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Abstract

Objective: To systemically review the effects of low-intensity pulsed ultrasound (LIPUS) on pain relief and
functional recovery in patients with knee osteoarthritis (KOA).

Data sources: PubMed, Web of Science, Cochrane Library, Physiotherapy Evidence Database
(PEDro), and China National Knowledge Infrastructure (CNKI) were used from inception to 18
March 2022.

Review Methods: Meta-analysis was performed to evaluate pain and function recovery between control
and LIPUS groups. Standardized mean difference (SMD) or mean difference (MD) and 95% confidence
interval (Cl) were calculated, and data were combined using the fixed or random-effect model.
Results: Thirteen studies involving 807 patients with KOA were included. Patients’ outcomes treated by
LIPUS were improved significantly, including Visual analog scale (VAS) score (MD =—0.95, 95% Cl: —1.43
to —0.48, P<0.001), Western Ontario and McMaster Universities Osteoarthritis index (WOMAC)
score (MD =—4.35, 95% CI: —8.30 to —0.40, P=0.0309), Lysholm score (SMD = 1.59, 95% CI: 1.29
to 1.90, P<0.001), Lequesne index (MD =—1.33, 95% CI: —1.69 to —0.96, P<0.001), Range of motion
(ROM) (MD =2.43, 95% ClI: 0.39 to 4.46, P=0.0197) and 50 meter walking time (SMD = 1.48, 95% ClI:
0.46 to 2.49, P=0.0044). Subgroup analyses showed monotherapy of LIPUS produced a better effect on
reducing VAS score (P=0.0213), and the shorter therapeutic period (<4 weeks) produced a more sig-
nificant effect on raising the WOMAC score (P=0.0083).

Conclusion: LIPUS was beneficial for pain relief and functional knee recovery and maybe as an alternative
therapy in KOA rehabilitation.
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Introduction

Knee osteoarthritis (KOA) is a common degenera-
tive knee joint disease, causing joint pain, stiffness,
swelling, muscle weakness, loss of physical func-
tion, and even disability.' The number of KOA
patients has increased with population aging, ser-
iously affecting patients’ quality of life and signifi-
cantly burdens society.

Until now, medical therapy for KOA includes
surgical therapies and nonsurgical therapies.
Total knee arthroplasty is the definitive therapy
for KOA. Before surgery, some nonsurgical ther-
apies could relieve pain and promote functional
recovery. Nonsurgical therapies include pharma-
cological and non-pharmacological approaches.
Pharmacological approaches refer to analgesic
drugs and supplements for promoting cartilage
repair.>~* However, these drugs often have lower
curative effects and some serious side effects.
Exercise, weight loss, and physical factors are
mainly non-pharmacological treatments, but exer-
cise and weight loss have poor compliance.> ¢
In recent years, physicians have paid increasing
attention to physical factors therapies, including
ultrasound, laser therapy, and electroanalgesia,
to manage osteoarthritis.”'?low-intensity pulsed
ultrasound (LIPUS), one kind of therapeutic ultra-
sound, has been approved to treat fresh fracture
and nonunion for more than 20 years in the
United States. In recent years, the effect of LIPUS
on osteoarthritis has been discussed by various
studies.'> A systematic review published in 2018
and five randomized controlled trials showed that
LIPUS played a beneficial role in pain relief and
functional recovery and had no adverse effects on
KOA patients. However, the number of trials is
limited, with heterogeneity but no subgroup ana-
lysis."* Another systematic review published in
2019 only assessed the effect of LIPUS therapeutic
ultrasound on the pain in patients with KOA."

Fortunately, in recent years, high-quality rando-
mized controlled trials have evaluated the impact of
LIPUS on the treatment effect of KOA. Therefore,
based on relevant studies, we designed and updated
a meta-analysis to comprehensively analyze and
determine the efficacy of LIPUS on KOA.

Methods

This meta-analysis met the guidelines provided by
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).'® The
International Open Science Framework Registry
Link is https:/doi.org/10.17605/OSF.IO/FHSD9.
The scientific research funding project from the
Department of Education of Liaoning Province
(LJKZ1048) supported this work.

Electronic literature searches were conducted on
PubMed, Web of Science, Cochrane Library,
Physiotherapy Evidence Database (PEDro), and
China National Knowledge Infrastructure (CNKI)
from their inception to 18 March 2022. We searched
the keywords “Low-Intensity Pulsed Ultrasound,”
“Knee Osteoarthritis,” and corresponding retrieved
terms of Medical Subject Headings (MeSH). Each
keyword and corresponding Medical Subject
Headings term were combined with OR operator
and two keywords with AND operator. The lan-
guage was restricted to English and Chinese. We
also screened the reference lists of the papers identi-
fied in database searches. The search strategy for
each database was shown in Appendix 1.

The inclusion criteria based on the PICOS
framework'” (population, intervention, compari-
son, outcome, and study) are as follows: (1)
Randomized controlled trials; (2) At least one
group in the study using LIPUS as an intervention;
(3) Outcomes reflecting efficacy (including symp-
toms, outcome measures); (4) Papers in English
and Chinese; (5) Randomized controlled trials
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studies at a high methodological quality (Jadad
score > 3)'%; (6) Studies with follow-up.

The following were the exclusion criteria: (1)
Experimental studies (for example, animal
studies); (2) A cohort study, case-control, or cross-
sectional study; review articles, or conference
abstracts; (3) Studies whose full text is not available
or studies with no data available; and (4) rando-
mized controlled trials studies at a low methodo-
logical quality (Jadad score < 3).'

Following a systematic search, the retrieved arti-
cles were screened by two independent reviewers
(HQC and ZW) for eligibility based on the inclu-
sion criteria described below to determine
whether the article title and abstract met the criteria.
After excluding articles that did not meet the cri-
teria, those likely to meet the criteria were read in
detail and assessed in detail for final inclusion.

Two reviewers (HQC and ZW) independently
extracted the data. The following data were
extracted from the included articles: First author
and year of publication; Characteristics of the
subject (country or region, age, and gender of the
participants); Intervention and Comparison group;
LIPUS treatment parameters; Grading criteria for
knee osteoarthritis; Outcome measurements; and
Follow-up.

According to the Cochrane Collaboration, two
reviewers (HQC and ZW) independently assessed
the risk of the bias of the included studies.'® The
assessment involved six items (selection bias, per-
formance bias, detection bias, attrition bias, report-
ing bias, and other bias). The associated risks were
divided into unclear, low, and high. Any differ-
ences or discrepancies that exist were discussed
or resolved by a third reviewer (MLS). Moreover,
these have been agreed upon by researchers before.

Data from the included studies were analyzed
using The R Programming Language X 64 4.0.5
software (R Development Core Team, Vienna,
Austria).***' The package (University of Freiburg,
Germany) commands of “meta” and “ metacont”
called under R software were used to calculate the
overall effect size, the forest plot is represented by
“forest,” and the publication bias is represented by
“funnel” and “metabias”.**>* For continuous out-
comes with different scoring units or a big difference

in the mean between different studies, each outcome
metric’s estimated effect size was pooled using a
standardized mean difference (SMD) with a 95%
CI. Continuous results had the same score, and the
unit estimated effect size used the mean difference
(MD) with a 95% CI to summarize each outcome
indicator. I” test was used to evaluate the statistical
heterogeneity, and the low heterogeneity I* <
25%; Moderate heterogeneity 25% <1I?<50%; sig-
nificant heterogeneity 50% <I*<75%; High hetero-
geneity I° >75%.%° When I*<50%, P>0.1, the
fixed-effect model was used for the summary
mean difference evaluation of 95% CI, on the con-
trary, the random effect model was used.?**’

In addition, subgroup analysis and sensitivity
analysis were performed to identify potential deter-
minants of efficacy and heterogeneity,respectively.
Furthermore, the potential publication bias was
tested using Egger’s test.”® P<0.05 was considered
statistically significant.

Result

The flow diagram of the article screening process is
shown in Figure 1. The search strategy proposed
retrieved 213 documents. After the whole selection
process, 37 articles were included in the systematic
review, of which 13 studies with 807 subjects were
included in the meta-analysis for statistical com-
parison.””~*! The characteristics of the included
studies are shown in Table 1.

Three studies in the intervention group used
LIPUS as monotherapy regarding the interven-
tions.>"**>> And ten studies used it as a combination
therapy.****#3-43%4! The outcome indicators of the
included studies were: the Visual analog scale score,
the Western Ontario and McMaster Universities
Osteoarthritis Index score, the Lysholm score, the
Lequesne index, Range of motion, 20 meters and
50 meters walking time. The follow-up period
ranged from 2 weeks to 1 year. The overall bias of
the included studies is shown in Figure 2.

Twelve studies with 783 participants reported
the effects of different interventions on the Visual
analog scale score outcome. As shown in
Figure 3.%°7"3*! The synthesized data indicated
that the intervention group had significantly
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Figure |. Flowchart for the selection of included trials.

alleviated pain as compared with a comparison
group (MD=-0.95, 95% CI: —1.43 to —0.48,

P<0.001), and a random-effect model was used
because of a substantial heterogeneity for this
synthesized outcome (I*=86.6%). For the sub-
groups of trials with therapeutic periods of < 4
weeks and >4 weeks, no differences in pain relief
were found when comparing the effect between
them (P =0.6443), and all subgroups show hetero-
geneity (I*>50%). The comparison between sub-
groups in the therapeutic protocol showed that
LIPUS monotherapy produced a more significant
effect on pain relief (MD =—1.96, 95% CI: —2.79
to —1.14, P=0.0213), and all subgroups show het-
erogeneity (I >60%). In the subgroup analysis for
the duration time of every therapy, no significant
differences in pain relief were found between
groups (P=0.7619). The longer duration time
(>20 min) shows high heterogeneity (I* = 92.9%),

while the shorter duration time (< 20 min) shows
moderate  significant  heterogeneity  (I°=
49.8%). Subgroup analysis is shown in Table 2.
Six studies with 341 participants reported the
effects of different interventions on the Western
Ontario and McMaster Universities Osteoarthritis
Index score, as shown in Figure 4A 313236374041
The synthesized data indicated that the intervention
group had significantly promoted the functional
recovery as compared with a comparison group
(MD=-4.35, 95% CI. -830 to —040, P=
0.0309), and a random-effect model was used
because of a substantial heterogeneity for this synthe-
sized outcome (I? = 56.5%). The comparison between
subgroups of trials with therapeutic periods of <4
weeks and >4 weeks showed that the shorter thera-
peutic period (<4 weeks) produced a more significant
effect on reducing the Western Ontario and McMaster
Universities Osteoarthritis Index score (P=0.0083).
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Figure 2. Risk of bias for the included randomized controlled trials. A.Risk of bias graph, B.Risk of bias summary.

The longer therapeutic periods (> 4 weeks) show no
heterogeneity (I> = 0.0%), and the shorter therapeutic
periods (<4 weeks) show moderate heterogeneity (I>
=34.2%). In a subgroup analysis, there was no sig-
nificant difference between the effects of LIPUS
monotherapy, LIPUS combined with pharmacother-
apy, and LIPUS combined with non-pharmacological

treatment on the Western Ontario and McMaster
Universities  Osteoarthritis Index scores (P=
0.1948). There was heterogeneity in the LIPUS
monotherapy regimens and LIPUS combined with
pharmacological treatment (I*>25%). However,
there is moderate heterogeneity in the regimen of
LIPUS combined with non-pharmacological
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c i Weight  Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  (fixed) (random)
Huang(a)-2005 35 3.00 1.80 35 4.10 0.60 '—j"‘-‘—‘ 110 [-1.73;-047) 6.4% 9.1%
Huang(b)-2005 30 260 170 30 370 0.70 —h"— 110 [1.76; 5.8% 9.0%
Tascioglu -2010 28 5.25 1.90 27 6.67 178 —_— -142  [-2.39; 27% 7.5%
Li-2013 30 317 178 30 347 1.70 r'—*——' -0.30 [-1.18; 3.2% 7.9%
Cakir -2014 20 487 1.86 20 394 272 | g Eep———— 093 [0.51; 1.2% 54%
Yildiz -2015 30 517 2.02 30 673 289 —'—i— 156 [2.82; 1.6% 6.2%
Gao -2016 20 1.67 0.75 20 221 0.61 » —l— -0.54  [-0.96; 14.0% 9.9%
Jia -2016 53 154 0.81 53 228 1.01 I = -0.74  [-1.09; 20.7% 10.2%
Cheng -2019 52 227 074 52 481 150 —— LK 254 [2.99; 12.2% 9.8%
Kim -2019 19 489 1.24 19 4.95 151 ! Y I -0.06 [-0.94; 3.3% 7.9%
Luo 2019 36 133 0.52 39 304 0.81 & AT [2.02; 26.9% 10.3%
Karakas -2020 39 4.08 245 36 439 249 'r'_'—_ <031 [-1.43; 0.81] 2.0% 6.8%
Fixed effect model 392 391 ‘ 120 [1.36;-1.04]  100.0% -
Random effects model -0.95 [-1.43; -0.48] - 100.0%
Heterogeneity: ?= 87%, ?= 0.5548, p < 0.01
Test for overall effect: Z = ~3.90, p< 0.001 2 1 0 1 2

Figure 3. Forest plots demonstrated the effect of low-intensity pulsed ultrasound on pain relief evaluated by the
Visual analog scale score.

A Intervention Comparison Weight Weight
Study Total Mean SD Total Mean sD Mean Difference MD 95%Cl (fixed) (random)
Tascioglu -2010 28 3561 873 21 433 1278 872 [1452,-292] 13.0% 19.3%
Loyola -2012 13 3388 15.96 14 2877 18.47 481 [-8.19;17.81) 26% 72%
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Kim -2019 19 3521 1474 19 2968 15.83 553 [-4.20;15.26) 46% 1.0%
Karakas -2020 39 2761 1881 36 2961 15.98 200 [-9.88; 5.88) 7.0% 14.3%
Fixed effect model 172 169 514 [7.23;-3.06] 100.0% -
Random effects model 4.35 [-8.30; -0.40] - 100.0%
Heterogenetty: I = 57%, ©* = 122417, p = 0.04
Test for overall effect: = «~2.16, p= 0.03

B Intervention Comparison Standardised Mean Weight  Weight
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Gao -2016 20 6280 8.40 20 5410 412 —'—!— 129 [0.60;1.98] 19.9% 19.9%
Cheng -2019 52 7406 516 52 6613 425 —— 166 [121:211] 468%  46.8%
Luo -2019 36 8965 1604 39 6337 1492 — 168 [115221] 334%  334%

H
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Figure 4. Forest plots demonstrated the effect of low-intensity pulsed ultrasound on functional recovery evaluated by
several scores. A. Western Ontario and McMaster Universities Osteoarthritis Index score, B. Lysholm score,
C. Lequesne index.
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treatments (I* = 28.1%). For the subgroups of the dur-
ation time of every therapy (=20 min and <20 min),
no differences were found when comparing the effect
(P=0.7266). The longer duration time (>20 min)
showed significant heterogeneity (I* = 72.1%), while
the shorter duration time (< 20 min) showed moderate
heterogeneity (I>=44.8%). Subgroup analysis is
shown in Table 2.

Three studies with 219 participants reported the
effects of different interventions on the Lysholm
score, as shown in Figure 4B.****2° The synthe-
sized data indicated that the intervention group
had significantly promoted the functional recovery
as compared with a comparison group (SMD =
1.59, 95% CI: 1.29 to 1.90, P<0.001), and a
fixed-effect model was used because of no hetero-
geneity for this synthesized outcome (I* = 0%).

Five included studies with 371 participants
reported the effects of different interventions
on the Lequesne index, as shown in
Figure 4C.?*-*%233739 The synthesized data indi-
cated that the intervention group had significantly
promoted the functional recovery as compared
with a comparison group (MD =-1.33, 95% CI:
—1.69 to —0.96, P<0.001), and a random-effect
model was used because of a substantial hetero-
geneity for this synthesized outcome (I*=
61.3%). No differences were found for the sub-
groups of the therapeutic periods (<4 weeks and
>4 weeks) when comparing their effect (P=
0.8055). A therapeutic period (<4 weeks)
showed high heterogeneity (I*=79.7%), but a
therapeutic period (> 4 weeks) showed moderate
heterogeneity (I*=46.6%). In the subgroup ana-
lysis for the Lequesne index, no significant differ-
ences were found among the different groups (P>
0.05). There was heterogeneity in the regimes of
LIPUS combined with pharmacological therapy
and LIPUS combined with non-pharmacological
therapy (I > 60%). However, no data were avail-
able for subgroup analysis of LIPUS monotherapy
treatment. For the comparison between subgroups
in terms of duration time of every therapy, no sig-
nificant differences were found when comparing
the effect (P=0.3147), and all subgroups show
significant heterogeneity (50%<1%<
75%). Subgroup analysis is shown in Table 2.

Three included studies with 236 participants
reported the effects of different interventions on
the Range of motion, as shown in Figure 5A.>
30-37 A fixed-effect model was used. The synthe-
sized data indicated that knee range of motion sig-
nificantly increased in the intervention group
compared with a comparison group (MD =2.43,
95% CI: 0.39 to 4.46, P=0.0197).

Two included studies with 95 participants
reported the effects of different interventions on
the 20 meters walking time.*"* ** And three included
studies totaling 236 participants reported the effects
of different interventions on 50 meters walking time,
as shown in Figure 5 B-C.*> 3% 37 A random-effect
model was used, and the synthesized data indicated
that 20 meters walking time were no significant
increase in the intervention group compared with a
comparison group (MD =-1.13, 95% CIL: —5.23 to
298, P=0.5911), while 50 meters walking time
was a significant decrease in the intervention group
compared with a comparison group (SMD =1.48,
95% CI: 0.46 to 2.49, P=0.0044).

The publication bias of primary outcomes
(Visual analog scale score, Western Ontario and
McMaster Universities Osteoarthritis Index score,
and Lequesne index) was evaluated using funnel
plots based on 13 studies. The results showed P=
0.2324 for Visual analog scale score, P=0.3877
for Western Ontario and McMaster Universities
Osteoarthritis Index score, and P=0.3670 for
Lequesne index by Egger’s test, respectively, dem-
onstrating that no publication bias was found for
the primary outcomes of LIPUS therapy in patients
with KOA .

Due to the high heterogeneity of the
meta-analysis results, the sensitivity analysis was
performed by deleting each study to determine the
robustness. The statistical heterogeneity of this
synthesized outcome decreased after removing one
study from the 12 studies participating in the
Visual analog scale score (MD=-0.81, 95% CI:
—1.22 to —0.40, I* =77.3%).>® After removing one
of the six studies involved in the Western Ontario
and McMaster Universities Osteoarthritis Index
score, the statistical heterogeneity of this combined
result showed a significant decrease in the Western
Ontario and McMaster Universities Osteoarthritis
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Intervention Comparison Weight Weight

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  (fixed) (random)

Huang(a)-2005 35 11400  15.00 35 10800  17.00 4 600 [151;1351]  74% 23.2%

Huang(b)-2005 30 119.00 15.00 30 110.00 17.00 H—— 9.00 [0.89;17.11] 6.3% 21.0%

Jia -2016 53 130.78 520 53 129.14 6.27 LB 164 [-055; 383] 86.3% 55.8%

|-

Fixed effect model 118 118 "' 243 [0.39; 4.46] 100.0% -

Random effects model [ 420 [0.33; 8.72) 100.0%

Heterogenetty: I = 49%, T = 8.3091, p = 0.14 : ! ! J ) $

Test for overall effect: 7= 2.33, p=0.02 -15 10 5 0 5 10 %

B Intervention Comparison Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  (fixed) (random)
Tascioglu -2010 28 20.00 1.94 27 2319 2.54 i3 <319 [4.39;-1.99] 62.8% 50.7%
Cakir -2014 20 1430 2.30 20 1330 270 i s T 1.00 [0.55; 2.55] 37.2% 49.3%

i
Fixed effect model 48 47 '-.'- -1.63  [-2.58; -0.68] 100.0% -
Random effects model 113 [5.23; 2.98] - 100.0%
Heterogenety: I = 94%, 7* = 8.2769, p < 0.01 i T .
Test for overall effect: 2= ~0.54, p = 0.59 k. 2 0 2 4

C Intervention Comparison Standardised Mean Weight  Weight
Study Total Mean SD Total Mean  SD Difference SMD 95%-Cl  (fixed) (random)
Huang(a)-2005 35 90.20 3.10 35 8290 5.30 f—%*'— 166 [1.12,221] 27.2% 33.2%
Huang(b)-2005 30 9240 3.40 30 81.90 5.50 | —— 227 [161,292] 18.9% 31.9%
Jia -2016 53 0.91 0.26 53 0.74 0.32 i 0.58 [0.19;0.97] 53.9% 34.9%

1.
Fixed effect model 118 118 ’: 1.19  [0.91;1.48]  100.0% -
Random effects model | —em T 1.48  [0.46; 2.49] - 100.0%
Heterogenetty: /° = 91%, t* = 0.7314, p < 0.01 X y ! .
Test for overall effect: 2= 2.85, p=0.004 1 0 1 2

Figure 5. Forest plots demonstrated the effect of low-intensity pulsed ultrasound on joint mobility and walking ability
by range of motion and walking tests. A.Range of motion, B. 20 meters walking time, C. 50 meters walking time.

Index score (MD = —5.76, 95% CI: —=9.12 to —2.40,
I? =39.8%).** The sensitivity analysis table is avail-
able in Appendix 2.

Discussion

This meta-analysis included 13 studies involving
807 patients to explore the efficacy of LIPUS for
the treatment of KOA. In this study, the data sug-
gested that LIPUS could significantly ameliorate
pain and promote functional recovery in KOA indi-
viduals. LIPUS may be available as an alternative
non-pharmacological therapy in the rehabilitation
program of KOA.

KOA is characteristic of knee cartilage damage.
Degeneration and inflammation can lead to knee
pain and dysfunction. Currently, the primary goals
in KOA management are to relieve arthritic symp-
toms, including pain and stiffness, to avoid disabil-
ity.*® Our findings showed significant improvements
in pain and physical function with the LIPUS, consist-
ent with the results of the two similar previous studies

in 2018 and 2019.'* '> However, the meta-analysis in
2018 only included five studies, with high heterogen-
eity existed and without subgroup analysis due to the
limited number of studies.'* Another meta-analysis in
2019 only assessed the effect of LIPUS therapeutic
ultrasound on the pain in patients with KOA."> On
the contrary, our meta-analysis included more
studies and participants and performed more sub-
group analyses.

Our meta-analysis demonstrated that LIPUS
therapeutic ultrasound significantly alleviated pain
(Visual analog scale score) and improved physical
function (Western Ontario and McMaster
Universities Osteoarthritis Index score, Lequesne
index, and Lysholm score). The benefits of these
treatments were the same as those of the included
randomized controlled trials. In addition, several
randomized controlled trials have evaluated the
effectiveness of LIPUS to other outcomes (Range
of motion and Walking tests) for patients with
KOA. So, we pooled randomized -controlled
trials’ data to analyze the effectiveness of LIPUS
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on Range of motion and walked ability.
Fortunately, our meta-analysis demonstrated that
LIPUS improved the Range of motion and
walking ability.

Our present study included substantial hetero-
geneity. To investigate the source of the heterogen-
eity, we next carried out the subgroup analysis.
Subgroup analyses indicated no statistically signifi-
cant difference among single LIPUS, LIPUS com-
bined drug therapy, LIPUS combined non-drug
therapy in Western Ontario and McMaster
Universities Osteoarthritis Index score, and
Lequesne index for different treatment protocols.
Compared with a control group, the longer duration
time of every therapy (>20 min) showed a signifi-
cant improvement in the Visual analog scale score
and Western Ontario and McMaster Universities
Osteoarthritis Index scores. In comparison, the
shorter duration time of every therapy (< 20 min)
showed no significant difference. In addition, for
different therapeutic periods, subgroup analyses
indicated the shorter therapeutic periods (<4
weeks) produced a more significant effect on redu-
cing the Lequesne index. In contrast, more
extended therapeutic periods (> 4 weeks) showed
no significant difference, which could explain the
source of the heterogeneity. Therefore, it is neces-
sary to increase the number of randomized con-
trolled trials to investigate the treatment period of
LIPUS and the effectiveness of treating KOA
symptoms.

Researchers have carried out studies on
the potential mechanisms of LIPUS on KOA.
For one thing, LIPUS can induce extracellular
matrix synthesis, and the migration and prolifer-
ation of chondrocytes can also be increased.**
For another thing, the synthesis of type II collagen
in articular cartilage can be increased by LIPUS
and shows the ability to slow down cartilage
degeneration.** *° These data supported that
LIPUS could improve KOA by inducing extracel-
lular matrix synthesis and chondrocyte
proliferation.

The present study has several limitations. (1)
Only studies published in English and Chinese
were considered in the present study, and conse-
quently, we were unable to analyze further. (2)

KOA is common in older women and is more
common with advancing age.*® Due to the differ-
ences in the effects of pain treatment and functional
recovery among patients of different gender and
age, more high-quality studies need to be carried
out on more men or patients of different age
groups.*” *® (3) The severity of KOA was not con-
sistent in the included population, so the effect of
LIPUS treatment on pain relief and functional
recovery may have been overestimated. (4) The
parameters of the LIPUS device and intervention
protocols differed in the included studies, contrib-
uting to heterogeneity. (5) The long-term efficacy
of LIPUS treatment cannot be determined as there
are only two weeks to 1 year of follow-up.
Moreover, due to the lack of follow-up studies, it
is unclear how long the therapeutic effect of
LIPUS on KOA will last. (6) There may be publi-
cation bias in the included trials, as positive trials
are more likely to be published than negative
results. Furthermore, this study focuses only on
pain relief and functional recovery in patients and
needs further investigation for other metrics, such
as changes in radiological parameters. (7) There
is still a lack of data on the adverse effects of
LIPUS on patients with KOA. (8) Only studies
from countries and regions in Asia were included
in our meta-analysis. However, different national
customs and even religious practices can also
affect the extent of the disease and the outcome
of the patient’s recovery.** *°

In conclusion, current evidence suggests that
LIPUS guides the short-term clinical use of KOA
patients. However, In the future, new and high-
quality randomized controlled trials should be con-
ducted to determine the cost and safety of LIPUS
for KOA, as well as the possible long-term side
effects. When interpreting the results, evidence of
lower or moderate improvement in outcomes
should be considered, and sufficiently broad
sample sizes and inadequate follow-up should be
taken into account. At the same time, the study
should have the selection criteria of LIPUS in
favor of the type, intensity, frequency, and duration
of KOA patients so that clinicians and patients can
effectively implement these findings in the real
world.
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Clinical messages

e Low-intensity pulsed ultrasound could
significantly ameliorate pain and promote
functional recovery for patients with
KOA Monotherapy of LIPUS produced a
better effect on ameliorating pain, and the
shorter therapeutic period (<4 weeks) pro-
duced a more significant effect on promoting
functional recovery for patients with KOA.
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Appendix
Appendix |
Search Strategies for Pubmed, Cochrane
Library, Physiotherapy Evidence Database

(PEDro), Web of Science, and China National
Knowledge Infrastructure (CNKI)

We included papers published from their incep-
tion to 11 February 2022 in English and Chinese.

PubMed

1.”Osteoarthritis, Knee”[Mesh]

2.((((Knee Osteoarthritis[Title/Abstract]) OR
(Knee Osteoarthritides| Title/ Abstract])) OR
(Osteoarthritis of Knee[Title/Abstract])) OR
(Osteoarthritis of the Knee[Title/Abstract])) OR
(Osteoarthritis, Knee[Title/Abstract])

3.10R 2

4.((((((((LTPUS[Title/Abstract]) OR
(Low-Intensity Pulsed Ultrasound[Title/Abstract]))
OR (Low Intensity Pulsed Ultrasound|Title/
Abstract])) OR (Low-Intensity Pulsed
Ultrasounds| Title/Abstract])) OR (Pulsed
Ultrasound, = Low-Intensity[Title/Abstract])) = OR
(Pulsed Ultrasounds, Low-Intensity[Title/Abstract]))
OR  (Ultrasound, Low-Intensity = Pulsed[Title/
Abstract])) OR  (Ultrasounds, = Low-Intensity
Pulsed|[Title/Abstract])) OR (Low Intensity Pulsed
Ultrasound Radiation[Title/Abstract])

5.3 AND 4

the Cochrane Library

#1 MeSH descriptor:
explode all trees

#2 (Osteoarthritis, Knee):ti,abkw OR (Knee
Osteoarthritis):ti,ab,kw OR (Knee Osteoarthritides):
ti,ab,kw OR (Osteoarthritis of Knee):ti,abkw OR
(Osteoarthritis of the Knee):ti,ab,kw

#3 #1 OR #2

#4 (LIPUS):ti,ab,kw OR (Low-Intensity Pulsed
Ultrasound):ti,ab,kw OR (Low Intensity Pulsed
Ultrasound):ti,ab,kw OR (Low-Intensity Pulsed
Ultrasounds):ti,abkw OR (Pulsed Ultrasound,

[Osteoarthritis, Knee]

Low-Intensity):ti,ab,kw OR (Pulsed Ultrasounds,

Low-Intensity):ti,ab,kw OR (Ultrasound,

Low-Intensity Pulsed):ti,ab,kw OR (Ultrasounds,

Low-Intensity ~ Pulsed):tiabkw OR  (Low

Intensity Pulsed Ultrasound Radiation):ti,ab,kw
#5 #3 AND #4

Physiotherapy Evidence Database (PEDro)

Abstract & Title: Knee Osteoarthritides Title
Only: “ Low-Intensity Pulsed Ultrasound *”
Match any search term (OR)

Web of Science

1 ((((TS =(Osteoarthritis, Knee)) OR TS=
(Knee Osteoarthritis)) OR TS = (Knee
Osteoarthritides)) OR TS =(Osteoarthritis of
Knee)) OR TS = (Osteoarthritis of the Knee)

2 (((((((TS = (LIPUS)) OR TS = (Low-Intensity
Pulsed Ultrasound)) OR TS =(Low Intensity
Pulsed Ultrasound)) OR TS =(Low-Intensity
Pulsed Ultrasounds)) OR TS = (Pulsed Ultrasound,
Low-Intensity)) OR TS =(Pulsed Ultrasounds,
Low-Intensity)) OR TS = (Ultrasound,
Low-Intensity Pulsed)) OR TS = (Ultrasounds,
Low-Intensity Pulsed)) OR TS =(Low Intensity
Pulsed Ultrasound Radiation)

31AND2

China National Knowledge Infrastructure
(CNKI)

1 SU % =’Osteoarthritis, Knee’ OR TKA =
"Knee  Osteoarthritis’ OR  TKA =’Knee
Osteoarthritides’ OR TKA =’Osteoarthritis of
Knee’ OR TKA =’Osteoarthritis of the Knee’

2 TKA ="LIPUS’ OR TKA =’Low-Intensity
Pulsed Ultrasound” OR TKA =’Low Intensity
Pulsed Ultrasound” OR TKA =’Low-Intensity
Pulsed  Ultrasounds OR  TKA =’Pulsed
Ultrasound, Low-Intensity” OR TKA =’Pulsed
Ultrasounds, Low-Intensity’ OR TKA=
"Ultrasound, Low-Intensity Pulsed” OR TKA =
"Ultrasounds, Low-Intensity Pulsed” OR TKA =
"Low Intensity Pulsed Ultrasound Radiation’

31AND?2
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Appendix 2

Sensitivity analysis table for Visual analog scale score

Omitting mean difference (MD) 95% confidence interval (Cl) P value Heterogeneity I?
Huang(a)-2005 -0.9342 -1.4574; -0.4110 0.0005 87.8%
Huang(b)-2005 -0.9348 -1.4561; -0.4136 0.0004 87.8%
Tascioglu -2010 -0.9141 -1.4220; -0.406 0.0004 87.8%
Li -2013 -1.0109 -1.5101;-05117 < 0.0001 87.2%
Cakir -2014 -1.0657 -1.5400; -0.5914 < 0.0001 86.4%
Yildiz -2015 -0.9127 -1.4138; -04116 0.0004 87.8%
Gao -2016 -0.9979 -1.5104; -0.4854 0.0001 85.9%
Jia 2016 -0.9693 -1.5066; -0.4319 0.0004 86.4%
Cheng -2019 -0.8076 -1.2153; -0.3999 0.0001 77.3%
Kim -2019 -1.0337 -1.5253; -0.5420 < 0.0001 86.7%
Luo -2019 -0.8627 -1.3909; -0.3345 0.0014 85.2%
Karakas -2020 -1.0013 -1.4990; -0.5036 <0.0001 87.4%
Pooled estimate -0.9547 -1.4339; -0.4755 <0.0001 86.6%

Sensitivity analysis table for Western Ontario and McMaster Universities Osteoarthritis Index scores

Omitting mean difference (MD) 95% confidence interval (Cl) P value Heterogeneity I
Tascioglu —2010 -3.1271 —7.8250; 1.5707 0.1920 59.3%
Loyola —2012 —-5.1209 —9.0205; —1.2214 o.0l0l 56.5%

Gao —2016 —3.0351 —7.4206; 1.3504 0.1750 53.4%

Jia —2016 —3.4329 —9.3539; 2.4881 0.2558 65.1%

Kim 2019 —5.7568 -9.1161; —2.3974 0.0008 39.8%
Karakas —2020 —4.5866 —-9.1615; —0.0117 0.0494 63.1%
Pooled estimate —4.3474 —8.2954; —0.3993 0.0309 56.5%
Appendix 3

Methodological quality assessment for studies by Jadad score

First author Randomization Double blinding Withdrawals and dropouts Score

Li.

Luo

Chen
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Kim
Loyoia
Yildiz
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