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Summary

Introduction: The present study determined the
effectiveness of extracorporeal shock wave thera-
py (ESWT) in patients suffering from insertional
Achilles tendinopathy over a 24-month period. 
Methods: Participants were recruited by different
clinicians of the National Health Service (NHS)
and private sector centres in the UK. The data of
participants were collected in the ASSERT
database (Assessment of the Effectiveness of
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ESWT for Soft Tissue Injuries). The 80 partici-
pants (average age 53.41 y; range 20-81 y) under-
went a standardized ESWT protocol, and different
outcome measures were collected at baseline and
again after 3, 6, 12 and 24 months following ESWT
intervention. The outcomes were the VAS, for
pain perception, the VAS-A, for the severity of the
Achilles tendinopathy in daily life activities, and
the 6 scores of EuroQolt 5D, for quality of life. 
Results: There was a significant amelioration over
time in 5 of the 8 analyzed outcomes (at least
p=0.002) that were VAS, VISA-A, and  EQ-5D -3L
domains (Mobility, Pain/Discomfort, and Usual
Activities scores).
Conclusion: ESWT showed beneficial effects over
a 24-month follow-up period when used for the
treatment of Insertional Achilles tendinopathy.
Level of evidence: IV.

KEY WORDS: Achilles tendinopathy, extracorporeal
shock wave therapy, longitudinal study.

Introduction

Achilles tendinopathy is one of the conditions that
causes posterior heel pain. Insertional Achilles
tendinopathy (IAT) is a distinct clinical entity from
non-insertional Achilles tendinopathy1 and it accounts
for 20% to 24% of all Achilles disorders2. The current
treatment for IAT varies substantially, and several
surgical and non-surgical treatments have been de-
scribed. However, its management remains contro-
versial and no consensus exists about the most effec-
tive treatment1,3. Non-surgical intervention is pre-
ferred prior to surgical intervention3, and it includes
rest, activity modification, anti-inflammatory medica-
tion, physical therapy, eccentric exercise, and corti-
costeroid injections4. Furthermore, in the last two
decades, the effectiveness of extracorporeal shock
wave therapy (ESWT) was also investigated. The effi-
cacy of this therapy in the management of IAT seems
to be confirmed by several studies. A systematic re-
view of Al-Abbad and Simon5 published in the 2013
showed that satisfactory evidence exists concerning
the effectiveness of low-energy ESWT in the treat-
ment both of chronic insertional and non-insertional
Achilles tendinopathies at a minimum 3 months’ fol-
low-up. Similarly, Rompe et al.6 showed that low-en-
ergy ESWT was more effective than eccentric loading
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in the management of IAT. The use of ESWT do not
exclude the additional use of eccentric loading treat-
ment in order to maximise the results: in fact, the
combination of ESWT and eccentric loading can
show superior results than using each modality
alone5. Positive results in the management of chronic
IAT was obtained also with the high-energy ESWT7.
The effectiveness in the treatment of the IAT could be
mediated by the enhancement of the neovasculariza-
tion induced by ESWT8,9. Another effect of ESWT
demonstrated in animal model is the rapid degenera-
tion of the intracutaneous nerve fibres in the skin10:
this degeneration of cutaneous nerve fibres probably
mediates the relief of pain produced by ESWT. This
confirms the results obtained on patients with persis-
tent symptoms of painful heel pain in whom the low-
energy ESWT produced a reduction of the pain and
an improvement of the heel functionality11.
Most studies evaluated only one or few aspects of the
IAT symptomatology (e.g. pain or functionality). Fur-
thermore, possible variables influencing the efficacy
of the ESWT such as age, gender, or participation in
previous therapy was not considered.
The ASSERT study evaluated the effectiveness of
the ESWT on patients with chronic IAT over a period
of 24 months by considering different aspects, name-
ly: (1) the reduction of the clinical severity of symp-
toms; (2) the relief of pain; and (3) the improvement
of the quality of life. Furthermore, this study also
aimed to analyse whether differences existed be-
tween males and females patients on the effects of
ESWT on these three variables, and whether age and
involvement in previous treatments could have played
a role in influencing ESWT effect.

Materials and methods

The ASSERT database was created to collect infor-
mation concerning the effectiveness of ESWT across
the UK. The ESWT machines were standardised and
a standardized treatment protocol, together with stan-
dardised baseline measurements and outcome as-
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sessment and time points in centres across the UK,
were adopted to aid validity12.

Recruitment
Participants were enrolled from both the National
Health Service (NHS) and private sector centres in
the UK. Clinicians recruited participants presenting
with IAT, and for whom ESWT was designated as the
treatment choice.

Participants
Participants were included if they were over the age
of 18 and had: a diagnosis of IAT which had been
confirmed by the recruiting clinician; undergone a
course of conservative therapy which had not been
effective in relieving symptoms; been recommended
to receive ESWT at one of the recruiting centres; not
been diagnosed with inflammatory arthropathy; and
demonstrated the ability to give informed consent.
Eighty-two participants were enrolled (52 males; 30
females) and eighty met all the inclusion criteria (51
males; 29 females) and were considered for analysis.
Their characteristics are reported in Table I.
This study has been designed and conducted in ac-
cordance with the principles of the Declaration of
Helsinki and it has been approved by the Local Ethics
Committee (11/LO/0253). A written informed consent
was obtained by each participant13.

Use of ESWT machine
Standardisation of the machine and the process of
administration of ESWT had been agreed to ensure
generalisability, consistency, and reproducibility of
the results. All clinicians using the Swiss DolorClast
device (Electro Medical Systems SA, Nyon, Switzer-
land) and Storz devices (Storz Medical AG, Täger-
wilen, Switzerland) received training and certification
to ensure adherence to the proposed protocol. All
clinicians followed a standardised method to adminis-
ter the ESWT14. This included delivering an initial 500
sensitising impulses at a low air pressure (1.5 bar of
air pressure). This reduces the pain which patients
experience during the treatment. Based on patient

Table I. Sample of participants. 
 

 n 
Age (y) Number of previous treatments 

Means (range) Means (range) 

Participants enrolled 82 53.18 (20-81) 1.72 (0-6) 

Males 52 52.65 (20-78) 1.69 (0-6) 

Females 30 54.03 (28-81) 1.77 (0-4) 

    

Participants considered for the analyses 80 53.41 (20-81) 1.68 (0-6) 

Males 51 52.91 (20-78) 1.64 (0-6) 

Females 29 54.21 (28-81) 1.77 (0-4) 
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feedback, the clinician increased the air pressure to
2.5 bar or above. The total dose of impulses re-
mained constant at 2500 per session, with one ses-
sion a week for three consecutive weeks, with a max-
imum gap between treatments of two weeks.

Database
The ASSERT database is a web based system
(www.assert.org.uk) from which the clinician received
a study number for each participant12. Only unidentifi-
able information with the patients’ study number was
entered into the database. Sensitive data is held on
secure servers. Following informed consent, the clini-
cian recorded the following information: (1) diagnosis:
this was formulated on clinical grounds and some
clinicians also used imaging to confirm the diagnosis;
(2) area treated/condition presented with; (3) date of
presentation of symptoms; (4) date of treatment of
ESWT; (5) code for clinicians centre; (6) centre where
treatment was administered; (7) previous treatments
prior to consultation; (8) side treated; (9) dates when
ESWT was administered; (10) baseline scores
recorded: EuroQol questionnaire scores (EQ-5D)15,
VAS for pain16, and VISA questionnaire for Achilles
tendinopathy (VISA-A)17; (11) follow-up scores at 3,
6, 12 and 24 months post treatment; (12) satisfaction:
rated poor, satisfactory, good or excellent; (13) time
to effective treatment; (14) recurrence of the condi-
tion; (15) complications; and (16) adverse events.

Baseline and follow-up assessments
After having obtained written informed consent, the
treating clinician undertook baseline assessments.
The follow-up assessments were instead performed
after 3, 6, 12 and 24 months’ post treatment. The co-
ordinators of ASSERT undertook all follow-up as-
sessments via email, telephone or post.

Outcome assessment
The EQ-5D15 and VAS for pain16 were completed
alongside the VISA-A17.
The EQ-5D is a standardised measure of health sta-
tus developed by the EuroQol Group to provide a sim-
ple, generic measure of health for clinical and eco-
nomic appraisal. For the present study, the version 3L
(EQ-5D-3L) was used; that is a simple questionnaire
composed by 5 items with a 3-point scale answer for
each item, and designed for completion by the person
being treated. Each one of the 5 items respectively in-
vestigates 5 dimensions of the quality of life that are
(1) mobility, (2) self-care, (3) usual activities, (4)
pain/discomfort, and (5) anxiety/depression. A score
from 1 (best score) to 3 (worst score) is assigned for
each dimension. The EQ-5D also includes a scale,
named EQ-5D Thermometer Scale, that allows to ob-
tain a global score to generally describe the quality of
life of the patient. It consists in a vertical line, 100 mm
in length, anchored by 2 word descriptors at each end,
that are “the worst health you can imagine” and “the
best health you can imagine”. The patient is asked to
mark on the line the point that he feels represents his
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perception of his current health status. The score is
from 0 (worst health status) to 100 (best health sta-
tus), and it is computed by measuring the distance (in
mm) between the end of the line marked with “the
worst health you can imagine” and the mark on the
line indicated by the patient.
The VAS for pain (or Visual Analog Scale for pain) is
very similar to the EQ-5D Thermometer Scale but it fo-
cuses the attention only on the pain perceived by the
patient, and not on the overall quality of life. It consists
in a horizontal line, 100 mm in length asked the patient
“How severe is your pain today?”. The line is anchored
by 2 word descriptors at each end, that are “no pain”
and “very severe pain”. Also in this case, the patient
marks on the line the point that he feels represents his
current perception of his pain intensity, and the score,
from 0 (no pain) to 100 (very severe pain), is computed
as the measurement of the distance (in mm) between
the end of the line marked with “no pain” and the point
on the line indicated by the patient. 
The VISA-A (Victorian Institute of Sports Assess-
ment) is a validated questionnaire assessing the
severity of Achilles tendinopathy. It consists of 10
items evaluating the self-reported perception of pain
and the consequent limitation in performing different
tasks (e.g. walking, single leg heel raises, etc.). The
score, from 0 (high severity) to 100 (no severity), is
computed as summation of the score of each item.

Statistical analysis
Linear Mixed Model analysis (LMM) with maximum
likelihood method was performed in order to evaluate
the significant effects over time produced by ESWT in
the treatment of the IAT. To perform the LMM analy-
sis, 2 fixed factors were considered: Time factor
(fixed factor: T0 vs T3 vs T6 vs T12 vs T24) to inves-
tigate differences over time, and Gender factor (fixed
factor: males vs females) to investigate differences
between males and females patients’ outputs. The in-
teraction Time×Gender was analysed too. The VAS
and the VISA-A scores, as well as the 6 scores of the
EQ-5D were considered as dependent variables for
the analysis. If two or more of the follow-up datasets
were missing the patient was excluded. There were
82 patients enrolled (N=52 males; n=30 females) and
of these 80 were included in the analysis (n=51
males; n=29 females).
The age and the number of previous treatments were
considered as covariates of the analysis to verify if
these factors could have influenced the VAS, VISA-A
and EQ-5D scores over time.
Due to the multiple dependent variables, the Bonfer-
roni correction was used adjust the p-value. The Bon-
ferroni correction indicate an adjusted p-value <0.006
for significance.
When a significant effect over time was detected,
Bonferroni post-hoc analysis (adjusted for multiple
comparison) was used to perform comparisons in pair
among the different time of assessments. 
All the analyses were performed with the statistical soft-
ware SPSS 20 (IBM Corporation, Chicago, IL, USA).
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Results

There was a significant reduction over time of the
VAS score (f4,172=23.558; p<0.0001), with no signifi-
cant differences between the two genders
(f1,81=0.674; p=0.414) and in the interaction Time ×
Gender (f4,172=0.350; p=0.844). 
Concerning the VISA-A scores, there was a signifi-
cant improvement over time (f4,155=10.023; p<
0.0001), with no significant differences between the
two genders (f1,78=1.776; p=0.187) and in the inter-
action Time×Gender (f4,155=0.558; p=0.693). 
Concerning the EQ-5D questionnaire domains, the
EQ-5D Anxiety/Depression score did not show signifi-
cant differences both in Time (f4,136=2.644; p=0.036)
and Gender (f1,63=0.035; p=0.852), and similarly also
in the interaction Time×Gender (f4,136=2.021;
p=0.095). Significant reduction over time were in-
stead found in the EQ-5D Mobility score
(f4,161=4.424; p=0.002), but no significant differences
were found between the two genders (f1,76=0.114;
p=0.737) and in the interaction Time×Gender
(f4,172=0.446; p=0.775). A significant reduction over
time was found also in the EQ-5D Pain/Discomfort
score (f4,168=7.435; p< 0.0001), with no significant
differences between the two genders (f1,75=1.192;
p=0.278) and in the interaction Time×Gender
(f4,168=1.390; p=0.240). There was a significant re-
duction over time of the EQ-5D Usual Activities score
(f4,167=7.347; p< 0.0001), with no significant differ-
ences between the two genders (f1,75=3.449;
p=0.067) and in the interaction Time×Gender
(f4,167=0.998; p=0.411). Conversely, the EQ-5D Self-
Care did not show significant differences both in Time
(f4,209=3.217; p=0.014) and Gender (f1,35=0.669;
p=0.419), and in the interaction Time×Gender
(f4,209=0.087; p=0.986). Finally, the EQ-5D Ther-
mometer Scale analysis did not show significant dif-
ferences in Time (f4,155=3.582; p=0.008), and similar-
ly no differences were found between genders
(f1,66=0.675; p=0.414), and in the interaction
Time×Gender (f4,155=0.551; p=0.698). 
The involvement in previous treatment and the age of
the patients seems to not have produced significant
influences on all the analysed dependent variables
(no significant p values for all the variables).
All the data are reported as Means ± SD in Table II
with the results of the post-hoc analysis.

Discussion 

ESWT exerted a positive effect in 5 of the 8 analysed
scores. In particular, VAS, EQ-5D Mobility, EQ-5D
Pain/Discomfort, and EQ-5D Usual Activities scores
showed a significant amelioration after 3 months, with
no further changes in the successive time-point as-
sessments. 
The trend of the VISA-A appears to be different: the
VISA-A scores resulted significantly higher in com-
parison with baseline after 12 months, indicating that
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VISA-A required a longer time for a significant modifi-
cation compared with the VAS and the 3 scores of
EQ-5D (12 months instead of 3 months). However,
after 24 months, the VISA-A scores showed a further
significant improvement compared with T3 and T6.
This results also suggests that the positive effects on
the VISA-A continued in the longer term.
ESWT produced significant positive effects in reduc-
ing pain, and improved the ability of the patients to
manage everyday life, as indicated by the significant
amelioration of VAS and VISA-A scores respectively.
Also, the quality of life and the health status were sig-
nificantly enhanced after ESWT intervention, as sug-
gested by the overall improvement of EQ-5D scores,
with the only exception of Anxiety/Depression and
Self-Care dimensions’ scores. However, the baseline
scores of these two dimensions (see Table 2) result-
ed substantially low, and they remained low for the
whole duration of the follow-up. Consequently, the
non-significant modification of these two scores was
probably attributable to a low impact of IAT on these
2 dimensions since the baseline assessment.
Another clinically important finding concerns the time
necessary to obtain significant benefits on health status
and pain relief. In fact, there was a significant improve-
ment at three months after the last session of ESWT in
VAS, EQ-5D Pain/Discomfort, and EQ-5D Usual Activi-
ties. It took a little longer for the shockwave treatment
to have a significant effect on mobility and function as
demonstrated by the significant improvement in the
EQ-5D Mobility Score at 6 months onwards. Given
these results, ESWT can be considered a valid and ef-
fective method for the treatment of IAT. 
The results of the present study are in accordance
with recent meta-analyses performed in 2013, 2014
and in 2017, confirming that ESWT is safe and effec-
tive in the non-surgical management of IAT. There is
evidence that ESWT is effective in treating IAT 6,18,19.
However, the literature also reported that larger sam-
ple and high-quality clinical trials and systematic re-
views are necessary to demonstrate the efficacy of
ESWT, and long term follow-up studies are needed to
better define the efficacy of ESWT. In this respect,
the ASSERT database plays an important role. In
fact, the purpose of ASSERT is exactly to collect high
quality and relevant data about the effectiveness of
ESWT in patients with IAT in a pragmatic and sys-
tematic manner to improve the quality of outcomes
and ensure the quality and cost effectiveness of
ESWT. ASSERT can monitor the outcomes achieved
by practitioners and identify where these fall below an
expected performance to inform best practice and ad-
ditional training requirements.
Some studies have demonstrated that the effective-
ness of treatment is dose-related, and that high-ener-
gy shock waves from 0.42 to 0.54 mJ·mm2 can in-
duce tendon lesion and that an energy flux density of
more than 0.28 mJ/mm2 should not be used for treat-
ment of any tendon disorders20. In the present study
the energy was standardised at no more that 0.28
mJ/mm2.
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Table II. Results relative to the effects over time with the post-hoc analyses outputs. 
 
Tests T0 T3 T6 T12 T24 Overall 

significance  
in time 

Comparisons  
in pair - 
significance Means 

(range) 
[N] 

Means 
(raange) 
[N] 

Means 
(range) 
[N] 

Means 
(range) 
[N] 

Means 
(range) 
[N] 

VAS Scores 58.80 (1-
100) [76] 

32.88 (0-
90) [48] 

32.95 (0-
100) [40] 

24.74 (0-
90) [35] 

18.16 (0-
90) [31] 

p< 0.0001 T0 vs T3, T6, 
T12, T24 

Difference 
with 
baseline 
score 

- -25.92 -25.85 -34.06 -40.64 

VISA-A Scores 41.99 (0-
94) [71] 

53.70 (5-
99) [44] 

54.32 (0-
100) [38] 

66.33 (5-
100) [33] 

72.29 (0-
100) [31] 

p< 0.0001 T0 vs T12, 
T24 
T3 vs T24 
T6 vs T24 Difference 

with 
baseline 
score 

- +11.71 +12.33 +24.34 +30.3 

EQ-5D 
Anxiety/Depression 

Scores 1.36 (1-
3) [75] 

1.11 (1-2) 
[45] 

1.18 (1-
3) [40] 

1.12 (1-
2) [34] 

1.10 (1-
2) [31] 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -0.25 -0.18 -0.24 -0.26 

EQ-5D Mobility Scores 1.71 (1-
3) [75] 

1.47 (1-2) 
[45] 

1.43 (1-
2) [40] 

1.35 (1-
2) [34] 

1.35 (1-
2) [31] 

p=0.002 T0 vs T6, T12, 
T24 

Difference 
with 
baseline 
score 

- -0.24 -0.28 -0.36 -0.36 

EQ-5D Pain/Discomfort Scores 2.00 (1-
3) [75] 

1.71 (1-3) 
[45] 

1.68 (1-
3) [40] 

1.56 (1-
3) [34] 

1.52 (1-
3) [31] 

p< 0.0001 T0 vs T3, T6, 
T12, T24 

Difference 
with 
baseline 
score 

- -0.29 -0.32 -0.44 -0.48 

EQ-5D Usual Activities Scores 1.80 (1-
3) [75] 

1.47 (1-3) 
[45] 

1.45 (1-
3) [40] 

1.29 (1-
3) [34] 

1.35 (1-
3) [31] 

p< 0.0001 T0 vs T3, T6, 
T12, T24 

Difference 
with 
baseline 
score 

- -0.33 -0.35 -0.51 -0.45 

EQ-5D Self-Care Scores 1.11 (1-
3) [75] 

1.02 (1-2) 
[45] 

1.00 (1-
1) [40] 

1.00 (1-
1) [34] 

1.00 (1-
1) [31] 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- -0.09 -0.11 -0.11 -0.11 

EQ-5D Thermometer 
Sc. 

Scores 65.28 (1-
100) [75] 

77.07 (30-
100) [45] 

79.30 
(30-100) 
[40] 

80.91 
(40-99) 
[34] 

77.32 
(30-98) 
[31] 

Not 
significant 

- 

Difference 
with 
baseline 
score 

- +11.79 +14.02 +15.63 +12.04 

 
p-value for significance after Bonferroni correction is <0.006 
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It has been reported that an increase in the VISA-A
between 1221,22 and 2023 is clinically relevant. The re-
sults of the present study demonstrate that the im-
provement in pain and function improve over time.
Two years post treatment the pain has reduced sig-
nificantly and the function has improved dramatically,
a mean increase of 30 in the VISA-A between the
baseline and the score at 24 months.
Comparisons of the different studies are difficult be-
cause of substantial variations: ESWT used alone or
together with other therapies, the amount of energy
employed, the methods of localization of the shock
waves, the number of shocks, and the number of ses-
sions used. For example, recently, Rompe et al.
found that ESWT alone (radial shock wave therapy)
was less efficient than ESWT combined with stretch-
ing in improving foot function in patients with chronic
plantar heel pain. Another aspect to consider is the
difference between high vs low intensity shock wave
therapy, and the differences between radial and fo-
cused shock wave therapy can have different effects
on the treatment of IAT. For this reasons, more high-
quality and well-conducted studies are necessary. In
particular, the creation of a database such as AS-
SERT could be a valid method for the systematic col-
lection of large amount of data and for the standard-
ization of procedures to obtain strong evidences in
this field.
This study is not a randomised controlled trial. How-
ever, Level I studies have been conducted in the pre-
sent field, and have shown that ESWT, when admin-
istered according to well established protocols, is
safe and effective in the management of the condition
at hand. The National Institute for Health and Clinical
Excellence (NICE) suggested that the effectiveness
of ESWT in “real life” would have needed to be evalu-
ated in a pragmatic fashion, using standardised pro-
tocols and well validated clinically relevant outcome
measures. The ASSERT protocol is NICE compliant,
and satisfies the requirements set out by NICE24. 
The fact that many different clinicians were involved
in the administration of the treatment, after appropri-
ate certified training and standardisation of the proto-
col, and that the effects of treatment were evaluated
by independent individuals, increases the generaliz-
ability of the present findings, and, in this respect,
should be considered a major strength of the present
study. Also, all patients previously had failed a variety
of conservative management means, and this was a
major criterion to be recruited in the present study.
In conclusion, when administered in a standardised
fashion to an unselected population of patients suffer-
ing from insertional Achilles tendinopathy, ESWT
therapy is safe and effective in alleviating symptoms
for up to 24 months.
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