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Abstract: We aimed to investigate the changes caused by focused extracorporeal shock wave pain
therapy (f-ESWT) in patients with patellar tendinopathy by means of ultrasound imaging. We
included 18 knees from 11 college athletes with patellar tendinopathy. We assessed the tendon
thickness and blood flow of the patellar tendon using ultrasound imaging, rest pain using NRS
and tenderness using a pressure pain gauge. We recorded four measurements: immediately before
f-ESWT (PRE 1©) and after f-ESWT (POST 1©) and two weeks after the first irradiation before f-ESWT
(PRE 2©) and after f-ESWT (POST 2©). Only the resting pain in both the first and second irradiations
showed a significant difference immediately before and after the treatment. In terms of pain changes
after two weeks later, we observed significant differences in the resting pain between PRE 1© and
PRE 2© and also in the resting pain, tenderness and blood flow area between PRE 1© and POST 2©.
No significant difference was seen in the tendon thickness. We concluded that pain in the patellar
tendon at rest decreased before and after irradiation, suggesting that f-ESWT may have influenced
the nociceptive structures and had an analgesic effect.

Keywords: patellar tendinopathy; focus extracorporeal shock wave therapy; ultrasound; imaging
analysis; blood flow; sports; athlete; overuse; treatment; morphology

1. Introduction

Focused extracorporeal shock wave pain therapy (f-ESWT), one of the pain treatment
methods for tendinopathies, has received increasing attention in recent years. f-ESWT’s
main effects are pain relief [1], tissue repair [2] and bone formation promotion [3]. In
addition, many efficacy studies on tendon disorders have been reported [3–6]. Because of
its low complications and high safety, f-ESWT is gaining popularity as a treatment that
should be considered before surgery, making it an attractive and safe option for athletes
aiming for an early return to their sports.

Patellar tendinopathy is an overuse disorder frequently seen in sportspersons who
participate in jumping, dashing and turning motions, such as in volleyball [7,8] and bas-
ketball [9,10]. The patellar tendon connects the patella to the tibia and plays a role in knee
flexion and extension by transmitting the tension of the quadriceps muscle. Therefore,
excessive tension in the patellar tendon due to jumping and dashing motions leads to
microdamage and inflammation of the tendon’s parenchyma, thereby resulting in patellar
tendinopathy [11,12]. The main pathogenesis of patellar tendinopathy includes degenera-
tion and collagen malalignment, collagen changes from type I to Type III of the tendon,
abnormal blood vessels in the sparing area and increased growth of nerve fibres [10,13,14].
It also inhibits tissue repair due to the excessive localisation of neurotransmitters [15].
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Conservative therapy, including eccentric exercise, is the main treatment for patellar
tendinopathy. However, over a long period, competitive athletes often develop intractable
patellar tendinopathy with prolonged pain [16], and in some cases, surgery is required
because conservative therapy is not successful.

In addition, the change in tendon stiffness due to scarring reduces its ability to trans-
mit tension, making patellar tendinopathy directly related to decreased athletic perfor-
mance [17]. Intractable patellar tendinopathy is a serious condition that can cause the end
of a career for athletes because surgical treatment requires prolonged withdrawal from
sporting competitions.

The efficacy of f-ESWT for patellar tendinopathy is 60–90%, but the mechanism of
healing is unclear [18–20]. A few reports deny the efficacy of f-ESWT and suggest that
the results of f-ESWT are poor in refractory patellar tendinopathy and tendinopathy with
advanced lesions. Objectively evaluating the actual patellar tendinopathy site, rather than
carrying out only subjective pain assessments, may lead to further clarification of the cause
of tendinopathy [21–24]. Ultrasound echo can be used not only to gain a more detailed
picture of tendon morphology but also to map changes in tendon blood flow components
in detail. In addition, recent developments in ultrasound echo have made it possible to
capture the internal structure in detail before, making it possible to clearly see Doppler
images. By using these, it can be used as an objective index to evaluate the effect of f-ESWT
in more detail. Therefore, in this study, we examined the effects of f-ESWT on immediate
and short-term pain changes by performing ultrasound imaging of the patellar tendon in
patients with patellar tendinopathy.

2. Materials and Methods
2.1. Participants

We included 18 knees (male: 4, female: 7) from 11 university athletes belonging
to university sports clubs who were examined by a physician at a university medical
science clinic and diagnosed with patellar tendinopathy from June 2018 to June 2019 (age:
20.6 ± 1.6 years, height: 171.3 ± 10. 9 cm, weight: 69.7 ± 18.2 kg, BMI: 23.5 ± 4.2 kg/m2,
duration of symptoms: 19.5 ± 11.3 months). The sports that the subjects were involved in
were soccer for 3, American football for 3, long-distance runners for 2, basketball for 1 and
volleyball for 2.

All the subjects had patellar tendinopathy of an intensity that interfered with their
sports activities or daily life, i.e., they had stage 3 or higher of patellar tendinopathy severity
as defined by Blazina et al. [25–29] (Stage0; No pain, Stage1; Pain only after intense sports
activity: no undue functional impairment, Stage2; Pain at the beginning and after sports
activity: still able to perform at a satisfactory level, Stage3; Pain during sports activity:
increasing difficulty in performing at a satisfactory level, Stage4; Pain during sports activity:
unable to participate in sports at a satisfactory level, Stage5; Pain during sports activity:
unable to participate in sports at a satisfactory level). We did not restrict them from any
sports activities during the f-ESWT application period. This study was approved by the
Ethical Review Committee for Research Involving Human Subjects (2017-318). The purpose
of this study was fully explained to the participants, and consent was obtained before the
study was conducted.

2.2. Protocol

We used an extracorporeal shock wave pain treatment device (STORZ Medical, UK) to
deliver the f-ESWT to the pain-inducing area. We gradually increased the f-ESWT energy
transfer in the range of 0.01–0.25 mJ/mm2 according to the pain, delivering 2500 shots
per session for 4 Hz. The subjects were irradiated with f-ESWT twice, at the beginning
of the study and after 2 weeks. We evaluated the pain, rest pain and tenderness of the
patellar tendon. Rest pain was mapped on the Numeric Rating Scale (NRS) [30] and the
degree of pain was rated on 11 levels. We then used a pressure pain meter (FP meter,
SN-402, Navis, Japan) to evaluate the pressure pain and recorded the pressure value at
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the time the participant experienced pain [31–33]. When the pressure pain meter was
applied to the pain area and pushed in, the value increased from 0 to 10 (kg). The examiner
pushed it in until the study participant felt pain and recorded the value at the time of
pain as the pressure value. In other words, it was shown that the higher pressure value
indicated a decrease in pain. To examine the effect of f-ESWT on the affected area, we
evaluated the tendon thickness and blood flow of the patellar tendon using an ultrasound
imaging system, Toshiba Aplio scanning machine (Canon Medical Systems Corporation,
Japan). Ultrasound evaluations of the tendon thickness and blood flow were performed in
the long axis direction using an ultrasonography device equipped with a high-frequency
(5–14 MHz) linear probe. To measure the tendon thickness (mm), we recorded a still image
of the area of maximum swelling using B-mode (Figure 1). For blood flow evaluation
(Doppler), we recorded still images during the beating phase when the blood flow area was
large (cm2). Each image was captured by an orthopaedic surgeon who examined the subject
and selected the images to be used. Four sessions in total were taken for evaluation by the
ultrasound imaging system before and after the f-ESWT in each subject. Three images of
tendon thickness and blood flow evaluation were recorded in each imaging session, and
the average of the 3 images was adopted as the value. These recorded images were used to
calculate the blood flow area on the ultrasound image using the open-access image analysis
software Fiji (Fiji is Just ImageJ) (Figure 2). The shock wave irradiation site, pain evaluation
site and ultrasound evaluation site were evaluated and determined by a physician using
an ultrasound imaging device, and markings were applied thus that measurements could
be performed at the same site. The measurements were performed 4 times: before f-ESWT
(PRE 1©), immediately after f-ESWT (POST 1©), before f-ESWT 2 weeks after the first f-ESWT
(PRE 2©) and immediately after the second f-ESWT (POST 2©).
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2.3. Statistical Analysis

All data obtained in this study were expressed as mean ± standard deviation. SPSS
Statistics 26 (IBM, USA) was used for statistical analysis. Each measurement item was
analysed using a one-way analysis of variance, and when the main effect was observed,
multiple comparisons using Tukey’s test were conducted as a post-test. The significance
level was set at a risk rate of less than 5%.
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3. Results

The results of all evaluation items are shown in Table 1. In the immediate pain change
before and after irradiation, we found a significant difference only in NRS after the first and
second irradiations and no significant difference in the other items. In terms of pain change
after 2 weeks, there was a significant difference in NRS between PRE 1© and PRE 2©, and
between PRE 1© and POST 2© (Figure 3). In terms of tenderness and blood flow area, there
were significant differences between PRE 1© and POST 2© (Figures 4 and 5). Throughout the
study period, we found no significant difference in patellar tendon thickness (Figure 6).

Table 1. Evaluation item.

PRE 1© POST 1© PRE 2© POST 2©
Numeric Rating Scale 5.36 ± 1.57 3.18 ± 1.25 * 3.82 ± 1.17 * 1.91 ± 1.22 *†

Tenderness (kg) 1.73 ± 0.98 2.45 ± 1.17 2.14 ± 0.98 3.09 ± 0.97 *
Patella Tendon Thickness (mm) 0.93 ± 0.26 0.93 ± 0.26 0.93 ± 0.26 0.92 ± 0.26

Blood flow area (cm2) 0.18 ± 0.16 0.07 ± 0.08 0.13 ± 0.16 0.03 ± 0.08 *

Values are mean ± SD, *: p < 0.05 PRE 1© †: p < 0.05 PRE 2©.
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4. Discussion

The purpose of this study was to investigate the changes in pain intensity and tendon
morphology following f-ESWT using ultrasound imaging to map these changes in patients
with patellar tendinopathy. Our study focused on two main questions: immediate pain
changes before and after f-ESWT and pain changes two weeks after the first f-ESWT session.
On examining the immediate changes in pain before and after the first f-ESWT irradiation,
we found no change in patellar tendon thickness but observed a significant decrease in
NRS in both the first and second irradiations. Further, although there was no significant
difference in tenderness and blood flow area between the first and second irradiation, there
was a stark decreasing trend between the two sessions. Previous studies have reported
that early pain relief is associated with the destruction of free nerve endings [16,21]. In the
present study, pain in the patellar tendon at rest decreased before and after irradiation,
suggesting that f-ESWT irradiation may have destroyed nerve endings and had an analgesic
effect. Further, the pathogenesis of tendinopathy involves [22,23]. In our participants, this
abnormal vascular network tended to decrease after f-ESWT, even though we checked
the blood flow area before irradiation. We believe that the destruction of blood vessels by
irradiation may have contributed to a decrease in fluid factors, such as neurostimulants,
from blood vessels, thereby reducing the pain [2,34]. In a comparative study of pain
changes 2 weeks after the first f-ESWT, we found no change in patellar tendon thickness
but observed a significant decrease in NRS between PRE 2© and POST 2© compared to
PRE 1©. We also observed a significant decrease in tenderness and blood flow area in POST
2© as compared to PRE 1©. The recommended frequency of irradiation is three sessions

at intervals of seven days [35]. In this study, we performed two irradiations performed
every 14 days and observed significant improvements in NRS, tenderness and blood flow
area in a short period. These results suggest that continuous f-ESWT irradiation over
multiple sessions may enhance the pain relief effect and promote the recovery of tissue
function [17]. Although this was not significant, we observed increasing trends in NRS,
tenderness and blood flow area during the 7 days from POST 1© to PRE 2©. Our subjects
were college athletes who exercised regularly, and we did not add restrictions on physical
activity during the study period. Therefore, they might have engaged in athletic activities
during the f-ESWT period, which may have led to an increase in NRS, tenderness and
blood flow area. Our results proved the immediate and short-term usefulness of f-ESWT in
restoring the condition of an injured patellar tendon. Since the pain relief effect persisted
even during exercise in our participants, we believe that f-ESWT is a useful treatment
modality that does not require prolonged withdrawal for post-treatment recovery, unlike
surgery. In the past, there have been reports that there was no difference in the effects of
ESWT with and without irradiation, although subjective pain was reduced [36]. In addition,
there may be cases where the tendon is not actually repaired even though it is subjectively
improved, thus it is important to combine objective evaluation with subjective evaluation.
There are several limitations in our study. First, while evaluating the blood flow area, it
was not possible to distinguish between the abnormal vascular network produced during
the inflammatory process and the neovascularization produced during the repair process.
Second, it can only be tracked up to twice f-ESWT, not long-term. Thirdly, the sample
size was small and including a heterogeneous group of unilateral and bilateral patella
tendinopathy. Forth, the selection of ultrasound images is made by only one doctor, and
the reliability of multiple doctors has not been examined. Given these limitations, further
clinical studies on the mechanism of action and efficacy of f-ESWT on patellar tendinopathy
are needed.

5. Conclusions

The results of this study suggest that f-ESWT provides immediate pain relief in athletes
with refractory patellar tendinopathy and that at least two rounds of f-ESWT irradiation in
two weeks can promote high pain relief and tissue repair in individuals participating in
active sports.
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