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Data Availability Statement: The data that support the findings of this study are available from the 

corresponding author upon reasonable request.

ABSTRACT

Background: Patellar tendinopathy is a common injury in athletes.

Hypothesis/Purpose: To examine whether extracorporeal shockwave therapy (ESWT) was more 

effective than placebo in the treatment patellar tendinopathy.

Methods: Thirty-six athletes were randomly assigned to receive either three ESWT treatments or 

three placebo treatments. The primary endpoints were changes in pain while walking, at rest, and 

when the tendon was squeezed on a 0–10 numeric rating scale. Secondary outcomes included 

treatment satisfaction and ultrasonographic outcomes.

Results: After 12 weeks, ESWT was more effective than placebo regarding pain while walking, 

mean difference [MD] 1.4, P = 0.011). There was no difference in pain at rest, MD 0.4, P = 0.404) 

or pain when the tendon was squeezed, MD 0.3, P = 0.221). Regarding the secondary outcomes, 

ESWT was more effective than placebo with regard to patient-rated treatment effect, but no 

improvements were observed in the ultrasonographic outcomes.

Conclusion: Improvement was observed after 12 weeks in the ESWT group regarding pain while 

walking but not regarding pain at rest, when the tendon was squeezed, and on ultrasonography. 

These findings provide limited support for the use of ESWT, but the clinical relevance is still 

unclear.

Key Words: Patellar tendinopathy, jumper’s knee, tendinosis, ultrasonography, shockwave, ESWT, 

randomized placebo-controlled trial.

INTRODUCTION

Patellar tendinopathy (PT) also known as jumper’s knee, is a common tendinous disorder in both 

competitive and recreational athletes.1,2 PT is the preferred term for persistent patellar tendon pain 

and loss of function related to mechanical loading.3 Participation in sports that involve jumping, 

running, or cutting maneuvers like volleyball, basketball, handball, and football carries a high risk 

of PT.1,4,5 Overuse of the patellar tendon from continuous and repetitive stress is the most widely 
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accepted theory explaining this injury that leads to pain, reduced function, and time away from 

sports.2,6

Exercise may be the best treatment for PT. Eccentric, concentric (heavy slow resistance training), 

and isometric training protocols have demonstrated positive results.7,8 However, PT, like most other 

tendinopathies, can be resistant to treatment. This has led to the development of a wide range of 

therapies with the aim of achieving better or faster recovery.9-13 Around 1980 extracorporeal 

shockwave therapy (ESWT) was introduced as a treatment for renal stones by means of stone 

disintegrating (lithotripsy).14 Since the 1990s ESWT has been assessed for treatment of elbow 

tendinitis, calcific deposits in the rotator cuff, and plantar fascitis.15-17 From the start of the 

millennium, trials investigating the efficacy of ESWT in PT began to appear.18,19 In recent years 

systematic reviews have concluded that there is evidence, however limited, supporting the use of 

ESWT in PT.19,20 

Our main objective was to determine whether three ESWT treatments were more effective than 

placebo in the treatment of athletes with PT evaluated by ultrasonographic changes and changes in 

pain while walking, at rest, and, when the tendon was squeezed 12 weeks after treatment. ESWT is 

a treatment where mechanical force is applied to the tendinopathic tissue through pressure waves 

(kinetic energy of acoustic shockwaves). The mechanism behind ESWT in tendinopathy is thought 

to be through cascades of inflammatory and catabolic processes, following the mechanical stimulus 

of ESWT and leading to tendon remodeling, regeneration, and removal of damaged matrix 

constituents.21-23 Another possible mechanism is through the induction of transient nerve 

degeneration of the free nerve fiber endings, sensory nerve fibers and neuromuscular junction.24-26 

Finally, in tendons with calcific deposition studies have demonstrated the ability of ESWT to 

disintegrate the deposit leading to resorption.27-31

METHODS

Study design and participants

Between September 2005 and May 2007, 63 patients with PT were assessed for eligibility, and 36 

were included in this double-blind RCT. The patients had been referred to the Rheumatology Unit 

at Silkeborg Regional Hospital by general practitioners or by other rheumatology/orthopedic 

departments. The treatments were either three sessions of ESWT or placebo, and 18 patients were 

randomly allocated to each group. The a priori hypothesis (null hypothesis) was that there was no 
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additional effect from adding ESWT to the rehabilitation other than the effect of the rehabilitation 

on itself.

Inclusion criteria were symptoms in the proximal part of the patellar tendon of more than 6 months 

duration that were related to exercise. The clinical diagnosis was tenderness to palpation at the 

inferior pole of the patella with the knee fully extended.32 The ultrasonographic criteria were 

funnel-shaped swelling in the proximal part of the tendon of more than 1 mm compared to the distal 

part of the tendon and a central hypoechoic area in the proximal part of the tendon > 2 mm in 

diameter with increased color Doppler activity indicating hyperaemia.33

Exclusion criteria were age younger than 18 years and older than 60 years, glucocorticoid injection 

or any other type of injection therapy within the last 6 months, previous PT surgery, clinical or 

ultrasonographic suspicion of partial or total rupture of the tendon.

The diagnosis was verified in all patients by the physician who also performed the inclusion and 

outcome assessments at 2, 4, and 12 weeks. A study nurse performed the randomization and ESWT 

treatment procedures (at baseline, 2, and 4 weeks). Two physicians were assigned to the study as 

inclusion and outcome assessors. The study was approved by the institutional review board. The 

study protocol was registered and approved by the scientific ethics committee at Central Region 

Denmark (No. M-Åa-20040156). All participants gave written informed consent. The study was 

carried out in accordance with Danish law and the Declaration of Helsinki.

Randomization and group allocation

Sequence generation: Eligible participants were block randomized in permuted blocks of 6, using a 

simple “shuffling envelopes” procedure, to undergo ESWT or placebo treatment.

Allocation concealment and implementation: To ensure concealment of the assigned intervention, 

the study nurse obtained the shuffled, opaque, sealed envelope containing the participant’s assigned 

intervention.

Masking

To ensure concealment of the assigned intervention, the study nurse attached either an active or a 

placebo membrane (that blocks all pressure waves) to the ESWT equipment and carried out the 

treatment in a separate room after the examination by the physician was finished. Neither the 
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patients nor the physician knew the assigned treatment. The study nurse did not participate in other 

parts of the study than the randomization and treatments at baseline, 2, and 4 weeks.

Sonographic evaluation

Patients were examined in a supine position. The knees were flexed 90 degrees to avoid waving of 

the tendons in the gray-scale images and thickness measurements, Figure 2A.33 Figure 2C shows a 

healthy patellar tendon with key anatomical landmarks. Figure 2D-E shows longitudinal and 

transverse images of patellar tendinopathy. We used a high quality ultrasound scanner (EUB 9000, 

Hitachi Medical) with a 14 MHz linear transducer. The patellar tendon was scanned longitudinally 

and transversally. By switching between longitudinal and transversal scanning, a 3-dimensional 

impression of the structure was obtained. When the thickest point of the tendon was found, a 

longitudinal scan was performed in which the thickness of the tendon was measured perpendicular 

to the greatest width of the tendon (the “true” tendon thickness).33 A maximum discrepancy of 0.3 

mm between the longitudinal and transverse measurements was accepted. If the difference between 

the two measurements was 0.3 mm or less, the longitudinal measurement was used. If the difference 

was more than 0.3 mm, both measurements were repeated until the difference was 0.3 mm or less.34 

The anterior-posterior thicknesses of both the whole tendon and the central hypoechoic area were 

measured, Figure 2D.

Color Doppler ultrasonography was performed in the longitudinal plane by moving the transducer 

from side to side, locating the part with the most Doppler activity. Knees were fully extended to 

avoid compression of the blood vessels in the patellar tendon, Figure 2B.33 The region of interest 

(ROI) in a longitudinal scan was a 0.5-cm area limited by the superficial and the profound borders 

of the patellar tendon at the place with the most Doppler activity. Doppler settings were the same 

for all patients, with a gain setting just below the noise level and the V-Scale set to 350. We ranked 

the color Doppler activity from grade 0–4, Figure 3A–E. Grade 0: no activity, grade 1: 1–2 single 

vessels, grade 2: Doppler activity in less than 25% of the ROI, grade 3: Doppler activity in 25–50% 

of the ROI, and grade 4: Doppler activity in more than 50% of the ROI.35,36 This technique is 

similar to the modified Öhberg score in which the number of vessels is counted on a 0–4 scale.35,37 

This way of quantifying color Doppler activity has previously been assessed in lateral epicondylitis 

in the common extensor tendon of the elbow regarding reliability and agreement.38 Figure 3F shows 

the presence of color Doppler activity in the central hypoechoic area in a transverse scan.
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Interventions

Three ESWT treatments were given at intervals of 14 days (baseline, 2, and 4 weeks). The first 

treatment comprised 1500 pulses, the following two 3000 pulses, all given at maximal tolerable 

energy flux density, depending on patient’s pain tolerance. The maximal energy flux density was 

0.29 mJ/mm2. Equipment: The shockwave machine (Orthospec, Medispec, Ltd; Germantown, MD, 

USA) is an FDA-approved electrohydraulic system. It contains a saline water-filled chamber, in 

which there is an electrode that ignites a spark (electrical charge) that evaporates water and creates 

an acoustic shockwave. This shockwave is reflected off the walls of the ellipsoidal reflector and is 

focused, forming a “therapy zone” of 46 x 134 mm with increasing energy density. Because of the 

size of the therapy zone, imaging was not needed to pinpoint the tendinopathic area. The shockwave 

probe was aligned along the point of maximal pain on palpation in the proximal part of the patellar 

tendon. Before every treatment, a new electrode was applied. Transmission gel was applied between 

the membrane and the knee to optimize shockwave transmission. No local anesthetics were used. 

The treatment was performed with the patient seated in an upright position with the knee flexed to 

90 degrees. A specialized energy absorbing membrane was used for placebo treatment. The placebo 

membrane contains a gel-like energy absorbing material. The patient was informed that the 

treatment could be painful but that there was an inter-individual variability in pain perception. The 

post-treatment protocol was the same in all participants. Patients were recommended to minimize 

the strain on the patellar tendon for 4 days, and thereafter gradually increase rehabilitation below 

the pain limit in accordance with the provided home therapy rehabilitation program, 

www.sportnetdoc.com (jumper’s knee).39 The rehabilitation protocol was based on strengthening 

(including eccentric training), stretching, and coordination.40

Outcomes

At all visits, baseline, 2, 4, and 12 weeks a clinical and an ultrasonographic examination was 

performed by a physician, and the symptom severity, was assessed by questionnaires.

Baseline characteristics, patellar tendinopathy medical history, patient-rated outcome 

questionnaires, exercise/sporting history, clinical and US assessments are listed in Table 1.

The primary efficacy outcomes were changes in pain while walking, at rest, and when the patellar 

tendon was squeezed. Pain while walking and at rest were assessed on a 0–10 numeric rating scale: 

0 = no pain, 10 = worst pain imaginable.41 Pain experienced when the tendon was gently squeezed 
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by the outcome assessor using the thumb and index finger was assessed on a 0–3 numeric rating 

scale. The patient was asked to state whether palpation tenderness was present or absent. The 

examiner graduated the pain reaction as 0 = none, 1 = light, 2 = modest, or 3 = severe, in relation to 

spontaneous pain response and ward movement.42 Patient-rated treatment effect was rated on a 6-

point Likert scale: 1 = worse, 2 = no improvement, 3 = improved a little, 4 = moderate 

improvement, 5 = improved a lot, and 6 = cured.43 US outcomes included changes in tendon 

thickness (mm), thickness of the central hypoechoic area (mm), and color Doppler activity (0–4). 

The sports-specific baseline characteristics included 1) the amount of time spent on sports (hours 

per week); despite PT are you active in sports (1 = no, 2 = a little, 3 = very, and 4 = with no 

limitations), despite PT are you participating in competitive sporting events like match or 

competition:  (yes/no); the effect of injury on sport performance: to what extent has the PT 

compromised your level of performance (1 = not at all, 2 = a little, 3 = moderate, 4 = a lot, 5 = 

ceased). Safety and adverse events: all patients were evaluated for safety, including all reported 

adverse events.

Statistical analysis

For a 2-sample pooled t test of a normal mean difference with a 2-sided significance level of 0.05, 

assuming a common standard deviation of 2.0 points on a 0–10 numeric rating scale, a sample size 

of 16 patients per group is required to obtain a power of at least 80% to detect a mean difference of 

2.0 points. Thus, enrolling 18 patients in each group as the intention-to-treat population would 

correspond to a statistical power of 85% to detect a mean difference of 2.0 points after 12 weeks.

The intention-to-treat (ITT) population, which consisted of participants randomized to either 

shockwave or placebo after signing an informed consent statement, was assessed for efficacy and 

safety at 2, 4, and 12 weeks. The primary analyses were based on the ITT population. In case of 

missing data or drop-outs, last observation carried forward data were used. Levene’s test was used 

as test for homogeneity of variance. The between-group difference in treatment effect for all 

outcomes was based on a 2-sample t test. Mean delta-values were changes from baseline to all 

follow-up time points. The analyses were performed by using SPSS version 17.0 (SPSS Inc, 

Chicago, IL, USA).

RESULTS
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The two groups were similar at baseline with P’s ≥ 0.39 except for the following baseline 

characteristics where the P values were closer to statistical significance: color Doppler activity P = 

0.15, right knee affected P = 0.087, and analgesics use P = 0.1.

All study participants were actively engaged in sports. Average time spent on sports per week was 

7.7 hours. Seventy-five percent of the participants took part in one sporting event and 25% in two 

sporting events. The sports included were handball 33%, running 31%, soccer 19%, badminton and 

tennis 11%, volleyball 6%, fitness, gymnastics, skiing, and triathlon 3%. As shown in Table 1, PT 

had a negative impact on sports performance and the ability to remain active in sports. 

 

Missing Data

Of the 36 included participant, 15 participants in the shockwave group completed the 12 weeks 

follow-up and 17 participants in the placebo group. Two participants, one from each group, never 

showed up for the second treatment at 2 weeks. At 4 weeks, two participants from the shockwave 

group never showed up, Figure 1. In addition, for the US outcomes, there were three cases of 

missing data for the measurement of thickness of the central hypoechoic area and one case of 

missing data for measurement of tendon thickness. In the case of both drop-outs and missing data, 

the last observation carried forward approach was applied.

Clinical outcomes

Table 2 shows the mean scores at baseline and the delta-values at 2, 4, and 12 weeks for pain while 

walking, pain at rest, pain when the patellar tendon was squeezed, and the US outcomes.

Primary endpoints: At 12 weeks, there was a statistically significant difference between the 

shockwave group and the placebo group regarding pain while walking: mean difference, 1.4 (95% 

confidence interval CI, 0.4 to 2.5, P = 0.011). There was no statistically significant difference 

between the shockwave group and the placebo group regarding pain at rest: mean difference, 0.4 

(95% CI, –0.6 to 1.5, P = 0.404) and pain when the tendon was squeezed: mean difference, 0.3 

(95% CI –0.2 to 0.9, P = 0.221).

Secondary outcomes: Patient-rated treatment effect demonstrated a statistically significant 

difference at 12 weeks in favor of shockwave treatment: mean difference, 1.0 (95% CI, 0.3 to 1.7, P 
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= 0.007). None of the sport specific outcomes or the US outcomes demonstrated any statistically 

significant difference between the shockwave group and the placebo group at 12 weeks, Table 2. 

Safety: There were no reports of any adverse events in any of the groups. 

DISCUSSION

PT is a common injury in athletes.1,2 In this study all participants were active in sports and spent an 

average of 7.7 hours per week on sports activities. At baseline most of the participant’s activity 

levels were reduced and performance levels substantially lowered. The disease duration was 27.0 

months on average, 39% were previously treated with glucocorticoid injection, and 47% had been 

using analgesics. US showed definite signs of tendinopathy, with the presence of an increased 

tendon thickness, a central hypoechoic area in the patellar tendon and increased color Doppler 

activity.44 This indicates that the study cohort was severely affected by the PT and thus a priori a 

hard-to-treat population. 

In this study, three sessions of shockwave therapy administered at 2-week intervals resulted in a 

statistically significant improvement compared to placebo at 12 weeks (end of study) regarding pain 

while walking and patient-rated treatment effect, but no effect regarding pain at rest and when the 

tendon was squeezed. Nor could an effect be demonstrated regarding sport activity or the ability to 

participate in competitive sporting events. During the follow-up there were single time points where 

statistically significant differences could be demonstrated regarding pain at rest and when the 

tendon was squeezed. However, the clinical value of these incoherent findings is limited.  Previous 

RCTs have shown very limited support for the use ESWT in the treatment of PT.45 It is therefore 

interesting in our study to observe that pain while walking demonstrated an effect favoring ESWT 

with an improvement from baseline to 12 weeks of 1.5 points (36.6%) on a 0–10 numeric rating 

scale compared to only 0.03 points (0.9%) in the placebo group. This result was supported by the 

patient-rated treatment effect. However, it is important to remember that this was a short-term study 

of 12 weeks, and what is observed in studies with a longer follow-up period is that patients with 

tendinopathies tend on average to improve over time.46-48  Furthermore, the baseline value (pain 

while walking) in the shockwave group was higher than in the control group, although the 

difference was not statistically significant. But due to regression toward the mean, the chance of 

observing an improvement was a priori greater in the ESWT group.
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Despite a significant on average reduction in pain in the shockwave group, it is worth noting that, in 

addition to what is listed in Table 2, only one patient became pain free (compared to three in the 

control group) and that the sport-specific outcomes regarding sports activity and ability to 

participate in competitive events did not show any improvement. Taking all these aspects into 

account, the observed positive effect of shockwave therapy should be interpreted with caution, and 

the clinical relevance of this treatment should still be considered as questionable. Notwithstanding 

the limitations in the study, our present short-term RCT is the first placebo-controlled RCT on PT to 

demonstrate positive effects of ESWT. Larsson et al. concluded in a review in 2012 based on one 

RCT that there was limited evidence to support ESWT.45 Mani-Babu et al. concluded in a review 

and meta-analysis from 2014 that the evidence was limited but studies indicated that ESWT could 

be a promising treatment option.20 In a more recent review from 2018, Korakakis et al. found 

moderate-level evidence that ESWT had no short (3 months) or mid-term (5–6 months) effect on 

PT.19 This conclusion was based on pooled data from five RCTs with an overall low risk of bias.19 

Two of the included RCTs had study designs similar to those in our study.46,47 The demographic 

characteristics were similar, but the participants in our study had a longer disease duration and spent 

more hours on sports per week. Thijs et al. (2016) found no effect of adding three sessions of 

ESWT to an eccentric exercise program.46 Nor did Zwerver et al. (2011) find an effect, when they 

compared three sessions of ESWT as solitary treatment to placebo in athletes during the competitive 

season.47

The optimal therapeutic ESWT dose regarding energy level, number of treatment sessions and 

number of impulses has not been well established. This task is complicated by a great diversity in 

the published ESWT protocols and the ongoing fundamental question concerning whether ESWT 

actually has a clinically important effect.49 There are no strong evidence-based standardized 

guidelines for the number of sessions needed when using ESWT in tendinopathies. Several trials 

have reported using 3 sessions, but that number represents more tradition and personal experience 

from the clinicians than solid evidence.50,51 The preliminary ESWT trials on plantar fascitis and 

lateral epicondylitis were conducted in 3 sessions and the succeeding studies often adopted this 

protocol, which was also the case for our current study.15,17,52 In our study the ESWT protocol 

included 3 treatment sessions at 2-week intervals, with 1500–3000 impulses per session at the 

highest energy flux density that could be tolerated. But on PT there is no evidence to support this or 

any other ESWT protocol, according to the review by Schmitz et al.53 In the review by Korakakis et 

al., no effective protocol for PT could be documented, but for Achilles tendinopathy they found 
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some evidence to suggest a protocol that included 3 treatment sessions.19 A reason to recommend 

multiple ESWT sessions is supported by Takahashi et el. in their study on a cumulative effect of 

ESWT when looking at induction of nerve fiber degeneration as part of a pain relieving effect of 

ESWT.26 In recent years attention has been called to the possibility that people may respond 

differently to ESWT. Waugh et al. have investigated the biological response from ESWT in 

tendinopathy through peritendinous microdialysis.23 Following their results it is possible that only 

some of the treated patients respond biologically to the ESWT, suggesting that when using the 

present ESWT protocols some are responders and some are non-responders.23 For the last decade a 

leading argument for ESWT has been its ability to treat musculoskeletal disorders with 

calcifications, especially in rotator cuff disease, which is one of the most intensively investigated 

area of ESWT.49 However, Surace et al. (from 2020) concluded in a Cochrane meta-analysis on 

rotator cuff disease, including 32 trials and 2281 participants, that there were very few clinically 

important benefits from ESWT. In addition they found no between-group differences in pain and 

functional outcomes in participants who did or did not have calcific deposits in the rotator cuff.49 

This conclusion challenges some of the fundamentals of ESWT in its ability to treat conditions with 

calcific deposits.31

Imaging

At baseline and at 2, 4, and 12 weeks follow-up, the patellar tendon was assessed 

ultrasonographically regarding tendon thickness, thickness of the central hypoechoic area, and color 

Doppler activity. At none of the follow-up assessments were any changes observed regarding any of 

the three US parameters compared to the control group. The repair and regeneration of tendinous 

tissue is a time-demanding process. It is possible that the 12-week observation in our study was too 

short to demonstrate US changes. However, corticosteroid injection used in the treatment of PT has 

previously shown a significant reduction in tendon thickness after only 1 month and tendon 

thickness has been showed to decrease following rehabilitation after 3 months.8,41 Limited evidence 

exists on US following ESWT in patients with PT, and to our knowledge, this is the first study to 

assess these US parameters. It is important to include imaging like US in clinical trials. US is 

widely used to support the initial clinical diagnosis.37,54 The US image is also known to change over 

time without a strong relation to symptoms.40,55,56 When US is included in clinical trials, we gain 
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knowledge on how the US image can change over time and its relation to symptoms, which can 

help to define what has clinical importance.

Side effects. There were no serious adverse events, no infections, and no dropouts due to adverse 

events. The number of participants in this study was relatively small and the average follow-up time 

short. This means that infrequent side effects or side effects developing over a longer time period 

were unlikely to be discovered in this trial. The overall safety of ESWT has been documented in a 

review by Schmitz et al. (2015) based on cumulative data from studies covering all orthopedic 

conditions where ESWT has been applied.53

Limitations

The study was designed as a double-blind study with blinding of both the patient and the outcome 

assessor. It is, however, likely that the patient-blinding was insufficient. The treatment itself induces 

pain, and we gave 1500 and 3000 impulses at the highest possible energy level in accordance with 

the pain limit. The placebo treatment did not involve any energy; hence it was painless. The 

patients, however, had little prior knowledge of shockwave therapy because we were among the 

first in the country to test it, but all participants were informed that the treatment could cause pain. 

The information about pain during treatment might therefore have provided an opportunity to 

distinguish placebo from active treatment. This risk of insufficient blinding could have led to 

increased satisfaction in the active group and the reverse in the placebo group. The blinding 

difficulties in ESWT studies have previously been addressed by Schmitz et al. in a ESWT study on 

plantar fasciitis questioning patient blinding and allocation concealment.57

US assessments that could have been relevant but not included in this study were the evaluation of 

tendon calcifications and patellar bone spur formation. Since disintegration of calcium deposition is 

a mechanism known to be induced by ESWT, a pre and post treatment US evaluation would have 

been of interest.29-31

This is an old study with the last patient included in 2007. This could lead to concerns regarding 

study quality since the focus on adequate reporting and limiting the risks of bias has increased 

substantially since then. Nevertheless, the study complied with the CONSORT recommendations 

and methodological rigor as expected in current RCTs.58 However, there are issues that relate to the 
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time that the study was designed. The study protocol was approved by the local ethical committee, 

but the prespecified outcomes were not available in a public database like https://clinicaltrials.gov. 

The Victorian Institute of Sport Assessment (VISA) questionnaire has for the past decade been the 

most commonly used primary outcome assessment in trials on PT.59 In a more recent study design, 

the VISA questionnaire would also have been included in this study. In this study, changes in pain 

were chosen as primary outcome based on pain while walking, at rest, and when the tendon was 

squeezed. However, the outcomes did not uniformly point in the same direction since only pain 

while walking demonstrated a statistically significant difference. From a patients’/athletes’ point of 

view, this was probably the most important outcome since it relates to physical activity. But from a 

methodological point of view, with the primary outcomes predefined as equal, the result was that 

two out of three primary outcomes did not show any positive effect of ESWT.

The small sample size could make it difficult to demonstrate statistically significant differences that 

would be revealed in larger study population. However, when searching for a clinically relevant 

difference between an active treatment and a placebo control group, results from even small studies 

are of high importance.

In conclusion, in athletes with PT, three sessions of ESWT compared to placebo resulted in an 

improvement in pain while walking at 12-week follow-up compared to placebo but not regarding 

pain at rest and pain when the tendon was squeezed. ESWT does not ameliorate US changes in the 

tendon. The clinical relevance of these findings is uncertain, but they do provide support for future 

investigations of the role of ESWT.
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TABLE 1

Baseline Characteristicsa

Characteristic Shockwave (n = 18) Placebo (n = 18) Total (N = 36)

Age, y 32.3 ± 11.0 30.9 ± 10.0 31.6 ± 10.4

Female sex, n (%) 9 (50%) 7 (39%) 16 (44%)

Body mass index, kg/m2 25.2 ± 3.6 25.3 ± 2.8 25.2 ± 3.2

Height, m 1.83 ± 0.07 1.85 ± 0.08 1.84 ± 0.07

Weight, kg 84.2 ± 12.5 87.4 ± 13.2 85.8 ± 12.8

Right knee affected, n (%) 9 (50%) 4 (22%) 13 (36%)

Previous patellar tendinopathy, n (%) 5 (28%) 3 (17%) 8 (22%)

Duration of symptoms,  mo 26.9 ± 42.2 27.1 ± 16.1 27.0 ± 31.4

Median (range) 21.0 (6.0–192.0) 24.0 (7.0–60.0) 24.0 (6.0–192.0)

Previous glucocorticoid injection, n (%) 5 (28%) 9 (50%) 14 (39%)

Analgesics use, n (%)b 6 (33%) 11 (61%) 17 (47%)

Sport

   Amount of time spent on sports, hours/week 8.1 ± 5.1 7.3 ± 6.0 7.7 ± 5.5

   Still active in sport (1–4) 2.3 ± 1.0 2.1 ± 1.1 2.2 ± 1.0

   Participating in competitive sporting events, n (%) 8 (44%) 6 (33%) 14 (39%)
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   Injury affects sport performance (1–5) 4.2 ± 0.9 4.2 ± 0.7 4.2 ± 0.8

Pain scores

   While walking (0–10) 4.1 ± 2.4 3.4 ± 3.0 3.8 ± 2.7

   At rest (0–10) 3.0 ± 2.3 3.1 ± 2.5 3.1 ± 2.4

   Tendon squeezed (0–3) 1.8 ± 0.9 1.6 ± 0.9 1.7 ± 0.9

Ultrasound

   Tendon thickness, mm 8.8 ± 2.0 9.3 ± 1.4 9.0 ± 1.7

   Thickness of central hypoechoic area, mm 6.9 ± 1.6 6.7 ± 0.7 6.8 ± 1.2

   Color Doppler activity (grades 0–4) 2.5 ± 0.7 2.9 ± 1.0 2.7 ± 0.9

aData are reported as mean ± SD unless otherwise indicated. SD, standard deviation; bUse of paracetamol and/or nonsteroidal anti-inflammatory 

drugs.

TABLE 2

Outcome Measurements and Group Differences

Shockwave Placebo Shockwave vs Placebo

Outcome Mean SE Mean SE Mean Difference (95% CI) P Value

Pain while walking (0–10)

   At baseline 4.1 0.6 3.4 0.7

   ∆ at 2 weeks 0.9 0.4 –1.4 0.6 2.3 (0.8 to 3.8) 0.004

   ∆ at 4 weeks 0.9 0.4 –0.5 0.4 1.4 (0.2 to 2.6) 0.028

   ∆ at 12 weeks 1.5 0.4 0.03 0.3 1.4 (0.4 to 2.5 ) 0.011

Pain at rest (0–10)

   At baseline 3.0 0.6 3.1 0.6

   ∆ at 2 weeks 0.9 0.3 –0.4 0.3 1.3 (0.4 to 2.2) 0.008

   ∆ at 4 weeks 0.6 0.5 –0.4 0.3 1.0 (–0.2 to 2.2) 0.104

   ∆ at 12 weeks 0.8 0.4 0.4 0.4 0.4 (–0.6 to 1.5) 0.404

Pain tendon squeezed (0–3)

   At baseline 1.8 0.2 1.6 0.2

   ∆ at 2 weeks 0.2 0.2 –0.3 0.2 0.5 (–0.1 to 1.1) 0.100

   ∆ at 4 weeks 0.5 0.2 –0.1 0.1 0.6 (0.03 to 1.2) 0.039

   ∆ at 12 weeks 0.6 0.2 0.3 0.2 0.3 (–0.2 to 0.9) 0.221

Patient-rated treatment effect (1–6)

   at 2 weeks 2.8 0.2 2.0 0.2 0.8 (0.3 to 1.4) 0.005

   at 4 weeks 3.0 0.3 2.5 0.2 0.5 (–0.2 to 1.2) 0.178

   at 12 weeks 3.5 0.3 2.5 0.2 1.0 (0.3 to 1.7) 0.007

Tendon thickness, mm

   At baseline 8.8 0.5 9.3 0.3

   ∆ at 2 weeks 0.1 0.2 0.4 0.1 –0.3 (–0.7 to 0.2) 0.195

   ∆ at 4 weeks 0.3 0.1 0.3 0.2 0.01 (–0.5 to 0.5) 0.982

   ∆ at 12 weeks 0.7 0.2 0.4 0.3 0.3 (–0.3 to 1.0) 0.280

Thickness of central hypoechoic area, mm

   At baseline 6.9 0.4 6.7 0.2

   ∆ at 2 weeks 0.3 0.3 –0.02 0.2 0.4 (–0.4 to 1.1) 0.308

   ∆ at 4 weeks 0.5 0.3 0.1 0.2 0.4 (–0.4 to 1.1) 0.328

   ∆ at 12 weeks 1.2 0.4 0.5 0.5 0.7 (–0.7 to 2.0) 0.321

Color Doppler activity (grades 0–4)
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   At baseline 2.5 0.2 2.9 0.2

   ∆ at 2 weeks 0.0 0.2 0.1 0.2 –0.1 (–0.7 to 0.4) 0.671

   ∆ at 4 weeks 0.1 0.2 0.2 0.2 –0.1 (–0.6 to 0.4) 0.644

   ∆ at 12 weeks 0.7 0.3 0.4 0.2 0.3 (–0.4 to 1.1) 0.405

Still active in sport (1–4)

   At baseline 2.3 0.2 2.1 0.3

   ∆ at 12 weeks 0.1 0.2 0.5 0.2 –0.4 (–0.9 to 0.2) 0.159

Participating in competitive sporting events, no/yes

   At baseline 0.4 0.1 0.3 0.1

   ∆ at 12 weeks 0.1 0.1 0.2 0.1 –0.1 (–0.3 to 0.2) 0.641

SE, standard error; CI, confidence interval; ∆ (delta-value), the difference from Baseline, calculated as the baseline value minus the follow-up value. 

A positive delta-value indicates an improvement from baseline and a negative delta-value indicates deterioration. Patient-rated treatment effect is not 

listed as a delta-value since there was no baseline value.

Figure legends:

Figure 1. Flow diagram of patients through the study.

Figure 2. (A) Photograph of knee flexed to 90 degrees and longitudinal probe position. (B) Photograph of knee in neutral position and 

longitudinal probe position. (C) Longitudinal ultrasonogram of a healthy patellar tendon. Probe position as demonstrated in Figure 2A. (D) 

Longitudinal ultrasonogram of patellar tendinopathy. Probe position as demonstrated in Figure 2A. Illustration of anterior-posterior thickness 

measurement of (1) patellar tendon (2) central hypoechoic area. (E) Transverse ultrasonogram of the patellar tendon just distal to the apex of 

the patella. Illustration of the central hypoechoic area. (a) Cortical surface of the apex of the patella. (b) Patellar tendon. (c) Cortical surface of tibia 

just proximal to the tuberosity of tibia. (d) Central hypoechoic area. Closed arrows mark the superficial border of the patellar tendon. Open arrows 

mark the deep border of the patellar tendon. Arrow heads mark the central hypoechoic area.

Figure 3. (A–E) Longitudinal ultrasonograms of the patellar tendon illustrating grading of color Doppler activity from grade 0 to 4. The grading 

is performed in the region of interest (ROI) defined as a 0.5 cm longitudinal part of the tendon with maximum color Doppler activity. A horizontal 

yellow line measuring 0.5 cm marks the superficial border of the ROI (the superficial border of the patellar tendon) and white dotted lines mark the 

proximal and distal borders. The deep border of the ROI is the profound border of the patellar tendon. Grade 0: no activity. Grade 1: 1–2 single 

vessels in the ROI. Grade 2: Doppler activity in less than 25% of the ROI. Grade 3: Doppler activity in 25–50% of the ROI. Grade 4: Doppler activity 

in more than 50% of the ROI. (F) Transverse ultrasonogram of the patellar tendon just distal to the apex of the patella illustrating presence color 

Doppler activity in the central hypoechoic area.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

  

 

Assessed for eligibility (n = 63) 

Randomized (n = 36) 

Excluded (n = 27) 

Not meeting inclusion criteria (n = 20) 

Refused to participate (n = 4) 

Other reasons (n = 3) 

Placebo 

Allocated to intervention (n = 18) 

Received allocated 

intervention (n = 18) 

Did not receive intervention 

(n = 0) 

 

Shockwave 

Allocated to intervention (n = 18) 

Received allocated 

intervention (n = 18) 

Did not receive intervention 

(n = 0) 

 

E
n

ro
ll

m
en

t 
A

ll
o

ca
ti

o
n

 
2

-w
ee

k
s 

4
-w

ee
k

s 
A

n
a

ly
si

s 

Still in study at 2 weeks (n = 17) 

No response at 2 weeks, dropped-

out (n = 1) 

Still in study at 2 weeks (n = 17) 

No response at 2 weeks, dropped-

out (n = 1) 

Completed 12-week follow-up 

(n = 17) 

Completed 12-week follow-up 

(n = 15) 

Primary intention-to-treat 

analysis at 12-week follow-up 

(n = 18) 

Primary intention-to-treat 

analysis at 12-week follow-up 

(n = 18) 

1
2

-w
ee

k
s 

4
-w

ee
k

s 

Still in study at 4 weeks (n = 15) 

No response at 4 weeks, dropped-

out (n = 2) 

Still in study at 4 weeks (n = 17) 

tsm2_246_f1.pptx

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



a c 
b a c 

b 

d 
e 

b a 

c 
2 

d 
b 

a 
c 

1 

d 

A 

B 

C 

D 

E 

tsm2_246_f2.pptx

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



A 

B 

C 

D 

E 

Grade 0 

Grade 1 

Grade 2 

Grade 3 

Grade 4 

F 

Transverse scan 

tsm2_246_f3.pptx

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


