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a b s t r a c t

Achilles tendinopathy is common and extracorporeal shockwaves have become a popular treatment for this
condition, even though previous research has not provided conclusive results regarding its efficacy in cases of
Achilles tendinopathy. Our aim was to evaluate 3 weekly shockwave treatments in patients with Achilles
tendinopathy, as quantified by the Roles and Maudsley score. A total of 74 tendons in 60 patients were
assessed at baseline and at least 1 year posttreatment, including 32 (43.24%) paratendinoses, 23 (31.08%)
proximal tendinoses, and 19 (25.68%) insertional tendinoses. The mean age of the participants was 48.6 �
12.94 years, and patients with paratendinosis (41.44 � 14.01 years) were statistically significantly younger
than those with proximal (53 � 8.9 years) and insertional (54.26 � 9.74 years) tendinopathy, and these
differences were statistically significant (P ¼ .0012 and P ¼ .0063, respectively). Overall, 58 (78.38%) tendons
improved by at least 1 year posttreatment, including 75% in the paratendinosis, 78.26% in the proximal
tendinosis, and 84.21% in the insertional tendinosis groups, and no adverse effects were observed. The Roles
and Maudsley score improved from 3.22 � 0.55 to 1.84 � 1.05 (P < .0001) in the paratendinosis group, 3.39 �
0.5 to 1.57 � 0.66 (P < .0001) in the proximal tendinopathy group, and 3.32 � 0.58 to 1.47 � 0.7 (P ¼ .0001) in
the insertional tendinopathy group. Based on these results, we believe that shockwave therapy serves as a safe,
viable, and effective option for the treatment of Achilles tendinopathy.

� 2011 by the American College of Foot and Ankle Surgeons. All rights reserved.
Achilles tendinopathy is a common cause of posterior heel pain. An
estimated 30% to 50% of sporting injuries are tendon related, and
Achilles tendinopathy specifically has a prevalence of 11% in runners
and 14.5% in military recruits, whereas observational studies in elite
gymnasts have demonstrated a 17.5% prevalence in women and 12.5%
prevalence inmen (1–3). Former distance runners are thought to have
a lifetime risk of developing Achilles tendinopathy of 52% (4). The
condition is frequently attributed to running and jumping activities,
although the problem is not just confined to the active population but
is also seen in sedentary individuals (5, 6). Symptomsmay include, but
are not limited to, pain, swelling, and loss of function, such that the
conditionmay interferewith sporting activityand the activities of daily
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living (5–7). Despite its prevalence, the etiology of the condition in
many cases remains unclear. Proposed causal factors range from
biomechanical and anthropometric abnormalities to training and
equipment errors in athletes (3, 5, 7–9). More recently there has been
great interest in the condition on a molecular and genetic level,
although a great deal of debate exists in regard to the precise inter-
pretationof thehistologyand thepathogenesis of the condition (7–11).

Potential therapeutic interventions for Achilles tendinopathy are
many and varied, both conservative and surgical. Systemic nonste-
roidal anti-inflammatory drugs (NSAIDs), local glucocorticosteroid
injections, sclerosing injections, laser and radiofrequency therapies,
massage techniques, and instillation of platelet-rich plasma have all
been described as potentially useful nonoperative interventions (6, 7).
Despite this breadth of options, eccentric calf exercises remain one of
the cornerstones of treatment (5–7).

More recently, based on promising results observed with other
similar pathologies, high- and low-energy extracorporeal shockwave
therapy (ESWT) has been used for the treatment of Achilles tendin-
opathy (8–15). Although it is a subject of much debate, it has been
s. All rights reserved.
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Fig. 1. Magnetic resonance image showing the “halo sign” with Achilles paratendinosis
and normal tendon in a patient who went on to have surgery.

Fig. 3. Magnetic resonance image showing inflammation of the retro-calcaneal bursa and
the Achilles tendon insertion in a patient who went on to have surgery.

A. Saxena et al. / The Journal of Foot & Ankle Surgery xxx (2011) 1–52

YJFAS50984_proof ■ 5 March 2011 ■ 2/5
suggested that such treatment may result in both a short-term anal-
gesic effect as well as a longer-term resolution of the pathology, thus
enabling continuation of activity during recovery, which enhances the
attractiveness of this form of treatment (8–11). With this background
in mind, we undertook a prospective cohort study that focused on the
effect of low-energy radial-pulsed–activated (EPAT) shockwave
(sound wave) as an isolated treatment for Achilles tendinopathy. We
aimed specifically to see if activity levels were improved after treat-
ment with a radial shockwave device that had been previously
approved by the United States Food and Drug Administration for this
purpose.
Fig. 2. Magnetic resonance image showing mucinous degeneration of the Achilles tendon
in a patient who went on to have surgery.
Patients and Methods

Patients with Achilles tendinopathy from the senior author’s practice were
voluntarily enrolled in this prospective study from August 2008 through August 2009.
All of the patients came from the senior author’s (A.S.) clinical practice. Informed
consent and institutional review board approval was granted before commencement of
data acquisition. The diagnosis of Achilles tendinopathy and identification of the
subcategories of tendinopathy were made by clinical examination by the senior author
(A.S.) and based on the presence of pain localized to any portion of the Achilles tendon
complex including the insertion. Patients were categorized as having tendon pathology
localized to the paratenon, the tendon in the “watershed” region (noninsertional
region, generally situated 2 to 6 cm proximal to the insertion), or the insertion. Patients
diagnosed with paratendinosis involvement displayed diffuse pain along the tendon,
not localized to one specific point within the body of the tendon, which typically
became more symptomatic with increased activity. They may or may not have palpable
crepitus about the tendon, and magnetic resonance imaging (MRI) scans, if obtained,
revealed a “halo sign” around the Achilles tendon without intratendinous mucinous
degeneration (Figure 1). For para- and tendinopathic patients, MRI was performed if
they were unable to perform a single-leg heel raise or patients felt a “pop”; in these
patients X-ray was often not performed. For insertional tendinopathic patients X-ray
was performed, however, unless they noted symptoms above, MRI was not performed.
Noninsertional or insertional tendinosis was diagnosed on the basis of pain localized to
the tendon itself, either in thewatershed region or at the insertion into the calcaneus, in
conjunction with a palpable lump or induration that typically decreased with activity,
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Fig. 4. D-Actor 200 EPAT device (Storz Medical AG, Taegerwilen, Switzerland).
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Table 1
Statistical description* of the cohort (N ¼ 74 Achilles tendons in 60 patients)

Age (years) 48.32 � 12.94
Sex
Female 30 (40.54)
Male 44 (59.46)

Side
Right 32 (43.24)
Left 42 (56.76)
Bilateral 14 (23.33)y

Achilles tendinopathy
Paratendinosis 32 (43.24)
Noninsertionalz tendinopathy 23 (31.08)
Insertional tendinopathy 19 (23.68)

Duration of follow-up (months) Range 12-24 mos
Complicationsx 0
Roles and Maudsley score
Before shockwave 3.3 � .54
After shockwave 1.66 � .87

Final follow-up via telephone 74 tendons

* Results shown as mean � standard deviation for continuous data, or count (%) for
categorical data.

y Percentage of 60 patients.
z Usually 2 to 6 cm proximal to the insertion.
x Rupture, nerve damage, phlebitis, or chronic pain syndrome.
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and MRI findings indicative of intratendinous signal change and mucinous degenera-
tion (Figure 2). Patients with insertional tendinopathy also had symptoms involving the
retrocalcaneal region, and their standard radiographs may or may not have displayed
a superior calcaneal prominence with or without calcific tendinopathy (1, 2, 6, 7), and
MRI findings included retrocalcaneal bursal inflammation and degeneration at the
Achilles insertion (Figure 3). Exclusion criteria included acute tendon rupture, recent
immobilization, pregnancy, current NSAID use, current narcotic use or dependence, age
<14 years, or prior surgery for the same condition within the 5 years preceding the
current treatment. Also excluded were any patients with follow-up of <1 year.
Although radiographs and MRI studies were often performed, they were not
a requirement for inclusion. For paratendinopathic and tendinopathic patients, MRI
was performed if they were unable to perform a single-leg heel raise or if they felt
a “pop” in the tendon on injury. In these patients, moreover, standard radiography was
usually not performed. Standard radiography was performed for patients with clinical
evidence of insertional tendinopathy, but unless they were unable to perform the
ipsilateral heel raise, or if they did not experience the “pop” at the time of injury, as
noted above, MRI was not undertaken. Patient demographics and activity levels were
abstracted from themedical records, and this informationwas procured by a researcher
not involved in the treatment.

A standardized treatment protocol was used for each patient, specifically 3 shock-
wave treatments spaced 7 � 3 days apart with a Storz D-Actor 200 (Storz Medical AG,
Taegerwilen, Switzerland)device (Figure4) to administer 2500 shocks, at 2.4Bar ranging
from 11 to 13 Hz, without anesthesia, applied directly to the affected area. Patients were
restricted from ingesting NSAIDs or using additional treatment modalities for 12 weeks
after the last shockwave treatment; however, NSAID use was allowed after 12 weeks on
an individualized, as-needed basis. No new exercises such as eccentric strengthening
were implementedduring this time, sowecouldattempt to isolate theeffectof the sound
waves. Recommendations for appropriate shoe gear based on foot type, sport, and body
habitus were made, but new foot orthoses were not instituted during the 12-week
period. Patients were permitted to stretch the gastrocnemius with the knee straight for
15 seconds twice daily and to apply ice only after sports or strenuous activity for 15
minutes.

The Roles and Maudsley (R&M) score (16) was measured before and at least 1 year
after administration of the shockwave therapy. This scoring system quantifies disability
Table 2
Comparison of Roles and Maudsley scores and age by tendon condition before and at least
(N ¼ 74 Achilles tendons in 60 patients)

Achilles Tendon Treatment Group Age (years)

Pretreatme

Paratendinosis (n ¼ 32) 44.2 � 13.3 3.22 � 0.55
Noninsertional tendinopathy (n ¼ 23)z 53.1 � 14.5 3.39 � 0.5
Insertional tendinopathy (n ¼ 19) 53.9 � 9.9 3.32 � 0.58
P valuex 0.0003

* Student’s t test (probabilities were the same using the Wilcoxon signed ranks test).
y Overall, 58 (78.38%) tendons were improved by at least 1 year after treatment, and 4 (5.
z Usually 2 to 6 cm proximal to the insertion.
x Kruskal-Wallis test.
based on symptoms limiting daily and recreational activities, ranging from the best,
which would be a score of 1 (no pain or limitations of daily and recreational activities),
to the worst, which would be a score of 4 (constant pain with inability to undertake
daily and recreational activities). Patients were reassessed in the clinic or via telephone
interview by a clinician not involved in their treatment at �1 year after the shockwave
treatment. Note was taken if they were able to resume their activities including sports,
and if they subjectively noted “improvement” after the treatment. Even if patients did
not note improvement at�1 year after treatment, their R&M scores were tabulated and
included in the final analysis.

The data were analyzed by the senior author (A.S.) with Systat 13 (Systat Software,
Inc., Chicago, IL), with attention paid to data type and distribution. Statistical signifi-
cance was defined at the 5% (P � .05) level, and Student’s t tests, as well as nonpara-
metric tests, were used to determine differences in age of the patients and
pretreatment and posttreatment R&M scores.
Results

Tables 1 through 4 depict the results obtained in this investigation.
A total of 74 Achilles tendons were treated in 60 patients, including 32
(43.24%) left and 42 (56.76%) right tendons, and 14 (23.33%) patients
had the treatment performed bilaterally (on both of their Achilles
tendons), during the 13-month period extending from August 2008 to
August 2009. The range was 12-24 months. Ten other patients (10
tendons) underwent ESWT for Achilles tendinopathy but did not
respond to our request to participate in either a telephone interview
or clinical follow-up examination and were therefore considered lost
to follow-up for no distinctly identifiable reason, hence their data
were excluded from the analyses. The overall mean patient age was
48.32 � 12.94 years (range, 17-74 years), and 30 (40.54%) of the
tendons were treated in women and 44 (59.46%) in men. There were
32 (43.24%) tendons treated for paratendinosis, 23 (31.08%) for ten-
dinosis, and 19 (25.68%) for insertional tendinopathy, respectively. Of
the patients who underwent bilateral shockwave treatment, 8
(13.33%) displayed paratendinous disease, 4 (6.67%) displayed tendi-
nosis proximal to the insertion, and 2 (3.33%) displayed insertional
tendinosis. There were no complications such as tendon rupture,
nerve damage, phlebitis, or chronic pain syndrome identified and
attributed to the shockwave treatments.

Table 2 depicts the comparison between the pretreatment and
posttreatment R&M scores. The mean age of the patients with the 32
(43.24%) tendons that displayed paratendinosis was 44.2� 13.3 years,
and they had a pretreatment mean R&M score of 3.22 � 055, whereas
their posttreatment score was 1.84 � 1.05, and this difference was
statistically significant (P < .0001). These patients also noted that
24 (75%) of the tendons were subjectively rated as improved after the
treatment. The mean age of the patients with the 23 (31.08%) tendons
that displayed proximal tendinopathy was 53.1 �14.5 years, and they
had a pretreatment mean R&M score of 3.39 � 0.5, whereas their
posttreatment score was 1.57 � 0.66, and this difference was statis-
tically significant (P < .0001). These patients also noted that 18
(78.26%) of the tendons were subjectively rated as improved after the
treatment. The mean age of the patients with the 19 (25.68%) tendons
that displayed insertional tendinopathywas 53.9� 9.9 years, and they
1 year after low-intensity extracorporeal shockwave treatment

Roles and Maudsley Score Improvedy n (%)

nt Posttreatment P Value*

1.84 � 1.05 < .0001 24 (75)
1.57 � 0.66 < .0001 18 (78.26)
1.47 � 0.7 .0001 16 (84.21)

41%) tendons failed to satisfactorily improve and were subsequently treated surgically.



Table 3
Comparison of Roles and Maudsley scores by sex, before and after shockwave therapy
(N ¼ 74 tendons in 60 patients)

Variable Pretreatment
Roles and
Maudsley Score

Posttreatment
Roles and
Maudsley Score

P Value*

Female sex 3.3 � .6 1.83 � .87 < .0001
Male sex 3.3 � .51 1.55 � .85 < .0001

Female sex Male sex
Pretreatment roles and Maudsley score 3.3 � .6 3.3 � .51 .8815
Posttreatment roles and Maudsley score 1.83 � .87 1.55 � .85 .1109

* Wilcoxon signed ranks test for paired data, and Wilcoxon rank sum (Mann-
Whitney U) test for paired data.
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had a pretreatment mean R&M score of 3.32 � 0.58, whereas their
posttreatment score was 1.47 � 0.7, and this difference was statisti-
cally significant (P¼ .0001). These patients also noted that 16 (84.21%)
of the tendons were subjectively rated as improved after the treat-
ment. Overall, 58 (78.38%) of the tendons were noted by the patients
to have subjectively improved after shockwave treatment, and the
proportion of patients that improved after the treatment ranged from
75% to 84.21% when stratified by the location of Achilles tendinop-
athy. Four (5.41%) tendons in 4 (6.67%) separate patients failed to
satisfactorily improve and eventually underwent surgical interven-
tion by the senior author (A.S.). There were no statistically significant
differences in the pretreatment and posttreatment scores between
men and women for any of the tendon conditions (Table 3). Inter-
estingly, the patients in the paratendinosis (41.44�14.01 years) group
were statistically significantly younger than those in the proximal (53
� 8.9 years) and insertional (54.26� 9.74 years) tendinopathy groups,
and these differences were statistically significant (P ¼ .0012 and P ¼
.0063, respectively) (Table 4). Comparison of the mean ages of those
in the noninsertional (53 � 8.9 years) and insertional (54.26 � 9.74
years) tendinosis groups did not reveal a statistically significant
difference (P ¼ .573).

Discussion

Previous research in the area of Achilles tendinopathy treated with
ESWT is somewhat limited and in the past has not provided conclu-
sive results. Although Furia has found relatively promising findings
with the use of high-energy (> 0.5 mJ/mm2) ESWT in the treatment of
both insertional and noninsertional (usually 2 to 6 cm proximal to the
tendon insertion) Achilles tendinopathy, little has been published
regarding the use of low-energy (< 0.5 mJ/mm2) ESWT in this
pathology (9, 10). Two studies regarding low-energy ESWT are
particularly noteworthy. The first, a randomized, placebo controlled
trial by Costa (4) treated a heterogenous group of Achilles tendino-
pathies and found no difference in pain relief between the treatment
and control groups over a 1-year follow-up period. The study used
a protocol of 3 treatments given at monthly intervals and used a visual
analog scale to analyze pain relief. However, the sample size was
limited to 49 patients overall, and some authors have since criticized
the study on methodological issues (17). The second investigation,
Table 4
Comparison of age by location of Achilles tendinopathy (N ¼ 74 tendons in 60 patients)

Age (years) by Location of Tendinopathy P Value*

41.44 � 14.01, paratendinosis
(n ¼ 32)

53 � 8.9, noninsertional
tendinopathy (n ¼ 23)y

.0012

41.44 � 14.01, paratendinosis
(n ¼ 32)

54.26 � 9.74, insertional
tendinopathy (n ¼ 19)

.0063

53 � 8.9, noninsertional
tendinopathy (n ¼ 23)

54.26 � 9.74, insertional
tendinopathy (n ¼ 19)

.5730

* Wilcoxon signed ranks test.
y Usually 2 to 6 cm proximal to the insertion.
also a randomized controlled trial (RCT) by Rompe et al (5), compared
conservative management with eccentric strengthening and low-
energy ESWT (radial waves, similar technology used in our study)
protocols for the treatment of mid-portion Achilles tendinopathy
only. This trial used similar sized samples and visual analog scores and
Likert scales to assess pain relief. A protocol of 3 shockwave treat-
ments with a radial device at weekly intervals was administered, and
a statistically significant difference was found in terms of pain relief
between the control group and the 2 treatment groups over a 4-
month follow-up; however, no differences were found between the 2
active treatment groups. Approximately 60% of the patients in the
shockwave and eccentric training group had significant improvement,
but interestingly doing nothing (i.e., “rest” only) also resulted in
improvement in 20% of patients. Neither of the aforementioned
studies investigated the level of activity of their participants after
treatment.

A recent systematic review on the nonoperative management of
mid-portion Achilles tendinopathy concluded that further investiga-
tionwas required in regard to the use of ESWT in this pathology (6). It
can be seen, therefore, that based on the current biomedical literature,
there is increasing knowledge regarding the efficacy of this treatment
modality in patients with Achilles tendinopathy and that further
investigation is necessary, particularly with regards to long-term
follow-up in these patients. In addition, no previous published
study has been performed with a sample size of N >25 patients
administered low-intensity ESWT for the treatment of Achilles
tendinopathy. Our review of the literature also highlighted the fact
that little is known about the return of patients to activity, regardless
of their pain score.

We realize that our investigation, like many prospective cohort
studies, is likely to have been influenced by a number of methodo-
logical shortcomings. Although we did not measure painwith a visual
analog scale, we feel that our use of the R&M score was even more
useful, because it takes into consideration musculoskeletal functional
activity. Finally, we can only speculate as to the reason why we had
a high number of “drop-outs.”Many ESWT studies performed as RCTs
have a stipend for participants, whereas non-RCTs often have patients
paying for their treatment. In the latter scenario, patientsmay rate the
results of their treatment more favorably. In our study, patients were
not charged for the EPAT treatment, only the office visit fee. Because
they were not paid for their participation, they may have been less
likely to return for follow-up. Other studies based in clinical practices
may be biased if patients are paying for treatment. By not charging for
the EPAT treatment in our study, we feel we eliminated this bias, i.e.,
clinicians and patients reporting favorable results because they are
either getting paid or receiving financial incentive for the treatment.

We can only speculate as to the reasonwhy we had a high number
of “drop-outs.”Many ESWT studies performed as RCTs have a stipend
for participants, while non-RCTs often have patients paying for their
treatment. In the latter scenario, patients may rate the results of their
treatment more favorable. In our study, patients were not charged for
the EPAT treatment, only the office visit fee. Because they were not
paid for their participation, they may have been less likely to return
for follow-up. Other studies based in clinical practicesmay be biased if
patients are paying for treatment. By not charging for the EPAT
treatment in our study, we feel we eliminated this bias (i.e., clinicians
and patients reporting favorable results because they are either
getting paid or receiving financial incentive for the treatment).
Another scenario for lack of patient willingness for follow-up may be
due to the phone call method and discourse that ensued; a stan-
dardized script may have been helpful.

Our study showed statistically and clinically significant improve-
ments in 58 (78.38%) of 74 tendons treated with the low-energy radial
shockwave device at least 1 year after treatment. We documented
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improvement in activity level, which is beneficial not only for athletic
individuals but also for anyone required to work on their feet. Inter-
estingly, no adverse effects were observed, and athletic patients were
able to continue their activity. Furthermore, we noted that para-
tendinosis occurred in patients who were statistically significantly
younger than those with noninsertional and insertional tendinosis,
although this did not appear to be clinically significant in regard to the
proportion of patients that improved after the treatment. The low-
energy radial shockwave (EPAT) was beneficial in patients with
Achilles tendinopathy, and we believe that this modality should be
considered as a viable nonsurgical treatment option for patients with
this condition. Moreover, the results of this investigation could be
useful in the development of future prospective cohort studies and
randomized controlled trials that focus on the treatment of Achilles
tendinopathy.
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