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Abstract Achilles tendinopathy has been reported as the
most common overuse injury in sports medicine clinics
(Clement et al. Am J Sports Med 12: 179-184, 1984).
Standard treatment regimens include activity modification,
heel lifts, arch supports, stretching exercises, nonsteroidal
anti-inflammatories, and eccentric loading. There is a lack
of consensus regarding treatment. Even so, most athletes
will respond to this regimen. However, conservative
management will prove to be inadequate for a subset of
patients. When conservative therapy fails, other noninva-
sive treatment measures may be considered. Extracorporeal
shock wave therapy (ESWT) has been used in soft-tissue
disorders including lateral epicondylitis, plantar fasciitis,
and calcific tendonitis of the shoulder. Conclusive evidence
recommending ESWT as a treatment for Achilles tendin-
opathy is lacking. This article explores the role of shock
wave therapy in the management of recalcitrant Achilles
tendinopathy in patients attempting to avoid an invasive
intervention.

Keywords Achilles tendonitis - Tendinosis -
Tendinopathy - Heel pain - Conservative management -
Eccentric loading - Shock wave therapy - Surgical
management

Introduction

Achilles tendon injuries are often frustrating causes of
posterior heel pain. These injuries typically occur in those
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participating in distance running and a variety of sports
including soccer, football, tennis, volleyball, basketball,
badminton, and handball [14, 21]. Reported estimates of
the prevalence of Achilles tendinopathy, however, are 11%
in runners, 9% in dancers, 5% in gymnasts, 2% in tennis
players, and <1% in football players [3, 6, 9, 38]. In the
various published reports to date, the mean age of patients
with peritendinitis and tendinosis ranged from 24 to
30 years [3, 6, 38]. Despite extensive research, the precise
cause and natural history of these injuries remains unclear
[27].

Risk factors include biomechanical abnormalities of the
lower extremity such as hyperpronation and leg length
discrepancy as well as systemic conditions such as obesity,
hypertension, diabetes, and endocrinopathies. Extrinsic
factors include increase in interval training, excessive hill
training, a sudden increase in training intensity, change of
surface (soft to hard), excessive mileage, and inappropriate
or worn-out footwear [12]. Advanced age, male gender,
steroid use, and fluoroquinolones are also associated with
this condition [12, 22-24]. From an anatomic perspective,
the decreased vascularity of the Achilles tendon may pre-
dispose the tendon to damage or rupture.

Damage to the Achilles tendon usually results from
chronic overuse. It is the result of accumulative impact
loading and repetitive microtrauma to the tendon [12].
Injury begins with inflammatory changes around the tendon
(peritendinitis) while the tendon itself remains normal. In
the majority of patients, the Achilles tendon does not have
a tendon sheath but rather a paratenon. The paratenon is the
site of inflammation associated with peritendinitis. Peri-
tendinitis may progresses to tendinosis characterized either
by degenerative and inflammatory changes within the
tendon or by degenerative changes within the tendon
and associated inflammation of the peritendinous tissue,
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respectively [4]. Interestingly, inflammatory changes are
present, however, inflammatory mediators are absent
making the term Achilles tendonitis a misnomer. Tendin-
opathy is more of a generic term used to encompass
intrinsic and/or extrinsic damage to the tendon. From an
anatomic standpoint, tendinopathy describes fraying of the
tendon due to a failed healing response of the extracellular
matrix [2, 25].

Anatomy

The Achilles tendon is the longest and one of the strongest
tendons in the body. It is the confluence of the gastrocne-
mius, soleus, and plantaris muscles and inserts onto the
posterior calcaneus. The Achilles tendon has no tendon
sheath (two layers of connective tissue surrounding the
tendon) but rather a paratenon (a richly vascularized single
layer of cells) [31]. However, a small subset of patients will
have a synovial sheath instead of a paratenon [4]. The
blood supply is largely derived from blood vessels within
the paratenon. The tendon has a relatively avascular area
2-6 cm proximal to its insertion on the calcaneus. This
area of avascularity is the most common site of tendon
damage known as noninsertional tendinopathy. When
tendinopathy occurs at the junction of bone and tendon, it
is referred to as insertional tendinopathy. The retrocalca-
neal bursa resides between the tendon and the upper por-
tion of the calcaneus.

Diagnosis

Differential diagnosis of patients with posterior heel pain
includes retrocalcaneal bursitis and superficial tendo
Achilles bursitis or “pump bumps” [11, 29]. Achilles
tendinopathy will often present with soft-tissue swelling,
local tenderness, and crepitus [31]. In early stages, focal
swelling and tenderness are limited to a small area (see
Fig. 1). Crepitus is the result of an exudation around the
tendon and is more commonly found in the acute stage. It
can be accentuated by active dorsiflexion and plantar
flexion of the foot. Thompson’s test is negative. Radio-
graphs rarely show calcification of the soft tissues sur-
rounding the tendon or the tendon itself [29]. The lateral
radiograph may show a prominent superior tuberosity of
the os calcis. Ultrasounds of athletes with chronic Achilles
tendinosis have found that this modality accurately dem-
onstrates both tendonitis and tendinosis of the tendon
[19, 20].

Fig. 1 Achilles tendinopathy

Treatment

Often medical attention will not be initiated until athletes
have attempted to “run through” the pain but have had to
stop or severely modify sports activities. Initial treatment
of Achilles peritendinitis and tendinosis always is conser-
vative and focuses on control of pain and inflammation,
correction of functional malalignment, and rehabilitation of
the gastrocnemius-soleus muscle-tendon complex [23]. In
athletes who present within 1-2 weeks of the onset of
symptoms, a short course (7-10 days) of oral, nonsteroidal
anti-inflammatory medications and 2 weeks of rest usually
will allow them to return to running, symptom free [31]. In
addition, they should be counseled about the extrinsic
factors (e.g., errors in training) that may have caused their
problem and about prophylactic measures (proper shoes,
stretching) that can prevent Achilles tendonitis [23].
Table 1 outlines a common conservative treatment regi-
men. Immobilization of the ankle for a period of 7-10 days
may be indicated in individuals with severe acute symp-
toms [29]. Steroid injections, however, should be limited to
the area of the retrocalcaneal bursa and should be
employed only in patients with recalcitrant retrocalcaneal
bursitis [24, 25]. There is a growing amount of evidence
that steroid injections in and around the Achilles tendon
may increase the risk of tendon rupture [7, 8, 26, 29]. The
most recent Cochrane review reported insufficient evidence
from randomized controlled trials to determine which
method of treatment is most appropriate for acute or
chronic Achilles tendinopathy. This lack of evidence has
led to the exploration of other noninvasive treatment pos-
sibilities including ESWT.

A discussion of operative treatment of Achilles tendin-
opathy is beyond the scope of this article. However,
operative treatment should be considered when a compre-
hensive nonoperative treatment program of several
months’ duration has failed and the patient is not willing to
alter or abandon the precipitating sports activity [39].
Surgical treatment is required in about 25% of athletes with
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Table 1 Nonoperative treatments

Rest

Shoe ware modification
Nonsteroidal anti-inflammatory medications
Physical therapy
Eccentric training
Massage

Ultrasound

Ice

Iontophoresis

Heel lift orthosis
Custom orthosis

Immobilization

Achilles tendon overuse injuries [41]. Researchers report
excellent or good results in up to 85% of cases, but success
rates are not always so high in routine nonspecialized
clinical practice [30, 40]. It is difficult to compare the
results of studies as most workers do not report their
assessment procedure [40]. Also, no prospective random-
ized studies comparing operative and conservative treat-
ment of Achilles tendinopathy have been published and
most of the knowledge on treatment efficacy comes from
clinical experience and descriptive studies [31].

Extracorporeal shock wave therapy

Extracorporeal shock wave therapy (ESWT) was originally
used for the treatment of renal stones. In the 1990s, ESWT
became popular in Germany for certain soft-tissue disor-
ders, including calcifying tendonitis of the rotator cuff,
humeral epicondylitis, and plantar fasciitis [10]. It is now
applied worldwide for the treatment of musculoskeletal
complaints. In the USA, the Federal Drug Administration
approved the use of ESWT in the treatment of chronic
proximal plantar fasciitis in 2000. Shockwaves are pressure
disturbances that propagate rapidly though a medium [10].
Attenuation of the wave is dependent on the medium used.
In air, a wave dissipates quickly. However, water is an
excellent medium. Most treatment protocols use a water
medium and a coupling gel before penetrating tissue.
Generation of shock waves is electromagnetic, electrohy-
draulic, piezoelectric, or pneumatic. The first three meth-
ods focus the wave to a very specific area, whereas,
focusing is not involved using the pneumatic method [10].
In animal models, ESWT stimulates soft-tissue healing
primarily by inhibiting afferent pain-receptor function
and by enhancing angiogenesis. Basic science studies
show that ESWT may increase blood flow to the treated
site and induce an inflammatory-mediated healing process.
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Treatment protocols utilize either low- or high-energy
waves. Low-energy shock wave therapy does not require
local anesthesia but does require three to four applications.
In contrast, high-energy shock wave therapy can be applied
in one visit but requires local anesthesia. Controversy
revolves around whether the use of anesthesia compro-
mises clinical outcomes [35]. In theory, the infiltration of
local anesthesia may interfere with the focusing of the
shock wave to the site of maximal discomfort [35]. Also
local anesthesia may alter the inflammatory response and
angiogenesis ESWT invokes. Regional anesthesia may be
of use as it can provide comfort for the patient without
compromising the results of SWT. The type of anesthesia
that is most beneficial has yet to be determined.

The application of ESWT varies widely in the existing
trials making comparison of results difficult. Conflicting
results may be related to differing treatment protocols. The
trials conducted for lateral epicondylitis, plantar fasciitis,
and calcific tendonitis of the shoulder generally use a
protocol, in which 1,500-2,000 shocks of low energy are
applied to the site of maximal discomfort. Local anesthesia
is not used. Applications are done at weekly intervals for
three to four applications, and patients are followed for at
least 3—4 months after last application [37]. This protocol
has been used in ESWT for Achilles tendinopathy trials. In
contrast and perhaps complicating, trials utilizing high
energy one time application of ESWT with anesthesia have
also been conducted [1, 17, 18]. Chen et al. found that in
rat Achilles tendons low-energy shock wave therapy
restored biomechanical and biomechanical characteristics
of healing tendon while high-energy SWT resulted in
inhibitory effects on repair.

Uncontrolled pilot studies suggested that SWT can be an
effective treatment for patients with chronic noninsertional
Achilles tendinopathy [28, 33]. More recent randomized
controlled trials have substantiated these positive results [5,
32, 36]. In the largest of these studies Rompe et al. enrolled
75 patients in a randomized triple-arm trial to compare
eccentric loading, repetitive low-energy SWT, and a wait-
and-see policy. SWT was administered without local
anesthesia in weekly intervals with a primary follow-up of
at least 12 weeks. At 4 months from baseline, 60 vs. 52 vs.
24% reported symptoms “completely recovered” or “much
improved” [36]. For all outcome measures, eccentric
loading and SWT did not differ significantly but showed
significantly better results than the wait-and-see policy
[36].

Furia [15, 16] studied SWT for both chronic insertional
and noninsertional Achilles tendinopathy in two separate
trials. In these case controlled studies, single dose, high-
energy SWT with anesthesia was applied. The insertional
Achilles tendinopathy study had 68 participants. A group
of 35 patients received one dose of high-energy SWT. The
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other group of 33 patients received nonoperative treatment.
Visual analog scale and Roles and Maudsley score were
used for evaluation. Patients were followed up at 1, 3, and
12 months after treatment. The VAS scores at 1, 3, and
12 months for nonoperative therapy and ESWT were 8.2
and 4.2, 7.2 and 2.9, and 7.0 and 2.8, respectively [15].
Twelve months after treatment 83% of patients receiving
SWT had improvement of their symptoms according to
the Roles and Maudsley score. A subgroup of patients
receiving SWT had regional anesthesia rather than local.
The percentage of patients with successful Roles and
Maudsley scores did not differ in these patients. This study
concluded that ESWT is an effective treatment for chronic
insertional Achilles tendinopathy [15]. It further stated that
local anesthesia may decrease the effectiveness of the
procedure. The second of these case controlled trials
focused on noninsertional chronic Achilles tendinopathy.
In this trial, 33 patients received a single dose of high-
energy shock wave therapy with regional anesthesia.
Thirty-four patients were treated with eccentric training.
VAS and Roles and Maudsley score were again used to
evaluate outcomes. Patients were followed up at 1, 3, and
12 months after treatment. VAS at 1, 3, and 12 months for
nonoperative therapy and SWT were 8.4 and 4.4, 6.5 and
2.9, and 5.6 and 2.2, respectively [16]. The percentage of
excellent or good Roles and Maudsley scores at 12 months
were statistically greater in the SWT group than in the
control group. The authors concluded that ESWT is an
effective treatment for chronic noninsertional Achilles
tendinopathy [16].

Two double-blinded, randomized controlled trials have
been completed. Costa et al. [13] reported no statistically
significant treatment effects in 49 patients with Achilles
tendinopathy treated with low-energy SWT. Patients with
insertional and noninsertional forms of Achilles tendinop-
athy were included in the trial. Each patient was treated in
3 monthly intervals with primary follow-up 4 weeks after
SWT. Baseline visual analog scale for pain during walking
was 55 for both SWT and control groups. The score after
intervention was 34 points in the SWT group and 50 in the
control group [13]. Although their findings were not sta-
tistically significant, the authors acknowledge that “the
confidence intervals include the potential for a clinically
relevant treatment effect.” This raises the possibility of
type II error, that is, the sample size was too small to detect
a meaningful treatment effect [13].

Rasmussen et al. [34] compared low-energy ESWT
versus sham therapy. Participants, 48 in all, were ran-
domized to receive active or sham ESWT over 4 weeks.
All patients received nonoperative therapy. Each treatment
group consisted of 24 patients. American Orthopaedic Foot
and Ankle Society (AOFAS) score and pain were used
for evaluation. Patients were followed up at 4, 8, and

12 weeks. AOFAS increased more over time in the inter-
vention group than in the control, from 74 to 81 in the
placebo group and from 70 to 88 in the intervention group
[34]. Better results were seen in the intervention group at 8
and 12 weeks follow-up. Pain was reduced in both groups
but no statistically significant difference was noted. Inter-
estingly, women showed the best outcome, an unexpected
finding. The authors concluded that ESWT appears to be a
supplement for the treatment of chronic Achilles tendin-
opathy [34].

Conclusion

Clearly, more clinical trials are needed to evaluate the
efficacy of SWT for Achilles tendinopathy. In the Coch-
rane review referenced earlier, only nine clinical trials for a
total of 697 patients were of sufficient quality to be con-
sidered. This was a review of all treatments of Achilles
tendinopathy not only ESWT. However, it does point out
the need for higher numbers of participants. Studies com-
paring high energy, single-treatment protocols with low
energy, multiple-treatment protocols, and studies compar-
ing various dosing intervals and energy flux densities are
also needed to determine optimal treatment parameters. A
standardized method to evaluate results may also be help-
ful. However, it does appear that ESWT is a reasonable
adjunct to therapy when conservative treatment fails.
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