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Background. Although there are many pharmacological interventions for adults with osteoarthritis (OA) who do not meet the
indications for surgery, side effects and adverse effects cannot be ignored. Physical interventions are known for their effectiveness
and safety, and pulsed electromagnetic fields (PEMFs) have already been applied to skeletal diseases such as osteoporosis.
Objective. In this systematic review and meta-analysis, we aimed to assess the efficacy of PEMF on the major symptoms of patients
with OA compared with efficacy of other interventions. Methods. Randomized controlled trials (RCTs) investigating OA patients
treated with PEMF and with pain, stiffness, and physical function impairment since 2009 were included. The Visual Analog Scale
(VAS) and Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) scores were used for assessment. All
extracted data were analyzed using RevMan V.5.3. Results. Eleven RCTs consisting of 614 patients were enrolled in this meta-
analysis, of which 10 trials comprised knee OA and one comprised hand OA. Compared with the control groups, the PEMF
treatment yielded a more favorable output. PEMF alleviated pain (standardized mean differences [SMD] = 0.71, 95% confidence
interval [CI]: 0.08-1.34, p =0.03), improved stiffness (SMD = 1.34, 95% CI: 0.45-2.23,p = 0.003), and restored physical function
(SMD =1.52, 95% CI: 0.49-2.55,p = 0.004). Conclusions. PEMF therapy ameliorates OA symptoms such as pain, stiffness, and
physical function in patients compared to other conservative treatments. There is an urgent need to search for different types of
OA in multiple locations.

1. Introduction for both individuals suffering from it and the government
[2]. OA is the most common cause of joint destruction,
Osteoarthritis (OA) is the most frequent type of arthritis, soreness, and movement dysfunction [3]. Insufficient

affecting 250 million people worldwide [1]. This type of  treatment to alter the progression of this disease fails to
chronic and relapsing disease causes notable economic costs ~ manage OA [4]. Authentic guidelines have approved the
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application of interventions for knee OA, including disease
education, weight management, and physical treatment [5].

Complementary and alternative medicine, dating back to
ancient times [6], has provoked a heated interest in various
diseases. Among them, traditional Chinese meditation like
Qigong is a mindfulness practice characterized by inter-
lacement of body movements and coordination of body
posture, which exposes feasible effects on depressive symp-
toms, quality of life, and fatigue [7]. In addition, foot re-
flexology, which applies pressure on the skin to stimulate
exact reflexes and transmits them to the central nervous
system, helps endocrine function and enzyme hemostasis [8].
Pulsed electromagnetic field (PEMF) is viewed as a safe,
noninvasive, and effective physical medicine and is a potential
treatment for multiple diseases, including delayed wound
healing and OA [9]. A recent study indicated that PEMF not
only provides electrical stimulation piezoelectric scaffolds to
transport partial mechanical impulses but also provides other
tfunctions of long-instance electrical impulses of cell prolif-
eration and differentiation without partial potential of hy-
drogen alteration or reactive oxygen species creation [10].

Electromagnetic fields (EMFs) ranging from frequencies
of 5Hz to 200 kHz cause an electrical field between 1 and
100 mV/cm in the tissue [11]. The extremely low-frequency
electromagnetic field (ELF-EMF) is defined as a field with a
frequency of 0-300Hz mainly produced by coils [12].
Moreover, preclinical in vivo studies have shown that low-
frequency PEMF could accelerate Achilles tendon repairment
in rats [9]. Apart from variable frequencies, the treatment
time, waveform, and amplitude differences in EMF result in
various outcomes; thus, there are no authentic recommen-
dations for clinical application [11]. Previous meta-analyses
revealed that short-term PEMF therapy (no more than
30 min) could eliminate pain and enhance physical ability for
patients who suffer from hand or knee OA more efficiently
[13] and have little difference from additional physical in-
terventions such as physiotherapy, transcutaneous electrical
nerve stimulation (TENS), hyperthermia, or ultrasound [14],
while the main influencing factors, such as frequency of
PEMEF, have not been demonstrated.

The main goal of this review was to determine the ef-
ficacy of PEMF in OA in terms of soreness, stiffness, and
physical function. Additionally, we further established
subgroups based on frequency to see if both low and high
applications are equally beneficial or if some have greater
effects than other treatments.

2. Methods

This meta-analysis was performed based on the Cochrane
Collaboration methodology and PRISMA guidelines [15].

2.1. Data Sources. Our protocol has already been registered
on PROSPERO websites for systematic reviews
(CRD42021288268). Four electronic databases (PubMed,
EMBASE, Web of Science, and Cochrane Library) were
searched for randomized controlled trials (RCTs) that
were conducted from January 1, 2009, to November 1,
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2021, and correlated with OA and electromagnetic in-
terventions. The search strategies are presented in the
supplementary tables.

2.2. Study Eligibility Criteria. Study inclusion criteria were as
follows: (1) subjects diagnosed with symptomatic or ra-
diographic OA; (2) PEMF chosen as the intervention as
opposed to other treatments or placebo; (3) RCTs; and (4)
the main outcomes included pain, stiffness, and/or function
assessed by Visual Analog Scale (VAS) and/or Western
Ontario McMaster Universities Osteoarthritis Index
(WOMAC). Exclusion criteria were as follows: (1) non-
clinical trials; (2) patients with other diseases that affect pain,
stiffness, and physical function; (3) studies without the full
text; (4) studies not written in English; and (5) studies with
no comprehensive data available.

2.3. Selection Process and Quality Assessment. Two authors
extracted all data separately. Basic features of the subjects,
including age, sex, duration of OA, protocol treatment of the
control group, parameters of PEMF, and baseline, and
posttreatment outcomes were derived. The outcomes of pain,
stiffness, and physical function are presented as the mean-
+ standard deviation (SD). The WOMAC and VAS scores
were the recommended measures for the outcomes men-
tioned, and p < 0.05 was considered as statistical significance.

2.4. Risk of Bias Assessment. The risk of bias for all studies
was measured by two individuals independently, and a third
party was prepared in case of divergence. According to the
Cochrane Handbook guidelines, a “high,” “unclear,” or
“low” risk of bias will be labeled via the judgement of the
following seven domains: generation of the random se-
quence, allocation concealment, blinding of caregivers,
patients and outcome assessors, incomplete outcome data
collection, and selective reporting [16]. Each domain was
assigned a “+” (low risk of bias, with a score of 0), a “?”
(unclear risk of bias, with a score of 1), or a “~” (high risk of
bias, with a score of 2). A total score of 0-2 indicates a low
risk of bias (high quality), 3-5 indicates a moderate risk of
bias, and 6-8 indicates a high risk of bias [17]. The risk of
bias is presented in (Figure 1).

2.5. Investigation of Heterogeneity and Inconsistency.
Q-statistics and I” tests were used to assess the heterogeneity
and inconsistency of the pooled studies. Significant het-
erogeneity was considered for p > 0.01[18] and I* < 25%, low
for I >25% p > 0.01moderate for I >50%, and substantial
for 1>75% [19]. Therefore, a random effect model was
selected for assessment of the outcome.

2.6. Quantitative Data Analysis. Review Manager V.5.3 (the
Cochrane Collaboration, Oxford, UK) was selected for the
statistical analyses. Changes in pain, stiffness, and physical
function between different therapy groups were measured
using standardized mean differences (SMDs) with various
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FIGURE 1: Risk of bias summary of records in this review.

scales. A 95% confidence interval (CI) was used to evaluate
the overall authenticity of each outcome. It is hypothesized
that both the frequency of PEMF and the type of control
group violate the impartial assessment. Therefore, subgroup
analyses were performed according to the different fre-
quencies of PEMF therapy (no more than 300 Hz or more
than 300Hz). Simultaneously, sham (sham PEMF) and
nonblank group (sham PEMF + other alternative therapies)
were performed in subgroup analyses.

3. Results

3.1. Selection of Studies. Identification and screening were
applied to 189 records in the database search, one record was
manually searched, and 42 duplicates were discarded. As is
shown in Figure 1, 13 reports met the inclusion criteria, and
two were excluded for ineligible scales and study design after
full text screening. A total of 11 records were selected for this
meta-analysis, and the selection process is shown in Figure 2.

3.2. Characteristics of Included Studies. Eleven RCTs were
conducted in OA patients, with over half conducted in
Turkey; two in Italy; and one each in America, Germany, and
Switzerland. Pain was recorder for 325 subjects in the PEMF
group and 289 subjects in the control group using VAS and/
or WOMALC. Six of the 11 studies set a placebo group with
an inactive electromagnetic field generator, while five studies
set different combinations of alternative methods: hot pack

(HP) [20-22], transcutaneous electrical nerve stimulation
(TENS) [21, 22], physiotherapy [22, 23], and ultrasound
[20, 22, 24]. Figure 3 summarizes the PEMF parameters used
in these studies.

3.3. Risk of Bias Evaluation in Included Studies. Six studies
were at high risk of bias [20-25]and two were at concern for
a risk of bias [26, 27], while three were evaluated to have a
low risk of bias [28-30]. Among all, the bias risks were
predominantly for “allocation concealment” and “random
sequence generation.” Furthermore, little evidence of pub-
lication bias was found in the evaluation of the funnel plot
asymmetry.

3.4. PEMF on Pain Relief. Eleven eligible studies regarding
pain management were included in this meta-analysis. As
shown in Figure 4, compared with the control group, the
PEMF group achieved a significant decrease in pain gen-
erally (SMD = 0.71, 95% CI: 0.08-1.34,p = 0.03), with a high
heterogeneity (I =93%; p = 0.03). Additionally, subgroup
analysis, in terms of frequency, showed that significant
differences were observed between the low-frequency PEMF
and control therapies in alleviating pain (SMD =1.23, 95%
CL 0.31-2.15,p = 0.009), whereas no significant difference
was achieved in the high-frequency PEMF group (SMD = -
0.12, 95% CI: -0.63-0.38,p = 0.63). As shown in Figure 5,
regarding subgroup analysis concerning with type of control
groups, a significant difference was observed in PEMF group
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FiGure 2: Flow diagram of selection progress for studies.

compared with the sham PEMF group (SMD = 1.42, 95% CI:
0.27-2.56, p =0.02), while no significant difference was
achieved when compared to nonblank control group
(SMD =0.24, 95% CI: —0.02-0.49,p = 0.07) and had low
heterogeneity (I>=7%). Moreover, the funnel plot showed
no obvious asymmetry (Figure 6).

3.5. PEMF on Stiffness Amelioration. Six RCTs were included
in the analysis of stiffness amelioration. The critical role of
PEMF in stiffness improvement is illustrated in Figure 7
(SMD =1.34, 95% CI: 0.45-2.23,p = 0.003), with substan-
tial heterogeneity (I> = 99%;p < 0.001). The subgroup analysis
of variable frequency indicated significant differences in both
low or high frequency (SMD=2.81, 95% CI: 0.63-4.99,
p =0.0land SMD =0.45, 95% CI: 0.14-0.76, p=0.005, re-
spectively), compared to sham group. The heterogeneity of
the low-frequency subgroup was considerable at 97%, while
the high-frequency subgroup had lower heterogeneity at 33%.
In the subgroup analysis of various treatments in the control
groups, a significant difference was observed with the sham
group (SMD =1.81, 95% CI: 0.62-2.99,p = 0.003), while a
significant difference was not achieved in nonblank control
group (SMD =0.53, 95% CI: —0.64-1.70,p = 0.38) (Figure 8).
Substantial symmetry was observed in the funnel plot
(Figure 3).

3.6. PEMF on Physical Function. Five RCTs were included in
this meta-analysis for the improvement of physical function.
Figure 9 illustrates the role of PEMF in the improvement of
physical function in the overall analysis (SMD =1.52, 95%
CI: 0.49-2.55,p = 0.004) and exhibited substantial hetero-
geneity (I>=95%; p =0.004). In addition, the subgroup
analysis of variable frequency showed a significant difference
in function restoration in the low frequency groups
(SMD =443, 95% CI: 1.74-7.12,p = 0.001), whereas there
was no significant difference in high frequency groups
(SMD =0.25, 95% CI: -0.04-0.53,p = 0.09). In addition, a
significant difference was observed in the sham group for
function enhancement (SMD =1.98, 95% CL
0.63-3.32,p = 0.004) (Figure 10). However, no significant
difference was observed in the nonblank control groups
(SMD=0.88, 95% CI: -0.99-2.75,p = 0.36). Substantial
symmetry was observed in the funnel plot (Figure 3).

4. Discussion

In this study, we addressed a comprehensive analysis of these
scientific records on the influence of the PEMF intervention
in patients who suffer from knee or hand OA. A strong
relationship between PEMF and OA has been reported in
previous literature. Learning from the results above, PEMF
showed critical role compared to placebo in pain relief,
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FIGURE 4: Forest plots representing the effect of PEMF versus control therapies in pain and subgroup analysis basing on various frequency.
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FIGURE 5: Forest plots representing the effect of PEMF versus control therapies in pain and subgroup analysis basing on different type of

control intervention.
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FIGURE 7: Forest plots represent the effect of PEMF versus control therapies in stiffness and subgroup analysis basing on various frequency.

stiffness restriction, and function enhancement in subjects
with knee or hand OA. Though PEMF is not considered for
the best choice in treatment of OA, it indeed exerts beneficial
effects. This finding provides relatively strong evidence for
the clinical application of PEMF in OA.

PEMEF, a nonintrusive, safe, and uncomplicated therapy,
has been broadly applied to soft tissue impairment fixation,
bone fracture treatment, pain alleviation, and inflammation
elimination [31]. Recently, researchers have reported that
low-frequency PEMF treatment has a significant effect on
multiple skeletal diseases such as bone impairment, bone
loss, vertebral fusion, and osteoarthritis [32]. In addition,
PEMEF also prevents degenerative changes in pig knee car-
tilage [33]. Other studies have shown that high-frequency

pulsed electromagnetic fields (HF-PEMFs) could accelerate
mineralization and consolidation of bone, upregulate
osteogenesis markers [34], and augment osteopontin and
osteocalcin expression [35]. In addition, Huegel considered
that different frequencies of PEMF treatment will play a
positive role in rat rotator cuff rehabilitation [36]. Previous
meta-analyses in this field have mainly focused on joint
stiffness and physical function without observing the rela-
tionship between PEMF parameters and symptoms [37].
Thus, in this systematic review, 11 studies, including 614
patients with OA, were conducted to determine the exact
effect of PEMF, on critical symptoms such as pain, stiftness,
and physical function. From a global perspectivethe results
showed that pain indicators such as WOMAC and VAS
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PEMF Control . Std. Mean Difference Std. Mean Difference
Study or Subgroup Weight
Mean SD  Total Mean SD Total (%) 1V, Random, 95% CI 1V, Random, 95% CI
4.1.1 sham
Bagnato,G 2016 2.7 2.56 30 0.8 1.91 30 15.5 0.83 [0.30, 1.36] —_—
Goksen, N 2016 1.81 2.12 49 1.27 212 48 15.8 0.25 [-0.15, 0.65] S
Goksen, N 2016 1.92 22 49 1.1 2.03 48 15.8 0.38 [-0.02, 0.79] T
Lannitti 2013 35 0.2 28 1.6 0.1 28 7.7 11.85[9.51, 14.18] »
Wuschech,H 2015 1.3 1.9 30 0.8 191 30 15.5 0.26 [-0.25, 0.77] e
Subtotal (95% CI) 186 184 70.3 1.81[0.62, 2.99] ‘
Heterogeneity: Tau? = 1.59; chi® = 94.68, df = 4 (P < 0.00001); I* = 96%
Test for overall effect: Z = 3.00 (P = 0.003)
4.1.2 other interventions
kulku 2009 2 1.22 15  0.75 0.86 15 14.5 1.15[0.37, 1.93] —_—
Ozguclu,E 2010 1 1.11 20 1.05 1.14 20 15.2 —0.04 [-0.66, 0.58] —
Subtotal (95% CI) 35 35 29.7 0.53 [-0.64, 1.70] ’
Heterogeneity: Tau? = 0.59; chi’ = 5.53, df =1 (P = 0.02); > = 82%
Test for overall effect: Z = 0.89 (P = 0.38)
Total (95% CI) 221 219 100.0 1.34[0.45, 2.23] -
Heterogeneity: Tau® = 1.25; chi’ = 100.49, df = 6 (P < 0.00001); I = 94% T T T T
Test for overall effect: Z = 2.96 (P = 0.003) -2 -1 0 1 2
Test for subgroup differences: chi’ = 2.26. df=1 (P = 0.13). I* =55.7% PEMF Control

F1GURE 8: Forest plots represent the effect of PEMF versus control therapies in stiffness and subgroup analysis basing on different type of

control intervention.

PEMF Control . Std. Mean Difference Std. Mean Difference
Study or Subgroup Weight
Mean SD  Total Mean SD Total (%) 1V, Random, 95% CI 1V, Random, 95% CI

3.1.2 low frequency

kulku 2009 11 6.26 15 1.5 3.18 15 15.0 1.86 [0.99, 2.74]

Lannitti 2013 38.5 2.08 28 4.5 0.5 28 4.3 22.16 [17.87, 26.45] 4

Ozguclu,E 2010 13.7 8.34 20 14.1 8.27 20 15.9 —-0.05 [-0.67, 0.57]

Wuschech,H 2015 164 16.1 44 1.8 7.8 13 15.8 0.98 [0.33, 1.63] —
Subtotal (95% CI) 107 76 510 443 [1.74, 7.12] ——l
Heterogeneity: Tau® = 6.64; chi’ = 108.05, df = 3 (P < 0.00001); I* = 97%
Test for overall effect: Z = 3.23 (P = 0.001)
3.1.3 high frequency

Bagnato,G 2016 15.9 24.68 30 1.5 2259 30 16.2 0.60 [0.08, 1.12] —

Goksen, N 2016 1.96 1.87 49 1.54 2.56 48 16.4 0.19 [-0.21, 0.59] I

Goksen, N 2016 1.79 1.81 49 1.63 232 48 16.4 0.08 [-0.32, 0.47] -
Subtotal (95% CI) 128 126 49.0 0.25 [-0.04, 0.53]
Heterogeneity: Tau” = 0.01; chi’ = 2.58, df =2 (P = 0.28); I’ = 23%
Test for overall effect: Z = 1.71 (P = 0.09)
Total (95% CI) 235 202 100.0 1.52[0.49, 2.55] ‘
Heterogeneity: Tau” = 1.64; chi’> = 118.82, df = 6 (P < 0.00001); I> = 95% T T T T

Test for overall effect: Z = 2.89 (P = 0.004)
Test for subgroup differences: chi> = 9.18. df= 1 (P = 0.002). I> =89.1%

b
|
—
(=}
—
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FIGURE 9: Forest plots represent the effect of PEMF versus control therapies in physical function and subgroup analysis basing on various

frequency.

dropped significantly compared with baseline. Furthermore,
WOMAC scores for stiffness and physical function also
revealed substantial outcomes compared to control inter-
ventions. The symptoms of patients with OA evaluated with
Lattinen scores, based on the exclusion criteria, were
abandoned [38]. Simultaneously, researchers compared
PEMEF with physical therapies and obtained strikingly varied
results. In one study, physical methods such as short waves

and TENS were included as a control group and compared to
PEMEF in OA patients and exhibited better pain relief [22],
whereas Ayet al. derived opposite results with a longer
duration [21]. An in vitro study, performed for 14 days in
bone marrow stem cells with a 0.4 T magnetic field, illus-
trated the role of the magnetic field in the differentiation of
chondrocytes through a TGF-f-dependent pathway [39].
Another in vivo study pointed out the impact of PEMF on
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PEMF Control . Std. Mean Difference Std. Mean Difference
Study or Subgroup Weight
Mean SD  Total Mean SD Total (%) IV, Random, 95% CI 1V, Random, 95% CI
6.1.1 sham
Bagnato,G 2016 159 24.68 30 1.5 22.59 30 16.2 0.60 [0.08, 1.12] —
Goksen, N 2016 1.79 181 49 1.63 2.32 48 16.4 0.08 [-0.32, 0.47] -
Goksen, N 2016 1.96 1.87 49 154 2.56 48 16.4 0.19 [-0.21, 0.59] T
Lannitti 2013 385 208 28 45 05 28 43 22.16 [17.87, 26.45] 4
Wuschech,H 2015 164 16.1 44 1.8 7.8 13 15.8 0.98 [0.33, 1.63] —
Subtotal (95% CI) 200 167  69.1 1.98 [0.63, 3.32] ’
Heterogeneity: Tau? = 1.97; chi® = 106.21, df = 4 (P < 0.00001); I* = 96%
Test for overall effect: Z = 2.87 (P = 0.004)
6.1.2 other interventions
kulku 2009 11 6.26 15 15 3.18 15 15.0 1.86 [0.99, 2.74] e
Ozguclu,E 2010 13.7 8.34 20 141  8.27 20 15.9 —-0.05 [-0.67, 0.57] — T
Subtotal (95% CI) 35 35 30.9 0.88 [-0.99, 2.75] "‘"
Heterogeneity: Tau? = 1.67; chi’* = 12.15, df = 1 (P = 0.0005); > = 92%
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% CI) 235 202 100.0 1.52 [0.49, 2.55] o
Heterogeneity: Tau” = 1.64; chi’* = 118.82, df = 6 (P < 0.00001); I> = 95% T T T T
Test for overall effect: Z = 2.89 (P = 0.004) -2 -1 0 1 2
Test for subgroup differences: chi’> = 0.87. df=1 (P = 0.35). I> =0% PEMF Control

FiGuRre 10: Forest plots represent the effect of PEMF versus control therapies in physical function and subgroup analysis basing on different

type of control intervention.

chondrogenic proliferation, differentiation, and extracellular
matrix composition via the secretion of anabolic factors,
including bone morphogenetic proteins and anti-inflam-
matory cytokines [40].

Regarding the type of control and frequency that may
pose a risk of bias, we categorized subgroups based on
parameters such as frequency in PEMF for OA and found
that PEMF generally provided positive effects at both low
and high frequencies. Stunningly, prior research insisted
that, although with relatively low quality, dynamic electricity
stimulus under 100 Hz is beneficial in physical ability im-
provement but not in pain alleviation in OA subjects [41].
Specifically, in our view, lower frequencies performed better
in pain amelioration, stiffness restriction, and daily activity
enhancement. Moreover, the high-frequency group failed to
show significance in pain remission and physical function
enhancement. However, the poor quality of high-frequency
PEMF treatment for OA has been attributed to the insuf-
ficient number of related studies.

Concerning the bias caused by the type of control
treatment, such as extracorporeal shock wave therapy, short
wave, and other physical therapy combined with sham
PEMEF, and subgroups were categorized based on the type of
control group which divided into sham and nonblank
groups. Unexpectedly, the changes in pain, stiffness, and
physical ability in the control group with other alternative
therapies were not significant in our subgroup analysis,
which is consistent with previous records [14, 42].

The major limitations of this study cannot be dis-
regarded. First, a limited number of high-frequency PEMFs
were considered to hinder the comparison between low and
high frequencies; thus, the favorable rate needs further
investigation. Second, the intensity of PEMF was not

discussed in this review because of the lack of statistical
data. However, previous studies have treated intensity as
the main parameter that affects outcomes [14]. Subse-
quently, high heterogeneity was observed in our review.
Finally, comprehensive exploration is needed in the field of
both hand and cervical OA patients who suffer from pain
and other symptoms, considering the relatively insufficient
concentration given to them. At last, the duration of those
selected papers mainly between 1 and 3 weeks, thus the
long-term efficiency was urged to be demonstrated and
assessed.

5. Conclusion

Our review highlights the strength of PEMF in pain alle-
viation, stiffness remission, and physical function restora-
tion in adults with knee or hand OA. In addition, low-
frequency PEMF treatment exerts a more favorable efficacy
in pain alleviation, stiffness, and physical function im-
provement. However, given the insufficient number of
records based on high-frequency PEMF for OA, further
studies considering the limited number of studies with high
frequency treatment will need to be undertaken. Apart from
this, the side effects of PEMF treatment were not mentioned
or assessed in the selected studies, as safety is the primary
issue in further clinical applications. Finally, the duration of
PEMEF treatment is worthy of deep exploration, considering
the long course of OA.
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