bias by asking participants whether they
believed that a placebo or active device was used or whether
they had no opinion.

Statistical Methods
Differences in quadriceps strength gain between the groups

were considered clinically relevant. To determine the size of
the 2 groups, a power analysis was conducted using prelimi-
nary data with an ES of 1, 2-tailed ! of .05, and power of .8,
which resulted in 18 patients per group. Based on an expected
30% dropout rate during the study, it was decided to recruit 25
participants per group.

We adopted an ITT approach in all analyses, and the last
observation carried forward was used to impute data missing at
follow-up. Additionally, a per-protocol analysis was performed
to see if results differed. All tests were 2-tailed and an ! level
of .05 was considered to be statistically significant. The nor-
mality of the variables was evaluated using the Kolmogorov-
Smirnov test. Data not normally distributed were expressed as
median and IQR. Data produced by the HAQ-DI were sub-
jected to nonparametric analyses. Baseline characteristics for
both groups were compared using the Mann-Whitney U tests
for continuous variables and the Fisher exact test for categoric
variables. Within-group change during the 12-week period was
assessed using the Friedman test and post hoc multiple com-
parisons of 4 visits were performed using the Student-
Newman-Keuls test. For each participant, change scores of
each outcome measure were calculated by subtracting the re-
sults of each follow-up assessment from those at the baseline.
Change scores were calculated in order to make the between-
group comparison using nonparametric statistics. Between-
group differences in change scores and compliance at week 1,
4, and 12 were compared respectively using the Mann-Whitney
U test. ES of strength increase was measured using the Cohen
d. Baseline SD was used in the calculation of ES. All data
analyses were performed using SPSS for Windows, version
10.0.d

RESULTS
Between November 2004 and March 2006, 103 patients with

chronic knee pain were screened. Of these, 50 were enrolled in
the trial with 24 randomly assigned to the study group and 26
to the control group (fig 1). The mean age of the participants
was 66 years (range, 44–81y). Of the enrolled participants, 13
(26%) withdrew during the study. The participants who with-
drew were evenly spread across the groups, and their baseline
characteristics were not markedly different from those with
complete data. Among the dropouts, only 2 (4%) withdrew
because they felt the treatment was ineffective and their data
were included in the ITT model. Moreover, 8 (16%) of the
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dropouts never received posttreatment assessment and were
excluded from the ITT analyses. This left the remaining par-
ticipants for the ITT analyses of 42 subjects (84%). No signif-
icant differences were found between the 2 groups at the
baseline (tables 1 and 2).

The isokinetic quadriceps strength in the study group in-
creased significantly at both angular velocities (30°/s, P!.007;
60°/s, P!.022) (see table 2). The post hoc analysis revealed

that the strength increase of the study group was noted as early
as 1 week after the application of the magnetic knee wrap and
peaked at the end of the investigation (see table 2). There was
a trend (P!.061) that at week 1 the change scores of quadri-
ceps strength at 60°/s in the study group exceeded those for the
control group (table 3). Moreover, the change scores of quad-
riceps strength in the study group significantly exceeded those
for the control group at week 4 (60°/s, P!.038) and week 12
(30°/s, P!.016; 60°/s, P!.031) (see table 3). At week 12,
median increase in peak torque of 11% at 30°/s and 16% at
60°/s was noted in the study group and the ES of strength
increase in the study group was .63 at 30°/s and .64 at 60°/s. No
strength gain was noted in the control group.

The HAQ-DI and the HAQ Pain Scale was significantly
decreased in both groups (see table 2). The change scores of the
HAQ-DI in the study group at week 12 significantly exceeded
those of the control group (see table 3). And there was a trend
(P!.063) that magnetic knee wrap was more effective than the
sham knee wrap in pain reduction at week 12 (see table 3).

The compliances between the 2 groups did not differ signif-
icantly except those at week 1 (study group: median compli-
ance 6h/d, IQR, 4.25–9.5; control group: 10h/d, IQR, 6.5–
12.5).

When the outcomes were reanalyzed using the per-protocol
model, only 2 differences were identified relative to the ITT
method. In the per protocol analyses, the differences of change
scores in the HAQ-DI between the 2 groups at week 12 became
nonsignificant (P!.142). Besides, it became a trend (P!.053)
that at week 4 the change scores of quadriceps strength at 60°/s
for the study group exceeded those for the control group.

Participants were asked after the end of the study to identify
the treatment provided. Thirty-two (76%) participants re-
sponded. Of the 13 study group subjects responding, 2 (15%)
believed they had active magnets, and 11 (85%) did not know.
Of the 19 sham-device participants responding, 5 (26%) be-
lieved they had active magnets, only 1 (5%) believed they had
sham magnets, and 13 (69%) did not know.

Drug use was similar between the study and control groups
over the treatment period (analgesics, 30% vs 27%; NSAIDs,
24% vs 26%). No serious adverse effects occurred during the
study and only 3 (6%) withdrew for study-related reasons. One
case of skin irritation was reported in relation to the knee wrap
as well as 2 cases of muscle soreness owing to isokinetic
examination. The skin irritation disappeared after the wearing
of the knee wrap was discontinued. The muscle soreness was
mild and transient.

Fig 1. Trial protocol.

Table 2: Median Outcome Scores Over Time According to Group Allocation Using ITT Analyses

Variable Group Baseline Week 1 Week 4 Week 12 Post Hoc‡

Q strength (Nm/kg)
30°/s SG† 1.07 (0.86–1.38) 1.02 (0.88–1.51) 1.04 (0.90–1.34) 1.12 (0.92–1.55) a, b, c, d, f

CG 1.18 (0.95–1.54) 1.14 (1.01–1.49) 1.15 (0.94–1.41) 1.07 (0.96–1.43)
60°/s SG* 0.90 (0.71–1.11) 0.89 (0.73–1.27) 0.90 (0.80–1.23) 0.97 (0.80–1.55) c, e, f

CG 1.02 (0.84–1.23) 0.97 (0.81–1.21) 0.97 (0.80–1.17) 0.95 (0.88–1.24)
HAQ-DI (range 0–3) SG† 0.25 (0.13–0.75) 0.25 (0.13–0.69) 0.13 (0.13–0.38) 0.13 (0.00–0.31) b, c, d, e, f

CG* 0.25 (0.00–0.63) 0.25 (0.06–0.50) 0.25 (0.00–0.50) 0.13 (0.06–0.44)
HAQ Pain Scale§ SG† 50 (35–70) 40 (30–55) 30 (20–50) 20 (14–30) a, b, c, d, e, f

CG† 50 (40–60) 40 (30–40) 40 (30–40) 30 (25–40) a, b, c, e, f

NOTE. Data are median (IQR). Each group contains 21 participants.
Abbreviations: CG, control group; Q, quadriceps; SG, study group.
*P$0.05, †P$0.01; significant differences across time within the group using Friedman test.
‡Student-Newman-Keuls post hoc test: a, baseline versus week 1; b, baseline versus week 4; c, baseline versus week 12; d, week 1 versus week
4; e, week 1 versus week 12; f, week 4 versus week 12.
§100-mm VAS.
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All the knee wraps were retested using the same gauss meter
at week 12, showing that the magnetic knee wrap had a mean
strength of 33.2mT on the surface.

DISCUSSION
To our knowledge, this is the first investigation evaluating

the therapeutic effect of magnetic knee wrap in knee OA by
measuring isokinetic quadriceps strength instead of subjective
measures such as the WOMAC and the VAS. As mentioned
above, using these subjective measures has led to conflicting
results found in most of the previous studies.10,11,16 Our find-
ings that the magnetic knee wrap for knee OA might facilitate
isokinetic quadriceps strength had not been scientifically doc-
umented before and has provided more objective and quanti-
tative evidence supporting the usage of magnetic knee wrap.

The peak isokinetic quadriceps strength increased gradually
after the application of magnetic knee wrap. Meanwhile, no
improvement occurred in the control group. It was difficult to
keep the CV less than 15% during the isokinetic testing if the
participants were not cooperative and performing their maxi-
mal muscle contraction. Given that the quadriceps strength in
the control group decreased mildly in the follow-up study (see
table 3), it seems reasonable to suppose that the possible
learning effect and placebo effect were minimized in this study
by means of quantitative isokinetic testing with adequate con-
trol of CV. The significant strength increase at 30°/s at week 1
suggested that the magnetic knee wrap had a considerable
immediate effect. The most notable strength increase occurred
at week 12, which suggested that the effect on muscle strength
might last for 12 weeks. The findings that strength increase of
the study group at week 4 and 12 significantly exceeded that of
the control group might support the potential role of SMF in
strength recovery.

Various reasons exist for the facilitated quadriceps strength
in the study group. Reduced inhibition, due to concomitant pain
relief, is a possible explanation. With the improvement of the
HAQ-DI, increased physical activities in the study group may
prevent disuse atrophy, strengthen the muscle, and play a role
in strength recovery of the treated leg. However, the mild
decrease in quadriceps strength in the control group despite the
pain reduction and the improvement of HAQ-DI suggests that
physical activities were not the main reasons for strength
recovery in the study group. During the treatment period, no
low extremities strengthening exercises were actually per-
formed by participants in both groups. Therefore, reduced AMI
possibly related to the effect of SMF may be the other reason
for strength recovery.

Muscle weakness in knee OA can be attributed to AMI,41

muscle fiber atrophy, or myopathic change.42,43 AMI results
from the underlying inhibition of motoneurons by afferent
signals from in and around the affected joint41 and is known to
be the reason why efforts to restore strength are frequently
unsuccessful even in the absence of pain. In the in vitro study
using neuron from adult mouse, blockade of sensory neuron
action potentials could be induced by an SMF in the 10mT
range.44 Cavopol et al45 studied the cultured neurons from the
dorsal root ganglion and estimated that the experimental
threshold gradient and the calculated threshold field intensity of
SMF for blockade of action potentials were approximately
.02mT/mm and .02mT, respectively. Because the SMF (35mT)
in this work has a presumed penetration of up to 17mm,
indicating passage through the epidermal and dermal layers,
which contain a rich network of nerves,46 it is biologically
plausible that SMF may inhibit and/or interrupt the firing of
afferent signals, leading to decreased AMI and pain in our
work. In other words, SMF may facilitate the inhibited quad-
riceps strength rather than directly strengthen the quadriceps.

The recovery in isokinetic quadriceps strength after the
application of magnetic knee wrap is clinically comparable
with other conservative treatments. A previous study found that
the most pronounced effects of physical training on isokinetic
quadriceps strength were seen after 3 months (median improve-
ment: 20% at 30°/s).36 Physiotherapy programs that empha-
sized motor control and function rather than lower limb strength-
ening for knee OA did not show a significant increase in
quadriceps strength after the completion of 12-week therapy.47

Accordingly, the quadriceps strength increase should be com-
parable between physical training and the application of mag-
netic knee wrap (16% at 60°/s). Intra-articular injection of
hyaluronan was found to improve isokinetic quadriceps
strength ranging from .27Nm/kg at 80°/s to .28Nm/kg at 240°/s
1 week after the completion of therapy.48 However, Bayramo-
glu et al49 reported no significant muscle strengthening 12
weeks after the injection. The mean strength recovery 12 weeks
after the application of magnetic knee wrap ranged from
.20Nm/kg at 30°/s to .21Nm/kg at 60°/s. Although the short-
term effect is inferior to that of the viscosupplements therapy,
magnetic knee wrap exerts a superior effect 12 weeks after the
beginning of the therapy. The medium ES in strength increase
at week 12 ranging from .63 at 30°/s to .64 at 60°/s further
suggested that the use of magnetic knee wrap might be bene-
ficial for patients with mild to moderate knee OA.

A recent review suggests that SMF can induce analgesia and
pain relief was generally reported at gauss ratings of 40mT and

Table 3: Median Change Scores of Outcome Measures, Relative to the Baseline, According to Group Allocation Using ITT Analyses

Q Strength (Nm/kg) Group Week 1 Week 4 Week 12

30°/s SG 0.08 (#0.04 to 0.22) 0.07 (#0.13 to 0.16) 0.09 (#0.01 to 0.25)*
CG 0.01 (#0.04 to 0.17) #0.02 (#0.10 to 0.09) 0.04 (#0.17 to 0.12)*

60°/s SG 0.05 (#0.03 to 0.21) 0.05 (#0.07 to 0.26)* 0.17 (#0.02 to 0.31)*
CG 0 (#0.12 to 0.08) #0.09 (#0.14 to 0.11)* 0.02 (#0.14 to 0.16)*

HAQ-DI SG 0 (0 to 0) #0.13 (#0.13 to 0) #0.13 (#0.38 to 0)*
CG 0 (0 to 0) 0 (#0.06 to 0) 0 (#0.13 to 0)*

HAQ Pain Scale† SG #10 (#12.5 to 0) #20 (#30 to #10) #30 (#40 to #16)
CG #10 (#10 to 0) #10 (#20 to 0) #10 (#30 to 0)

NOTE. Data are median (IQR). Each group contains 21 participants. Negative signs represent a worsening for strength but an improvement
for HAQ-DI and HAQ Pain Scale.
Abbreviations: CG, control group; Q, quadriceps; SG, study group.
*Statistically significant between groups (P$0.05) using Mann-Whitney U tests.
†100-mm VAS.
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above.11 Studies also found that multipolar magnets may more
effectively reduce sensory afferent firing than uniploar or bi-
polar magnets, because they generate a deeper field gradient
penetration.44 These may be the reasons why multipolar static
magnetic knee wrap of 35mT in this work can induce pain
reduction. Besides, the effect on pain reduction in the study
group was progressive and peaked at the end of the study. Pain
reduction was also found in the control group. Small sample
size, the effect of sham knee wrap per se, and limited follow-up
duration might be the reasons for the nonsignificant difference
in pain reduction between the 2 groups.

The application of magnetic knee wrap may improve
HAQ-DI in patients with mild to moderate knee OA. The
findings that the magnetic knee wrap decreased the HAQ-DI
more effectively at week 12 than did the sham wrap are in
agreement with the earlier findings that the WOMAC func-
tional status improved in patients with knee OA after 2 weeks
of SMF therapy.50 Decreased pain and increased quadriceps
strength may explain the improvement of the HAQ-DI in this
investigation. However, the clinical significance of the im-
provement in HAQ-DI in our work is limited because the
participants suffered from only mild disability (HAQ-DI!.25)
at the beginning of the study. The improvement in pain and
HAQ-DI in the control group was in agreement with the recent
systematic review51 that suggested a sleeve has additional
beneficial effect (WOMAC, function tests) for knee OA com-
pared with medical treatment alone.

Most of the participants were cooperative and complied with
our request not to test the magnetic property of their knee wrap.
The questionnaire after study termination suggests that both
groups remained blinded.

Study Limitations
Several important caveats exist to this study. First, the par-

ticipants in this study suffered from knee pain caused by mild
to moderate knee OA. Therefore, the experimental results may
not apply to asymptomatic people with radiographic knee OA
or patients with radiographically advanced knee OA (the Ahl-
bäck classification grade II–V). Second, the optimal strength of
magnetic field and underlying mechanism of SMF therapy
remains in question. The least time in a day for wearing the
magnetic knee wrap to increase muscle strength is also under-
explored. Third, the isokinetic muscle testing in this study only
focused on slow angular velocity and limited ROM from 80° to
20°, excluding the eccentric contraction. Therefore, the facili-
tated quadriceps strength in this study may not be generalized
to the activities involving eccentric quadriceps contraction or
concentric quadriceps contraction in the squatting position or
high angular velocity. Further study is warranted recruiting
patients with more advanced knee OA, with longer follow-up
period including the time after the magnetic knee wrap is
discontinued, and measuring the effect of SMF on AMI to
elucidate these questions and support the use of magnetic knee
wrap in clinical practice.

CONCLUSIONS
Allowing for the caveats discussed above, the study has

provided information suggesting that the application of the
static, permanent magnetic knee wrap may produce a substan-
tial recovery in isokinetic quadriceps strength. Considering its
safety and relatively minimal cost, magnetic knee wrap thus
can be used as an adjunct therapy of knee OA and may benefit
prescribers by listing it as one of the choices of home therapy.

Acknowledgment: We thank Chieh-Ling Lin, BS, for her assis-
tance in statistic analysis and data collection with this project.
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