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Extracorporeal shock wave therapy in the
treatment of midsubstance plantar fasciitis:
the ASSERT database
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(ESWT) for Soft Tissue Injuries (ASSERT)). The 52
participants (mean age 53.89 ± 12.11 y) were treated using a standardized ESWT protocol. At baseline and again at 3, 6, 12 and 24 months following
ESWT treatment, the participants were evaluated
with the Visual Analogue Scale (VAS) for pain perception, the Foot Function Index (FFI) for limitations in everyday life activities, and the 6 scores
of EuroQol-5D questionnaire (EQ-5D) for quality
of life).
Results: There was a significant improvement
over time in 6 of the 8 analysed scores (all with at
least p=0.003), and in particular the scores that
significantly improved were VAS, FFI, and 4
scores of EQ-5D (Mobility, Pain/Discomfort, Usual
Activities, and Self-care scores).
Conclusion: ESWT showed beneficial effects on
MPF over a 24-month follow-up period.
Level of evidence: IV.
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Summary

Introduction: This study aimed to determinate the
effectiveness of ESWT in the treatment of midsubstance plantar fasciitis (MPF) in both the short
and long term.
Methods: The participants of this study were recruited by different clinicians of the National
Health Service (NHS) and private sector centres in
the United Kingdom. Data were collected in a
web-based database (Assessment of the Effectiveness of Extracorporeal Shock Wave Therapy

430

Introduction

Midsubstance plantar fasciitis (MPF) is a common
cause of heel pain, and is disabling when chronic1. Its
aetiology is poorly understood and probably multifactorial, and there is not a large body of evidence supporting one treatment over another 2 . Mechanical
overload, obesity, prolonged standing and running
may contribute to symptoms3,4. Plantar fasciitis (PF)
should be more correctly named “fasciopathy” given
the lack of evidence of inflammation at histology 5.
The diagnosis of PF is based on the patient’s history
and physical examination6. Many non-surgical management options have been reported, including icing,
non-steroidal anti-inflammatory medications, corticosteroid injections, Botulinum toxin A, autologous blood
and platelet rich plasma injections, orthosis, and
physical therapy7. These non-surgical measures generally represent the first step of treatment. Surgery is
generally used in the 5-10% of patients not responding to non-operative measures for 6-12 months7.
Extracorporeal shock wave therapy (ESWT) is a
widely used in the management of PF, but not all trials have yielded positive results, and some of the
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The ASSERT database was used to collect information on the effectiveness of ESWT across the United
Kingdom. The ESWT machines were standardised
and a standardised treatment protocol, together with
standardised baseline measurements and outcome
measures and time points in centres across the United Kingdom, were adopted to aid validity10.
Recruitment
Participants were recruited from both the National
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Participants
Participants were included if they were over the age
of 18, had a diagnosis of insertional PF 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.
A total of 56 participants (26 males; 30 females) were
enrolled and 52 participants (26 men and 26 women)
met all the inclusion criteria and were considered for
analysis (Tab. I).
This study has been designed and conducted in accordance 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 participant11.

Use of ESWT machine
Standardisation of the machine and the process of
administration of ESWT had been agreed to ensure
consistency, reproducibility and generalisability of the
results. All clinicians using the Swiss DolorClast device (Electro Medical Systems SA, Nyon, Switzerland) and Stortz devices (Stortz Medical AG, Tägerwilen, Switzerland) received training and certification
to ensure adherence to the protocol. All clinicians followed a standardised method of administration of
ESWT 12 . This included delivering an initial 500
“warm-up” impulses at a low air pressure (1.5 bar of
air pressure). This reduces the pain which patients
experience during treatment. Based on patient feedback, the clinician then increased the air pressure to
2.5 bar or above. The total dose of impulses remained constant at 2500 per session, with one session a week for three planned consecutive weeks,
with a maximum gap between two consecutive treatments of two weeks.

Table I. Sample of participants.
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Health Service (NHS) and private sector centres in
the United Kingdom. Clinicians recruited participants
presenting with insertional plantar fasciitis, and for
whom ESWT was indicated as the treatment choice.
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therapeutic effects of this treatment require further investigation. For example, a recent meta-analysis of
randomised controlled trials (RCTs) concluded that
the lack of a long-term follow-up precluded a demonstration of the long-term efficacy of ESWT in the management of PF4. The short-term benefits of ESWT on
pain relief and function are much less controversial4.
Researchers in the field have called for additional investigations, using homogenous interventions, identical outcome assessment, comparable participants,
and comparable follow-up evaluations. Such studies
can be performed using large database analyses 8.
The National Institute for Health and Clinical Excellence (NICE) recommends that the results of ESWT
are monitored, and clinicians undertaking such procedure make special arrangements for audit9. The Assessment of Effectiveness of ESWT for Soft Tissue
Injuries (ASSERT) is one such database, the aim of
which is to determine the effectiveness of ESWT in
patients suffering from selected soft tissue injuries in
both the short and long term10.
This study evaluated the effectiveness of ESWT in
patients with chronic midsubstance PF enrolled in
ASSERT over 24 months considering different aspects, namely the reduction of the clinical severity of
symptoms, the relief of pain, and the improvement of
the quality of life. Furthermore, this study also aimed
to analyse the effects that certain variables such as
age, gender, menopausal status, and prior symptoms
may have on outcome.

n

Age (y)

Number of previous
treatments

Participants enrolled

56

53.45 ± 11.87

1.90 ± 1.37

Males

26

55.24 ± 14.44

1.26 ± 0.73

Females

30

52.11 ± 9.48

2.50 ± 1.57

Participants considered for the analyses

52

53.89 ± 12.11

1.90 ± 1.37

Males

26

55.24 ± 14.44

1.26 ± 0.73

Females

26

52.71 ± 9.80

2.50 ± 1.57
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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 is very similar to the EQ-5D Thermometer Scale, but it focuses only on the pain perceived by the patient, not on the overall quality of life.
It consists in a horizontal line, 100 mm in length,
which asks the patients “How severe is your pain today?”. The line is anchored by 2 word descriptors at
each end, which are “no pain” and “very severe pain”.
Also in this case, patients mark on the line the point
which they feel represents their current perception of
their pain intensity. 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 FFI is a validated score assessing foot pain and
disability. It consists in a questionnaire composed by
17 items investigating how the foot pain affects the
ability to manage everyday life. For each item, the
patient is asked to indicate a score form 0 (best
score) to 10 (worst score). The score of the FFI is
computed as [(summation of the 17 items scores
/170) ×100].
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Database
The ASSERT database is a web based system
(www.assert.org.uk) from which the clinician received
a study number for each participant10. Only unidentifiable information with the patients’ study number was
entered into the database. Sensitive data are held on
secure servers. Following informed consent, the clinician 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 (EQ5D)13, Visual Analogue Scale for pain (VAS) 14, and
Foot Function Index (FFI)15; (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
condition; (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 coordinators of ASSERT undertook all follow-up assessments via email, telephone or post.
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Outcome assessment
The EQ-5D 13 and VAS for pain 14 were completed
alongside the FFI15.
The EQ-5D is a standardised measure of health status developed by the EuroQol Group to provide a
simple, generic measure of health for clinical and
economic appraisal. For the present study, the version 3L (EQ-5D-3L) was used. This is a simple questionnaire composed of 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 investigates 5 dimensions of the quality of
life, namely (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 obtaining 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, which are “the worst health you can
imagine” and “the best health you can imagine”. Patients are asked to mark on the line the point which
they feel represents their perception of their current
health status. The score ranges from 0 (worst health
status) to 100 (best health status), and it is computed
by measuring the distance (in mm) between the end
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Statistical analysis
Linear Mixed Model analysis (LMM) with maximum
likelihood method was performed to evaluate if significant effects over time were produced by ESWT on
the treatment of the MPF and to evaluate if difference
existed between the scores of females and males patients. To perform the LMM analysis, 2 fixed factors
were consequently considered: Time factor (fixed factor: T0 vs T3 vs T6 vs T12 vs T24) to investigate differences over time, and Gender factor (fixed factor:
males vs females) to investigate differences between
the outputs of the two genders. The interaction
Time×Gender was also analysed. The following score
were considered as dependent variables for the analysis: VAS, FFI, and all the 6 scores obtained from
EQ-5D that were EQ-5D Anxiety/Depression, EQ-5D
Mobility, EQ-5D Pain/Discomfort, EQ-5D Usual Activities, EQ-5D Self-Care and EQ-5D Thermometer
Scale scores.
The age and the number of previous treatments were
considered as covariates of the analyses to evaluate
if these factors could have produced significant influences on the VAS, FFI and EQ-5D scores over time.
If two or more of the follow-up datasets were missing
the patient was excluded.
Due to the multiple dependent variables, the Bonferroni correction was used to adjust the p-value.
The Bonferroni correction indicates an adjusted pvalue <0.006 for significance in both the LMM analyses.
When a significant effect over time was detected,
Bonferroni post-hoc analysis with multiple comparison correction was used for comparisons in pair
among the different time of assessments.
Muscles, Ligaments and Tendons Journal 2018;8 (3):430-436
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The analyses showed a significant reduction over
time of the VAS score (F 4,95 =30.644; p<0.0001),
whereas no significant differences were found between the two genders (F1,49=2.889; p=0.096) and in
the interaction Time×Gender (F4,95=0.988; p=0.418).
Concerning the FFI scores, the analysis showed a
significant decrement over time (F 4,83 =19.229;
p<0.0001), with no significant differences between
the two genders (F1,45=2.396; p=0.129) and in the interaction Time×Gender (F4,83=0.576; p=0.681).
Concerning the EQ-5D questionnaire domains, the
analysis showed the following results: the EQ-5D
Anxiety/Depression score did not showed significant
modifications over time (F 4,72=1.271; p=0.289) and
similarly not differences were found between genders
(F 1,44 =0.467; p=0.498) and in the interaction
Time×Gender (F4,72=0.713; p=0.586); significant reduction over time were instead found in the EQ-5D
Mobility score (F4,95=4.292; p=0.003), but no significant differences were found between Gender
(F 1,37 =0.670; p=0.418) and in the interaction
Time×Gender (F4,95=2.313; p=0.063); significant reduction over time was found also in the EQ-5D
Pain/Discomfort score (F4,88=16.549; p< 0.0001), with
no significant differences between the two genders
(F 1,39 =0.550; p=0.463) and in the interaction
Time×Gender (F 4,88=1.822; p=0.132); again significant reduction over time of the EQ-5D Usual Activities score (F 4,104=5.861; p=0.0003), with no significant differences between Gender (F 1,29= 2.358;
p=0.136) and in the interaction Time×Gender
(F4,104=1.967; p=0.105); the EQ-5D Self-Care showed
significant differences in Time (F4,127=4.585; p=0.002)
but not in Gender (F1,127=0.075; p=0.785), and in the
interaction Time×Gender (F4,127=0.114; p=0.977); finally, the EQ-5D Thermometer Scale analysis did not
show significant differences in Time (F 4,78 =1.321;
p=0.270) and similarly in Gender (F 1,47 =3.695;
p=0.061) and in the interaction Time×Gender
(F4,78=1.461; p=0.222).
The involvement in previous treatment and the age of
the patients seem to not have produced significant influences on all the analysed dependent variables (all
the analyses did not show significant p-values).
In order to have more clarity, all the data are reported
as Means ± SD in Table II with the results of the posthoc analysis.
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Results

months, with no successive additional ameliorations
during the 24 months of observation. The FFI scores
similarly showed a significant positive effect after 3
months, but the scores continued to significantly improve also after in the successive time-point assessment. The 4 significant scores of the EQ-5D showed
different trends: in particular, the EQ-5D Mobility
score resulted significantly better compared with
baseline after 24 months, whereas the other 3 scores
of the EQ-5D that showed a significant amelioration,
resulted more rapidly modifiable, with significant
changes after 3 months only.
ESWT produced significant positive effects in reducing pain, and improving the ability of the patients to
manage everyday life as indicated by the significant
amelioration of VAS and FFI score respectively. The
quality of life with regards to pain and discomfort improved significantly after ESWT intervention. The
overall improvement of EQ-5D scores, were trending
towards significance with the only exception of Anxiety/Depression and Self-Care dimensions’ scores.
However, it is possible to note that the baseline
scores of these dimensions (Tab. II) resulted substantially low, and they remained low for all the duration of the follow-up. Consequently, the non-significant modification of these two scores was probably
attributable to a low impact of PF 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 improvement three months after the last session of
ESWT in VAS, FFI, EQ-5D Mobility, EQ-5D Pain/Discomfort. Given these results, ESWT can be considered a valid and effective method for the treatment of
midsubstance PF. Furthermore, this study also found
that the engagement in previous treatments, the age,
the gender and the presence/absence of menopause
seems to exert no significant influence on the efficacy
of ESWT. The influence of these factors was generally not considered in previous studies, and could represent an additional strength for the use of this
modality in the management of PF, regardless of
gender or age.
The results of the present study are in accordance
with recent meta-analyses performed in 2013 16 ,
20144 and in 201717,18. confirming that ESWT is safe
and effective in the non-surgical management of PF.
In particular, Aqil et al. 16 recommend the use of
ESWT in patients with substantial heel pain when
other non-operative treatment resulted ineffective after a minimum of 3 months. However, the literature
also reported that larger sample and high-quality clinical trials and systematic reviews are necessary to
demonstrate the efficacy of ESWT 18, and also long
term follow-up studies are needed to better define the
efficacy of ESWT in the long term4. In this respect,
the ASSERT database plays an important role. In
fact, ASSERT aimed to collect high quality and relevant data about the effectiveness of ESWT in patients
with PF in a pragmatic and systematic manner to im-
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All the analyses were performed with the statistical software SPSS 20 (IBM Corporation, Chicago, IL, USA).

Discussion
The results showed a significant beneficial effect of
the ESWT in 6 of the 8 analysed variables.
In particular, the results indicated that VAS scores reported a significant positive effect after only 3
Muscles, Ligaments and Tendons Journal 2018;8 (3):430-436
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Table II. Results relative to the effects over time with the post-hoc analyses outputs.

Foot Functional
Index

Means
Me
Means
ans ±
SD (N)
SD
(N)

Means
Means
Me
ans ±
SD (N)
SD
(N)

Means
Means
Me
ans ±
SD
SD (N)
(N)

Means
Means
Me
ans ±
SD
SD (N)
(N)

Means
M
Me
eans
ans ±
SD
SD (N)
(N)

C
IC

EQ-5D
Thermometer Sc.

Overall
Ov
Overall
er all
C omparisons
Co
Comparisons
mparisons iin
n
pair
pa
ir significance
si
significance
gnificance pair
in time
in
me
sig
ignificance
ignificance
nificance

65.49 ±
28.14 ±
20.79 ±
18.9 ±
11.67 ±
p< 0.0001
19.86 (43) 26.15 (28) 28.86 (19) 26.37 (21) 22.23 (18)

Difference
with
baseline
score

-

Scores

50.58 ±
26.28 ±
22.84 ±
21.43 ±
7.17 ±
p< 0.0001
17.89 (33) 22.93 (25) 26.35 (19) 22.01 (21) 16.15 (18)

Difference
with
baseline
score

-

-37.35

-24.30

-44.70

-46.58

-53.82

-27.73

-29.15

1.4 ± 0.66 1.11 ±
(42)
0.32 (27)

1.11 ±
0.32 (19)

1.05 ±
0.22 (21)

1.06 ±
0.24 (18)

Difference
with
baseline
score

-

-0.30

-0.36

-0.35

Scores

1.62 ±
0.54 (42)

1.37 ±
0.49 (27)

1.26 ±
0.45 (19)

1.29 ±
0.46 (21)

1.11 ±
0.32 (18)

Difference
with
baseline
score

-

-0.25

-0.36

-0.33

-0.51

Scores

2.31 ±
0.56 (42)

1.74 ±
0.59 (27)

1.63 ±
0.60 (19)

1.57 ±
0.60 (21)

1.22 ±
0.43 (18)

Difference
with
baseline
score

-

-0.57

-0.68

-0.74

-1.09

Scores

1.69 ±
0.52 (42)

1.37 ±
0.49 (27)

1.37 ±
0.50 (19)

1.29 ±
0.56 (21)

1.11 ±
0.32 (18)

Difference
with
baseline
score

-

-0.32

-0.32

-0.40

-0.58

Scores

1.21 ±
0.47 (42)

1.00 ±
0.00 (27)

1.00 ±
0.00 (19)

1.00 ±
0.00 (21)

1.00 ±
0.00 (18)

Difference
with
baseline
score

-

-0.21

-0.21

-0.21

-0.21

Scores

62.52 ±
74.44 ±
77.68 ±
75.95 ±
83.94 ±
Not
24.45 (42) 20.32 (27) 25.11 (19) 19.56 (21) 12.28 (18) significant

Difference
with
baseline
score

-

Ed

EQ-5D Self-Care

T
T24
24

-0.29

-43.41

Not
significant
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EQ-5D Usual
Activities

T12
T12

iz

EQ-5D
Pain/Discomfort

T6
T6

Scores

EQ-5D
Scores
Anxiety/Depression

EQ-5D Mobility

T
T3
3

11.92

15.16

13.43

T0 vs T3, T6,
T12, T24

T0 vs T3, T6,
T12, T24
T24 vs T3, T6,
T12
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VAS

T
T0
0
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Tests
Te
Tests
sts

-

p=0.003

T0 vs T24

p< 0.0001

T0 vs T3, T6,
T12, T24
T24 vs T3, T6

p=0.0003

T0 vs T12, T24

p=0.002

T0 vs T3, T6,
T12, T24

-

21.42

©

p-value for significance after Bonferroni correction is <0.006.
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prove 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 additional training requirements.
Some studies reported no effects of ESWT19,20 in the
treatment of PF, and some aspects of this modality
remain unclear. The present evidence4,16-18 however
clearly indicates ESWT as an effective therapy for the
management of PF. No analysis is perfect, and we
acknowledge that many other variables such as the
amount of energy employed, high vs low intensity
shock wave treatment, radial vs focused shock wave
treatment, the methods of localization of the shock
waves, the number of shocks, and the number of sessions must also be considered when evaluating the
efficacy of ESWT. Nevertheless, we point out that the
protocol used to administer extracorporeal shock
wave treatment in the ASSERT is based on the evidence produced by Level I studies in this field21,22.
Nevertheless, we acknowledge that more high-quality
and well-conducted studies are necessary. A
database such as ASSERT could be a valid method
for the systematic collection of large amount of data
and for the standardization of procedures to obtain
strong evidences in this field.
Concerning the limitations, this study is not a randomised controlled trial. However, Level I studies
have been conducted in the present field, and have
shown that ESWT, when administered according to
well established protocols21,22, is safe and effective in
the management of the condition at hand. The NICE
suggested that the effectiveness of ESWT in “real
life” would have needed to be evaluated in a pragmatic fashion, using standardised protocols and well
validated clinically relevant outcome measures. The
ASSERT protocol is NICE compliant, and satisfies
the requirements set out by NICE9.
The fact that many different clinicians were involved
in the treatment, after appropriate certified training
and standardisation of the protocol, and that the effects of treatment were evaluated by independent individuals, increases the generalizability 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 study21.
In conclusion, when administered in a standardised
fashion to an unselected population of patients suffering from insertional plantar fasciopathy, ESWT therapy is safe and effective in alleviating symptoms for up
to 24 months.
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