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INTRODUCTION

 Knee osteoarthritis (KOA) with meniscus injury is a 
common knee disease which .1 It is estimated that the 
global prevalence of KOA among people over 40 years 
of age is 22.9%, and 75% of patients with symptomatic 
osteoarthritis have a meniscal injury.2,3 Patients usually 
present with simultaneous damage to the knee joint 
cartilage and meniscus that are often accompanied by 
knee joint pain, swelling, and joint dysfunction, which are 
usually exacerbated during activity and can be relieved 
by rest or ice application.1,4 Pain and swelling can lead to a 
decrease in the range of motion of the patient’s knee joint, 
as well as limited joint bending and extension, which can 
have a serious impact on the patient’s daily life and work 
ability.5,6 Therefore, patients with KOA accompanied by 
meniscus injury must seek medical attention as soon as 
possible to develop appropriate treatment plans.
 Currently, the proposed treatment methods for 
KOA include physical therapy, non-steroidal anti-
inflammatory drugs, and intra-articular injection 
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ABSTRACT
Objective: To determine the efficacy of extracorporeal shock wave (ESW) combined with autologous platelet-rich 
plasma (PRP) therapy on knee osteoarthritis (KOA) with meniscus injury in terms of pain relief, functional outcome 
and complications.
Methods: This is a retrospective observational study. Clinical data of 144 patients with KOA accompanied by medial 
meniscus injury, who received treatment in Jilin Provincial People’s Hospital from March 2021 to December 2022, 
were retrospectively evaluated. A total of 128 patients (81 males and 47 females) were finally included in the study 
after screening. Of them, 45 patients received PRP treatment (PRP-group), 43 patients received ESW treatment (ESW-
group), and 40 patients received ESW combined with PRP treatment (Combined-group). The relief of knee joint pain 
and functional improvement among three groups of patients were compared.
Results: After treatment, visual analogue scale (VAS), Lequesne, and Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) scores of patients in the Combined-group were significantly lower than those in the 
other two groups (p<0.05). Combined ESW-PRP treatment was associated with significantly greater joint range of 
motion of patients compared to ESW and PRP alone (p<0.05). The total incidence of related complications in the 
Combined-group was lower compared to the other two groups (p<0.05).
Conclusions: Compared with PRP or ESW treatment alone, ESW combined with PRP for KOA with meniscus injury can 
better alleviate pain, achieve faster functional recovery, and significantly reduce complications.
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of hyaluronic acid (HA). However, the efficiency of 
these methods is limited.7 Lately, the use of alternative 
methods, such as extracorporeal shock wave (ESW) 
and platelet-rich plasma (PRP) therapy became more 
popular in treating KOA with meniscus injury. ESW is a 
non-invasive therapy that uses the emission of acoustic 
waves to penetrate tissues, producing a number 
of beneficial effects, such as pain relief, reducing 
the levels of calcium deposits in musculoskeletal 
structures, vascularization, etc.8 PRP therapy emerged 
as a promising treatment for numerous diseases, from 
dermatological to musculoskeletal. It is based on the 
injection of autologous blood-derived product that 
is enriched in platelets and platelet-related growth 
factors.9 
 Recent studies have  showed that both ESW and 
platelet rich plasma (PRP) injection have certain 
therapeutic effects in treating KOA and meniscus 
injury.10-12 However, evidence on ESW combined with 
PRP treatment is limited.13 In this study, we aimed to 
determine the efficacy of ESW combined with autologous 
PRP therapy on KOA with meniscus injury in terms 
of pain relief, functional outcome and complications, 
and to provide reference and suggestions for clinical 
healthcare providers.

METHODS

 This is a retrospective observational study. Clinical 
data of 144 patients with KOA accompanied by medial 

meniscus injury, who received treatment in Jilin Provincial 
People’s Hospital from March 2021 to December 2022, 
were retrospectively analyzed. Of them, five patients 
withdrew from the treatment halfway, four patients were 
diagnosed with malignant tumors, four patients had 
serious nervous system disease, and three patients were 
lost for follow-up. Finally, 128 patients (81 males and 47 
females) were included in the study. Forty-five patients 
received simple knee joint cavity puncture injection of 
autologous PRP and were assigned to the PRP-group; 
43 patients received ESW treatment and were assigned 
to the ESW-group; 40 patients received ESW combined 
with PRP treatment and were assigned to the Combined-
group, (Fig.1).
Inclusion criteria:
• Patients aged 45-80 years old;
• Unilateral KOA with medial meniscus injury 

confirmed through magnetic resonance imaging, 
X-ray, computer tomography (CT), and other 
examinations;14,15

• The Kellgren Lawrence grading of the knee joint is 
Grade-I or Grade-II;

• Meniscal injury of Stoller Grade-III.
• Complete treatment for more than five weeks;
• Patients with complete clinical data and follow-up 

information.
Exclusion criteria:
• Serious comorbidities involving lungs, heart, kidneys, 

etc.;

Fig.1: Flowchart of the patient selection process.
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• Immunosuppressive diseases;
• Patients with knee joint deformities, gouty arthritis, 

or rheumatoid arthritis
• Severe allergy history, severe diabetes, cancer, etc.;
• Presence of cognitive impairment and mental illness.
Ethical Approval: All processes of this study fully 
comply with the relevant rules and regulations of the 
Medical Ethics Committee of Jilin Provincial People’s 
Hospital (Approval No.: JXF23092950; Date: 2023-06-
28).
Treatment protocols: Patients in the PRP group, ESW 
group, and Combined group received PRP, ESW, and 
ESW combined with PRP, respectively.
PRP group: Elbow median venous blood (150 mL) 
was drawn from the patient. After anticoagulation 
treatment, the blood was divided into three layers by 
gradient centrifugation. The upper supernatant and 
lower layer were platelet plasma and red blood cells, 
respectively, and PRP was the intersection of the upper 
and lower layers. The extracted PRP was aliquoted 
and stored at -80 0C. Before treatment, one aliquot of 
PRP was thawed in a 37 0C water bath. During the 
injection, the patient was in a sitting position with a 
90-degree knee flexion. After local anesthesia, the 
needle was inserted into the middle triangular space 
of the patella, femur and tibia at a depth of 2.0-2.5 cm. 
PRP injection was performed if there was no resistance 
during the injection and there was no accumulation of 
fluid during the withdrawal. The injection volume was 
5ml. Treatment was carried out once a week for five 
consecutive weeks.
ESW group: The treatment machine (model: 
MASTERPULSMP-100) produced by STORZ company 
in Switzerland was used. X-ray film, combined with 
pain points to locate the site of bone hyperplasia, was 
used. The ESW focus was carefully selected to avoid 
nerves and large blood vessels. Hydrogel was applied 
on the skin. During treatment, the energy flow density 
was controlled within the range of 0.12-0.20mJ/mm2, 
and the number of shocks was 1000-2000. Treatment 
was done once per week, five times as a treatment 
course.
Combined group: PRP treatment was followed by ESW 
treatment after 15 to 20 minutes interval. The PRP 
treatment method was the same as the PRP group, and 

the ESW treatment method was the same as the ESW 
group. For patients experienced swelling and pain 
after treatment, oral non-steroidal anti-inflammatory 
drugs might be taken if necessary.
Observation indicators: All patients were instructed 
for functional rehabilitation exercises after treatment, 
and followed up and evaluated for pain relief and 
functional outcome after two months of treatment. 
Changes in knee joint pain. Pain Visual Analog Scale 
(VAS) was used to assess the degree of pain in patients. 
VAS has a score of 0 to 10, with 0 being painless and 
10 being the most severe pain. The higher the score, 
the more severe the pain.16 Rehabilitation of knee joint 
function, as evaluated using the Queisen Functional 
Calculus Index (Lequesne Score), which includes 
the longest walking distance (1-8 points), pain or 
discomfort (0-8 points), and daily life dysfunction 
(0-8 points). The higher the score, the more severe the 
condition and the worse the functional condition.17 
Simultaneously, Western Ontario and McMaster 
Universities Osteoarthritis Index Score (WOMAC) 
was used to evaluate patients’ bone and joint pain, 
stiffness, and physical dysfunction. This scale contains 
24 questions and is divided into three subcategories: 
pain (five items), stiffness (two items), and physical 
dysfunction (17 items). The degree of discomfort 
experienced by patients in daily activities were 
quantified through the form of differential answers to 
relevant questions. Lower scores indicate better joint 
function.18 Changes in knee joint range of motion and 
finally the occurrence of complications such as joint 
swelling and infection.
Statistical analysis: Data were analyzed using 
SPSS 25.0 (IBM Corp, Armonk, NY, USA). Based on 
the normality of distribution, as evaluated by the 
Shapiro-Wilk test, continuous variables were reported 
as mean and standard deviation (SD) or median 
and interquartile range (IQR). One-way analysis of 
variance (ANOVA) was used to evaluate the statistical 
significance of continuous variable differences among 
the three groups, and the LSD method was used for 
post-hoc pairwise comparison. Kruskal-Wallis H was 
used to test the difference among the three groups 
for non-normal distribution data, and Nemenyi test 
was used to compare each two groups. The counting 
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Table-I: Comparison of general data between the two groups.

Group n
Gender (case)

Age (years) Course of disease 
(month)

K-L classification (case)

Male/female Class-I Class-II

PRP-group 45 27/18 65(63, 71) 24(18, 25) 26 19

ESW-group 43 28/15 64(62, 69) 18(15, 25) 27 16

Combined-group 40 26/14 65.5(64.5, 72) 22.5(17, 25) 26 14

χ2/H 0.322 5.715 5.297 0.499

p 0.851 0.057 0.071 0.779
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data was represented by the number of cases using 
chi square test. The difference in comparison was 
considered statistically significant at p<0.05.

RESULTS

 A total of 128 patients were included in the study, 
including 81 males and 47 females. Age ranged from 52 
to 82 years, with a median age of 65 (63, 71) years. The 
course of the disease was 9-35 months, with a median of 
21 (16, 25) months. There was no statistically significant 
difference in the baseline data between the three groups 
(p>0.05) (Table-I). 
 No significant difference was found in the VAS, 
Lequesne, and WOMAC scores between all groups 
before treatment (p>0.05). After treatment, VAS, 
Lequesne, and WOMAC scores of the three groups of 

patients were significantly lower than before treatment. 
Combined ESW-PRP treatment was associated with 
significantly lower scores than the other two groups 
(p<0.05) (Table-II).
 There was no statistically significant difference in the 
knee joint mobility among the three groups of patients 
before treatment (p>0.05). After treatment, the level 
of knee joint mobility of all groups was significantly 
improved, and was markedly higher in the Combined-
group compared to the other two groups (p<0.05) (Table-
III). Compared with the PRP-group and ESW-group, the 
total incidence of complications such as joint infection 
and swelling was significantly lower in the Combined-
group (p<0.05). There was no statistically significant 
difference in the total incidence of complications between 
the ESW-group and the PRP-group (p>0.05) (Table-IV).
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Table-II: Comparison of VAS, Lequesne, and WOMAC score among the three groups.

Index Time PRP-group 
(n=45)

ESW-group 
(n=43)

Combined-group 
(n=40) F/H p

VAS scores
Before treatment 7(6, 8) 6(5, 7) 6(6, 8) 4.405 0.111

After treatment 4(3, 5)a 3(2, 4)a 2(2, 4)a 11.728 0.003

Lequesne 
score

Before treatment 10(9, 12) 10(9, 12) 9.5(9, 12) 0.796 0.672

After treatment 6(5, 8)a 6(5, 8)a 5(4, 6)a 9.593 0.008

WOMAC 
score

Before treatment 35.3±5.4 34.2±6.1 34.1±7.0 0.442 0.644

After treatment 16.9±4.7a 16.5±5.0a 13.2±3.9a 8.403 <0.001

Note: Compared to the same group before treatment, ap < 0.05.

Table-III: Comparison of knee motion among the three groups.

Group n Before treatment After treatment

PRP-group 45 92(86, 98) 115(98, 123)a

ESW-group 43 89(86, 94) 112(105, 116)a

Combined-group 40 91(86, 93.5) 126(113, 130.5)a

H 1.253 17.977

p 0.534 <0.001

Note: Compared to the same group before treatment, ap < 0.05.

Table-IV: Comparison of the occurrence of related complications among the three groups.

Group n Joint infection Joint swelling Hemarthrosis Total

PRP-group 45 3 (6.7) 3 (6.7) 2 (4.4) 8 (17.8)

ESW-group 43 4 (9.3) 5 (11.6) 2 (4.7) 11 (25.6)

Combined-group 40 0 (0) 1 (2.5) 1 (2.5) 2 (5.0)

χ2 6.496

p 0.039
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DISCUSSION

 Our study showed that a combined ESW-PRP 
treatment was associated with a more significant 
effect and fewer complications compared with ESW 
or PRP treatments alone. Our results indicated that 
the combined treatment plan can be recommended in 
patients with KOA and meniscus injury. Our results 
are generally consistent with the findings by Su et al.19

 PRP contains various growth factors and cytokines, 
which can effectively promote repair and regeneration 
processes, and reduce inflammatory reactions.10,20 ESW 
treatment can alleviate joint pain by inhibiting the 
activation pathway of inflammatory cells.11,12 Studies 
show that the release of energy during ESW treatment 
markedly improves local microcirculation, increases 
tissue metabolism levels, accelerates wound healing, 
and better alleviates joint pain.11,12,21 Guler et al.22 

pointed out that ESW treatment may also alleviate pain 
perception by affecting neural conduction. Therefore, 
it is plausible that the combination of ESW and PRP 
in the treatment of KOA patients with meniscus injury 
can exert joint pain relief effects through different 
pathways, thereby achieving more efficient long-term 
pain relief.10-12,20-22

 The results of our study showed that the post-
treatment Lequesne and WOMAC scores of patients 
in the Combined-group were significantly lower 
than those in the PRP-group and ESW-group. The 
application of ESW combined with PRP treatment, 
therefore, is significantly more efficient in improving 
knee joint function. Gatz M et al.23 found that PRP 
combined with ESW treatment significantly improved 
joint function recovery and overall rehabilitation 
outcomes in KOA patients. The components in PRP 
can stimulate the activation and differentiation of 
stem cells, promote the proliferation and synthesis of 
chondrocytes, thereby enhancing the repair ability of 
cartilage tissue, reducing joint wear, and playing an 
overall promoting role in cartilage repair.20,23

 Moreover, higher levels of growth factors in PRP can 
promote synovial fluid secretion, alter synovial fluid 
composition, and thus improve joint lubrication.22,23 
Paget LDA et al.24 showed that PRP contains anti-
inflammatory factors and offers significant advantages 
in treating arthritis and other chronic inflammations. 
Qiao HY et al.25 reported that KOA patients who received 
ESW treatment showed significant improvement 
in knee joint function compared to that before the 
treatment. ESW treatment can inhibit the activation of 
inflammatory cells, alleviate inflammatory response 
pathways, effectively lower joint pain, and improve 
joint function.26

 Additionally, ESW treatment can successfully 
promote local angiogenesis and secretion of growth 
factors, which is beneficial for better recovery of 
knee joint function.23,25 Therefore, the combination of 
PRP and ESW treatment can further enhance these 
effects and help patients with KOA accompanied by 

meniscus injury achieve more ideal long-term efficacy 
in improving knee joint function.
 Our study found that the incidence of complications 
in the Combined-group was significantly lower 
compared to the other two groups. We speculate 
that the combined treatment of PRP and ESW can 
accelerate wound healing, promote faster recovery of 
normal soft tissue structure and function, and thereby 
reduce the risk of postoperative complications such 
as hematoma and infection in patients.23-26 Guo J et 
al.27 found that patients treated with ESW combined 
with PRP had fewer related complications and 
demonstrated significantly faster recovery speed, 
which is consistent with the results of our study. In 
recent years, numerous reports have shown that a joint 
cavity contains significant amount of hyaluronic acid 
(HA) that has a joint lubrication effect.20,28 As sodium 
hyaluronate can effectively provide joint lubrication 
and reduce friction, we propose that a combined HA-
PRP treatment may better meet the needs of different 
patients.

Limitations: This is a single-center retrospective study 
with a small sample size and some selection bias. 
Patients who withdraw from treatment midway may 
have experienced complications or adverse reactions 
that remained unaccounted for. Additionally, we were 
unable to collect specific treatment parameters, treatment 
time, and ESW impact frequency. Furthermore, the type 
of meniscal tear was not analyzed, which may also 
have an impact on the clinical efficacy of the treatment. 
Therefore, further prospective controlled trials and 
long-term follow-up are needed to verify the therapeutic 
effect of ESW combined with PRP.

CONCLUSION

 Compared with PRP or ESW treatment alone, ESW 
combined with PRP for KOA with meniscus injury can 
better alleviate pain, achieve faster functional recovery, 
and significantly reduce complications.

Funding: Science and Technology Project of Jilin 
Provincial Health Commission (2020Q043).
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