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Abstract

Objective. The objective of this study was to assess the efficacy and safety of extracorporeal shockwave therapy
(ESWT) for treatment of knee osteoarthritis (OA) using a systemic review and meta-analysis. Methods. An extensive
search of relevant articles from electronic databases Pubmed, Embase, and Cochrane Library from inception to
March 2019 was conducted. The treatment outcomes (visual analog scale [VAS] and the Western Ontario and
McMaster Universities Arthritis Index [WOMAC]) of the included articles were pooled to calculate effect sizes. The
assessment of heterogeneity among articles was evaluated using 2. Statistical analyses were conducted using
RevMan software. Results. The results showed that the ESWT group had significant improvement in pain relief com-
pared with the control group through 12 months based on WOMAC and VAS scores. Compared with the baseline
level, the patients had significant improvement in pain relief at most follow-up points (one week to 12 months) based
on WOMAC and VAS scores. The patients showed significant improvement in physical function at six- and 12-month
follow-up when compared with the control group and for all follow-up (one to 12 months) when compared with the
baseline level. Additionally, only minor complications were observed after ESWT treatment. Conclusions. The use of
ESWT for treatment of knee OA had a beneficial effect on pain relief and physical function improvement for up to
12 months, and only minor complications occurred after ESWT treatment. However, there remains a lack of clarity
regarding the frequency and dosage levels of ESWT required to achieve the maximum improvement.
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Introduction several treatments have been developed, such as nonster-

Knee osteoarthritis (OA) is a prevalent degenerative dis-
ease and causes musculoskeletal disability. Pain, stiffness,
and loss of physical function are the most common symp-
toms of knee OA [1]. The most vulnerable group is over-
weight females older than 50 years of age [2]. More than
10 million patients with knee OA have been reported in
the United States [3], and treatment costs $42.3 million
annually [4] .

Total knee arthroplasty is the finial therapy for knee
OA. To prevent or delay knee replacement surgery,

oidal anti-inflammatory drugs (NSAIDs), intra-articular
hyaluronic acid, physical therapy, exercise, and weight
control [5-7]. The most relevant clinical guidelines pro-
vide recommendations for the management of knee OA
via systematic literature reviews of evidence-based clini-
cal practice and recommend strengthening and low-
impact aerobic exercises, weight loss, NSAIDs, and
opioids as strong recommendations [8-11]. Oral glucos-
amine and chondroitin are not recommended.
Duloxetine and intra-articular corticosteroids have weak
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recommendations for patients, and the efficacy of intra-
articular hyaluronic acid is uncertain.

A shockwave is a steep rise in pressure amplitude, and it
can propagate quickly via a medium. Shockwaves can be
generated by three methods (electromagnetic, piezoelectric,
or electrohydraulic) for producing shockwaves for focusing
into a specific region of tissue [12] and have been reported
since the early 1970s for medical purposes [13,14], proving
to be effective for treating kidney, salivary, and urinary cal-
culi [15]. More recently, shockwaves have been introduced
for treatment of orthopedic pathologies such as bone non-
unions, tendinopathies, and OA [15,16].

Although the precise biochemical mechanism of extra-
corporeal shockwave therapy (ESWT) for knee OA
remains unclear, recent studies have shown the positive
role of ESWT in treatment for knee OA [17-19]. Some
studies have proven that ESWT may cause anti-
inflammatory, angiogenic, anti-edema, and trophic
effects in the repair of bone and cartilage [18,20-23];
however, there remains a conundrum regarding the effi-
cacy and safety of ESWT in the treatment of knee OA.
To achieve a maximum efficacy of ESWT, different dos-
age levels have been adopted to treat knee OA, and dose-
related effects have been observed [24]. The objective of
this study was to assess the evidence on ESWT for
patients with knee OA via a systematic review and meta-
analysis by comparing a placebo-controlled or control
group before and after treatment. The efficacy and safety
of this treatment were expected to be understood.

Methods

Literature Search

An extensive search of relevant articles from the electronic
databases Pubmed, Embase, and Cochrane Library was
carried out from inception to March 2019. The following
search specifics were wused across the databases:
(“shockwave” OR “shock wave”) AND “knee” AND
(“osteoarthritis” OR “arthritis” OR “arthritic”). The iden-
tified articles were then screened individually for inclusion.

Study Selection

Articles in English that assessed outcome after ESWT for
patients with knee OA were eligible. The inclusion crite-
ria were as follows: 1) articles that were human studies,
prospective studies, retrospective studies, and random-
ized controlled trials; and 2) data that contained at least
one clinical measurement, including the visual analog
scale (VAS) and the Western Ontario and McMaster
Universities Arthritis Index (WOMAC). The exclusion
criteria were as follows: 1) articles that were animal stud-
ies, in vitro studies, review studies, case reports, letters,
and editorials; 2) data that had no VAS or WOMAC
score. First, two authors (YCW and CLS) independently
screened the title and abstract of each identified article;
then, the remaining articles were screened through

full-text review. Any disagreement about inclusion was
discussed until a consensus was reached. The references
of the included articles were also screened.

Data Extraction

Relevant data were extracted from the included articles,
including the first author’s family name, publication
year, type of study design, intervention of each group,
the mean age of patients, the percentage of males, body
mass index, number of patients, disease severity, follow-
up duration, details of treatment protocols and controls,
dosage levels, WOMAC score, and VAS score. WOMAC
was considered the primary outcome, and VAS score was
the secondary outcome. If the articles did not provide de-
tailed outcomes, we requested the data via e-mail.

Quality and Risk of Bias Assessment

The two authors independently assessed the quality of
the included articles using the Cochrane Collaboration
Tool for the risk of bias assessment. We followed the as-
sessment method to conduct the risk of bias assessment
as described in a previous study [25]. Any discrepancy
between the authors was discussed until a consensus was
reached.

Statistical Analysis

Statistical analyses were conducted using RevMan 5.3
software (The Cochrane Collaboration, Copenhagen,
Denmark). For subgroup analysis, the need for at least
two articles for the particular follow-up period and out-
come to perform a meta-analysis was recommended by
Cochrane. The number of patients, means, and standard
deviations were pooled to calculated effect size, mean dif-
ference (MD), and 95% confidence interval (CI). The as-
sessment of heterogeneity was evaluated using I%. If I* <
50%, a fixed-effect model was used; otherwise, a
random-effect model was used. A P value <0.05 was
considered significant.

Ethical Approval

Only published data from previous studies were adopted
in the meta-analysis. This study did not require ethical
approval.

Results

Search Results

The flow diagram of the article screening process is
shown in Figure 1. After an initial literature search of
three databases, a total of 145 articles were identified. Of
these, 46 duplicates were excluded. The titles and
abstracts of the remaining 86 articles were screened, and
69 articles were removed based on the inclusion/exclu-
sion criteria. Ultimately, 17 articles were screened
through full-text review, and nine articles met the inclu-
sion criteria. One of the nine articles reported mean
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Records identified by searching the following
databases: PubMed (49), Embase (74), and

Cochrane Library (22)
(n=145)

Records after duplicates

removed
(n=99)

Records excluded by
information identified
in titles or abstracts
(n=82)

Full-text articles assessed for

eligibility
(n=17)

Full-text articles excluded, with
reasons (n=9)
No WOMAC or VAS records:6

Additional articles identified

from references (n=1)

No detail information about
WOMAC or VAS records:1
Not knee OA:1

Studies included in quantitative
synthesis (meta-analysis)
(n=9)

No follow-up after treatment:1

Figure 1. Flowchart of the study screening process.

WOMAC and VAS scores for their follow-up visits, but
the corresponding standard deviation values were not
reported [16]. We contacted the author of the article to
request these data, but we did not receive a reply.
Therefore, the article was excluded. An additional single
article was screened from the references of the eight in-
cluded articles; thus, a total of nine articles were included
in the meta-analysis.

Study Characteristics

The characteristics of the included articles are shown in
Table 1. Among the nine included articles, eight articles
were randomized controlled trials [19,24,26-31], and
one article was a retrospective study [18]. The sample
sizes of each group ranged from nine to 82, with a total
of 431 patients. One article had a total follow-up period
of one week [29], one had one month [28], one had five
weeks [19], two had three months [24,27], one had five
months [30], one had eight months [31], and two had
12 months [18,26]. The mean age of patients ranged
from 50.9 to 75.5 years. The percentage of males ranged
from 35 to 90. All articles reported the severity of knee
OA using the Kellgren and Lawrence grading scales ex-
cept for two articles [19,30]. Most patients had a severity
between class II and class III. The treatment protocol and
the use of dosage levels of ESWT varied among these
articles.

Risk of Bias

The risk of bias of the four RCTs that were placebo-
controlled or controlled studies was assessed (Figure 2)
[26,29-31]. Two RTCs mentioned the method used to
generate random numbers [29,31]. Envelopes for alloca-
tion concealment were adopted by two RCTs [30,31].
Two RCTs reported that the study design included

double-blinding trials [29,30]. The risk of incomplete
outcome was low for the three RCTs [26,29,30]. The

risk of selective outcome reporting was low for the four
RCTs [26,29-31].

Outcomes of the Meta-analysis

WOMAC Total Score

WOMAC score was used to assess patients’ functions. It
contains three subscales measuring pain, stiffness, and
physical function. Among the four RCTs that were
placebo-controlled or controlled studies, only two
reported WOMAC scores. The pooled analysis of the
two RCTs showed that the patients in the ESWT group
showed no greater improvement in WOMAC total score
than those in the control group at five to six months of
follow-up (MD = -12.02, 95% CI = -31.29 to 7.24, I
= 99%, P=0.22); this became significant improvement
at 12-month follow-up (MD = -2.29, 95% CI = -4.44
to -0.15, I* = 0%, P =0.04) (Figure 3). In addition, the
improvement in WOMAC score between the baseline
level and follow-up was investigated. After ESWT treat-
ment, the patients showed significant improvement in
WOMAC total score from the one- to two-week follow-
up to the three-month follow-up and reached the maxi-
mum improvement at three-months follow-up (Figure 4).
The improvement showed an increased trend from the
one- to two-week follow-up (MD = 19.45, 95% CI =
2.21 to 36.68, I> = 98%, P=0.03) to the three-month
follow-up (MD = 38.46, 95% CI = 17.27 to 59.66, I> =
99%, P=0.0004) and then became nonsignificant from
the five-month follow-up to the 12-month follow-up
(MD = 22.95, 95% CI = —6.21 to 52.12, I = 100%,
P =0.12, for five to six months; MD = 21.48, 95% CI =
~18.12 t0 61.08, I = 100%, P = 0.29, for 12 months).

202 UdJBIN G0 U0 1sanB Aq 81.9€655/228/1/L Z/o1IMe/auUIpaWwUIed/Woo dno-olwapede//:sdny Wwolj pepeojumoq


Deleted Text: at
Deleted Text: have conducted 
Deleted Text: require 
Deleted Text: ny
Deleted Text:  from our included articles
Deleted Text:  out
Deleted Text: 8
Deleted Text: 9
Deleted Text: for 
Deleted Text: 8
Deleted Text: 1
Deleted Text: 9
Deleted Text: 1&hx2009;
Deleted Text: 1&hx2009;
Deleted Text: 5&hx2009;
Deleted Text: 3&hx2009;
Deleted Text: 5&hx2009;
Deleted Text: 8&hx2009;
Deleted Text: M
Deleted Text:  had
Deleted Text:  (Fig
Deleted Text: ure
Deleted Text: . 2)
Deleted Text:  was
Deleted Text: a
Deleted Text: A
Deleted Text: t
Deleted Text: s
Deleted Text: , and i
Deleted Text: 3
Deleted Text: significant 
Deleted Text:  5&hx2013;6&hx2009;
Deleted Text: -
Deleted Text: -
Deleted Text:  and
Deleted Text: become 
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: of
Deleted Text: follow-ups
Deleted Text: ere
Deleted Text: 1&hx2013;2&hx2009;
Deleted Text: s
Deleted Text: 3&hx2009;
Deleted Text: s
Deleted Text: follow-ups
Deleted Text:  the
Deleted Text: 3&hx2009;
Deleted Text: 1&hx2013;2&hx2009;
Deleted Text: s
Deleted Text: 3&hx2009;
Deleted Text: s
Deleted Text: follow-ups
Deleted Text: o
Deleted Text: -
Deleted Text: among 
Deleted Text: 5
Deleted Text: follow-ups
Deleted Text: -
Deleted Text: 5&hx2013;6&hx2009;
Deleted Text: -

825

Shockwave Therapy for Knee Osteoarthritis

(panunuoa)

Downloaded from https://academic.oup.com/painmedicine/article/21/4/822/5593618 by guest on 05 March 2024

zH § jo Aouanb
-oIj e ww

M ¢ 10§ APpPam
pawrograd arom

MW $°0~€0°0 PAEMIIOYS JO lé1] 2107
AM S DOVINOM josasind 00Q‘g  SUOISSIS ¢ JO [EIIY YN 33 L6’ 1+76'vC 08 + §°€9 0T 0 1oY ON LXASd LRSS )
LAST
21032q (urw §)
punosenjn
pue ‘(urw ¢T)
Adeayy
V21N IDUIII
-1oyut (Ut 07)
yoed 3eay jo Sur
ZH  Jo Aouanbaig -1s1su0d Aderoyy [s2lqs10T
oury SVA e 3e saspnd 000°1 VN [4 VN VN LI'v+T¥%9 01 0 IDY  [earshyd pasradoy LASH e 39997 14
M 7T 10§ APoam
SYA pawograd oxom
owr pue Luuyfw ABMYIO0YS JO VadRIAN Y4
€PUBL  DVINOM §0°030$95[nd Q0] SUOISSIS € JO [LI03 Y §'0F€T 18 6'CF6'VC §EFLLY 53 0 1oY ON LASH e 30997 €
ZH Tl J0 A 6103 LASH
Aouanbaiy e pue weys £q pawIoy
1eq ¢ o danssaid -19d 919M SuoIs oqooerd
eaesasind 005z -$3s APjadm omy, g~ LE §8'v+68'9C 6V ¥+59°69 33 0 ON :¢ dnoin
ZHCL §0
Kouonbaiy e pue M ¢ J0J pauLIog
1Ieq ¢ jo ainssaid -19d 919M suoIs 1LXST
e e sasnd 0S5z -$3s AppPam omy,  €~¢ €§  L9VYF16'9C 8I'v+8¥0L 8¢ 0 ON :g dnoin
ZH 130
SVA Aouanbai e pue qm § 10§ pauLIoy [9zl 8107
ow pue Ieq ¢ jo assaid -19d 919M suoIs LXST 0820
CLPUE9  DVINOM e 3e sasind 00S‘C -Ss Appam omL ¢~ 33 60°S+CL'LT T16'€+VL'69 L€ L L1oY ON i1 dnoin pue zIpg [4
uonIpuod
ow 7| sauaned ay3 uo IMST
pue ‘ow ZH €~¢ spuadap pa3oafas 1935 (M
9 ‘owr SVA jo Aouanbaij e 1e £d>uanbaiy oy Jo 7 103 pb G 1)
¢ ‘owr pue Juuyfw p°0< jo Isquinu 9yl pue [tpeasoxdfe snou [81]810C
LM T OVINOM  $9s[nd 000t—000°C SUOISSIS 7O [BI03Y €~ € LY+9°LT T6+6'0S 8 L91 LY -9ABIUI PIAIIRY LASH [e 30 Suey !
iy, adAT, [9A97 3so( $S3001] (1) % /3y £ 9z1§ 9, ‘ewapy  udisag JUSUIIBAI]  SUOIIUAIIUL Apmig sqO
dn-mofjog swoonQ juounear] AIIoAdG ORI ‘QSFUBAN ‘QSFued]y odureg moirelNy  Apmg [euonippy
paenxy aseasiq ‘NG 98y Juog
ABMNI0YS g

S9|9IME PapN|oul 8y} O SO1ISLIS10BIRYD UleW O Alewwng L ajqel



Wang et al.

826

Downloaded from https://academic.oup.com/painmedicine/article/21/4/822/5593618 by guest on 05 March 2024

IDISE]ADIA PUB OLIBIUQ WIS = DVINOA\ e

'syuanzed jo Joquuinu [e103 93 Suowe sisouSeip 03 paje[ar ured jo 98eiusdiad Ay 7,

*9[e2s So[euE [BNSIA = QYA XIPU] SHLIYITR0ISO) SAISIIATUN

9A1303ds01301 = [ ‘[el1 PI[[ONIU0D paziwopuel = ] )Y ‘UONEBIYISSE[D 2dUBIIMET-UIS[[9Y = T ‘Adeiayl aaempoys [earodiooenxs = [ MSH xapul ssew £poq = [ING

VN VN VN VN VN VN 0€ 0 ON [onuoH
M g 10§
ZH AP[oam sown
$~1 Jo Louonb € SISIDIIXD
-1y B e ww M 9 10§ Suruayiduans
ow g /[W 4 0~€0°0 AP[oam paurroyrad Te[nosnur d1ou [tel v10T
pue SVA jo sasind 000°C 219M SIABMDOYS YN VN VN VN 0€ 0 1od -IJOSI ALY LASH ‘Te R UYD 6
M 7T 10§ APjoam
pawrograd arom
L/ €60°0 IABMYOOYS JO A319u9
josaspnd 0Q‘7  SUOISSIS € JO [BIOIY £~ 06 1'T+T¥C P S+6€9 0€ 0 ON  -ysiq:ImSH
M 7T 10§ APPam
ouwr ¢ SYA pawograd arom
pue ‘ow pue Luuy/fw ABMYI0YS JO £31o0u9 [¥2l sT0T
LM T DVINOM  $0°0J0s3s[nd 00Q°T  SUOISSIS ¢ JO [eI03 Y €~ L8 L'T+8°€C €9+1°¢9 0€ 0 L1OY ON ~MOTELASH e Wy 8
M ¢ 103 APpoom
pawrojrod arom
NEE\—.E QABMI0YS JO
00 s3sjnd 00Q‘7  SUOISSAs € JO[LI0IY YN VN VN VN 0T 0 ON 0qade]d
M ¢ 10J ]yoom
SYA pawrograd arom
M 17 pue ZH ¢ jo Aouanboiy SABMYDOYS JO logl 910C
PUE ST DVINOM eiesosind 0007 SUOISSIS € JO [EINY YN VN VN VN 0T 0 1oY ON LMAST B39 UBLRMY L
M ¢ 10§
Zuu/ [ Ap{eam pawroyiad
030 sasjad 000°T SIoM SIABMNIOYS  ['I+8'T 8L VN 6°S+LTL 6 0 ON 043¢[d
M ¢ 10§
quwy/fw - &pppam pauwtiogiad L6zl 9107
Am T SVA  $0°0 30 s3sind 000°T SIIM SIABMNIOYS  ['I+0'T 68 VN L'L+SSL 6 0 1OY ON LASH JLECRL O] 9
ouny, adAT, [0497T 9soq $S2001J (1) % /3y £ 971§, 9, ‘ewapy udisag JUOUNEBII],  SUOTIUAIIU] Apnig sqO
dn-mofjog swoannQ juounear] AIIAdG QRN ‘QSFUBIN ‘QSFuedN o[duweg moirelN  Apmig [euonippy
parenxy JseasI(q ‘NG 93y auog
2ABMOYS L

panunuod *| ajqel



Shockwave Therapy for Knee Osteoarthritis 827

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0%  25% 50% 75%  100%

[ Low risk of bias [TJunclear risk of bias B High risk of bias

Chenetal 2014

=3 . Allocation concealment (selection bias)

Cho etal. 2016

v | @ | @ | Blinding of participants and personnel (performance bias)

v | @ | @ | Random sequence generation (selection bias)

-

Ediz and Ozgokce 2018

@® | ® | ® | @ | Blinding of outcome assessment (detection bias)

@ | ® | ® | @ | selective reporting (reporting bias)

® ® | ® | @ otervias

® | ®|® | @ | ncomplete outcome data (attrition bias)

~
@®
@®

Elerian et al. 2016

Figure 2. Risk of bias for the included four randomized controlled trials that were placebo-controlled or controlled studies.

(a) 5-6 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgrouw Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ediz and Ozgokce 2018 (Group 1) 3761 536 37 4033 751 35 33.3% -2.72F5.75,0.31]
Ediz and Ozgokce 2018 (Group 2)  37.08 7.04 38 4033 7.51 35 33.3% -3.25 -6.60, 0.10]
Elerian etal. 2016 2305 493 20 5307 192 20 334% -30.02[-32.34,-27.70] e
Total (95% CI) a5 90 100.0% -12.02[-31.29,7.24]
Heterogeneity: Tau®= 28762, Chi* = 270.05, df= 2 (P < 0.00001); F= 99% = g v = =,
Tast for overall effect Z=1.22 (P = 0.22) Favours [ESWT] Favours [contral]

(b) 12 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgro Me: SD Total Mea D Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ediz and Ozgokce 2018 (Group 1) 3812 487 37 4054 697 35 591% -242[521,037]
Ediz and Ozgokce 2018 (Group 2)  38.43 765 38 4054 697 35 409% -211[546,1.24]

Total (95% CI) 75 70 100.0% -2.29 [-4.44, -0.15] ¢

e ChiE= = = = , + t + {
Heterogeneity: Chi -.0.02, df=1(P=0.89),F=0% 50 25 0 25 50
Testfor overall effect Z=2.09 (P = 0.04) Favours [ESWT] Favours [control]

Figure 3. Forest plots of meta-analysis in comparison of Western Ontario and McMaster Universities Osteoarthritis Index total score
improvement between the extracorporeal shockwave therapy and control groups at five- to six-month (A) and 12-month (B) follow-
up. BMI = body mass index; KL = Kellgren-Lawreance classification; RCT = randomized controlled trial; RT = retrospective trial;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; VAS = visual analog scale.
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(a) 1-2 weeks follow-up — After ESWT

Study or Subgroup Mean
Kim et al. 2015 (Low-energy) 56.9 11.44 30 4917 477 a0
Kim etal. 2015 (High-energy) 57.63 10.21 30 481 1223 30

Kang et al. 2018 67.1 9.7 82 279 101 a2
Elerian et al. 2016 5013 1232 0 2815 &M 20
Total (95% CI) 162 162

Heterogeneity: Tau®= 302.52; Chi*= 15456, df= 3 (P = 0.00001); = 98%
Test for overall effect Z=2.21 (P=10.03)

(b) 1 month follow-up Baseline After ESWT

Study or Subgroup Mean
Lizis etal. 2017 62 2 20 33 4 20
Kim et al. 2015 (Low-energy) 56.9 11.44 30 39.27 715 30
Kim et al. 2015 (High-energy})  57.63 10.21 30 31.57 9.07 30

SD Total Mean SD Total Weight IV,Random,95% Cl IV, Ran

SD Total Mean SD Total Weight [V. Random, 95% CI
20.6% 29.00[27.04, 30.96]
19.8% 17.63[12.80, 22.46]
19.8% 26.06[21.17, 30.95]

Mean Difference Mean Difference

24.9%  7.73[2.35,13.11] —-—
249%  8.53[2.83,14.23] ——
254% 39.20 [36.17, 42.23] -
24.8% 21.98[16.13,27.83] —
100.0% 19.45[2.21, 36.68] e
‘50 25 0 25 50

Favours [Baseline] Favours [After ESWT]

Mean Difference
IV, Random. 95% CI

Mean Difference

0|++*

Kang etal. 2018 671 97 B2 195 11 82 20.3% 47.60[44.43,50.77]
Elerian et al. 2016 5013 1232 20 246 371 20 19.5% 2553[19.89,31.17]
Total (95% CI) 182 182 100.0% 29.28 [19.41, 39.14]
Heterogeneity: Tau®= 121.82; Chi* = 145.81, df= 4 (P < 0.00001); F= 7% s 7 2 o 5

Testfor overall effect Z= 5.82 (P = 0.00001)

(¢) 3 months follow-up

Favours [Baseline] Favours [After ESWT]

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% C|
Kangetal 2018 B7.1 a7 g2 98 98 82 33.6% 57.30([54.32,60.28]

Kimetal, 2015 (High-energy} 57.63 10.21 30 233 7.78 30
Kim et al. 2015 (Low-energy) 56.9 11.44 30 3333 7.03 30

Total (95% CI) 142
Heterogeneity: Tau®= 346.17, Chi*=162.34, df= 2 (P = 0.00001), F= 99%
Testfor overall effect 2= 3.56 (P = 0.0004)

(d) 5-6 months follow-up

332% 34.33[29.74,3892)
33.2% 23.57[18.77,28.37]

142 100.0% 38.46 [17.27, 59.66]

-50 -25 0 25 50
Favours [Baseline] Favours [After ESWT]

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, % Cl
Elerian etal. 2016 5013 1232 20 2305 493 20 249% 27.08(21.26,32.90] —.
Kang etal. 2018 671 97 82 88 95 82 250% 58.50(55.56 61.44 i
Edizand Ozgokce 2018 (Group 1) 4063 704 37 3761 536 37 250% 3.02[017,5.87]
Edizand Ozgokce 2018 (Group 2) 40.33 628 38 37.08 704 38 250% 3.25[0.25,6.25)

Total (95% CI) 177
Heterogeneity, Tau® = 881,67, Chi®= 915.89, df= 3 (P = 0.00001); F= 100%
Testfor overall effect Z=154 (F=012)

(e) 12 months follow-up T e

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
82 333% 59.70[57.25,62.15) -

Kang etal. 2018 671 97 82 74 58
Edizand Ozgokee 2018 (Group 1) 4063 7.04 37 3812 487 37
Edizand Ozgokce 2018 (Group 2) 4063 6.28 38 3843 765 38

Total (95% Cl) 157
Heterogeneity. Tau®= 1222.62; Chi*=1227.23, df= 2 (P = 0.00001}, F=100%
Test for overall effect Z=1.06 (P=0.29)

177 100.0% 22.95[-6.21,52.12]

+ + t + +
-50 -25 0 25 50
Favours [Baseline] Favours [After ESWT]

Mean Difference
IV, Random, 95% CI

Mean Difference

2.51[0.25,5.27)
2.20[-0.95, 5.34]

157 100.0% 21.48[-18.12, 61.08]

-50 -25 0 25 50
Favours [Baseline] Favours [After ESWT]

Figure 4. Forest plots of meta-analysis in comparison of Western Ontario and McMaster Universities Osteoarthritis Index total score
improvement after extracorporeal shockwave therapy treatment at one- to two-week (A), one-month (B), three-month (C), five- to

six-month (D), and 12-month (E) follow-up.

WOMAC Pain Score

The patients in the ESWT group showed greater im-
provement in pain score than those in the control group
at six-month and 12-month follow-up (MD = -2.48,
95% CI = -3.71 to -1.25, I* = 0%, P < 0.0001, for six-
month; MD = -1.81, 95% CI = -3.28 to -0.33, I* =
0%, P=0.02, for 12-month) (Figure 5A). After ESWT
treatment, the patients had significant improvement in
pain relief for all follow-up time points (MD = 2.78,
95% CI = 1.64 to 3.93, I* = 0%, P <0.00001, for six
months; MD = 2.46, 95% CI = 1.34 to 3.58, I = 0%,
P < 0.0001, for 12 months) (Figure 6).

WOMAC Stiffness Score

The ESWT group showed greater improvement in stiff-
ness score than the control group at six-month follow-up
(MD = -0.47, 95% CI = -0.86 to -0.07, I* = 0%,
P =0.02), but the score was not significant at 12-month
follow-up (MD = -0.28, 95% CI = -0.66 to 0.11, I* =
0%, P=0.16) (Figure 5B). After treatment, the patients
had significant improvement in stiffness at six-month
follow-up (MD = 0.50, 95% CI = 0.14 to 0.86, I =
0%, P=0.006) (Figure 7). However, the improvement
become nonsignificant at 12-month follow-up (MD =
0.33,95% CI =-0.07 t0 0.72, I* = 0%, P=0.11).
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(a) WOMALC pain score

6 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Su Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl V. Fixed. 95% CI
Ediz and Ozgokce 2018 (Group 1) 957 385 37 1193 306 35 591% -2.36[3.96,-0.76] =
Ediz and Ozgokce 2018 (Group 2) 927 515 38 1193 306 35 409% -266[4.59,-0.73] it
Total (95% CI) 75 70 100.0% -2.48[-3.71,-1.25] -
Heterageneity: ChiF= 0.06, df=1 (P = 0.81); F= 0% s g ) : P
Testfor overall effect 2= 3.95 (P = 0.0001) Favours [ESWT] Favours [control]
12 months follow-up
ESWT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ediz and Ozgokee 2018 (Group 1) 969 412 37 1156 476 35 51.2% -1.87[3.93,019
Ediz and Ozgokee 2018 (Group 2) 982 442 38 1166 476 35 488% -1.74[-3.85 037
Total (95% CI) 75 70 100.0% -1.81[-3.28,-0.33] -
Heterogeneity ChiF= 0,01, df=1 (P = 0.93); F= 0% 5 + z : o
Testfor overall effect Z=2 40 (P=002) Favours [ESWT] Favours [control]
(b) WOMAC stiffness score
6 months follow-u R ESWT Control Mean Difference Mean Difference
Study or Su Mean SD Total Mean SD Total Weight V. Fixed. 95% Cl IV, Fixed, 95% CI
Ediz and Ozgokece 2018 {Group 1) 371 088 37 427 142 35 509% -056F1.11,-001]
Ediz and Ozgokce 2018 {(Group 2) 39 095 38 427 142 35 491% -037[093,019]
Total (95% CI) 75 70 100.0% -0.47 [-0.86, -0.07] *
Heterageneity: Chi*= 0.23, df= 1 (P = 0.63); F= 0% o x . 5 0
Testfor overall effect: 2= 2.33 (P = 0.02) Favours [ESWT] Favours [control]
12 months follow—up ESWT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Ci
Ediz and Ozgokce 2018 {Group 1) 393 114 37 425 118 35 51.3% -032[-086,027]
Ediz and Ozgokce 2018 {Group 2) 402 1.22 38 425 118 35 487% -023[-0.78,032]
Total (95% CI) 75 70 100.0% -0.28 [-0.66, 0.11]
Heterogeneity: ChF= 0.05, df=1 (P = 0.82); F= 0% e g ) . =
Testfor overall efiect Z=1.41 (P = 0.16) Favours [ESWT] Favours [control]
() WOMAC function score
6 months follow-up ESWT Control Mean Difference Mean Difference
Study or Su Mean SD Total Mean SD Total Weight V. Fixed. 95% Cl IV, Fixed, 95% CI
Ediz and Ozgokce 2018 (Group 1) 1834 379 37 2427 587 35 508% -593[8.23,-363)] &
Ediz and Ozgokce 2018 (Group 2) 2061 4.06 38 2427 587 35 493% -366[599,-133] £
Total (95% CI) 75 70 100.0% -4.81[-6.45,-3.18] .
Heterageneity. ChiF=1.85, df=1 (P =0.17); F= 46% T g } : 0
Testfor overall effect: £= 576 (P = 0.00001) Favours [ESWT] Favours [control]
12 months fO||0W-Up ESWT Control Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed. 95% Cl i %
Ediz and Ozgokce 2018 (Group 1) 2065 414 37 2446 512 35 557% -3.81[597,-16%] |
Ediz and Ozgokce 2018 (Group 2)  22.75 543 38 2446 512 35 443% -1.71[1413,071]
otal (95% CI) 0 100.0% -2.88 [-4.49, 1.
T 5% C 75 7 8 27] -
Heterogeneity: Chi*=1.61, df=1{P=0.20), F= 38% I—1l] ‘5 6 é 1DI

Test for overall effect Z= 3.50 {F = 0.0005)

Favours [ESWT] Favours [control]

Figure 5. Forest plots of meta-analysis in comparison of Western Ontario and McMaster Universities Osteoarthritis Index pain (A),
stiffness (B), and function (C) scores between the ESWT and control groups at six-month and 12-month follow-up.

WOMAC Function Score

The patients in the ESWT group showed greater im-
provement in physical function than those in the control
group at six- and 12-month follow-up (MD = -4.81,
95% CI = -6.45 to -3.18, I* = 46%, P <0.00001, for

P=0.02) (Figure 8). The improvement showed a de-

up (MD = 5.38, 9

six-month; MD = -2.88, 95% CI = —4.49 to -1.27, I> =
38%, P=0.0005, for 12-month) (Figure 5C). After treat-

ment, significant improvement in physical function
started at the one-month follow-up and was maintained
up to the 12-month follow-up. The improvement reached
the maximum improvement at one-month follow-up
(MD = 12.88, 95% CI = 2.25 to 23.50, I* = 92%,

VAS Score
VAS score was used

creased trend between six-month and 12-month follow-

5% CI = 3.45 to 7.32, I = 59%,

P <0.00001, for six months; MD = 3.31, 95% CI =
1.94 to 4.67, I* = 38%, P < 0.00001, for 12 months).

to measure pain severity. Among the

included articles, four RCTs [26,29-31] were placebo-
controlled or controlled studies and reported VAS scores.
The pooled analysis of the four RCTs showed that the
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(a) 6 months follow-up ——— —

Study or Subgroup Mean SD Total Mean
Edizand Ozgokce 2018 (Group1) 13238 234 37 G657 385 37
Edizand Ozgokee 2018 (Group2) 1201 272 38 927 515 38

Total (95% CI) 75
Heterogeneity, Chi®= 000, df=1 {P=095), F=0%

SD Total Weight IV. Fixed. 95% Cl

B1.9% 2.81[1.36, 4.26] —l—
38.1%  2.74(0.89, 4.59]
75 100.0% 2.78[1.64,3.93]

Mean Difference
IV, Fixed, 95% CI

Mean Difference

; 10

Testfor overall effect: Z=4.77 (P = 0.00001) Fa\.curc [Baseling] Fa\.ours '«*—ﬂerES m
(b) 12 months follow-up
Baseline After ESWT Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Ci IV, Fixed 95’@ Cl
Edizand Ozgokce 2018 (Group 1) 1238 234 37 9689 412 37 539% 269[1.16, 422
Ediz and Ozgokce 2018 (Group 2) 1201 272 38 982 442 38 461% 219[0.54, 3.84)
Total (95% CI) 75 75 100.0% 2.46 [1.34, 3.58]
Heterogeneity: Chi®= 0.19, df=1 {P = 0.66), F=0% =-1D

Testfor overall effect: Z= 4.30 (P = 0.0001)

Fsvours [Baseline] Favours--ﬁerES'

Figure 6. Forest plots of meta-analysis in comparison of Western Ontario and McMaster Universities Osteoarthritis Index pain score
improvement after extracorporeal shockwave therapy treatment at six-month (A) and 12-month (B) follow-up.

(a) 6 months follow-up
Baseline After ESWT

Study or Subgroup Mean SD Total Mean

Ediz and Ozgokce 2018 (Group 1)

SD Total Weight IV, Fixed. 95% Cl
435 125 37 371 088 ar

Mean Difference
V. Fixed, 95% CI
L

Mean Difference

534% 064[015113]

Edizand Ozgokce 2018 (Group2) 424 136 38 38 095 38 466% 0.340.19,087]
Total (95% CI) 75 75 100.0% 0.50 [0.14, 0.86] ¢
Heterogeneity: Chi*= 0.66, df=1 (P = 0.42), F= 0% kS = } : 5

Testfar overall effect £2=2.72 (P = 0.006)

(b) 12 months follow-up

Favours [Baseline] Favours [After ESWT]

Baseline After ESWT Mean Difference Mean Difference
r Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fi 5% Cl
Ediz and Ozgokce 2018 (Group 1) 435 125 37 393 114 37 532% 0.42[013,097)

Ediz and Ozgokce 2018 (Group 2)

Total (95% CI) 75
Heterogeneity, ChF= 024, df=1 {P=062), F=0%
Testfor overall effect Z=1.61 (F=011)

4.24 136 38 402 122 38

75 100.0% 0.33[-0.07,0.72]

46.8% 0.22 [-0.36, 0.80]

‘10 5 0 5 10
Favours [Baseline] Favours [After ESWT]

Figure 7. Forest plots of meta-analysis in comparison of Western Ontario and McMaster Universities Osteoarthritis Index
stiffness score improvement before and after extracorporeal shockwave therapy treatment at six-month (A) and 12-month

(B) follow-up.

patients in the ESWT group experienced significantly
more pain relief than those in the control group at short-
term follow-up (MD = -2.01, 95% CI = -2.86 to -1.16,
I” = 6%, P <0.00001, for one week; MD = -2.67, 95%
CI = -3.09 to -2.24, I = 0%, P < 0.00001, for one to
two months) (Figure 9); their pain relief became non-
significant at long-term follow-up (MD = -1.60, 95% CI
= -3.33 to 0.14, > = 94%, P=0.07, for five to six
months; MD = -2.06, 95% CI = —4.56 to 0.45, I =
97%, P=0.11, for eight to 12 months) (Figure 3). Eight
articles reported VAS scores, and the improvement in
pain relief compared with the baseline level was ana-
lyzed. The patients experienced significant pain relief at
all follow-up time points and reached the maximum im-
provement at two to three months of follow-up
(Figure 10). The improvement showed an increased trend
from one- to two-week follow-up (MD = 2.38, 95% CI
= 0.70 to 4.07, I = 97%, P=0.006) to two- to three-
month follow-up (MD = 4.16, 95% CI = 2.51 to 5.82,
I = 98%, P<0.00001) and then decreased from the
five-month to 12-month follow-up (MD = 3.82, 95% CI
= 0.29 to 7.34, > = 99%, P=0.03, for five to six

months; MD = 3.65, 95% CI = 0.18 to 7.11, I* = 99%,
P =0.04, for eight to 12 months).

Adverse Effects

Four articles reported minor complications after ESWT
treatment [18,19,26,27], such as minor bruising, tran-
sient soft tissue swelling, or transient skin reddening. No
clinically detectable neuromuscular, device-related, or

systemic adverse effects after ESWT treatment were
reported by five articles [7,19,26-28].

Discussion

ESWT has been applied to treat knee OA, but its efficacy
and safety have not been well investigated. In this study,
we used a systematic review and meta-analysis to assess
the efficacy and safety of ESWT for knee OA. We
adopted WOMAC and VAS scores to assess efficacy, and
the two measurements have been proven to be reliable
and valid [32,33]. Thus, the results of our meta-analysis
should be reliable. The meta-analysis showed that the
patients receiving ESWT had significant improvement in
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(a) 1 month follow-up

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% CI
Leeetal 20173 3717 1207 31 30.03 10.04 31 47.2% 7.14[1.61,12.67] ——
Lizis etal. 2017 42 3 20 24 4 20 528% 18.00[15.81,2019] e
Total (95% CI) 51 51 100.0% 12.88 [2.25, 23.50] ——eER—
Heterogeneity: Tau?= 54.37; Chi*= 12.82, df= 1 (P = 0.0003); F= 92% T i : 5 a5
Testfor overall effect. Z=2.38 (P= 0.02) Favours [Baseline] Favours [After ESWT]

(b) 6 months follow-up

Baseline After ESWT Mean Difference Mean Difference
dy o bgroup Mean a aan D A i h Random, 9 andom, 95%
Edizand Ozgokece 2018 (Group 1) 2468 358 37 1834 379 37 51.8% 6.34 (4,66, 8.02) el
Edizand Ozgokce 2018 (Group 2) 2497 408 38 2061 406 38 48.2% 4.36[2.53,6.19] -
Total (95% CI) 75 75 100.0% 5.38 [3.45,7.32) >

Heterogeneity Tau*= 1,16, Chi*= 2.44, df=1 (P = 0,12); F= 58% y

-20 -10 0 10 20
Test for overall effect: 2= 5.44 (P < 0.00001) Favours [Baseling] Favours [After ESWT]

(e) 12 months follow-up

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Edizand Ozgokee 2018 (Group 1) 2468 3.58 37 2065 414 37 60.0% 4.03[2.27,579) i

Ediz and Ozgokce 2018 (Group 2) 2497 408 38 2275 543 38 400% 2.22(0.06, 4.39]

Total (95% CI) 75 75 100.0% 3.31[1.94, 4.67] *

Heterageneity, ChF=1.62, df=1 (P = 0.20); F= 38% J

20 10 0 10 20
Test for overall effect Z=4.74 (P = 0.00001) Favours [Baseline] Favours [After ESWT]

Figure 8. Comparison of Western Ontario and McMaster Universities Osteoarthritis Index function score improvement after extra-
corporeal shockwave therapy treatment at one-month (A), six-month (B), and 12-month (C) follow-up.

(a) 1 week follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Cho etal. 2016 27 14 g 41 17 9 352% -1.40[-2.84,0.04] & |
Elerian etal. 2016 567 115 20 8.01 213 20 648% -2.34[3.40,-1.28) i
Total (95% CI) 29 29 100.0% -2.01[-2.86,-1.16] -

Heterogeneity: Chi*=1.06, df=1 (P = 0.30); F= 6% £ :‘2 3 3 1
Testfor overall effect Z= 461 (P < 0.00001)

Favours [ESWTI1 Favours Icontroll
(b) 1-2 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chen etal, 2014 26 14 58 52 11 54 §33% -260[3.07,-2.13] : =
Elerian etal 2016 489 105 20 788 215 20 16.7% -299[-4.04,-1.94] -
Total (95% ClI) 76 74 100.0% -2.67 [-3.09, -2.24] <>

+ t t + t
-4 -2 0 2 4
Favours [ESWT] Favours [control]

Heterogeneity, Chi*= 0.44, df=1 (P = 0.51); F= 0%
Testfor overall effect Z=12.19 (P < 0.00001)

(e) 5-6 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Elerian et al. 2016 408 1.75 20 7.91 155 20 31.7% -3.83[485-281 — &
Ediz and Ozgokce 2018 (Group 2) 516 1.34 38 543 122 35 342% -0.27 [-0.86,0.32)
Ediz and Ozgokee 2018 (Group 1) 458 147 37 543 122 35 341% -085[1.47,-0.23] —
Total (95% CI) 95 90 100.0% -1.60[-3.33,0.14]

Heterogeneity: Tau®= 2.20; Chi®= 35.45, df= 2 (P = 0.00001); F= 94% ] ' ! t

-4 -2 0 2 H
Test for overall effect Z=1.80 (P=0.07) Favours [ESWT] Favours [control]

(d) 8-12 months follow-up

ESWT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chenetal. 2014 23 43 52 65 1.3 48 338% -430[4.81,-379
Edizand Ozgokce 2018 (Group 1) 487 1.78 37 598 1.9 35 33.0% -1.11[1.96,-0.26] e
Edizand Ozgokce 2018 (Group 2) 527 153 38 588 181 35 332% -0.71[1.51,009 T
Total (95% CI) 127 118 100.0%  -2.06 [-4.56, 0.45] ——aegiERe—— .

Heterageneity. Tau®= 4 76, Chi*= 74 60, df= 2 (P = 0.00001), F=97% .

-4 -2 0 2 H
Testfor overall effect Z=1.61 (P=011) Favours [ESWT] Favours [control]

Figure 9. Forest plots of meta-analysis in comparison of visual analog scale score improvement between the extracorporeal shockwave
therapy and control groups at one-week (A), one- to two-month (B), five- to six-month (C), and eight- to 12-month (D) follow-up.
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(a) 1-2 weeks follow-up

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random, 95% CI IV, Random, 95% CI
Kim et al. 2015 (Low-energy) 583 115 30 467 048 30 207% 1.26[0.81,1.71] -
Kim et al. 2015 (High-energy) 61 1.26 30 513 082 30 206% 0.97 [0.43,1.51] 2
Kang etal. 2018 85 13 82 34 21 82 206% 5.10[4.57,5.63] i
Elerian et al. 2016 838 1.01 20 567 115 20 203% 2.71[2.04,3.39] e
Cho etal. 2016 45 19 9 27 14 9 17.9% 1,80 [0.26, 3.34] e
Total (95% CI) 171 171 100.0%  2.38[0.70,4.07] -
Heterogeneity: Tau® = 3.62; Chi*=151.49, df= 4 (P < 0.00001); F= 87% 57 t ? : o

Testfor overall effect Z= 2.77 (P = 0.008)

(b) 1 month follow-up

Favours [Baseline] Favours [After ESWT]

Baseline After ESWT Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% Cl IV, Ran 95% Cl
Elerian etal. 2016 838 1.1 20 489 105 20 167% 3490285 413 -
Kang etal. 2018 85 13 82 2 14 82 17.0%  650[6.09,6.91] i
Kim et al. 2015 (High-energy) 61 1.26 30 273 083 30 16.8% 3.37([2.83,391) -
Kimetal. 2015 (Low-energy) 593 115 30 277 057 30 169%  3.16[270,362) -
Leeetal 2017a 517 118 31 333 142 3 167%  1.84[1.19,2.49] -
Lee etal 2017b 79 15 10 29 07 10 159% 5.00[3.97, 6.03] —
Total (95% CI) 203 203 100.0% 3.89 [2.41,5.37] -
Heterogeneity: Tau? = 3.32; Ch* = 205.20, df= 5 (P « 0.00001); = 98% 5 g s ! : P,

Testfor overall effect: Z=515(F = 0.00001)

(€) 2-3 months follow-up

Favours [Baseline] Favours [After ESWT]

Baseline After ESWT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random. 95% Ci
Chenetal 2014 58 1.2 60 26 14 56 16.8% 3.20[2.72, 3.68] -
Elerian etal. 2016 8.38 1.0 20 489 105 20 16.6% 3.49[2.85 4.13] -
Kang etal 2018 85 13 g2 11 049 82 16.9% 740[7.06,7.74] -
Kim etal. 2015 (High-eneroy) 61 1.26 30 157 04 30 16.8% 453404, 502] gl
Kim et al. 2015 (Low-energy) 6583 1.16 30 1.8 0.7 30 16.8% 4.03 [3.56, 4.51] =
Leeetal 2017a 517 1.18 31 283 208 31 163% 2.24[1.40, 3.08] -
Total (95% CI) 253 249 100.0% 4.16 [2.51, 5.82] e
Heterageneity: Tau®= 4.18; Chi*= 325.46, df= 5 (P < 0.00001); F= 98% 27 * : t o
Testfor overall effect: Z= 4,94 (P < 0.00001) Favours [Baseline] Favours [After ESWT]
(d) 5-6 months fOHOWMUp Baseline After ESWT Mean Difference Mean Difference
_StudyorSubgroup ~~ Mean SD Total Mean SD Total Weight IV.Random.95% Cl
Elerian etal. 2016 838 1.1 20 408 1.75 20 248% 430[3.41,519]
Kang etal. 2018 85 13 82 09 06 82 252% 7.60[7.29,7.91] .
Edizand Ozgokce 2018 (Group 1) 666 1.58 37 458 147 7 250% 208[1.38,279] T
Edizand Ozgokce 2018 (Group 2) 6.42 1.76 38 516 134 38 250% 1.26 [0.56, 1.96] ==
Total (95% CI) 177 177 100.0% 3.82[0.29,7.34] ——eeSE—
Heterageneity: Tau?= 12.83; Chi*= 410.63, df= 3 (P < 0.00001); = 99% e i : z 0

Testfor overall effect £=212 (P =0.03)

(e) 8-12 months follow-up

Baseline After ESWT
Study or Subgrou Mean SD Total Mean
Chenetal 2014 §8 12 60 22 13 52 251%
Kangetal 2018 85 13 82 05 05 82 251%
Edizand Ozgokce 2018 (Group 1) 666 158 37 487 178 37 249%

Edizand Ozgokce 2018 (Group 2) 642 176 38 527 153 38 249%

Total (95% CI) 217 209 100.0%

Heterogeneity: Tau®= 12.44; Chi"= 546.06, df= 3 (P = 0.00001); F=99%
Test for overall effect Z= 206 (P = 0.04)

Figure 10. Forest plots of meta-analysis in comparison of improve

SD Total Weight IV, Random. 95% Cl

Favours [Baseline] Favours [After ESWT]

Mean Difference
IV, Random, 95% Ci
-

Mean Difference

3.60(3.13, 4.07]
8.00[7.70, 8.30] -
1.79[1.02, 2.56] —-—
1.15(0.41,1.89) o
3.65[0.18, 7.11] ——=aS—
10 .5 0 5 10

Favours [Baseline] Favours [After ESWT]

ments in visual analog scale score after extracorporeal shock-

wave therapy treatment at one- to two-week (A), one-month (B), two- to three-month (C), five- to six-month (D), and eight- to 12-

month (E) follow-up.

VAS scores compared with the control group at short-
term (one week to two months) follow-up and had signif-
icant improvement in WOMAC pain score at long-term
follow-up (six and 12 months). In general, after ESWT
treatment patients had significant improvement in pain
relief (WOMAC or VAS pain score) for all follow-up
time points (one week to one year) compared with the
baseline level. Patients had significant improvement in
stiffness at six-month follow-up, but their stiffness scores
became nonsignificant at 12-month follow-up compared

with the baseline level, and similar results (significant at
six months and nonsignificant at 12 months) were
obtained when the ESWT group was compared with the
control group. The patients had significant improvement
in physical function from one- to 12-month follow-up
compared with the baseline level, and similar results at
six- and 12-month follow-up were obtained when the
ESWT group was compared with the control group.
Otherwise, only minor complications were observed after
ESWT treatment. A systematic review also reported that
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ESWT was safe for the treatment of orthopedic condi-
tions [34].

In comparing efficacy between the ESWT and control
groups, four articles reported VAS scores, and their con-
trols were placebo [26,29,30] or nontreatment [31]. The
meta-analysis revealed that the ESWT group had signifi-
cant improvement in VAS scores only at short-term
follow-up (one week to two months) compared with the
control group. The outcome in group 2 of Ediz and
Ozgokce [26] included the major data that resulted in no
significant differences between ESWT and control groups
at long-term follow-up (five to 12 months). However, the
ESWT group showed significant improvement compared
with the control group at long-term follow-up (six and
12 months) in a previous study [26]. They used individual
changes from baseline to follow-up to compare the differ-
ence between the ESWT and control groups, and this
method indicated true improvement after treatment.
However, VAS values at follow-up were adopted to com-
pare the difference in the meta-analysis, and this method
may have produced bias. This could explain why the
data of group 2 from Ediz and Ozgokce [26] included in
the meta-analysis resulted in no significant improvement
in pain relief between ESWT and control groups at long-
term follow-up. In addition, the ESWT group showed
significant improvement in WOMAC pain scores at long-
term follow-up (six and 12 months) compared with the
control group. This result could support that the ESWT
group had both short-term and long-term effects.

However, we found that the efficacy of the ESWT
decreased with time compared with the baseline level
based on WOMAC and VAS scores. Some clinical rea-
sons may have caused this decrease in efficacy, such as
the effect wearing off, increased activity secondary to less
pain, which then results in more pain and the effect wear-
ing off, and change in other treatments. This decrease in
efficacy could be prevented by repeating ESWT at every
time interval (such as two months) or maintaining the
same activity despite pain.

In comparison with the baseline level, knee OA
patients showed significant improvement in pain at most
follow-up time points, and the results of improvement in
pain were similar between WOMAC and VAS pain
scores. A systematic review that included various ortho-
pedic conditions, such as calcifying tendonitis of the
shoulder, plantar fasciopathy, achilles tendinopathy,
proximal hamstring tendinopathy, subacromial pain, and
knee osteoarthritis, investigated the efficacy of ESWT for
the tendon and other pathologies of the musculoskeletal
system [34]. They reported that the ESWT group was
better than the placebo and control groups, and no seri-
ous adverse events were observed in the included studies.
These results are similar to our conclusions. Based on
these results, we could conclude that ESWT seems to be
an effective treament for pain relief in knee OA.

The mechanism of ESWT in the treatment of knee OA
has been investigated. The expression of some growth

factors and cytokines can be induced through mechanical
stimulation of ESWT, such as insulin-like growth factor
1 and transforming growth factor 1 [35]. Several stud-
ies have reported that collagen synthesis and cell growth
can be promoted by ESWT via releasing other active
substances and growth factors [36-38]. The improve-
ment in pain relief may be through matrix formation
and cartilage cell growth stimulation after ESWT treat-
ment [39]. These results could explain the possible
mechanism of ESWT for pain relief improvement in
knee OA patients.

In this study, the improvement in stiffness compared
with the baseline level showed significance after ESWT
treatment at six-month follow-up but become nonsignifi-
cant at 12-month follow-up. Similar results (significant
at six months and nonsignificant at 12 months) were
obtained when compared with the control group.
Although the included articles provided WOMAC scores,
few articles provided the WOMAC stiffness score,
thereby possibly causing uncertainty in our meta-
analysis. Although the efficacy of ESWT for stiffness was
unclear, pain relief and physical function improvement
are the main concerns in knee OA.

Dose-related effects of ESWT for treatment of knee
OA have been observed, and the high-energy group
(0.093 mJ/mm?) showed greater improvement in pain re-
lief and functional outcomes compared with the low-
energy group (0.040 mJ/mm?) [24]. In our included
articles, two articles [18,24] used high-energy (>0.093
mJ/mm?) ESWT and two articles [24,27] used low-
energy (0.04-0.05 mJ/mm?) ESWT (Table 1). We also
found that patients treated with high-energy ESWT
[18,24] had greater improvement in VAS scores at two
to three months of follow-up than those treated with
low-energy ESWT (Figure 4C) [18,27]. These results in-
dicate that high-energy ESWT seems to have better im-
provement in pain relief than low-energy ESWT.

There are some possible limitations that may have af-
fected the results of this study. The limits of language
(only English-language studies were included in our
meta-analysis) could be a limitation of this study. High
heterogeneity among the studies was detected in some of
the outcomes. In addition, women are at greater risk for
developing knee OA compared with their male counter-
parts [40]. This makes it very difficult to generalize the
results. The number of treatment sessions, the energy lev-
els, and the number of impulses of ESWT in treatment of
knee OA were varied among the included articles.
Among all articles, ESWT was performed weekly, but the
time courses of ESWT varied from three to 12 weeks. In
addition, the number of impulses ranged from 1,000 to
8,000, and the energy flux density ranged from 0.03 to
0.4 mJ/mm?. Dose-related effects of ESWT have been ob-
served in knee OA patients [24], and time-course effects
of EWST in knee OA patients have also been observed
[41]. The variation in ESWT treatment protocol adopted
among these articles might produce potential bias in our
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meta-analysis. In three of the nine included articles,
patients received other treatments at the same time as
ESWT or after ESWT, including intravenous alprostadil
[18], physical therapy [28], and isokinetic muscular
strengthening exercises [31]. These additional treatments
may have affected the efficacy of ESWT and could be a
significant confounder to our meta-analysis. In addition,
only a limited number of clinical studies have investi-
gated the efficacy of ESWT in the treatment of knee OA.
The available data for meta-analysis were rare, especially
for long-term follow-up, and the current evidence from
our meta-analysis might be weak. In general, ESWT was
effective for knee OA, but the optimal treatment protocol
related to the efficacy of ESWT should be further
investigated.

Conclusions

This was the first time that the efficacy and safety of
ESWT for the treatment of knee OA were assessed using
a systematic review and meta-analysis. This study pro-
vides results that suggest that using ESWT for treatment
of knee OA has a beneficial effect on pain relief and phys-
ical function for up to 12 months, and only minor com-
plications occurred after ESWT treatment. However,
there remains a lack of clarity regarding the frequency
and dosage levels of ESWT required to achieve maximal
improvement.
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