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Abstract

Objectives: To investigate the effects of the radial extracorpo-
real shockwave therapy (rESWT) on the patients with Knee Osteo-
arthritis (KOA) and explore whether improvement of rESWT plus 
treatment sites based on the soft tissue surgery theory is superior 
to that of conventional rESWT for KOA.

Methods: 240 patients were randomly and equally divided into 
control group (C group), conventional treatment group (CT group), 
and modified treatment group (MT group). Patients in three groups 
were separately treated with sham rESWT, conventional rESWT, 
and rESWT plus treatment sites based on the soft tissue surgery 
theory once a week for 4 weeks. The outcomes were evaluated 
with the Numerical Rating Scale (NRS), Western Ontario and Mc-
Master Universities Osteoarthritis index (WOMAC), and a 36-item 
short-form health survey (SF-36).

Results: Overall analysis, every outcome among the three 
groups showed statistical differences (P  < 0.05). Compared with 
those of the MT group, the NRS of the other two groups were high-
er (P < 0.05). Compared with the C group, the NRS and WOMAC 
total scores in the other two groups were lower, while the scores 
of SF-36 were higher  (P < 0.05). The WOMAC pain score in the 
MT group was lower than that in the CT group at the 3rd and 6th 
months after treatment (P < 0.05).

Conclusions: rESWT could effectively relieve pain and improve 
the knee function and living quality of KOA patients. According to 
the theory, soft tissue surgery can further enhance the therapeutic 
efficacy for KOA patients.

Keywords: Knee osteoarthritis; Extracorporeal shock wave 
therapy; Theory of soft tissue surgeryIntroduction

Osteoarthritis (OA) is a kind of joint degenerative disease 
that can seriously affect patients' quality of life, and knee osteo-
arthritis (KOA) is the most common clinical type in middle-aged 
and elderly people. The prevalence of KOA is about 8.1%, and 
it is higher in women (10.3%) than in men (5.7%). The high inci-
dence age of patients is 40-75 years old, and the incidence rate 
gradually increases with age [1-3]. KOA is a musculoskeletal dis-
ease that is often manifested as pain, deformity, and dysfunc-
tion of the knee joint. KOA can even be as disabling as diabetes, 
which significantly reduces the patient's quality of life [4]. With 

the combined effects of aging and an increasing obesity popula-
tion, the prevalence of KOA is further increasing, placing a large 
and increasing burden on affected individuals, the healthcare 
system, and the socioeconomic costs of treatment [3]. Chronic 
pain and limited function in activities of daily living frequently 
plague patients with KOA, many patients are unable to perform 
their jobs due to pain. Therefore, the main goal of KOA manage-
ment is to control pain, improve joint function, and ultimately 
improve the quality of life [5]. At present, non-invasive treat-
ment methods are highly recommended and considered as a 
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first-line treatment for KOA [6]. On the one hand, the organ 
function of the elderly is impaired, and their tolerance to sur-
gical treatment is significantly decreased. For these patients, 
more conservative treatment methods are often used [7-9]. 
Physical therapy, on the other hand, is thought to have fewer 
side effects than non-steroidal anti-inflammatory drugs and in-
tra-articular injections and to be more beneficial than exercise 
therapy in reducing joint pain and improving joint function [10].

Radial extracorporeal shock wave therapy (rESWT) is a non-
invasive physical therapy technique emerging in recent years. 
rESWT has the advantages of being noninvasive, with few com-
plications, and no need for hospitalization. rESWT is favored 
for the treatment of soft tissue pain due to its favorable anti-
inflammatory effect [11]. Several studies [12,13] described the 
positive effects of rESWT in knee OA. Nevertheless, in one prior 
clinical trial [14], rESWT was not efficient for managing patients 
with disabling pain as a result of primary knee OA. How to im-
prove the efficacy of rESWT in treating KOA and maintain long-
term improvement has been a growing concern, with the focus 
mainly on energy, frequency, treatment cycle, and so on [15]. 
However, the study on adjusting the treatment site of rESWT to 
improve efficacy is rarely mentioned.

In the past few years, according to the new understanding 
proposed in the soft tissue surgery theory created by Dr. Xuan 
Zheren, we used rESWT by increasing the treatment sites such 
as the thigh root and the lateral hip region to seek an elevated 
efficacy. However, our preliminary study has some shortcom-
ings, such as a lack of a blind method, one single center, and a 
too small sample size. Here, we conduct this multicenter, pro-
spective, double-blind randomized controlled trial to further 
validate its efficacy.

Methods

Trail Design

This double-blind, randomized, controlled trial with a paral-
lel group design was conducted domestically at 3 medical cen-
ters in China. Patient enrollment took place from April 2021 to 
July 2022.

Participants

The initial sample size calculation was based on the pri-
mary efficacy outcome, defined as the difference between the 
modified rESWT and the conventional rESWT measured by the 
change from baseline to 6 months in the Western Ontario and 
McMaster Universities osteoarthritis indexs (WOMAC) score. 
Assuming the significance level of 5%, the test power of 80%, 
and the loss of follow-up rate of 10%. Using these parameters, 
we calculated that we needed a minimum 79 participants in 
each group by PASS 11 [16,17]. A total of 240 patients with KOA 
were randomly assigned to receive each treatment group with 
the use of a computer-generated random list. Among them, 
there were 74 males and 166 females, aged 62.10 ± 10.56 years, 
course of disease 7.84 ± 6.00 months, unilateral lesions in 149 
patients, and bilateral lesions in 91 patients. Prior to the start 
of the trial, all patients gave their written informed consent to 
participate in the study.

Inclusion Criteria

Eligible patients were men and women with over a 6-month 
history of symptoms of knee osteoarthritis. Participants with 
clinical knee osteoarthritis were diagnosed by rehabilitation 
physicians in accordance with the 2018 Chinese Guidelines 

for the Diagnosis and Treatment of Osteoarthritis [18]. In this 
research, presentable knee OA patients, defined as Kellgren-
Lawrence classification grade I-III, were included [19]. Patients 
had knee pain on most days of Numerical Rating Scales (NRS) > 
4 on their worst knee over the past month. The side with more 
severe symptoms was selected as the target knee in patients 
with bilateral knee osteoarthritis. When the symptoms of the 
2 knees were similar, the right knee was selected as the target 
knee for evaluation. Moreover, there are highly sensitive ten-
derness points at the attachment of the adductor muscles and 
hip abductor in the patient.

Exclusion Criteria

Key exclusion criteria included the previous joint replace-
ment, a history of joint injection, physical therapy in  the 
last  month, joint infection, tumor, or any major concomitant 
diseases that could interfere with participation in the trial. Par-
ticipants with a history of diagnosis of significant neurologic or 
psychiatric impairments would be excluded in view of their dif-
ficulty in objectively answering the questionnaire.

Interventions

240 subjects were randomly divided into the control group 
(Group C), the convention treatment group (Group CT), and the 
modified treatment group (Group MT). 80 cases were engaged 
in each group. The following three treatment sites were select-
ed, including the area around the knee joint (Site 1), the root 
of the thigh (Site 2), and the lateral hip area (Site 3). In Group 
C, the three sites were treated with placebo therapy. The D15 
probe was used at site 1, and the D20 probe was used at sites 
2 and 3. The parameters of therapy included a total of 4000 
pulses of 10 Hz frequency at 5.0 bars of pneumatic pressure 
(prevent blind method failure, only increase the probe vibra-
tion sensation, and no impact energy into the treatment area). 
The first 2000 pulses were distributed to site 1. The remaining 
2000 pulses are evenly divided into two parts, impacting site 
2 and site 3, respectively. In Group CT, only Site 1 was treated 
with shockwave therapy, and Site 2 and Site 3 were treated with 
placebo therapy. For the treatment of Site 1, the D15 probe was 
selected, and the treatment handle mounted with the bullet 
was used to select the impact energy of 1.5 bar and the impact 
frequency of 10 Hz, totaling 2000 pulses. For treatment of Site 
2 and Site 3, the D20 probe was used, and the bullet was taken 
out for placebo treatment; the treatment energy was set at 5.0 
bar; the impact frequency was 10 Hz; 1000 pulses for each site, 
once a week, four times as a course of treatment. In Group MT, 
the D15 probe was used in part 1, and the D20 probe is used in 
parts 2 and 3. The impact probe installed with the bullet was 
used, and the impact frequency was selected as 10 Hz. Impact 
energy of 1.5 bar was set for Site 1 (2000 pulses) and Site 2 
(1000 pulses), while 2.0 bar was set for Site 3 (1000 pulses). The 
treatment cycle was once a week for 4 weeks in all groups. No 
anesthetic drugs or sedatives were used, and the adverse reac-
tions of patients were observed and recorded.

Blind Method

Each research unit consisted of an extracorporeal shock 
wave therapy device (STORZ MP-100, Switzerland), subjects, 
shock wave operators, device debuggers, and data manag-
ers. The subjects were randomly assigned to the correspond-
ing group according to the established experimental protocol. 
During the treatment process, both the operator and the sub-
ject wore soundproof earplugs (Ohrfrienden, Germany) and 
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noise-reducing earphones (Boss, Germany) to prevent differ-
ent sounds from affecting the implementation of the blinding 
method. The device debuggers were responsible for replacing 
the shock wave probes, loading bullets, and setting parameters 
without the knowledge of the operator and subject. To prevent 
parameter leakage, it was necessary to cover the instrument 
screen with an opaque cloth after debugging. The data man-
agers responsible for data collection and analysis were not in-
volved in the treatment process and could not distinguish the 
groups of subjects when evaluating the results. After all results 
statistics were completed, the blind could be unblinded. After 
the unblinded process, the control group was given four times 
of supplementary therapy.

Outcome Measures

All patients were evaluated by an investigator who was blind 
to the group allocation and data acquisition at baseline, 1 week, 
1 month, 3 months, and 6 months after intervention, respec-
tively. The NRS and WOMAC were recorded for each study 
unit before treatment and at 1 week, 1 month, 3 months, and 
6 months after treatment. 36-item Short-Form health survey 
(SF-36) scores were recorded before treatment and at 1, 3, and 
6 months after treatment. Knee pain intensity was evaluated 
with NRS, which consists of 11 numbers with the same inter-
val between 0 and 10, with marking endpoints as no pain and 
worst possible pain. WOMAC was a three-part questionnaire, 
which consisted of 24 questions and probed clinically important 
symptoms in the areas of pain, stiffness, and physical function 
for patients with OA of the knee. SF-36 was used for evaluating 
the quality of life, including the physical component and mental 
component. 

For the subjects with NRS 4 in a resting state, they were en-
couraged to take celecoxib for pain relief (specification: 200 
mg / tablet). For subjects taking painkillers, they need to stop 
the medication for one day before evaluation, and the amount 
of painkillers should be recorded. Adverse events such as diz-
ziness, palpitations, chest tightness, local ecchymosis, and he-
matoma were recorded. The dosage of analgesics and adverse 
events were noticed closely throughout the entire trial process.

Statistical Analysis

IBM SPSS Statistics 23 statistical software was used for sta-
tistical analysis. The measurement data of continuous normal 
distribution were expressed as mean ± standard deviation (

SDX ± ), while the measurement data of non-normal distribu-
tion were expressed as median (M) and interquartile distance 
(IQR). Analysis of variance (ANOVA) was used for comparison 
of continuous variables. Repeated measure analysis of variance 
was used to compare the results of NRS, WOMAC total score 
and SF-36 scale before and after treatment. Kruskal-Wallis rank 
sum test was used to compare WOMAC pain score, WOMAC 
stiffness score, and WOMAC activity function score among 
three groups. WOMAC pain score, WOMAC stiffness score, 
and WOMAC activity function score were compared within the 
group by Friedman test.

RESULTS

Characteristics of the Patients

Figure 1. shows the flow of enrollment in the study. A total 
of 240 patients with knee osteoarthritis were included in this 
study, of which 29 dropped out during follow-up period. The 
general characteristics of the patients in each group are dis-

played in table 1. There are no statistical differences concern-
ing age, gender, duration of complaint, lesion side, body mass 
index, NRS, WOMAC score and SF-36 score among the three 
groups.

Outcomes

NRS

The results of the repeated measures ANOVA demonstrated 
significant differences in NRS between patients in the MT group, 
CT group and the C group (P < 0.001). Additionally, significant 
differences were observed at each time point (P < 0.001), and 
a cross-over effect was identified between the groups and time 
(P < 0.001). Three groups experienced a decrease in NRS, but 
the decrease was more pronounced in the MT group. The NRS 
in CT group showed an upward trend from the 1st month to 
the 6th month after the treatment, indicating that the pain may 
recur. The NRS in C group at all time points after treatment were 
worse than those in MT group and CT group (all P < 0.001). NRS 
scores in MT group were better than those in CT group at 3 and 
6 months after treatment (all P < 0.001) (Figure 2).

Table 1: General data of the three groups of patients.

Characteristic
MT group 

(n=76)
CT group 

(n=75)
C group 
(n=60)

P Value

Age, y 62.75±10.65 61.84±10.49 60.80±10.14 0.558

Male gender, % 18.42% 30.67% 25.00% 0.217

Body mass 
index, kg/m2 23.34±2.54 23.36±2.69 23.48±2.08 0.941

Duration of 
complaints, m

7.79±6.26 8.33±6.24 8.03±6.57 0.870

Unilateral pain, 
%

61.84% 66.67% 65.00% 0.821

NRS 5.30±0.88 5.13±0.91 5.05±0.87 0.234

WOMAC

Total points 30.00±13.39 28.61±13.06 29.18±7.19 0.770

Pain score 6.11±2.83 5.67±3.28 5.50±2.21 0.428

Stiffness score 2.42±1.84 2.39±1.79 2.58±1.23 0.755

Activity function 
score

21.47±10.82 20.56±9.84 21.10±5.70 0.831

SF-36

PCS 50.03±11.67 52.17±14.46 54.13±10.84 0.166

MCS 60.36±15.86 64.44±13.89 65.81±11.91 0.061
Note: Data are given as mean ± SD unless otherwise indicated.

Figure 1: Recruitment and flow of participants through the trial.
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WOMAC total Scores

The results of the repeated measures ANOVA demonstrated 
significant differences in WOMAC total scores between patients 
in the MT group, CT group and the C group (P < 0.001). Addition-
ally, significant differences were observed at each time point 
(P < 0.001), and a cross-over effect was identified between the 
groups and time (P < 0.001). Three groups experienced a de-
crease in WOMAC total scores, but the decrease was more pro-
nounced in the MT group. There were significant differences of 
the WOMAC total scores at 6th month after treatment among 
the three groups, however, those in MT group were superior to 
in CT group (P < 0.001) (Figure 3).

WOMAC Pain Scores

In CT group and MT group, there were significant differences 
in WOMAC pain scores at all time points (all P< 0.001), and the 
WOMAC pain scores after treatment were significantly lower 

than those before treatment. In MT group, the WOMAC pain 
score after treatment was significantly lower than that in the 
1st week after treatment, and the difference was statistically 
significant (1st month of post-treatment P = 0.018, 3rd month 
of post-treatment P = 0.001, 6th month of post-treatment P < 
0.001). WOMAC pain scores in the MT group were lower than 
those in the CT group at 3rd month and 6th month after the end 
of treatment, with statistical significance (3rd of post-treatment 
P = 0.027, 6th of post-treatment P = 0.019) (Figure 4A).

WOMAC Stiffness Scores

In Group CT and Group MT, there were significant differences 
in WOMAC stiffness scores at all time points (all P < 0.001), and 
the WOMAC stiffness scores after treatment were significantly 
lower than those before treatment, with statistical significance 
(all P < 0.001).

The WOMAC stiffness scores of the C group was higher than 
that of the MT group at all time points after treatment, and the 
difference was statistically significant (all P < 0.001) (Figure 4B).

WOMAC Activity Function Scores

In Group CT and Group MT, there were significant differenc-
es in WOMAC activity function scores at all time points (all P < 
0.001), and the WOMAC activity function scores after treatment 
were significantly lower than those before treatment, with sta-
tistical significance (all P < 0.001). In Group MT, the WOMAC 
activity function score after treatment was significantly lower 
than that in the 1st week after treatment, and the difference 
was statistically significant (1st month of post-treatment P = 
0.038, 3rd month of post-treatment P = 0.032, 6th month of post-
treatment P = 0.001) (Figure 4C).

Figure 2: Variation diagram of NRS before and after treatment 
(Score, SDX ± ).
*P＜0.05, NRS compared with the modified treatment group; 
#P＜0.05, NRS compared with the conventional treatment group.

Figure 3: Variation diagram of the total points of WOMAC before 
and after treatment (Score, SDX ± ). 
*P<0.05, WOMAC scores compared with the modified treatment 
group; #P<0.05, WOMAC scores compared with conventional treat-
ment group.

Figure 4: A. Comparison of WOMAC pain scores assessment 
among three groups of patients after treatment, B. Comparison 
of WOMAC stiffness scores assessment among three groups of pa-
tients after treatment, C. Comparison of WOMAC activity function 
scores assessment among three groups of patients after treatment 
(*P<0.05, WOMAC scores compared with the modified treatment 
group; #P<0.05, WOMAC scores compared with conventional treat-
ment group).

Figure 5: A. Variation diagram of the PCS scores of SF-36 scale be-
fore and after treatment (Score, SDX ± ). B. Variation diagram of 
the MCS scores of SF-36 scale before and after treatment (Score, 

SDX ± ). (*P<0.05, SF-36 scores compared with modified treat-
ment group; #P<0.05, SF-36 scale compared with conventional 
treatment group).
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Physical Component Summary (PCS) 

The results of the repeated measures ANOVA demonstrated 
significant differences in PCS between patients in the MT group, 
CT group and the C group (P = 0.001). Additionally, significant 
differences were observed at each time point (P < 0.001), and 
a cross-over effect was identified between the groups and time 
(P < 0.001). The overall level of PCS in the MT group and CT 
group was higher than that in the C group after treatment. 
Three groups experienced a rise in PCS, but the rise was more 
pronounced in the MT group and CT group. The PCS scores of C 
group at all time points after treatment were worse than those 
of MT group and CT group, and the differences were statisti-
cally significant (all P < 0.001). The PCS at the 6th month after 
treatment, there were significant differences among the three 
groups, and the PCS in MT group were better than those in CT 
group (P < 0.001) (Figure 5A).

Mental Component Summary (MCS) 

The results of the repeated measures ANOVA demonstrat-
ed significant differences in MCS between patients in the MT 
group, CT group and the C group (P = 0.003). Additionally, signif-
icant differences were observed at each time point (P < 0.001), 
and a cross-over effect was identified between the groups and 
time (P < 0.001). The overall level of MCS in the MT group and 
CT group was higher than that in the C group after treatment. 
Three groups experienced a rise in MCS, but the rise was more 
pronounced in the MT group and CT group. The MCS scores of 
C group at the 3th and 6th month after treatment were worse 
than those of MT group and CT group, and the differences were 
statistically significant (all P < 0.001) (Figure 5B).

Dosage

In the MT group, the dose was celecoxib capsule 0 (0, 0) (mg), 
and the total dose was celecoxib capsule (0.2g) 24×200mg. In 
the CT group, the dose was celecoxib capsule 0 (0, 0) (mg), and 
the total dose was celecoxib capsule (0.2g) 34×200mg. In the C 
group, the average dose was celecoxib capsule 1 (1, 3) (mg), and 
the total dose was celecoxib capsule (0.2g) 107×200mg. the C 
group used more celecoxib capsule than the other two groups 
(P<0.001).

Adverse Reactions

There were no obvious adverse reactions and complications 
in the three groups.

Discussion

In this trial, rESWT was found to be an effective and safe mo-
dality for improving pain and decreasing disability in patients 
diagnosed with moderate knee OA. To our knowledge, this re-
search first demonstrated the application of rESWT  based on 
the soft tissue surgery theory could further improve the efficacy 
of rESWT for KOA.

The theory of soft tissue surgery, which was proposed by 
Professor Xuan ZhR in the 1980s, has been increasingly ap-
proved in China and guides the physicians to treat the muscu-
loskeletal pain. Its core idea is that the pain is caused by aseptic 
inflammation and the pain improves by means of relaxation. 
The theory indicated that the aseptic inflammation was caused 
by the damage of the skeletal muscles, fascia, ligaments, joint 
capsules, synovium, adipose tissue outside the spinal canal, and 
adipose tissue inside the spinal canal in the human body. The 
theory indicates that the knee joint cartilage lacks innervation, 

and the wear and degeneration of cartilage is not the cause of 
joint pain, while aseptic inflammation of surrounding soft tis-
sue plays an important role. This academic thought was also re-
vealed in the report of Bokhari S [20]. At present, most studies 
are limited to the inflammation caused by tendon and ligament 
injuries around the joints, just like the CT group set up in this 
study. In addition, most research focused on the treatment en-
ergy, frequency, and disease staging, whereas research on the 
treatment site selection was rarely found. In the theory of soft 
tissue surgery, it is proposed that knee joint pain is usually relat-
ed to the downward transmission of sterile inflammation in the 
thigh root and outer side of the hip. So, the root of the thigh and 
the lateral hip area were chosen to be treated with rESWT for 
further KOA improvement. The detection of tenderness points 
indicates the presence of sterile inflammation, and tenderness 
points or pain trigger points are increasingly being valued in 
pain diagnosis and treatment. In this study, attachment sites of 
the tensor fasciae, latae muscle, and adductor were highly sen-
sitive to tenderness. A randomized single-blind study [21] dem-
onstrated that strengthening the lateral and adductor muscles 
of the hip could improve knee joint load, pain, and function. In 
summary, increasing the lateral and adductor muscles of the hip 
and targeted treatment for tenderness points play an important 
role in improving KOA.

rESWT, as a non-invasive treatment method, not only owns 
the anti-inflammatory, releasing, and improving soft tissue 
blood supply effects on muscles with contracture injuries but 
also takes a certain repair effect. Based on the theory of soft 
tissue surgery, we have explored the use of rESWT to treat knee 
osteoarthritis and have achieved some encouraging results only 
in our unit. Now, more rigorous and scientific clinical trials are 
needed to reverify these results and popularize this new ther-
apy method.

Due to the unique nature of shock wave therapy, it is almost 
impossible for therapists and patients to be double blind. So, 
in previous studies, the main measures were to reduce shock 
wave energy, fake therapy, or installing spacers in front of the 
treatment probe to reduce the deviation during the experimen-
tal process [22-24]. In order to ensure the success of the blind 
method, we added device debugging personnel to prevent the 
results of changing treatment parameters from being known by 
the therapist and used soundproof earphones to prevent differ-
ent noises generated by handles without bullet heads during 
the treatment process. Finally, after blind testing, it was found 
to be effective. To our knowledge, this blind method that bal-
ances visual and auditory aspects has not yet been designed 
by the previous researchers and may serve as a reference for 
future shock wave therapy research.

At present, there is no consensus on the long-term effica-
cy of rESWT in treating KOA. Our research has shown that in 
most patients, a 4-week course of ESWT is superior to placebo 
in relieving pain and maintains a 6-month benefit trend. The 
repeated measurement analysis of variance for NRS, WOMAC 
total score, and SF-36 scale scores showed that the MT and 
CT groups at all time points after treatment were significantly 
improved than those before treatment (all P < 0.05), while the 
MT and CT groups had an advantage over the C group at all 
same time points after treatment (all P < 0.05). The above re-
sults proved that rESWT could alleviate the joint pain, reduce 
the joint stiffness, improve the joint function, and enhance the 
patient's quality of life, whether it is the local treatment or the 
holistic treatment based on the soft tissue surgery theory.
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In addition, the NRS scores of the MT group were generally 
less than those of the CT group after treatment (all P < 0.05). 
It is worth mentioning that the NRS scores of the CT group 
showed a minor increase after 3 months of treatment. We con-
sidered that due to conduction of soft tissue damage in the hip 
and thigh roots, spasm of the soft tissue around the knee reoc-
curred, thereby resulting in the mild rebound of NRS scores at 
three months after treatment. At 3 months of post-treatment, 
the WOMAC pain scores in the MT group were prior to showing 
better than those in the CT group. This finding indicates that the 
pain reduction is a more sensitive indicator of efficacy in knee 
arthritis patients compared to the functional improvement. 
Like some non-drug treatment studies [25], both PCS and MCS 
improved in the ESWT group after treatment. Although there 
were no significant differences in MCS between the MT and CT 
groups at 6 months after treatment, significant differences may 
occur over a longer follow-up period based on the slope in the 
line graph. SF-36 has been widely used as an evaluation indica-
tor for knee arthritis, but it is seldomly used to evaluate the effi-
cacy of ESWT in treating knee arthritis. Chronic pain commonly 
takes a certain impact on the mental health of the subjects, and 
the poor mental health deteriorates the perception of pain of 
the subjects. The treatment of psychological problems plays an 
important role in pain improvement. The total psychological 
scores of the SF-36 scale can be used to quantify the mental 
and mental health problems caused by KOA and to evaluate 
the therapeutic effects from the mental dimension [26]. Based 
on the results of our study, this questionnaire scale is suitable 
for use here and is worth promoting. Similar to the abnormal 
situation of NRS, the total scores of WOMAC in the CT group 
showed an upward trend from 1 month after treatment to 3 
months after treatment, while PCS showed a downward trend. 
However, the total scores of WOMAC in the MT group showed 
a downward trend at various time periods after treatment; the 
scores of PCS indicated an upward trend. At 1, 3, and 6 months 
after treatment, the WOMAC pain scores and WOMAC activity 
function scores further decreased. These results indicate that 
in the short term after treatment there are no significant differ-
ences of efficacy between the CT group and the MT group, but 
the long-term efficacy of the MT group is superior to that of the 
CT group. This finding is basically consistent with our prelimi-
nary experimental results [27]. For most KOA patients (exclud-
ing those with only tenderness points around the knee joint), if 
the treatment is limited to the knee joint but does not address 
the sterile inflammation in the primary lesion areas such as the 
lateral hip area and adductor muscle group, the long-lasting 
improvement may not be guaranteed. No serious adverse re-
actions or side effects occurred in the three groups except for 
minor local bruising in some patients during treatment, which 
proves that rESWT is safe and reliable and could be introduced 
for outpatient treatment.

Limitation

Patients in the control group only received the basic treat-
ment such as health education, weight control, functional exer-
cise, and remedial medication for pain, while during the rESWT 
treatment a treatment handle with the removed bullet was 
unable to produce a practical therapeutic effect. This resulted 
in poor treatment effectiveness for the control group patients, 
due to the higher numbers of the lost visits and excluded pa-
tients compared to the other two groups. Lack of objective in-
dicators with high sensitivity evaluates the change in KOA. Our 
data covered only 6 months, and the sustained effects for lon-
ger duration remain unknown.

Conclusion

This study verified that rESWT for KOA was safe and effec-
tive. rESWT could not only relieve pain but also improve knee 
function and the life quality of patients. Based on the theory 
of soft tissue surgery, increasing treatment sites could further 
improve the therapeutic effects of rESWT.
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