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Abstract
Background: This study tested the hypothesis that a combination of intra-articular injection of hyaluronic
acid (HAi) and radial extracorporeal shock wave therapy (rESWT) is more effective than HAi alone in the
treatment of symptomatic, primary focal osteochondral lesions of the patella (sPFOLP).

Methods: We performed a retrospective analysis of n=81 subjects with unilateral sPFOLP who were
treated with respectively HAi+rESWT (n=36) or HAi alone (n=45) at the outpatient department of our
hospital between January 1st, 2014 and January 31th, 2018. Subjects in both cohorts also received
education with special attention to reduction of going up and down the stairs, squatting and speci�c
activities, as well as non-opioid analgesics if necessary. E�cacy was assessed using the pain visual
analogue scale (VAS) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
score, which were examined at baseline (BL) and six weeks (W6), three months (M3) and six months (M6)
after BL, as well as during a last follow-up examination (LE) which was performed at 37.6 ± 1.7 (mean ±
standard error of the mean) months after BL (range, 12-59 months). In addition, measurements of the
area of the patellar bone marrow edema (PBME) on sagittal, fat suppression sequence magnetic
resonance imaging (MRI) scans of the knee were performed at BL, M3, M6 and LE.

Results: Subjects who were treated with HAi+rESWT showed signi�cantly smaller mean VAS pain scores
at W6, M3 and M6, signi�cantly smaller mean WOMAC scores at W6, M3 and LE and signi�cantly smaller
mean PBME areas at M3, M6 and LE than subjects who were treated with HAi alone. No severe adverse
events were observed.

Conclusion: The results of this study suggest that HAi+rESWT is safe and more effective than HAi alone
in the treatment of sPFOLP. This result should be veri�ed in adequate randomized controlled trials.

Level of Evidence: Level III; retrospective two-cohort study.

Background
Osteochondral lesions of the knee, which are often a�liated with trauma or degeneration, are very
common [1-5]. The patella has been identi�ed as the most common location of chondromalacia [6]. Focal
chondral and osteochondral lesions of the patella are characterized by knee dysfunction and pain, which
is aggravated when going up and down the stairs and squatting [5]. The disease may substantially limit
common movements in daily life, such as rising from a chair, going up and down the stairs and climbing
hills.

The pathogenesis of osteochondral lesions of the patella is still under investigation. It has been
hypothesized that adverse stress stimulation or local microcirculation disturbance may be critically
involved in the pathogenesis of symptomatic, primary focal osteochondral lesions of the patella
(sPFOLP) [7].
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The main complaint in the early stage of sPFOLP is pain in the absence of obvious abnormalities
observed on radiographs, whereas magnetic resonance imaging (MRI) scans can show focal avascular
necrosis or signals of bone marrow edema (BME) in the subchondral bone of the patella [7, 8]. With
progression of sPFOLP radiographs and MRI scans can show gradually narrowing of the patellofemoral
joint space, cartilage surface defects, subchondral bone sclerosis and cystic degeneration [8]. In case of
severe degeneration the �nal progress may be osteoarthritis (OA) of the whole knee joint.

Current treatment options of sPFOLP focus on reducing certain activities in daily life including going up
and down the stairs, squatting, strenuous running and jumping, as well as local or oral use of analgesics,
physical therapy, etc. [9]. Another option is intra-articular injection of hyaluronic acid (HAi) or platelet rich
plasma into the knee joint [9-11]. However, these treatments do often not result in long-lasting pain relief
and improvement of function [9, 10]. Surgical treatment options include bone marrow stimulation,
implantation of autologous chondrocytes, minced cartilage scaffolds, osteochondral autografts,
osteochondral allografts or structural synthetic scaffolds, and patellofemoral arthroplasty [9, 12].
However, these treatments have some drawbacks, including the potential for complications, a lengthy
recovery and a failure rate of up to 23% in case of osteochondral allograft transplantation [9, 13]. Thus,
there is need to identify and validate novel therapeutic options for improving treatment e�cacy and
slowing down the progression of sPFOLP.

Over the past decades extracorporeal shock wave therapy (ESWT) has emerged as a promising treatment
for many musculoskeletal conditions [14-16]. In particular, ESWT has shown therapeutic value for treating
avascular necrosis of the femoral head [17-20] and osteochondral lesions of the talus [21].

We started to treat sPFOLP with a combination of HAi and radial extracorporeal shock wave therapy
(rESWT) at our hospital (Center for Joint Surgery, Southwest Hospital, Third Military Medical University
(Army Medical University), Chongqing, China) already in 2014. Subjects who do not want to be treated
with rESWT are offered HAi alone.

This retrospective study evaluated the e�cacy and safety of treating sPFOLP with respectively
HAi+rESWT or HAi alone. The hypotheses were that (i) treatment of sPFOLP with HAi+rESWT is more
effective than HAi alone, and (ii) treatment of sPFOLP with HAi+rESWT does not result in any serious
adverse event.

Methods
Study design

This was a retrospective study comparing HAi+rESWT with HAi alone for the management of sPFOLP. All
subjects were treated at the outpatient department of the Center for Joint Surgery, Southwest Hospital,
Third Military Medical University (Army Medical University), Chongqing, China between January 1st, 2014
and January 31st, 2018.
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Ethics

This retrospective study was approved by the Ethics Committee of the Southwest Hospital, Third Military
Medical University (Army Medical University), Chongqing, China (No. KY201915). All procedures that
involved human participants were performed in accordance with the ethical standards of the institutional
and national research committee and with the 1975 Helsinki declaration and its later amendments or
comparable ethical standards. Written informed consent was obtained from all individual participants
included in this study.

Participants

All female and male adults aged 18-65 years with unilateral sPFOLP who were treated with respectively
HAi+rESWT or HAi alone at the outpatient department of the Center for Joint Surgery, Southwest Hospital,
Third Military Medical University (Army Medical University), Chongqing, China between January 1st, 2014
and January 31st, 2018 were eligible for being enrolled in this study. There were no subjects in the
hospital's database who had suffered from sPFOLP and were treated with rESWT alone.

Diagnosis of sPFOLP was based on the following criteria: unilateral or bilateral pain of the knee joint for
more than three months, particularly when going up and down the stairs and relieved after rest;
aggravation of symptoms over time; no history of perceived local trauma; presence of a focal patellar
bone marrow edema and/or localized osteonecrosis evidenced by MRI; and exclusion of rheumatoid
arthritis, gout, tuberculosis and other in�ammatory diseases.

Exclusion criteria for being enrolled in this study were: bilateral sPFOLP (because in case of bilateral
sPFOLP pain perception could be different from pain perception in case of unilateral sPFOLP), joint
degeneration with radiographs showing narrow joint space / Kellgren-Lawrence Grades II to IV, valgus or
varus deformity >5 degrees of the knee, previous treatments with intra-articular injections and/or ESWT
(both radial and focused), contraindications of rESWT (signs of local infection and/or tumor, serious
blood dyscrasia, blood-clotting disorders, treatment with oral anticoagulants) and incomplete availability
of radiographs and MRI images of the affected knee joint in the hospital’s database for con�rmation of
diagnosis and evaluation of treatment outcome.

Interventions

All subjects diagnosed with sPFOLP were provided with a detailed description of the bene�ts and
potential risks of treatment selection prior to treatment. All subjects were offered HAi+rESWT or HAi
alone; no subject was offered rESWT alone. In select cases subjects were offered surgery (not considered
in this study). In addition, all subjects received education with special attention to reduction of going up
and down the stairs, squatting and speci�c activities, as well as non-opioid analgesics (Celecoxib 200
mg, oral, once per day) if necessary.
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We identi�ed n=36 subjects in the hospital's database with unilateral sPFOLP who had made an informed
decision for being treated with HAi+rESWT. These subjects received �ve intra-articular injections of 2.5
mL HA (ARTZ Dispo, Seikagaku Corporation, Tokyo, Japan) each into the affected knee joint, with one
injection per week. In addition, subjects received rESWT immediately before each HA injection, which was
performed with the Swiss DolorClast device (EMS Electro Medical Systems, Nyon, Switzerland) using the
EvoBlue handpiece and the 15-mm applicator. Each rESWT session consisted of 2000 radial
extracorporeal shock waves (rESWs) applied to the area of the patellar osteochondral lesion as
determined by MRI in sagittal and axial positions. Tender points around the patella served as auxiliary
treatment areas. The knee �exion was 45 degrees during rESWT. The positive energy �ux density (ESW+)

of the rESWs was between 0.04 and 0.08 mJ/mm2, corresponding to an air pressure of 1.8-2.5 bar. The
rESWs were applied at a frequency of 6-8 rESWs/second. No anesthesia or analgesic drugs were applied
during the rESWT sessions. All rESWT sessions were performed by the same therapist.

Furthermore, we identi�ed n=45 subjects in the hospital's database with unilateral sPFOLP who had
made an informed decision for being treated with HAi alone. Injection of HA was performed as described
for the subjects who were treated with HAi+rESWT.

Baseline characteristics of the subjects are summarized in Table 1.

Outcome measurements and assessments

The primary clinical outcome was pain during normal daily life activities, measured on a visual analogue
scale (VAS) ranging from zero (no pain at all) to ten (maximum, unbearable pain). The VAS pain score
was assessed by the same examiner at baseline (BL) and six weeks (W6), three months (M3) and six
months (M6) after BL, as well as during a last follow-up examination (LE) that took place at 37.6 ± 1.7
(mean ± standard error of the mean; SEM) months after BL (range, 12-59 months).

Treatment success was de�ned as individual improvement of the VAS pain score by at least 60% at M3.

Secondary clinical outcomes were the Western Ontario and McMaster University Osteoarthritis Index
(WOMAC) score and measurements of the area of the patellar bone marrow edema (PBME) on magnetic
resonance imaging (MRI) scans of the knee. The WOMAC score was assessed by the same examiner at
BL, W6, M3, M6 and LE. Magnetic resonance imaging was performed with an 0.2 Tesla Artoscan-C device
(Esaote, Genoa, Italy) at BL, M3, M6 and LE. The Materialise Mimics software (Version 19.0; Materialise,
Leuven, Belgium) was used to determine the maximum PBME area on sagittal, fat suppression sequence
images by two independent, experienced radiologists, whose results were averaged.

Statistical analysis

For all investigated variables, mean and SEM were calculated at BL, W6, M3, M6 and LE. This was
separately performed for the subjects who were treated with HAi+rESWT and the subjects who were
treated with HAi alone. Because this was a retrospective two-cohort study, tests of baseline differences
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between the two cohorts were performed (according to [22] tests of baseline differences in randomized
controlled trials (RCTs) are illogical). After determining using the D’Agostino and Pearson omnibus
normality test whether the distribution of the variables age, body weight, body height and body mass
index (BMI) of the subjects in both cohorts at BL were consistent with a Gaussian distribution, baseline
comparisons were performed with unpaired Student's t test (mean body weight and mean body height),
Mann Whitney test (mean age and mean BMI) and Fisher's exact test (gender). These tests showed
statistically signi�cant differences between the two cohorts at BL (Table 1). 

Accordingly, changes in mean VAS pain score, mean WOMAC score and mean PBME area over time after
treatment were assessed using the general linear model repeated measures (GLM-RM) procedure, with
treatment as �xed factor, the investigated variable (VAS pain score, WOMAC score, PBME area) as
dependent variable, and the subjects' gender, age, body weight, body height and BMI as covariates. Then,
the post hoc Mann Whitney test was applied for pairwise comparisons. Because each data set was used
in two statistical analyses (GLM-RM procedure and post-hoc test), in all analyses an effect was
considered statistically signi�cant if its associated P value was smaller than 0.025. Calculations were
performed using SPSS (Version 26; IBM, Armonk, NY, USA) and GraphPad Prism (Version 8.2.1; GraphPad
software, San Diego, CA, USA).

Treatment success (i.e., number of subjects with individual improvement in VAS pain score by at least
60%) was tested with Chi-square test.

No subject was lost during the follow-up period, i.e., all subjects passed the examinations at BL, W6, M3,
M6 and LE. As a result, complete capture of all data from all subjects was achieved.

Results
VAS pain score

The mean VAS pain score of the subjects who were treated with HAi+rESWT decreased from 7.1 ± 0.2 at
BL to 3.8 ± 0.1 at W6, 3.0 ± 0.1 at M3, 2.4 ± 0.1 at M6 and 1.6 ± 0.1 at LE, and of the subjects who were
treated with HAi alone from 7.1 ± 0.1 (mean ± SEM) at BL to 5.2 ± 0.1 at W6, 3.9 ± 0.1 at M3, 2.9 ± 0.1 at
M6 and 2.0 ± 1.2 at LE (Fig. 1A). The GLM-RM procedure showed a statistically signi�cant interaction
between Time and Treatment (Table 2). The Mann Whitney test showed statistically signi�cant
differences between the cohorts at W6, M3 and M6 (Table 2).

Treatment success

Sixteen subjects (16/36 = 44.4%) who were treated with HAi+rESWT and two subjects (2/45 = 4.4%) who
were treated with HAi alone showed individual improvement in the VAS pain score by at least 60% at M3.
At W6, M6 and LE the numbers of subjects with treatment success were 2 (5.6%), 23 (63.9% and 34
(94.4%) in the cohort that was treated with HAi+rESWT, and 0 (0%), 18 (40%) and 39 (86.7%) in the cohort
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that was treated with HAi alone (Fig. 2). This difference between the cohorts was statistically signi�cant
(p = 0.007). Accordingly, the null hypothesis was rejected.

WOMAC score

The mean WOMAC score of the subjects who were treated with HAi+rESWT decreased from 61.2 ± 1.7 at
BL to 37.1 ± 0.9 at W6, 30.9 ± 0.7 at M3, 27.2 ± 0.8 at M6 and 20.5 ± 0.7 at LE, and of the subjects who
were treated with HAi alone from 63.0 ± 1.1 at BL to 48.8 ± 1.2 at W6, 37.0 ± 1.1 at M3, 28.5 ± 0.8 at M6
and 23.1 ± 0.6 at LE (Fig. 1B). As in case of the VAS pain score the GLM-RM procedure showed a
statistically signi�cant interaction between Time and Treatment (Table 2). The Mann Whitney test
showed statistically signi�cant differences between the cohorts at W6, M3 and LE (Table 2).

Area of the patella bone marrow edema on sagittal MRI scans

The mean PBME area of the subjects who were treated with HAi+rESWT decreased from 70.9 ± 2.8 mm2

at BL to 62.6 ± 2.7 mm2 at M3, 28.1 ± 2.3 mm2 at M6 and 18.0 ± 2.2 mm2 at LE, and of the subjects who
were treated with HAi alone from 73.8 ± 1.5 mm2 at BL to 71.4 ± 1.4 mm2 at M3, 52.6 ± 1.2 mm2 at M6
and 31.7 ± 1.4 mm2 at LE (Fig. 1C). As in case of the VAS pain score and the WOMAC score the GLM-RM
procedure showed a statistically signi�cant interaction between Time and Treatment (Table 2). The Mann
Whitney test showed statistically signi�cant differences between the cohorts at M3, M6 and LE (Table 2).
Three subjects who were treated with HAi+rESWT but no subject who was treated with HAi alone showed
complete regression of PBME during the course of this study.

Adverse events

Four subjects who were treated with HAi+rESWT (4/36=11.1%) reported mild complications such as
transient reddening of the skin after a rESWT session, which disappeared within 24 hours after treatment.
No serious adverse events were reported.

Discussion
To our knowledge this is the �rst study on treatment of sPFOLP with a combination of HAi and rESWT.
We evidenced the following key �ndings: (i) no severe adverse events related to the treatment of sPFOLP
with HAi+rESWT in up to 59 months after treatment, (ii) signi�cantly better outcome after treatment of
sPFOLP with HAi+rESWT than after treatment with HAi alone, and (iii) treatment success documented by
both subjective clinical endpoints (VAS pain score, WOMAC score) and an objective clinical endpoint
(area of patella bone marrow edema on sagittal, fat suppression sequence MRI scans.

Symptomatic, primary focal osteochondral lesions of the patella are a manifestation of patellofemoral
joint degeneration, and the conservative treatment of the disease mainly refers to the treatment principles
of primary knee osteoarthrosis (knee OA). Both HAi and rESWT are established treatment modalities for
knee OA [9-11, 23].



Page 8/18

Hyaluronic acid is an intrinsic component of both the synovial �uid and the articular cartilage matrix. In
osteoarthritis its unique rheological properties are lost because of a signi�cant decrease in the molecular
weight of HA, resulting in decreased viscosity of synovial �uid and disruption of cartilage [24]. A
Cochrane systematic review published in 2006 found overall bene�ts to viscosupplementation (including
but not limited to HA) in comparison to placebo for pain, function and patient global assessment scores
[25, 26]. Another systematic review concluded that in patients with knee OA, viscosupplementation is
associated with only small bene�ts that may be clinically irrelevant [27]. However, these authors
demonstrated that high-molecular-weight and cross-linked preparations had greater effects than low-
molecular-weight preparations [27]. Collectively, these data from the literature do not contradict our
�nding that HAi alone may not be the optimum treatment for sPFOLP.

Both focused ESWT (fESWT) and rESWT are used in treatment of knee OA [28]. Focused extracorporeal
shock waves (fESWs) and rESWs are single acoustic impulses with an initial high positive peak pressure
between 10 and 100 megapascals (MPa) reached in less than one microsecond [29, 30]. The positive
pressure amplitude is followed by a low tensile amplitude of a few microseconds duration that can
generate cavitation [30-32]. Further characteristics of extracorporeal shock waves are a short life cycle of
approximately 10-20 µs and a broad frequency spectrum. Focused ESWs differ from rESWs in the
penetration depth into the tissue, some physical characteristics, and the technique for generating them
[15, 32, 33]. With respect to osteochondral lesions fESWs may be particularly useful for deep indications
such as avascular necrosis of the hip, whereas rESWs may be more useful for super�cial indications
such as sPFOLP. Furthermore, a recent study demonstrated superiority of targeting subchondral bone
over targeting articular cartilage in treatment of knee OA with ESWT [34]. Considering the anatomy of the
patella and the fact that rESWs have their highest energy �ux density (EFD) at the tip of the applicator
[15, 31] (resulting in higher EFD in the subchondral bone than in the articular cartilage of the patella)
rESWT appears more suitable for treating sPFOLP than fESWT. The well known negative correlation
between increasing EFD of fESWs/rESWs and decreasing VAS pain score and decreasing WOMAC
function index [23, 28, 35, 36] does not require to treat sPFOLP with fESWs (which can reach higher EFDs
than rESWs) but to treat sPFOLP with adequate rESWT technology that can reach the necessary EFD (as
applied in the present study as well as in [23] in the treatment of knee OA).

Potential mechanisms of action of ESWT in knee OA are repeated mechanical stimulation of the lesion
area [37], micro-injuries that may occur in the treated area [38] and stimulate bone remodeling [39, 40],
and a number of chondroprotective effects including reduction in nitric oxide level and chondrocyte
apoptosis, as well as increased VEGF, BMP-2 and osteocalcin in the subchondral bone [41-44]. As such,
ESWT and HAi may have mutually bene�cial effects in the treatment of sPFOLP. Whether ESWT can
induce gene expression of HA (as demonstrated for lubricin [45], another molecule that serves as
lubricant in synovial �uid and is decreased in OA [46]) is currently unknown.

Our �nding of substantial reduction of patella bone marrow edema after treating sPFOLP with
HAi+rESWT (on average -60% at M6 and -75% at the time of the last follow-up examination) is in line with
a recent report of reduction of bone marrow edema in knee OA after treatment with fESWT [47]. However,
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in the latter study this effect was achieved using fESWs at very high EFD (>0.44 mJ/mm2) which required
surface anesthesia (lidocaine hydrochloride gel) and intravenous application of �urbiprofen axetil. This is
in contrast to the present study in which rESWT could be administered without anesthesia or any other
analgesic.

Limitations
The present study has a number of limitations. Speci�cally, we performed a retrospective two-cohort
study rather than a prospective RCT. As a result, subjects were not randomly allocated to either treatment.
Furthermore, subjects, therapists and outcome assessors were not blinded because this study relied on
the analysis of completed medical records. Thus, our �ndings should be veri�ed in adequate RCTs.
Another limitation is the fact that no subjects were treated with rESWT alone. However, a recent RCT
demonstrated that treatment of knee OA with respectively fESWT (3 sessions, one session per week, 1000
fESWs per session with EFD of 0.05 mJ/mm2) or HAi (3 injections, one injection per week, 20 mg sodium
hyaluronate in 2 ml liquid) resulted in similar improvement of mean VAS pain score and mean WOMAC
score at one and three months after baseline [48] (of note, the results of [48] and the present study cannot
be directly compared with each other because in [48] the mean VAS score and the mean WOMAC score
were lower than in the present study). Considering the different mechanisms of HA and ESWT in OA it
appears unlikely that rESWT alone would cause the same clinical bene�ts as HAi+rESWT as shown in the
present study.

Conclusion
The results of this study suggest that the use of HAi+rESWT in subjects with sPFOLP is safe and leads to
better outcome than HAi alone, without adverse effects. Adequate RCTs are necessary to verify this.
Clinicians should consider HAi+rESWT instead of HAi alone in the management of sPFOLP. 
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Tables
Table 1 Characteristics of included subjects at baseline.

Variable Subjects treated with
HAi+rESWT (n=36)

Subjects treated with
HAi alone (n=45)

p; Test

Age, years, median; mean (SD;
min; max)

51.5; 49.9 (10.4; 18; 65) 44; 44.1 (7.9; 25; 64) <0.001;
M

Woman, n (%) 26 (72.2) 42 (93.3) 0.014;
F

Body weight, kg, median; mean
(SD; min; max)

66.5; 67.6 (5.5; 58; 78) 63.0; 64.1 (5.5; 56; 78) 0.005;
T

Body height, cm, median; mean
(SD; min; max)

165; 166 (4.7; 158; 175) 162; 163 (4.6; 155; 173) 0.007;
T

BMI, kg/m2, median; mean (SD;
min; max)

24.7; 24.5 (1.2; 20.5;
27.3)

24.0; 24.0 (1.0; 22.4;
26.1)

0.033;
M

VAS pain score, median; mean
(SD; min; max)

7.0, 7.1 (1.2; 5; 9) 7.0, 7.1 (1.0; 5; 9)  

WOMAC score, median; mean (SD;
min; max)

59.0, 61.2 (10.0; 44; 81) 62, 63.0 (7.2; 48, 81)  

PBME area on MRI, mm2, median;
mean (SD; min; max)

68.7; 70.9 (17.0; 40.4;
137.9)

74.7; 73.8 (9.9; 44.4;
92.5)

 

Abbreviations: HAi, injection of hyaluronic acid; rESWT, radial extracorporeal shock wave therapy; SD,
standard deviation; min; minimum; max, maximum; M, Mann Whitney test; F, Fisher’s exact test; T,
unpaired t test; PBME, patellar bone marrow edema; MRI, magentic resonance imaging.

 

Table 2 Results of statistical analysis (p values).
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  VAS Pain Score WOMAC Score PBME Area

Results of General Linear Model Repeated Measures procedure

Time 0.327 0.811 0.414

Time × Gender 0.011 0.079 0.110

Time × Age 0.753 0.815 0.485

Time × Height 0.327 0.815 0.374

Time × Weight 0.255 0.780 0.443

Time × BMI 0.282 0.802 0.530

Time × Treatment < 0.001 < 0.001 < 0.001

Results of post-hoc pairwise comparisons

BL 0.653 0.398 0.048

W6 < 0.001 < 0.001  

M3 < 0.001 < 0.001 < 0.001

M6 0.005 0.112 < 0.001

LE 0.038 0.006 < 0.001

Abbreviations: PBME, patellar bone marrow edema; BL, baseline; W6, six weeks after baseline; M3, three
months after baseline; M6, six months after baseline; LE, time point of the last follow-up examination
(between twelve and 59 months after baseline). P values < 0.025 are given in boldface.

Figures
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Figure 1

Tukey boxplots of VAS pain score (A), WOMAC score (B) and the area of patella bone marrow edema
(PBME) detected on sagittal, fat suppression sequence MRI scans (C) of subjects with unilateral,
symptomatic, primary focal osteochondral lesions of the patella who were treated with respectively a
combination of injection of hyaluronic acid (HAi) and radial extracorporeal shock wave therapy (gray
bars) or HAi alone (open bars). Data were collected at baseline (BL), six weeks (W6), three months (M3)
and six months (M6) after baseline, as well as at a last follow-up examination (LE) which was performed
at 37.6 ± 1.7 (mean ± standard error of the mean) months after BL (range, 12-59 months). Results of
pairwise comparisons using the Mann Whithney test are indicated (**, p < 0.01; ***, p < 0.001).
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Figure 2

Relative number of subjects with unilateral, symptomatic, primary focal osteochondral lesions of the
patella who were treated with respectively a combination of intra-articular injection of hyaluronic acid
(HAi) and radial extracorporeal shock wave therapy (gray bars) or HAi alone (open bars) and individual
improvement in VAS pain score by at least 60% at six weeks (W6), three months (M3) and six months
(M6) after baseline, as well as at a last follow-up examination (LE) which was performed at 37.6 ± 1.7
(mean ± standard error of the mean) months after baseline (range, 12-59 months).


