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Background: Extracorporeal shockwave therapy (ESWT) is a noninvasive treatment modality that is used in the treatment of
chronic Achilles tendinopathy (AT).

Purposes: To (1) retrospectively assess outcomes after ESWT for both noninsertional AT (NAT) and insertional AT (IAT) at .1-year
follow-up and (2) identify potential predictors of outcomes.

Study Design: Cohort study; Level of evidence, 3.

Methods: Chart review was conducted to identify patients who underwent ESWT for AT with a minimum of 1-year follow-up. Data
collected and assessed included patient demographic characteristics, pathological characteristics including the location of AT
(NAT or IAT), presence of a Haglund deformity, and severity of tendon degeneration on magnetic resonance imaging (MRI), in
addition to treatment characteristics including number of sessions and intensity of ESWT. The Victorian Institute of Sports
Assessment–Achilles (VISA-A) and visual analog scale (VAS) pain scores were obtained before ESWT, 6 months after ESWT,
and at final follow-up. Failures were also recorded, which were defined as no improvement in VISA-A or VAS scores or need
for surgical intervention. Linear regression was performed to identify potential predictors of inferior subjective clinical outcomes
and failures. Survival analysis was conducted using Kaplan-Meier curves.

Results: The study included 52 patients with IAT and 34 patients with NAT. The mean follow-up in the NAT cohort was 22.3 6

10.2 months and the mean follow-up in the IAT cohort was 26.8 6 15.8 months. Improvements in VISA-A and VAS scores were
observed in the NAT cohort at 6-month follow-up and at final follow-up (P \ .05). Improvements in VISA-A and VAS scores were
recorded in the IAT cohort at 6-month follow-up, which subsequently deteriorated at final follow-up. In the NAT cohort, the failure
rate at 6-month follow-up was 11.8%, which increased to 29.4% at final follow-up. In the IAT cohort, the failure rate at 6-month
follow-up was 32.7%, which increased to 59.6% at final follow-up. Predictors of inferior subjective clinical outcomes and failures
in the NAT cohort included pre-ESWT subjective clinical score, male sex, presence of a cardiovascular risk factor, and more
severe MRI grading of tendinopathy. Predictors of inferior subjective clinical outcomes and failures in the IAT cohort included
pre-ESWT subjective clinical score and more severe MRI grading of tendinopathy.

Conclusion: Superior subjective clinical outcomes together with a lower failure rate were maintained for .1 year in the NAT
cohort compared with the IAT cohort, calling into question the long-term benefit of ESWT for patients with IAT.
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Achilles tendinopathy (AT) is a common musculoskeletal
injury and accounts for up to 18% of all injuries in run-
ners.2 AT can be subcategorized anatomically into inser-
tional AT (IAT) and noninsertional AT (NAT). NAT is
defined as degeneration of the Achilles tendon in a water-
shed area 2 to 6 cm from the insertion of the tendon into
the calcaneus.23 Conversely, IAT occurs 2 cm proximal to
the attachment of the tendon on the calcaneal tuberosity
and can be associated with retrocalcaneal bursitis, inser-
tional calcific tendinosis, and bony protuberance from the
posterosuperior aspect of the calcaneus.15 AT, whether
insertional or noninsertional, is a clinical diagnosis that
can be further evaluated with ultrasound and magnetic
resonance imaging (MRI) to assess the severity of the
degenerated tendon.25

Nonoperative management is the mainstay treatment
for AT. Achilles eccentric strengthening and stretching
exercises have produced satisfactory results at short-term
to midterm follow-up.16 Exercise rehabilitation provides
mechanical loading to the tendon and the surrounding
muscle belly of the gastrocnemius-soleus complex, which
promotes tendon remodeling, improvement in
gastrocnemius-soleus endurance and strength, and
a reduction in tendon pain.21,22 Other first-line manage-
ment strategies include nonsteroidal anti-inflammatory
drugs, exercise modification, hyperthermia, taping, and
splintage.13 Regardless of the management used, pro-
longed loss of time from sporting activities is often frustrat-
ing for athletes and physicians alike.

Given the limitations of nonoperative management,
other noninvasive modalities have gained interest.
Extracorporeal shockwave therapy (ESWT) is a noninva-
sive treatment modality, not approved by the US Food
and Drug Administration, that is often indicated after fail-
ure of first-line treatment modalities for AT.13 ESWT produ-
ces focused longitudinal sound waves that create a biological
cascade via mechanotransduction, inducing local neovascu-
larization, cell proliferation, calcific resorption, downregula-
tion of metalloproteinases, and inhibition of substance P.5,28

ESWT has been used in various sports medicine pathologies
including plantar fasciitis, peroneal tendinopathy, lateral
epicondylitis, patellar tendinopathy, and adductor tendino-
pathy.20 In recent years, studies have been conducted to
investigate the role of ESWT in AT, with good outcomes
reported at final follow-up.24 However, many of these stud-
ies are limited by follow-up times of \6 months together
with small patient cohorts.24

The purpose of this retrospective review was to evaluate
clinical outcomes after ESWT for AT at a minimum 1-year
follow-up. Furthermore, the current study subdivided IAT
and NAT with regard to outcomes and predictors of success

of treatment over 1 year. We hypothesized that ESWT
would lead to improved clinical outcomes in patients with
AT.

METHODS

Patient Recruitment

This retrospective cohort study used chart review for
retrieval of data on individual patients after approval by
the institutional review board (i21-01478). All patients
who underwent ESWT for AT by the senior author
(J.G.K.) as part of standard clinical care between June
21, 2017, and December 28, 2020, were identified. The
inclusion criteria were age .18 years at the time of
ESWT, a minimum 12 months of follow-up, and the pres-
ence of a pre-ESWT MRI scan. Exclusion criteria included
a history of diabetes, treatment with platelet-rich plasma
(PRP), lack of baseline MRI, a history of prior Achilles ten-
don surgery, and inflammatory arthritic conditions such as
rheumatoid arthritis, psoriatic arthritis, and gout. Figure
1 illustrates the patient selection process. A total of 112
patients (152 ankles) who underwent ESWT for the treat-
ment of AT were identified. A total of 25 patients were
excluded from the study due to a history of prior Achilles
tendon surgery (n = 11) or peritendinous PRP injection (n
= 14). In addition, 1 patient was lost to follow-up due to
death from an unrelated illness. In total, 86 patients (105
ankles) were included in the study.
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Figure 1. Flowchart demonstrating the patient selection pro-
cess. MRI, magnetic resonance imaging; PRP, platelet-rich
plasma.
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Diagnostic and Treatment Characteristics

All patients obtained an ankle MRI at the time of presen-
tation at the same radiology facility, which was reported
by a single board-certified musculoskeletal radiologist. A
senior orthopaedic attending surgeon (J.G.K) performed
the same assessment and established intra- and interob-
server reliability. The second MRI evaluation was con-
ducted for all patients by both the board-certified
musculoskeletal radiologist and the senior orthopaedic
attending surgeon (J.G.K) at the time of data collection
for this study in June 2022. The degree of tendinopathy
was subdivided into 3 grades: (1) fusiform thickening
involving less than one-third of the cross-sectional area
(CSA) of the tendon, (2) fusiform thickening involving
one-third to two-thirds of the CSA of the tendon with or
without interstitial tears, and (3) fusiform thickening
involving more than two-thirds of the CSA of the tendon
with interstitial tears. The presence of a Haglund defor-
mity, insertional calcific tendinosis, and/or retrocalcaneal
bursitis was also recorded. No ultrasound evaluation of
the Achilles tendon was obtained for any patients at our
institution.

All patients underwent ESWT using the same focal
ESWT machine (Duolith SD1; Storz Medical). The applica-
tor was placed over the site of maximal tenderness without
the concomitant use of local or topical anesthesia. Initially,
patients received 500 introductory pulses starting at an
energy flux density per shock of 0.07 mJ/mm2, gradually
increasing to 0.1 mJ/mm2. After the introductory pulses,
the energy flux density per shock was subsequently
increased to and maintained at a moderate intensity of
0.12 to 0.17 mJ/mm2 for a total of 2000 pulses per session.
Each patient underwent 1 ESWT session per week for
a total of 3 weeks.

Although all patients in this review had experienced
failure of at least 1 treatment protocol of at least 3 to 6
weeks of physical therapy before ESWT, the protocols
were heterogeneous and included eccentric regimens, func-
tional isometric regimes, and other less formal therapy
strategies. Once patients were enrolled for ESWT, a stan-
dard eccentric physical therapy program was prescribed
and performed on all patients starting after the second
ESWT treatment and lasting for 3 weeks thereafter. If sig-
nificant improvement in clinical symptoms after the third
session of ESWT was noted, patients were advised to exer-
cise within the confines of their symptoms and present for
reevaluation at 6 months after ESWT. If no improvement
and/or a deterioration in clinical symptoms after the third
session of ESWT was noted, patients were recommended to
undergo surgical intervention via tendoscopic Achilles
debridement.

Data Collection

Date of birth, medical record number, date of initial ESWT
session, prior treatments including physical therapy and
corticosteroid injections, pre-ESWT MRI, and patient
demographic characteristics such as age, sex, body mass

index (BMI), past medical history, laterality, follow-up
period, and time from ESWT to operative intervention
were collected. Victorian Institute of Sports Assessment–
Achilles (VISA-A)18 and visual analog scale (VAS) scores9

were collected before the first ESWT session, at the routine
6-month follow-up appointment, and at final follow-
up. Patients who did not present for an in-person assess-
ment at 12 months after ESWT were contacted by tele-
phone to assess their clinical status and potential failure.
VISA-A and VAS questionnaires were provided to these
patients by email and were returned to the office. Final
follow-up was defined as the most recent in-person or tele-
phone assessment after ESWT or before surgical interven-
tion after failure of ESWT. Failure after ESWT was also
recorded, which was defined as no improvement in VISA-A
or VAS scores or a need for surgical intervention.

Statistical Analysis

All statistical analyses were performed using RStudio soft-
ware (Version 3.3.0). Mann-Whitney U test was performed
to compare pre- and post-ESWT VISA-A and VAS scores.
The Welch t test was performed to compare post-ESWT
VISA-A and VAS scores between the IAT and NAT cohorts.
Chi-square analysis was conducted to assess whether dif-
ferences in failure rates between the IAT and NAT cohorts
existed. Univariate linear regression was used to assess
the independent factors predictive of the post-ESWT
VISA-A scores, post-ESWT VAS scores, and failure after
ESWT. The independent variables included in the model
were pre-ESWT VISA-A, pre-ESWT VAS, age, sex, BMI,
history of smoking, presence of a cardiovascular risk factor
(hypertension, hypercholesterolemia, obesity, current
smoker), prior corticosteroid injection, severity of tendin-
opathy based on MRI findings, and location of tendinop-
athy. A P value of \.05 was considered significant.
Kaplan-Meier analysis was performed to evaluate survi-
vorship at final follow-up. The intraobserver reliability
for the senior musculoskeletal radiologist’s repeated evalu-
ation of the severity of AT on MRI for all patients was
assessed using the intraclass correlation coefficient (ICC).
Interobserver reliability between the senior musculoskele-
tal radiologist and senior orthopaedic resident regarding
MRI assessment of the severity of AT was also evaluated
via ICC.

RESULTS

Patient Demographic Characteristics

Patient demographic and pathological characteristic data
are listed in Table 1. A total of 52 patients (67 ankles) pre-
sented with IAT, and 34 patients (38 ankles) presented
with NAT. In the NAT cohort, 23 patients (67.6%) were
male and 11 patients (32.4%) were female. In the IAT
cohort, 33 patients (63.5%) were male and 19 patients
(36.5%) were female. The mean age of the NAT cohort
was 54.2 6 15.0 years (range, 18-83 years), and the mean
age of the IAT cohort was 53.0 6 14.4 years (range,
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19-79 years). The mean BMI in the NAT cohort was 25.9 6

5.3 kg/m2 (range, 19.6-39.5 kg/m2), and the mean BMI
in the IAT cohort was 27.7 6 4.4 kg/m2 (range, 20.1-38.5
kg/m2). The mean follow-up time in the NAT cohort was
22.3 6 10.2 months (range, 12.0-68.0 months), and the
mean follow-up time in the IAT cohort was 26.8 6 15.8
months (range, 12.0-53.0 months). In the NAT cohort, 30
patients (88.2%) presented with unilateral AT (17 right-
sided, 13 left-sided) and 4 patients (11.8%) presented
with bilateral AT. In the IAT cohort, 37 patients (71.2%)
presented with unilateral AT (21 right-sided, 16 left-sided)
and 15 patients (28.8%) presented with bilateral AT. In the
NAT cohort, 13 patients (38.2%) had a cardiovascular risk
factor and 1 patient (2.9%) had a prior intratendinous cor-
ticosteroid injection. In the IAT cohort, 23 patients (44.2%)
had a cardiovascular risk factor and 7 patients (13.5%) had
a prior peritendinous corticosteroid injection.

Pathological Characteristics

In the IAT cohort, 20 patients (38.4%) had a Haglund
deformity and 11 patients (21.2%) had retrocalcaneal bur-
sitis. In the NAT cohort, MRI demonstrated that 23
patients (67.7%) had grade 1 AT, 6 patients (17.7%) had
grade 2 AT, and 5 patients (14.7%) had grade 3 AT. In
the IAT cohort, MRI demonstrated that 17 patients
(32.7%) had grade 1 AT, 14 patients (26.9%) had grade 2
AT, and 21 patients (40.4%) had grade 3 AT. The intraob-
server reliability for MRI assessment of severity of AT was
0.973 (95% CI, 0.925-0.981; P \ .001). The interobserver
reliability for MRI assessment of severity of AT between
the senior musculoskeletal radiologist and senior orthopae-
dic resident was 0.968 (95% CI, 0.938-0.981; P \ .001). The
mean duration of symptoms before ESWT in the NAT
cohort was 12.5 6 14.3 months (range, 3-60 months), and

TABLE 1
Patient Demographic and Pathological Characteristicsa

Noninsertional AT Insertional AT P

No. of patients 34 52
Age, y 54.2 6 15.0 53.0 6 14.4 .7854
Male 23 (67.6) 33 (63.5) .8178
Female 11 (32.4) 19 (36.5) .8178
Follow-up, mo 22.3 6 10.2 26.8 6 15.8 .5645
Median follow-up (range), mo 18 (12-53) 18 (12-68)
Body mass index, kg/m2 25.9 6 5.3 27.7 6 4.4 .6324
Duration of symptoms, mo 12.5 6 14.3 17.9 6 15.1 .2896
Unilateral AT 30 (88.2) 37 (71.2) .0696
Bilateral AT 4 (11.8) 15 (28.8) .0696
Right side affected 21 (55.3) 36 (53.7) .9999
Left side affected 17 (44.7) 31 (46.3) .9999
Cardiovascular risk factors 13 (38.2) 23 (44.2) .6577
Corticosteroid injection 1 (2.9) 7 (13.5) .1391
MRI grade 1 23 (67.7) 17 (32.7) .002
MRI grade 2 6 (17.7) 14 (26.9) .4352
MRI grade 3 5 (14.7) 21 (40.4) .0158
Haglund deformity NA 20 (38.4) NA
Retrocalcaneal bursitis NA 11 (21.2) NA

aData are expressed as mean 6 SD or n (%) unless otherwise noted. AT, Achilles tendinopathy; MRI, magnetic resonance imaging; NA, not
applicable.

TABLE 2
Summary of Clinical Outcomesa

Noninsertional AT Insertional AT P

Pre-ESWT VISA-A 49.6 6 14.9 46.6 6 14.9 .4831
Post-ESWT VISA-A at 6-mo follow-up 76.2 6 21.6 63.9 6 23.2 .014
Post-ESWT VISA-A at final follow-up 74.7 6 23.3 54.7 6 26.5 .001
Pre-ESWT VAS 5.9 6 1.6 6.1 6 1.5 .5913
Post-ESWT VAS at 6-mo follow-up 2.4 6 2.3 3.8 6 3.1 .0143
Post-ESWT VAS at final follow-up 2.8 6 2.5 4.9 6 2.9 .0009
Failures at 6-mo follow-up 4 (11.8) 17 (32.7) .0391
Failures at final follow-up 10 (29.4) 31 (59.6) .0081

aData are expressed as mean 6 SD or n (%). AT, Achilles tendinopathy; ESWT, extracorporeal shockwave therapy; VISA-A, Victorian
Institute of Sports Assessment–Achilles; VAS, visual analog scale.
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the mean duration of symptoms before ESWT in the IAT
cohort was 17.9 6 15.1 months (range, 3-60 months).

Clinical Outcomes: NAT Versus IAT

Clinical outcomes after ESWT for chronic AT are listed in
Table 2. In the NAT cohort, VISA-A scores improved after
treatment with ESWT, from a pre-ESWT score of 49.6 6

14.9 (range, 18-82) to a post-ESWT score of 76.2 6 21.6
(range, 25-96) at 6-month follow-up to a post-ESWT score
of 74.7 6 23.3 (range, 21-96) at final follow-up (P \
.0001). In the IAT cohort, VISA-A scores improved after
treatment with ESWT, from a pre-ESWT score of 46.6 6

14.9 (range, 21-79) to a post-ESWT score of 63.9 6 23.2
(range, 19-98) (P \ .0001) at 6 months of follow-
up. However, VISA-A scores subsequently deteriorated in
the IAT cohort to a post-ESWT score of 54.7 6 26.5 (range,
19-98) at final follow-up (P \ .001). There was no statisti-
cally significant difference between pre-ESWT VISA-A
scores in the NAT and IAT cohorts (P = .4831). There
were statistically significant, higher post-ESWT VISA-A
scores in the NAT cohort compared with the IAT cohort
at 6-month (P = .014) and at final (P = .001) follow-up.

In the NAT cohort, VAS scores significantly decreased
after treatment with ESWT, from a pre-ESWT score of
5.9 6 1.6 (range, 3-8) to a post-ESWT score of 2.4 6 2.3
(range, 0-6) at 6-month follow-up to a post-ESWT score of
2.8 6 2.5 (range, 0-7) at final follow-up (P \ .0001). In
the IAT cohort, VAS scores significantly decreased after
treatment with ESWT at 6-month follow-up, from a pre-
ESWT score of 6.1 6 1.5 (range, 3-10) to a post-ESWT score
of 3.8 6 3.1 (range, 1-8) (P \ .0001). However, VAS scores
subsequently deteriorated in the IAT cohort to a post-

ESWT score of 4.9 6 2.9 (range, 2-8) at final follow-up (P
= .024). No statistically significant difference was seen
between pre-ESWT VAS scores in NAT and IAT cohorts
(P = .5913). A statistically significant, lower post-ESWT
VAS score was seen in the NAT cohort compared with
the IAT cohort (P = .0009).

Linear Regression Analysis: NAT Cohort

Linear regression analysis demonstrated that pre-ESWT
VISA-A score (P = .0008; R2 = 0.2926), male sex (P =
.028; R2 = 0.138), presence of a cardiovascular risk factor
(P = .0098; R2 = 0.1855), and increasing MRI grading of
tendinopathy (P = .0002; R2 = 0.354) had a statistically sig-
nificant negative correlation with post-ESWT VISA-A
scores (Table 3). Pre-ESWT VAS score (P = .0075; R2 =
0.1952), presence of a cardiovascular risk factor (P =
.0037; R2 = 0.2287), and increasing MRI grading of tendin-
opathy (P = .0008; R2 = 0.29) had a statistically significant
negative correlation with post-ESWT VAS scores (Table 3).
Male sex (P = .0064; R2 = 0.2045) had a statistically signif-
icant correlation with failure (Table 3). The strongest cor-
relator for post-ESWT VISA-A scores and post-ESWT
VAS scores in the NAT cohort was increasing MRI grading
of tendinopathy.

Linear Regression Analysis: IAT Cohort

Linear regression analysis demonstrated that pre-ESWT
VISA-A score (P \ .0001; R2 = 0.4105) and increasing
MRI grading of tendinopathy (P \ .0001; R2 = 0.4599)
had a statistically significant negative correlation with
post-ESWT VISA-A scores (Table 4). Pre-ESWT VAS score

TABLE 3
Correlation Analysis for Noninsertional ATa

Post-ESWT VISA-A Score Post-ESWT VAS Score Failure

Pre-ESWT VISA-A score R2 = 0.2926
P = .0008

NA NA

Pre-ESWT VAS score NA R2 = 0.1952
P = .0075

NA

Age R2 = 0.05911
P = .1593

R2 = 0.08766
P = .0842

R2 = 0.004114
P = .7143

Male sex R2 = 0.138
P = .028

R2 = 0.06484
P = .1399

R2 = 0.2045
P = .0064

Body mass index R2 = 0.02264
P = .4631

R2 = 0.03056
P = .3931

R2 = 0.02045
P = .4859

Smoking R2 = 0.03766
P = .264

R2 = 0.09701
P = .0686

R2 = 0.000139
P = .9463

Cardiovascular risk factor R2 = 0.1855
P = .0098

R2 = 0.2287
P = .0037

R2 = 0.05027
P = .1954

Corticosteroid injection R2 = 0.005704
P = .6663

R2 = 0.003227
P = .7458

R2 = 0.01018
P = .5641

Increasing MRI grading of tendinopathy R2 = 0.354
P = .0002

R2 = 0.29
P = .0008

R2 = 0.0935
P = .074

aAT, Achilles tendinopathy; ESWT, extracorporeal shockwave therapy; MRI, magnetic resonance imaging; NA, not applicable; VAS, visual
analog scale; VISA-A, Victorian Institute of Sports Assessment-Achilles.

The Orthopaedic Journal of Sports Medicine Outcomes After ESWT for NAT 5



(P = .0246; R2 = 0.09701) and increasing MRI grading of
tendinopathy (P \ .0001; R2 = 0.4278) had a statistically
significant negative correlation with post-ESWT VAS
scores (Table 4). Increasing MRI grading of tendinopathy
(P \ .0001; R2 = 0.5825) had a statistically significant cor-
relation with failure (Table 4). The strongest correlator for
post-ESWT VISA-A scores, post-ESWT VAS scores, and
failure in the IAT cohort was increasing MRI grading of
tendinopathy.

Failures and Survivorship

Data regarding failures are listed in Table 2. Failure was
defined as no improvement in VISA-A or VAS scores or

the need for surgical intervention. At 6-month follow-up,
4 failures (11.8%) were recorded in the NAT cohort and
17 failures (32.7%) were recorded in the IAT cohort. At
final follow-up, 10 failures (29.4%) were recorded in the
NAT cohort and 31 failures (59.6%) were recorded in the
IAT cohort. A statistically significant, higher failure rate
in the IAT cohort (59.6%) compared with the NAT cohort
(29.4%) (P = .0081) was seen. Five patients (14.7%) with
refractory NAT underwent surgical intervention, and 19
patients (36.5%) with refractory IAT underwent surgical
intervention. All 24 patients underwent arthroscopic
Achilles tenosynovectomy and debridement. Of the 20
patients with Haglund deformity, 13 patients (65.0%)
required resection of a Haglund deformity. The mean time
from ESWT to surgical intervention in the NAT cohort
was 5.4 6 3.1 months (range, 2-10 months) and the mean
time from ESWT to surgical intervention in the IAT cohort
was 3.6 6 1.8 months (range, 1-7 months) (P = .2783).

Survival analysis was conducted using Kaplan-Meier
survival curves (Figure 2). The Kaplan-Meier survival
curve showed a statistically significant difference between
the NAT and IAT cohorts with regard to time to failure
after ESWT (log-rank test: P = .0035).

DISCUSSION

This retrospective study demonstrated improvement in
subjective clinical outcomes after ESWT for treatment of
both NAT and IAT with no complications observed at 6
months of follow-up. At .1 year of follow-up after ESWT,
a statistically significant higher failure rate was present
in the IAT cohort (59.6%) compared with the NAT cohort
(29.4%), calling into question the long-term benefit of
ESWT for patients with IAT.

TABLE 4
Correlation Analysis for Insertional ATa

Post-ESWT VISA-A score Post-ESWT VAS Failure

Pre-ESWT VISA-A score R2 = 0.4105
P \ .0001

NA NA

Pre-ESWT VAS score NA R2 = 0.09701
P = .0246

NA

Age R2 = 0.04075
P = .1512

R2 = 0.02119
P = .3032

R2 = 0.03414
P = .1897

Male sex R2 = 0.06124
P = .0769

R2 = 0.04389
P = .136

R2 = 0.04733
P = .1213

Body mass index R2 = 0.00045
P = .8875

R2 = 0.000152
P = .9344

R2 = 0.01178
P = .4678

Smoking R2 = 0.009698
P = .4873

R2 = 0.008775
P = .5089

R2 = 0.004608
P = .6325

Cardiovascular risk factor R2 = 0.02237
P = .2899

R2 = 0.001194
P = .8079

R2 = 0.01034
P = .4732

Corticosteroid injection R2 = 0.000631
P = .8597

R2 = 0.000002
P = .9914

R2 = 0.000395
P = .8888

MRI grading of tendinopathy R2 = 0.4599
P \ .0001

R2 = 0.4278
P \ .0001

R2 = 0.5825
P \ .0001

aAT, Achilles tendinopathy; ESWT, extracorporeal shockwave therapy; MRI, magnetic resonance imaging; NA, not applicable; VAS, visual
analog scale; VISA-A, Victorian Institute of Sports Assessment–Achilles.

Figure 2. Survivorship as demonstrated via Kaplan-Meier
curve. ESWT, extracorporeal shockwave therapy; IAT, inser-
tional Achilles tendinopathy; NAT, noninsertional Achilles
tendinopathy.
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The Achilles tendon is composed of well-organized teno-
cytes and tenoblasts surrounded by predominantly type 1
collagen tightly packed in parallel bundles.11 Excessive
loading of the tendon during vigorous physical exercise
precipitates tendinopathic degeneration. The failed, erratic
healing response produces a haphazard proliferation of
tenocytes together with disruption of the collagen fiber net-
work, collagen microtears, and increase in noncollagenous
matrix.13 This process occurs in both NAT and IAT, and
therefore any therapies targeting restoration of the normal
ultrastructure of the tendon are beneficial in regaining
normal function. Eccentric Achilles tendon strengthening
exercises are commonly used to treat both types of AT
and lead to tenocyte hypertrophy, suppression of neurovas-
cular ingrowth, and reduction in glycosaminoglycan con-
tent. Despite these beneficial changes, there is no
consensus as to the effectiveness of this modality nor is
there a robust relationship between the histological
changes and clinical outcomes provided by eccentric exer-
cises.17 Therefore, in patients with more severe pathology,
biological augmentation via ESWT may be warranted to
improve the biological milieu of the tendon structure to
facilitate accelerated healing and sustain histological as
well as clinical improvements. ESWT promotes tissue
regeneration by stimulating tenocytes to produce type 1
collagen, reducing the expression of destructive matrix
metalloproteinases and decreasing the synthesis of cata-
bolic interleukins.7,27 In addition, ESWT has a profound
influence on pain transmission by interfering with sub-
stance P, neurovascular sprouting, and calcitonin gene-
related peptide expression in the dorsal root gan-
glion.8,14,26 These effects should have a positive effect on
histological and clinical outcomes in both types of AT.

This retrospective review found improvements in VISA-
A and VAS scores at >1-year follow-up after treatment
with ESWT for AT, highlighting the functional and analge-
sic benefits provided by ESWT. Previous studies have dem-
onstrated similar improvements in subjective clinical
outcomes after ESWT for AT compared with physical ther-
apy alone. A double-blind randomized control trial by
Abdelkader et al1 found that ESWT potentiated the effects
of calf eccentric loading exercises in patients with NAT. At
16 months of follow-up, a statistically significant higher
VISA-A score was observed in the ESWT cohort (80 6

5.3) compared with the control group (67 6 5.6). Further-
more, Yan et al30 conducted a comparative study between
active and nonactive patients with IAT who underwent
ESWT and found improvements in VISA-A and VAS scores
in both cohorts at final follow-up.

In the current study, subgroup analysis illuminated sig-
nificant discrepancies in outcomes between the NAT and
IAT cohorts. The NAT cohort had statistically significant,
higher VISA-A and lower VAS scores at final follow-up
compared with the IAT cohort. In addition, a higher failure
rate was found in the IAT cohort compared with the NAT
cohort. These findings must be interpreted in the context
of the mechanical, biological, and clinical differences that
exist between the 2 patient populations. A total of 38.4%
of the IAT cohort presented with a Haglund deformity.
The mechanical impingement of the Achilles tendon due

to these bony prominences leads to profound degeneration
of the tendon, as represented by the high levels of grades 2
and 3 AT in this cohort. As a result, in these cases of severe
tendinopathy, ESWT is inadequate to address both the dis-
eased tendon and mechanical bony impingement, and more
aggressive surgical intervention is required. The results
from our study are consistent with the current literature,
as evidenced by Wu et al,29 who demonstrated inferior
VISA-A and Likert scores after ESWT for IAT in the
Haglund deformity cohort compared to the non–Haglund
deformity cohort in addition to a 3.45 times higher risk of
treatment failure. The current study shows that ESWT
may provide short-term clinical benefit in patients with
IAT for up to 6 months. This can be beneficial with regard
to surgical planning in the athletic population, as treat-
ment with ESWT may facilitate athletes to participate in
training and competition during the in-season and undergo
surgical intervention in the off-season.

NAT is believed to be in part due to a relative vascular
watershed area of the tendon and an inability to regener-
ate tenocytes after repetitive mechanical loading.12 It is
purported that this poorly vascularized region predisposes
patients to tendinopathic degeneration after repetitive
traumatic insults. ESWT promotes neovascularization,6

leading to good clinical outcomes in this study, although
there was a moderate failure rate in this cohort. The cur-
rent study did not evaluate the vasculature or the histology
of the treated tendon, but the improved clinical outcomes
tend to confer the beneficial effect of the neovasculariza-
tion of the tendon affected by ESWT demonstrated in a pre-
vious study.19 Interestingly, linear regression analysis in
the current retrospective study demonstrated a statistically
significant negative correlation between the presence of
a cardiovascular risk factor and subjective clinical out-
comes in the NAT cohort. This suggests that ESWT may
not be an effective treatment modality in vasculopathic
patients with NAT compromised blood supply; however,
further research on the ability to promote neovasculariza-
tion by ESWT is warranted.

Our study demonstrated that in the NAT cohort, male
sex was an independent predictor for poorer post-ESWT
VISA-A scores and post-ESWT failure. Multiple in vitro
and biomechanical studies have examined the impact of
biological sex on tendon pathology. Bryant et al4 found
that estrogen secretion promoted increased collagen syn-
thesis to maintain the strain of the Achilles tendon, thus
potentially reducing the incidence of AT. Furthermore,
Andrew et al3 evaluated Achilles tendon loading between
15 male and 15 female runners. Those authors found sta-
tistically significant, greater Achilles tendon loads in the
male cohort compared with the female cohort, suggesting
that men may be at a greater risk of AT due to the excess
stress across the tendon. Intziegianni et al10 demonstrated
that women exhibited increased Achilles tendon cross-
sectional area compliance compared with men, indicating
that female Achilles tendons may possess a superior adap-
tive ability to high loads, thus reducing the risk of AT. The
histological and biomechanical differences between male
and female Achilles tendons may account for the discrep-
ancies in clinical outcomes between the 2 cohorts; however,
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further comparative studies are necessary to determine
the impact of sex on outcomes after ESWT for AT.

Limitations

This retrospective study has several limitations and inher-
ent biases. The primary limitation is the short-term follow-
up. Although this provides useful analysis of short-term
outcomes, robust conclusions regarding the duration of
symptom relief and duration between ESWT and potential
surgery cannot be drawn. Second, no imaging at final
follow-up was recorded to definitively assess whether the
severity of AT had improved or deteriorated. The mean
age across both cohorts was approximately 50 years with
small standard deviations, which limits the generalizabil-
ity of these findings to younger and older populations.
Last, no control group was included in this study, which
limits the true understanding of the potential benefits of
ESWT versus time alone. A double-blind, randomized con-
trolled trial with a larger patient cohort and longer follow-
up period is necessary to clarify the role ESWT in the man-
agement of AT.

CONCLUSION

This study found that ESWT for patients with NAT and
those with IAT led to improved subjective clinical outcomes
at short-term follow-up. Superior subjective clinical out-
comes together with a lower failure rate were maintained
for >1 year in the NAT cohort compared with the IAT
cohort. Therefore, ESWT may be more beneficial in the
long-term treatment of NAT, whereas it may be considered
a temporizing treatment for IAT. These findings will help
in establishing treatment protocols as well as patient
expectations for patients with chronic AT.
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