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Abstract

Purpose Extracorporeal shock wave therapy (SWT) is
effective for the management of chronic recalcitrant ten-
dinopathy. The objective of the current study was to assess
whether a standardized, single treatment SWT is effective
for the management of chronic patellar tendinopathy
Methods Thirty-three patients with chronic patellar ten-
dinopathy received low-energy SWT. Thirty-three patients
with chronic patellar tendinopathy received other forms of
non-operative therapy (control group). Evaluation was by
change in Visual Analogue Scale (VAS), Victoria Institute
of Sport Assessment score for patellar tendinopathy
(VISA-P) score and by Roles and Maudsley Score.
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Results Mean pre-treatment VAS scores for the control
and SWT groups were 7.5 and 7.8, respectively. One
month, 3 months, and 12 months after treatment, the mean
VAS for the control and SWT groups were 6.7 and 4.3
(p < 0.001), 59 and 3.5 (p <0.001), and 5.1 and 2.7
(p < 0.001), respectively. One month, 3 months, and
12 months after treatment, the mean VISA for the control
and SWT groups were 50.7 and 65.5 (p < 0.001), 52.1 and
71 (p <0.001), and 54.9 and 74.5 (p < 0.001), respec-
tively. At final follow-up, the number of excellent, good,
fair, and poor results for the SWT and control groups were
8 and 3 (p < 0.001), 17 and 10 (p < 0.001), 5 and 16
(p < 0.001), and 3 and 4 (p < 0.001), respectively. The
percentage of patients with excellent (“1”) or good (“2”)
Roles and Maudsley Scores (i.e. successful results)
12 months after treatment was statistically greater in the
SWT group compared to the control group (p < 0.001).
Conclusion A single application of radial SWT is an
effective treatment for chronic patellar tendinopathy.
Level of evidence 1I1.
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Introduction

Patellar tendinopathy is relatively common in jumping
sports [1, 2], with a prevalence of 44.6 and 31.9 % in elite
volleyball players and basketball players, respectively [9].
Symptoms can be debilitating, with impossibility to return
to sport for long periods ranging from 6 months [4] to more
than 2 years [9]. At times, symptoms may persist also in
athletes who have retired [8]. Many treatment strategies
have been advocated [10], but the management of patellar
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tendinopathy is still unclear [1]. Non-operative measures
including rest, stretching, eccentric strengthening, physical
therapies (ultrasound or iontophoresis), anti-inflammatory
drugs, and bracing are often inconsistent and poorly evi-
dence-based [1, 25-27], with more encouraging outcomes
in patients with early symptoms [15]. Novel treatments
involving platelet rich plasma injections, prolotherapy, and
sclerosing treatments seem to be promising, but their
effectiveness has not been unanimously supported by ran-
domized, prospective, placebo-controlled clinical trials
[11].

For surgical treatment of chronic patellar tendinopathy,
numerous arthroscopic and open procedures have been
described, but there is no agreement about the best option
[2, 5, 10, 14]. Postoperatively, success rates greater than
80 % have been reported [2, 10], but some selection and
assessment biases may have positively influenced outcome
[3], often limited by the retrospective nature of these
studies [5, 10, 14] and the absence of control group
patients. In addition, postoperative recovery time may last
[2, 3] up to 10 months [2].

Randomized controlled clinical trials have shown that
Shock Wave Therapy (SWT) is effective for the manage-
ment of tendinopathies and other soft tissue conditions [12,
13, 18-22].

The aim of this study was to determine whether low-
energy SWT is safe and effective for the management of
chronic patellar tendinopathy, arising from the hypothesis
that this treatment improves patient outcomes with respect
to baseline, with significantly higher effects than traditional
conservative measures.

Materials and methods

This is a retrospective study on patients with chronic
patellar tendinopathy who had undergone shock wave
therapy at our institution between March 2008 and April
2009. These patients were compared with a control group
of patients who had been treated with other conservative
strategies. We informed all the patients about the different
modalities of management of their condition, potential
risks, benefits, and possible outcomes. Each patient gave
the written consent. Control patients were selected blindly
and were matched for age and gender with the patients of
the SWT group. Inclusion criteria were history and physi-
cal examination positive for chronic patellar tendinopathy
unresponsive to conservative measures including rest,
anti-inflammatory drugs, ice, hamstring stretching and
strengthening, physical therapy, bracing, and iontophoresis,
with moderate-to-severe pain at the junction between the
patella and patellar tendon, most in knee extension against
resistance, and impaired function. Anteroposterior and
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lateral radiographs of the affected knee were helpful to rule
out other causes of knee pain such as advanced osteoar-
thritis. Magnetic resonance imaging (MRI) scans and
additional imaging studies were also performed.

Exclusion criteria included rheumatoid arthritis, gen-
eralized polyarthritis, local infection, pregnancy, tumours,
age <18 years, end stage ipsilateral knee osteoarthritis
(defined as severe knee joint space narrowing, joint scle-
rosis, and periarticular osteophytes), prior patellar tendon
surgery, and previous fractures to the knee.

We included, in the SWT group, 33 (33 knees) of 37
patients who underwent SWT; 4 patients were excluded: 1
had undergone concomitantly SWT for the management of
plantar fasciopathy, and 3 patients had not reached an
adequate follow-up.

The control group included 33 patients treated with
alternative non-operative measures. There were no inter-
group differences in mean age (p = n.s.) or duration of
symptoms (p = n.s.).

Occupation and sporting activities

Nineteen patients in the SWT and 16 patients in the
control group practised regularly recreational sports (non-
competitive exercise 3—5 times per week). Nine patients
in the SWT group and 11 control patients undertook
heavy physical work (i.e. they were heavy factory workers
or manual labourers or in occupations that required
extensive physical activity such as nursing and restaurant
service).

Method of treatment

All patients gave a written informed consent. The senior
author (J.F.) performed all the treatments in his office
without anaesthesia using a radial shock wave device
(Electro Medical Systems Swiss DolorClast, Munich,
Germany), which produces shock waves by a projectile,
accelerated with a pressurized air source, which strikes a
15 mm diameter metal applicator. The energy produced is
then transmitted to the skin as a shock wave, through a
standard, commercially available ultrasound gel. The
waves are dispersed radially from the application site to
surrounding tissues.

Each patient received a single low-energy administration
with 2,000 shocks at a session of 4.0 bars (equal to an
energy flux density of approximately 0.18 mJ/mm?). The
treatment frequency was 10 shocks/second; the total energy
flux density per session was approximately 360 mJ/mm [2].

The procedure was performed with the patient seated
with the knee at 90 ° of flexion after application of ultra-
sound gel on the skin overlying the distal pole of the patella
and patellar tendon. The shock waves were directed from
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Table 1 Mean VAS, VISA, and Roles and Maudsley Scores

Group VAS VISA Roles/Maudsley

Pre 1 3 12 Pre 3 12 Pre 1 3 12
SWT 7.8 43 35 2.7 49.5 65.5 71.0 74.5 4 2.5 22 2.1
Control 7.5 6.7 5.9 5.1 49.3 50.7 52.1 549 4 33 2.9 2.7

VAS, p < 0.001 for each time point for shock wave therapy and control group

VISA, p < 0.001 for each time point for shock wave therapy group
SWT shock wave therapy group

anterior to posterior. This is a dynamic process in which
the area of maximal tenderness is treated circumferentially,
starting from the most painful site. The average size of
the treated area measured 4-8 cm in width and 4-8 cm
in length, and the time of treatment ranged from 4 to
8 min.

Postprocedure treatment

After the procedure, we assessed the presence of haema-
toma, bruising, and swelling, not allowing the patients to
undergo additional, concomitant procedures for 3 months
from the last SWT application. The patients were allowed
to weight bear immediately with unrestricted range of
motion, with no immobilization, and stationary cycling was
recommended. Sedentary workers were allowed to return
immediately to their pre-treatment work status. Soft jog-
ging activities were started as tolerated 1 week after the
treatment. The time to return to competitive sports and
heavy labour occupations varied case-by-case.

Outcome measures

Visual Analogue Scale (VAS), the Victorian Institute of
Sport Assessment (VISA) score [24], and the Roles and
Maudsley (RM) [17] score were assessed before treatment
and after this at 1 month, 3 months, and 12 months. Aris-
ing from previous studies reporting on SWT, we consid-
ered clinically relevant a two-point change in VAS [7] and
a 10-point change in VISA.

The Roles and Maudsley Score is an extensively used
subjective four-point patient assessment which considers
pain and limitation of activity [17]: 1 point is an excellent
result, with no symptoms; 2 points is a good result, with
the patient significantly improved than pre-treatment and
satisfied with the results; 3 points is a fair result, the
patient is somewhat improved and partially satisfied with
the treatment outcomes; 4 points indicates a poor condi-
tion, with little improvement after treatment and high
dissatisfaction.

Statistical analysis

A power analysis showed that a sample size of 23 would be
required to establish the statistical significance with
o = 0.05 and power = 0.9, with calculations based on the
outcomes of SWT and non-operative treatment of chronic
patellar tendinopathy. The paired student’s ¢ test and the y>
analysis were used to compare the means between groups.
Significance levels for multiple comparisons were adjusted
with the Bonferroni procedure. The significance level was
p < 0.05. All analyses were conducted using SAS, version
8.2 (SAS Institute Inc, Cary, North Carolina).

Results

For all comparisons, the data met the assumptions for the
statistical tests chosen. No inter-group differences in mean
age (p = n.s.) or mean duration of symptoms (p = n.s.)
were recorded.

At 1 month from the treatment, the mean VAS score
significantly improved from a baseline value of 7.8 + 1.4
in the SWT treatment group and 7.5 &£ 1.1 in the control
group to a mean score of 4.3 £+ 1.3 (p <0.001) and
6.7 £ 1 (p < 0.001), respectively, (Table 1). Three months
after the treatment, the mean VAS score improved further
to 3.5+ 1.2 (p <0.001) for the SWT group and to
5.9 + 0.8 (p < 0.001) for the control patients (Table 1). At
12-month follow-up, the mean VAS score was 2.7 + 1.0
(p < 0.001) in the SWT treatment group and 5.1 + 0.8
(» <0.001) in the control group (Table 1). At each
appointment, the patients undergoing SWT reported sig-
nificantly better scores than controls (p < 0.001), with
significantly greater change in VAS score after SWT
administration (p < 0.001).

Victoria Institute of Sport Assessment score for patellar
tendinopathy scores were significantly improved at 1 month,
3 months, and 12 months after treatment (p < 0.001), with
significantly better results (p < 0.001) and greater change
(p < 0.001) in VISA score for the SWT-treated patients than
controls, at each appointment (Table 1).
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Roles and Maudsley Score at the onset of the study, all
SWT and control patients rated the condition of the
affected knee as “4” (poor). The percentage of patients
with excellent or good Roles and Maudsley Scores (i.e.
successful results) at 1 month, 3 months, and 12 months
after treatment was statistically greater after SWT treat-
ment (p < 0.001 for each time point) (Table 1).

No patient complained of worsening from baseline
symptoms in both the groups.

Fourteen of the 19 SWT-treated patients participating in
sporting activity returned to pre-injury sport activity level;
11 of the 16 control patients who practised sports returned
to sport at the same pre-injury level. The time to return to
sport was variable, ranging from 1 week, for some vol-
leyball players, to 12 months, for some runners. The 9 and
11 workers in the SWT group and control group, respec-
tively, were able to return to their pre-injury occupations.

Minor complications occurred in 2 patients who
complained of moderate pain during the treatment, with
complete resolutions of the symptoms at the end of the
treatment.

Discussion

The most important finding in the present study is that
SWT is safe and effective up to 12 months from the last
application, and provides significantly better results than
current conservative care. Firstly introduced in the mid-
1980s, SWT is safe, non-invasive, and effective for the
management of chronic patellar tendinopathy [16, 26, 27].
Comparing outcomes of 13 patients undergoing surgery
with those of 14 patients treated with SWT [16], signifi-
cantly improved VISA and VAS scores were observed in
both groups at 6-month follow-up, and the period of
working inability was of 6.1 weeks for the surgically
treated group and O for the SWT group [16]. In a ran-
domized controlled clinical trial, the patients treated with
SWT showed significantly increased satisfactory results
than controls (27/30 patients or 90 % vs 12/24 patients or
50 %; p < 0.001), with significantly lower recurrence of
symptoms (4 patients or 13 % vs 12 patients or 50 %;
p = 0.014), and no systemic, local, and device-related
complications. On the other hand, a study on 2 groups of
athletes with early symptoms of patellar tendinopathy
undergoing low-energy SWT (2000 impulses at a frequency
of 4 Hz and energy flux density starting at 0.1 mJ/mm [2]
and titrated according to pain tolerance) and placebo, evi-
denced no significant inter-group differences in VISA or
VAS outcomes at any time point [29]. However, these
athletes were mildly symptomatic, still able to participate
in competition activities. We treated patients unable to
compete, with low VISA-P scores. Our patients were
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advised to rest and interrupt temporarily their sporting
activities. In a recent review reporting on outcomes of 204
patients (215 tendons) undergoing SWT treatment for
chronic patellar tendinopathy [23], although methodologi-
cal variations of the treatment protocols, satisfactory out-
comes varied from 62 to 90 % of assessed patients,
concluding that SWT is safe, promising in terms of pain
relief and function recovery [23]. We reported results
comparable to those observed in previous studies on SWT
as treatment for chronic patellar tendinopathy [16, 23, 26,
27]. We evaluated the effects of a standardized, single
treatment, low-energy protocol of radial SWT on a con-
secutive series of patients with chronic patellar tendinop-
athy resistant to other conservative measures and compared
them with a matched control group. The SWT-treated
group reported significantly better mean VAS and VISA
scores at 1 month, 3 months, and 12 months from the
treatment than the controls. In addition, most of these
patients returned to pre-injury sport activities by few
months from the SWT procedure. At 12-month follow-up,
we recorded satisfactory results in 76 and 39 % of the
SWT-treated and control patients, respectively, with no
severe complications. We performed all SWT procedures
in the office, without using anaesthesia. Previous studies
reporting on SWT application in chronic plantar fasciopa-
thy and Achilles tendinopathy have shown that the local
injection of anaesthetics at the site of treatment may impair
the positive effects of the treatment [6, 21], probably
interfering with the delivery of the shock waves or, more
likely, altering the neurogenic inflammatory response and
antinociceptive effects following SWT.

Limitation of this study is its retrospective nature.
Despite the relatively short follow-up, the effectiveness of
SWT treatment was already evident at that time. The
number of patients in the study was relatively small, but
similar to prior studies on this subject. The functional
improvement in the knee was assessed subjectively using
VAS and functional scores, but no objective measures were
utilized. In addition, we did not use ultrasound and/or MRI
scans to confirm our clinical diagnosis [11, 21, 28].

We chose to use VAS, Roles and Maudsley, and VISA-P
scores as outcome measures as these scores have been used
extensively in prior studies on patellar tendinopathy, and
the VISA-P is a validated score for the pathology at hand.
While we agree that test-retest measurements are helpful,
we felt that the size of this study, the common statistical
tests used in this study, and the fact that this study was
performed in a community clinical setting obviated the
absolute necessity for performing this type of analysis. As
was true in prior studies on this subject, we have limited
the measurement accuracy to one decimal place, as scores
were obtained in integers, and the mean scores yielded a
number amendable to rounding to one decimal place. Data
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analysis in prior published trials also adhered to this stan-
dard. While unlikely, we acknowledge the possibility for
error based on rounding and, though unlikely, on our
failure to perform test-retest measurements. Although this
is a weakness of our study, we do not feel it is a “fatal
flaw” as the study methodology is otherwise sound.
Shock wave therapy for the management of patellar
tendinopathy is easy to perform in clinical setting, not risky
for the patients and, requiring only one application, quick.

Conclusion

Traditional treatments of chronic patellar tendinopathy are
generally lengthy, with frequent recurrences and, in many
instances, provide no significant improvement of the
symptoms. In our hands, low-energy radial SWT is safe
and effective up to 12 months from the last application.
Further randomized, prospective studies are needed to
confirm our findings.
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