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Chapter 1

Preface
The Achilles tendon is the largest and strongest tendon in the human body, as it is
subjected to enormous tensile loads up to twelve times the body weight.1 Hierarchically
arranged tendon collagen bundles transfer these forces from the calcaneus to the calf
muscles during ankle movement.2 Despite its strength, the Achilles tendon is prone to
overuse injuries also referred to as tendinopathy. Achilles tendinopathy is a common
musculoskeletal condition with an annual incidence of 2-3 cases per 1000 patients
in general medical practice.3 Approximately two-third of these patients is physically
active or participating in sports, compared to one-third who has a sedentary lifestyle.4
The disorder is, however, most frequent in running sports with up to 52% of high-level
UXQQLQJDWKOHWHVVXHULQJIURP$FKLOOHVWHQGLQRSDWK\DWOHDVWRQFHLQWKHLUOLIHWLPH5
7KH GLDJQRVLV WHQGLQRSDWK\ LV EDVHG RQ FOLQLFDO ȴQGLQJV FRQVLVWLQJ RI SHUVLVWHQW
localised tendon pain in relation to loading.6 Pathology located at the distal insertion
on the calcaneus (<2 cm from the insertion) and the midportion area of the tendon
FPIURPWKHLQVHUWLRQ DUHJHQHUDOO\FRQVLGHUHGWREHWZRGLHUHQWFOLQLFDOHQWLWLHV
7KHVH DUH GLVWLQJXLVKHG VLQFH WKHVH SDUWV RI WKH WHQGRQ VKRZ GLHUHQW ORDGLQJ
SURȴOHVDQGDQDWRP\ZKLFKVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQGXULQJWUHDWPHQW7 In
midportion Achilles tendinopathy, tensile loads are thought to be most prominent in
the pathogenesis. In insertional Achilles tendinopathy, however, the Achilles tendon
is also transversely compressed to the calcaneal bone which has been found to result
in degenerative changes in tendon tissue due to compression forces.8 9 Treatment of
Achilles tendinopathy is often challenging, and patients frequently receive multiple,
often unsuccessful treatment modalities. Symptoms persist in 60% of patients 5
years after start of treatment.8 10
Below an overview will be provided on several topics of Achilles tendinopathy. We will
focus on risk factors, imaging, and treatment options.

Risk factors
Experts consider the aetiology to be multifactorial including both intrinsic factors (e.g.
SUHYLRXVLQMXU\SODQWDUȵH[RUVWUHQJWKREHVLW\ DQGH[WULQVLFIDFWRUV HJFKDQJHLQ
load, environmental conditions, use of corticosteroids).11 The strength of the evidence
for these risk factors remains uncertain, as there is no adequately performed recent
systematic review evaluating these risk factors for Achilles tendinopathy.
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Imaging; a focus on neovascularisation and its role in pain
sensation
The role of imaging in diagnosing Achilles tendinopathy is currently topic of debate.
:KHQLPDJLQJLVFRQVLGHUHGWKHȴUVWFKRLFHLVXOWUDVRQRJUDSK\DVLWLVFKHDSDQGHDVLO\
accessible.12&KDUDFWHULVWLFȴQGLQJVRQXOWUDVRQRJUDSK\LQFOXGHIXVLIRUPWKLFNHQLQJRIWKH
Achilles tendon in anteroposterior direction and the presence of hypoechoic areas. Both
ȴQGLQJV DUH FDXVHG E\ GLVRUJDQLVDWLRQ RI WKH KLHUDUFKLFDOO\ DUUDQJHG WHQGRQ FROODJHQ
bundles, with the attraction of water in the extracellular matrix.13 Additionally, increased
blood supply is usually present. In a normal state, small blood vessels run from proximally
and distally inside the Achilles tendon towards the midportion area of the tendon (2-7
cm from the insertion). As a result, the midportion area of the Achilles tendon forms
a watershed area and as a consequence physiologically has the lowest blood supply.14
15
 $Q LPDJLQJ WHFKQLTXH WR YLVXDOLVH EORRG ȵRZ LV 'RSSOHU XOWUDVRQRJUDSK\16 Doppler
XOWUDVRQRJUDSK\XVHVWKH'RSSOHUHHFWWRPHDVXUHPRYHPHQWRIWLVVXHVPRVWRIWHQ
EORRGLQWKHKXPDQERG\ΖQDQRUPDOVWDWHEORRGȵRZLQDV\PSWRPDWLFWHQGRQVLVWRR
low to visualise with Doppler ultrasonography.17 Therefore, the presence of Doppler
ȵRZXVXDOO\UHSUHVHQWVDQDEQRUPDOLQFUHDVHLQEORRGȵRZΖQWHQGRQWLVVXH'RSSOHU
ȵRZKDVEHHQIRXQGWREHSUHVHQWZLWKLQDQGDURXQGWKH$FKLOOHVWHQGRQLQ
of the symptomatic tendons, compared to 0-30% of the asymptomatic tendons.18-22
7KLV'RSSOHUȵRZLVFRQVLGHUHGWRUHȵHFWWKHSUHVHQFHRIQHZO\IRUPHGEORRGYHVVHOV
(neovascularisation) with an increased blood supply.14 23 These newly formed blood
YHVVHOVRULJLQDWHIURPWKH.DJHUVȇIDWSDGDQWHULRURIWKH$FKLOOHVWHQGRQDQGLQȴOWUDWH
WKH$FKLOOHVWHQGRQGLXVHO\ZLWKDWRUWXRXVFRXUVH14$VDUHVXOW'RSSOHUȵRZLVLQLWLDOO\
most often present at the anterior aspect of the Achilles tendon in symptomatic tendons.
:KHQ'RSSOHUȵRZLQFUHDVHVLWFDQDOVREHYLVXDOLVHGDWWKHGRUVDODVSHFWRIWKH$FKLOOHV
tendon.19 Most frequently these neovessels are thought to be secondary to the failed
healing of tendinopathic tissue, but to date this is uncertain.
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Treatment
Managing Achilles tendinopathy is often challenging for both patients and their
KHDOWKFDUHSURYLGHUV7KHPDLQWUHDWPHQWPRGDOLWLHVRHUHGWRSDWLHQWVZLWK$FKLOOHV
tendinopathy are wait-and-see, exercise therapy, injections, shockwave therapy,
orthosis, medication, and surgery.7 Most patients receive multiple treatments over
time, resulting in increased healthcare consumption.10 It is generally accepted in
clinical care that exercise therapy and load management should be part of the initial
treatment. As both short-term and long-term outcome of initial treatment are often
unsatisfactory, numerous additional treatment options have been investigated.24 25 To
GDWHWKHFRPSDUDWLYHHHFWLYHQHVVRIDOOWKHVHWUHDWPHQWVKDVQHYHUEHHQH[DPLQHG
%HLQJIDFHGZLWKVRPDQ\SRWHQWLDOO\HHFWLYHWUHDWPHQWVLWLVFKDOOHQJLQJIRUKHDOWKFDUH
providers to adequately treat patients using a shared decision making model.
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To evaluate symptoms and activity levels in patients with Achilles tendinopathy the
Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire is a valid and
reliable tool and most often used in both a clinical and a research setting.26 The VISA-A
score ranges from 0 to 100; 100 indicates no pain with full activity level and the score
decreases with increasing severity of symptoms. The questionnaire has been shown
to be reliable, but to date the clinical relevance of the outcome is uncertain as the
change that an individual patient would identify as important is unknown. This change
LVFDOOHGWKHPLQLPDOFOLQLFDOO\LPSRUWDQWGLHUHQFH 0&Ζ' DQGWKLVVFRUHLVLPSRUWDQW
WRGHWHUPLQHWKHHHFWLYHQHVVRIDFHUWDLQWUHDWPHQW
6RPH QRYHO LQWHUYHQWLRQV JR R WKH EHDWHQ SDWK RI UHVWRULQJ WHQGRQ VWUXFWXUH
organisation, but primarily focus on the modulation of pain in tendinopathy. This shift
has took place as tendon structure disorganisation is seen in symptomatic tendons,
however, this disorganisation has not been found to be directly related to symptoms.27
In other words, if there is more severe tendon structure disorganisation, this does not
directly result in an increased symptom severity. Two mechanisms could play a role
in persisting pain in Achilles tendinopathy. First, nerve structures accompanying the
neovascularisation have been found in histopathological examination.28 These nerve
VWUXFWXUHV FRXOG SOD\ D VLJQLȴFDQW UROH LQ WKH FKURQLF DVSHFW RI WKH SDLQ LQ $FKLOOHV
tendinopathy.14 29 Indeed, a large study showed an association between the degree
RI XOWUDVRQRJUDSKLF 'RSSOHU ȵRZ DQG WKH VHYHULW\ RI V\PSWRPV18 Second, altered
central pain processing may play an important role in persisting symptoms, with
pathophysiological pain (central sensitisation) as a result.30 31 Due to these changes
in central pain processing, the disorder could become resistant to tissue-based
treatment options that are currently available.32 Isometric exercises of several muscle
JURXSVKDYHEHHQIRXQGWRUHVXOWLQDQLPPHGLDWHDQDOJHVLFHHFWZKLFKVXJJHVWV
WKHVH H[HUFLVHV LQȵXHQFH FHQWUDO SDLQ SURFHVVLQJ33-36 As a consequence, isometric
exercises are frequently being used as ‘in-season pain management’.37 One previous
VWXG\ VSHFLȴFDOO\ LQYHVWLJDWHG WKH UROH RI LVRPHWULF H[HUFLVHV RI WKH FDOI PXVFOHV
LQ SDWLHQWV VXHULQJ IURP $FKLOOHV WHQGLQRSDWK\ DQG IRXQG QR GLHUHQFH DIWHU WKH
performance of these exercises.38 The power of these contradictory studies was,
KRZHYHUOLPLWHGDQGDFOLQLFDOO\UHOHYDQWLPPHGLDWHHHFWFRXOGQRWEHH[FOXGHGDV
adequate control groups were lacking.
Another novel intervention focussing on the modulation of pain is a high-volume
LQMHFWLRQLQZKLFKDODUJHDPRXQWRIȵXLGLVLQMHFWHGLQWKHSHULWHQGLQRXVDUHDZLWK
the aim to obliterate the neovascularisation and the adjacent nerve structures.29 Very
promising short-term (6-12 weeks) results on the VISA-A score were found in several
case series.29 39 40 Consequently, this therapy is increasingly used in the clinical setting.
7KHHHFWLYHQHVVKDVKRZHYHUQRWEHHQWHVWHGLQDODUJHUREXVWO\GHVLJQHGVWXG\
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Aim and outline of this thesis
The general aim of this thesis is to evaluate risk factors, imaging, and treatment
options in patients with Achilles tendinopathy.

1

:H ZHUH DW ȴUVW LQWHUHVWHG WR LGHQWLI\ FOLQLFDO ULVN IDFWRUV IRU $FKLOOHV WHQGLQRSDWK\
as these could prove useful for prevention and treatment of Achilles tendinopathy.
In Chapter 2 we conducted a systematic review of the literature to identify these
risk factors. This will provide the level of evidence for all clinical risk factors to inform
future prevention and treatment strategies.
Neovascularisation, as usually seen during ultrasonography, is of increasing
interest in the pathophysiology of Achilles tendinopathy. It is, therefore, important
WR DGHTXDWHO\ HYDOXDWH 'RSSOHU ȵRZ IROORZLQJ WUHDWPHQW WR IXUWKHU LQYHVWLJDWH WKH
role of neovascularisation in tendinopathy. Most previous studies used the semiTXDQWLWDWLYH PRGLȴHG KEHUJ VFRUH WR HYDOXDWH 'RSSOHU ȵRZ $V WKLV RXWFRPH
PHDVXUH LV REVHUYHUGHSHQGHQW DQG KDV D FHLOLQJ HHFW ZLWK KLJKHU GHJUHHV RI
neovascularisation, we investigated a quantitative method in which the amount of
coloured pixels during power Doppler ultrasonography is measured. In Chapter 3
ZHHYDOXDWHGWKHLQWHUREVHUYHUUHOLDELOLW\RIERWKWKHPRGLȴHGKEHUJVFRUHDQGD
VXUIDFHDUHDTXDQWLȴFDWLRQ 6$4 PHWKRGLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$FKLOOHV
tendinopathy.
In Chapter 4 ZH GHWHUPLQHG WKH PLQLPDO FOLQLFDOO\ LPSRUWDQW GLHUHQFH 0&Ζ' 
and patient acceptable symptom state (PASS) for the Victorian Institute of Sports
Assessment-Achilles (VISA-A) score that is most often used in studies to evaluate
symptom severity in Achilles tendinopathy. Both scores are currently not very well
VWXGLHG DQG DUH YHU\ LPSRUWDQW WR GHWHUPLQH WKH HHFWLYHQHVV RI WKH DYDLODEOH
treatment options.
In Chapter 5ZHHYDOXDWHGWKHFRPSDUDWLYHHHFWLYHQHVVRIDOODYDLODEOHWUHDWPHQWV
for Achilles tendinopathy with a living systematic review with network-meta-analysis.
This living systematic review will be updated regularly, which allows for a contemporary
evidence synthesis for clinical practice.
The last decades the number of available treatments for Achilles tendinopathy
LQFUHDVHG UDSLGO\ EXW VFLHQWLȴF HYLGHQFH IRU WKHVH WUHDWPHQWV LV RIWHQ PLVVLQJ
Novel treatments for Achilles tendinopathy increasingly focus on the modulation of
pain in tendinopathy. This shift seems to occur as severity of local tendon structure
disorganisation has been found to be not directly related to the amount of symptoms.
ΖVRPHWULFH[HUFLVHVIRUORZHUOLPEWHQGLQRSDWKLHVKDYHDOVREHHQIRXQGWRLQȵXHQFH
central pain processing. As a result, these exercises are often suggested as initial
management for Achilles tendinopathy. Current evidence is, however, heterogeneous
and sample sizes in previous studies were small. We performed a quasi-randomised

11

Chapter 1

clinical trial in Chapter 6 in which we investigated whether isometric exercises
UHVXOWLQDQLPPHGLDWHDQDOJHVLFHHFWLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$FKLOOHV
tendinopathy.
In Chapter 7 ZH LQYHVWLJDWHG WKH HHFWLYHQHVV RI WKH KLJKYROXPH LQMHFWLRQ ZKLFK
is considered to be a very promising treatment option according to previous case
series and a small randomised clinical trial. We performed a randomised clinical trial
to study whether a high-volume injection improves clinical outcome in addition to
usual care for patients with chronic midportion Achilles tendinopathy.
The mechanism of the high-volume injection is to date unclear. The hypothesised
mechanism involved destruction of the neovascularisation and the adjacent nerve
VWUXFWXUHV7KHPHFKDQLFDOHHFWRIDKLJKYROXPHLQMHFWLRQLVH[SORUHGLQChapter 8.
:HHYDOXDWHGXOWUDVRQRJUDSKLF'RSSOHUȵRZWRH[SORUHWKHHHFWRIWKHKLJKYROXPH
injection on the neovascularisation during the injection procedure and at short- and
intermediate term follow-up.
In Chapter 9DJHQHUDOGLVFXVVLRQUHJDUGLQJWKHUHVXOWVRIWKHGLHUHQWVWXGLHVLQWKLV
thesis is provided. Clinical relevance, implications for research and treatment and
future research are discussed.
Chapter 10 comprises a summary of this thesis in English and Dutch (appendix).
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Abstract
Background: Achilles tendinopathy is a common problem but its exact aetiology
remains unclear.
Objective: To evaluate the association between potential clinical risk factors and
Achilles tendinopathy.
Design: Systematic review.
Data sources: The databases Embase, MEDLINE Ovid, Web of Science, Cochrane
Library and Google Scholar were searched up to February 2018.
Eligibility criteria: To answer our research question, cohort studies investigating risk
factors for Achilles tendinopathy in humans were included. We restricted our search
to potential clinical risk factors (imaging studies were excluded).
Results: We included 10 cohort studies, all with a high risk of bias, from 5111
SXEOLFDWLRQVLGHQWLȴHG7KHUHLVOLPLWHGHYLGHQFHIRUQLQHULVNIDFWRUV  SULRUORZHU
OLPE WHQGLQRSDWK\ RU IUDFWXUH   XVH RI RȵR[DFLQ TXLQRORQH  DQWLELRWLFV   DQ
increased time between heart transplantation and initiation of quinolone treatment
for infectious disease, (4) moderate alcohol use, (5) training during cold weather, (6)
GHFUHDVHGLVRNLQHWLFSODQWDUȵH[RUVWUHQJWK  DEQRUPDOJDLWSDWWHUQZLWKGHFUHDVHG
forward progression of propulsion, (8) more lateral foot-roll over at the forefoot
ȵDW SKDVH DQG   FUHDWLQLQH FOHDUDQFH RI  P/PLQ LQ KHDUW WUDQVSODQW SDWLHQWV
Twenty-six other putative risk factors were not associated with Achilles tendinopathy,
including being overweight, static foot posture and physical activity level.
Conclusion: From an ocean of studies with high levels of bias, we extracted nine clinical
risk factors that may increase a person’s risk of Achilles tendinopathy. Clinicians may
FRQVLGHURȵR[DFLQXVHDOFRKROFRQVXPSWLRQDQGDUHGXFHGSODQWDUȵH[RUVWUHQJWKDV
PRGLȴDEOHULVNIDFWRUVZKHQWUHDWLQJSDWLHQWVZLWK$FKLOOHVWHQGLQRSDWK\
PROSPERO registration number: CRD42017053258
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Introduction
The Achilles tendon is the largest and strongest tendon in the human body, yet it is
prone to injury such as tendinopathy. The presence of Achilles tendon pain, swelling
and an impaired load-bearing capacity indicate Achilles tendinopathy (AT).1-3 From
a clinical perspective, insertional and midportion Achilles tendinopathy should
EH GLVWLQJXLVKHG VLQFH WKHVH DUH WZR VHSDUDWH HQWLWLHV ZLWK GLHUHQW WUHDWPHQW
approaches.4 AT is most frequently seen in elite running athletes, with a lifetime risk of
52%.5 It should, however, be noted that one-third of all AT patients have a sedentary
lifestyle.6 This emphasizes that there is probably a broad spectrum of potential risk
factors for Achilles tendinopathy, yet the exact aetiology remains uncertain.7

2

Over the last decades, various determinants have been proposed as risk factors in
the development of AT. A recent systematic review examined risk factors for AT with
a primary focus on genetic aspects.8 They found that certain genetic determinants
may contribute to the development of AT, such as genetic contributors to collagen
structure formation and tendon homeostasis. However, results were ambiguous due
to the methodology in the publications included. These publications had mixed study
designs and the number of non-genetic clinical risk factors was limited. Therefore,
there is a need to evaluate clinical risk factors in the development of AT with an
extensive literature search and robust methodological design.
In this study, we systematically review the literature regarding the potential clinical
risk factors that have been investigated for AT. This provides the level of evidence for
all known clinical risk factors to inform future prevention and treatment strategies.

Methods
Protocol and registration
The protocol for this systematic review was prospectively registered in the
international PROSPERO database. Protocol details can be accessed via http://www.
FUG\RUNDFXN35263(52GLVSOD\BUHFRUGDVS"Ζ' &5'. A protocol
revision was performed in July 2017 from midportion AT as site of injury to AT in
general (insertional and midportion AT combined). This was done as we observed
during data extraction that a substantial number of publications did not specify the
VSHFLȴFORFDWLRQ

Eligibility criteria
Publications were eligible for inclusion when there was (1) a potential risk factor
LQYHVWLJDWHGLQUHODWLRQWR$7DQG  DGLDJQRVLVRI$7EDVHGRQFOLQLFDOȴQGLQJV ORFDO
pain and impaired load-bearing capacity). We restricted our selection to prospective
19
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and retrospective cohort studies written in English. A determinant was considered to
be a potential clinical risk factor if no extensive examination (eg. biopsies) had been
performed. Publications were excluded if there was: (A) no adequate control group (eg.
contralateral Achilles tendon), (B) a preclinical study design or (C) an imaging study design
(eg. potential risk factors derived from MRI or ultrasound examinations). Imaging studies
were excluded, since these are regularly not directly available in the sports physician
consultation room. For an overview of imaging, we refer to a recent systematic review.9
We also aimed to identify potential novel risk factors as secondary outcome measure
by including cross-sectional studies. While the level of evidence from cross-sectional
studies is lower than that from cohort studies, they might identify interesting factors
to explore in future research.

Literature search strategy and information sources
We conducted a sensitive search strategy for multiple databases with the assistance
of a medical librarian (WM Bramer). The following databases were searched up to
12 February 2018: Embase, MEDLINE Ovid, Web of Science, Cochrane Library and
Google Scholar. The search strategy is shown in online supplementary appendix 1.

Study selection and data extraction
Titles and abstracts were screened by two independent reviewers (ACvdV and RJdV)
to identify eligible publications. Disagreements were solved by consensus, with
the involvement of a third review author (EHGO) if necessary. Data extraction was
performed by one author (ACvdV) and a data check was performed by a second author
(SJB) for 100% of the primary outcomes and for 20% of the other data. This has been
shown to be a methodologically sound procedure.10 The potential risk factors were
H[WUDFWHGDQGJURXSHGLQWRSDWLHQWFKDUDFWHULVWLFV PRGLȴDEOHDQGQRQPRGLȴDEOH 
biomechanical factors, pre-existing diseases, medication and training factors. AT
subgroup analysis results are presented in case subgroup analyses were performed
in studies describing associations for multiple injuries. If multiple populations with AT
were assessed in a single publication, only combined results are presented.

Risk of bias assessment
Two reviewers (ACvdV and SJB) independently assessed the methodological quality of
all included prospective (level of evidence II) and retrospective cohort studies (level
of evidence III). No risk of bias assessment was performed for cross-sectional studies
(level of evidence IV), since these studies are considered to be of high risk of bias for
the purpose of this review.
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7R DVVHVV ULVN RI ELDV ZH XVHG D VWDQGDUGLVHG VHW RI FULWHULD EDVHG RQ PRGLȴHG
questions of existing quality assessment tools (table 1).11-13 This tool has previously
been used in a systematic review on risk factors for Achilles tendon rupture.14 If a
criterion was met, one point was given. No points were given if the criterion was not
PHWRUZKHQLWZDVXQFOHDULIWKHVSHFLȴFFULWHULRQZDVPHW$PD[LPXPVFRUHRI
points could be obtained. Publications were considered to be of low risk of bias if: (1)
a total score of 6 points or more was given and (2) 1 point was given to criterion 6, 7,
8 and 10.14

2
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Table 1. Risk of bias assessment tool
Criteria

Response

Yes

No/
not reported

A clearly
stated aim

• Did they have a ‘study question’ or ‘main aim’ or
ȆREMHFWLYHȇ"
• The question addressed should be precise and
relevant in light of available literature
• To be scored adequate the aim of the study should
be coherent with the ‘Introduction’ of the paper

°

°

°

°

°

°

Inclusion of
consecutive
patients

• Did the authors say: ‘consecutive patients’ or ‘all
patients during period from … to….’ or ‘all patients
IXOȴOOLQJWKHLQFOXVLRQFULWHULDȇ"

°

°

A description
of inclusion
and exclusion
criteria

• Did the authors report the inclusion and exclusion
FULWHULD"

°

°

Inclusion of
patients

• Did the authors report how many eligible patients
DJUHHGWRSDUWLFLSDWH LHJDYHFRQVHQW "

°

°

Prospective
• Did they say ‘prospective’, ‘retrospective’ or ‘followcollection of
XSȇ"
data. Data
• The study is not prospective when it is a chart
were collected
review, database review, clinical guideline, or
according to
practical summaries
a protocol
established
before the
beginning of
the study

°
°

°
°

Outcome
measures

• Did they report the association between the
potential risk factors and manifestation of Achilles
WHQGLQRSDWK\DVRXWFRPH"7KHYDOLGRXWFRPH
measure for Achilles tendinopathy is clinical
examination

°

°

Unbiased
assessment
of the study
outcome and
potential risk
factors

• To be judged as adequate, the following two aspects °
had to be positive:
• Outcome and potential risk factors had to be
measured independently
• The outcome and potential risk factors for both
cases and controls had to be assessed in the
same way

°

°

°

Were the
• For studies where the determinant measures are
determinant
shown to be valid and reliable, the question should
measures
be answered adequate. For studies that refer to
used accurate
other work that demonstrates the determinant
(valid and
measures are accurate, the question should be
UHOLDEOH "
answered as adequate
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Criteria

Response

Loss to follow- • To be judged as adequate the following two aspects
up
had to be positive:
• 'LGWKH\UHSRUWWKHORVVHVWRIROORZXS"
• Loss to follow-up was <20 %

°

No/
not reported
°

Adequate
statistical
analyses

°

°

• To be judged as adequate the following two aspects
had to be positive:
• There must be a description of the relationship
between the potential risk factors and Achilles
tendinopathy (with information about the
VWDWLVWLFDOVLJQLȴFDQFH
• Was there adjustment for possible confounders
(age, sex, body mass index) by multivariate
DQDO\VLV"

Yes

2

For each methodological criterion that is met 1 point is given. If the criterion was not met zero points were
given. Publications were considered to be of low risk of bias if (1) a total score of at least 6 points was given
and (2) 1 point was given to questions 6, 7, 8 and 10 (marked with the grey columns).

Data synthesis
A subgroup analysis was initially planned for insertional and midportion AT; however,
we revised the PROSPERO protocol (revision date 20 July 2017) because a substantial
number of publications did not specify the AT location. Homogeneity of the data was
evaluated, and if data could not be pooled because of heterogeneity, a best evidence
synthesis based on the study of van Tulder et al. was carried out for each potential
risk factor.15
-

6WURQJHYLGHQFHȲVWXGLHVZLWKKLJKTXDOLW\DQGJHQHUDOO\FRQVLVWHQWȴQGLQJV
LQDOOVWXGLHV ȲRIWKHVWXGLHVUHSRUWHGFRQVLVWHQWȴQGLQJV 
0RGHUDWH HYLGHQFH RQH KLJKTXDOLW\ VWXG\ DQG Ȳ ORZTXDOLW\ VWXGLHV DQG
JHQHUDOO\FRQVLVWHQWUHVXOWV ȲRIWKHVWXGLHVUHSRUWHGFRQVLVWHQWȴQGLQJV 
/LPLWHGHYLGHQFHJHQHUDOO\FRQVLVWHQWȴQGLQJVLQȲORZTXDOLW\VWXG\ Ȳ
RIWKHVWXGLHVUHSRUWHGFRQVLVWHQWȴQGLQJV 
&RQȵLFWLQJHYLGHQFHRIWKHVWXGLHVUHSRUWLQJFRQVLVWHQWȴQGLQJV
No evidence: no studies could be found

23

Chapter 2

Results
Study selection
:HLGHQWLȴHGSRWHQWLDOO\UHOHYDQWSXEOLFDWLRQVDQGDIWHUUHPRYLQJGXSOLFDWHV
3225 remained. After screening title and abstract, we assessed 109 publications
LQ IXOOWH[W )LIW\IRXU SXEOLFDWLRQV ZHUH H[FOXGHG IRU GLHUHQW UHDVRQV DIWHU IXOO
text evaluation, as shown in the Preferred Reporting Items for Systematic Reviews
DQG 0HWD$QDO\VHV 35Ζ60$  ȵRZ FKDUW ȴJXUH   :H LQFOXGHG WKH UHPDLQLQJ 
publications for analysis.

Figure 1. 35Ζ60$  ȵRZ GLDJUDP RI VWXG\ VHOHFWLRQ SURFHVV 35Ζ60$ 3UHIHUUHG 5HSRUWLQJ ΖWHPV IRU
Systematic Reviews and Meta-Analyses.
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Characteristics of the included publications
We included eight prospective cohort studies16-23 and two retrospective cohort
studies.24 25 Additionally, 45 cross-sectional studies were included.5 26-69 The
FKDUDFWHULVWLFVDQGPDLQȴQGLQJVRIWKHLQFOXGHGVWXGLHVDUHVXPPDULVHGLQWDEOH
for the cohort studies and online supplementary appendix 2 for the cross-sectional
studies.

2

2IWKHFRKRUWVWXGLHVȴYHVWXGLHVLQFOXGHGRQO\SDUWLFLSDQWVZLWKPLGSRUWLRQ$7
DQGȴYHVWXGLHVGLGQRWVSHFLI\WKH$7ORFDWLRQ6DPSOHVL]HVRIWKHLQFOXGHGFRKRUW
studies ranged from 69 to 80,106 participants (median 285) with the number of
AT cases ranging from 5 to 450 (median 18). Mean age ranged from 18 years old
to 59 years old (median 21). This relatively young median age was caused by the
SURIHVVLRQ RI PRVW RI WKH SRSXODWLRQV LQYHVWLJDWHG PLOLWDU\ UHFUXLWV LQ ȴYH VWXGLHV
students in one study). There was a greater proportion of male participants in seven
cohort studies, compared with two studies in which there was a greater proportion
of female participants (median percentage males 78%). Data regarding the number
of participants, mean age or sex was incomplete in two studies. The follow-up period
for the prospective cohort studies ranged from 6 weeks to 2 years (median 39 weeks).
Of the 45 cross-sectional studies, 15 studies included only participants with
midportion AT, one study included patients with insertional AT and 29 studies did
not specify the AT location. Sample sizes ranged from 20 to 57,725 participants
(median 201).
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Table 2. Data extraction of the included prospective and retrospective cohort studies

26

Study

Study Duration
Participants (total
Sex
Age,
type
of followgroup and cases of AT) (% male) mean ± SD
up (weeks)
(years)

Location injury

BargeCaballero et
al. (2008) 24

RC

NR

149 (14); Heart
transplant patients
who were prescribed
quinolones

77.9%

58.8 ± 10.6

Achilles
tendinopathy
QRWVSHFLȴHG
midportion or
insertional)

Hein et al.
(2014) 20

PC

52

269 (10); Recreational
runners

NR

NR

Achilles
tendinopathy
QRWVSHFLȴHG
midportion or
insertional)

Kaufman et al. PC
(1999) 21

104

449 (30); Navy Sea,
Air and Land (SEAL)
candidates

100%

22.5 ± 2.5

Achilles
tendinopathy
QRWVSHFLȴHG
midportion or
insertional)

Mahieu et al.
(2006) 16

PC

6

  2ɝFHUFDGHWV

100.0%

18.4 ± 1.3

Midportion
Achilles
tendinopathy

Milgrom et al.
(2003) 22

PC

14

1405 (95); Infantry
recruits

100.0%

18.7 ± 7

Midportion
Achilles
tendinopathy

Owens et al.
(2013) 17

PC

52

80 106 (450); Military
service members

70.3%

NR

Achilles
tendinopathy
QRWVSHFLȴHG
midportion or
insertional)

Rabin et al.
(2014) 18

PC

26

70 (5); Military recruits

100.0%

19.6 ± 1.0

Midportion
Achilles
tendinopathy

Risk factors (Risk ratio, odd’s ratio, hazard ratio)

Quality
score
(points)

• A creatinine clearance <60 ml/min was associated with AT compared to a creatinine
FOHDUDQFHȲPOPLQ 25&ΖS 
• increased time (in years) between heart transplantation and initiation of quinolone treatment
IRULQIHFWLRXVGLVHDVHZDVDVVRFLDWHGZLWK$7 25&ΖS 
• 1RDVVRFLDWLRQVZHUHIRXQGIRUDJHVH[OHYRȵR[DFLQXVHDQGGDLO\SUHGQLVRQHGRVH PJ

5

• No statistical analyses were performed

4

• $WLJKWDQNOHGRUVLȵH[LRQZLWKNQHHH[WHQGHG r ZDVDVVRFLDWHGZLWK$7FRPSDUHGWRD
QRUPDOGRUVLȵH[LRQ r  55&ΖS 
• No associations were found for hindfoot inversion, hindfoot eversion, static arch index of the
IRRWG\QDPLFDUFKLQGH[RIWKHIRRWGRUVLȵH[LRQRIWKHDQNOHZLWKWKHNQHHEHQW

5

• ΖVRNLQHWLFSODQWDUȵH[LRQVWUHQJWKDWGHJUHHVVZDVGHFUHDVHGLQSDWLHQWVZKRGHYHORSHG
$7IRUERWKWKHULJKWDQGWKHOHIWOHJDQGDWGHJUHHVVIRUWKHULJKWOHJ S S 
DQGS UHVSHFWLYHO\ 3ODQWDUȵH[LRQVWUHQJWKZDVPHDVXUHGXVLQJWKH&\EH[1RUP
dynamometer, which measures strength at constant velocity.
• No associations were found for weight, BMI, length, physical activity level, Achilles tendon
VWLQHVVLVRNLQHWLFSODQWDUȵH[LRQVWUHQJWKDWGHJUHHVVIRUWKHOHIWOHJH[SORVLYH
gastrocnemius-soleus muscle strength (standing broad jump test) and passive and active
ankle joint range of motion outcomes.

4

• An increase in AT was seen when training in the winter season compared to summer training
S 
• 1RGLHUHQFHVZHUHIRXQGLQKHLJKWZHLJKW%0ΖH[WHUQDOURWDWLRQRIWKHKLSWLELDO
LQWHUFRQG\ODUGLVWDQFHDUFKW\SHSK\VLFDOȴWQHVVSHUIRUPDQFH NPUXQDQGPD[LPXP
number of chin-ups and sit-ups done) and shoe type

4

2

6
• Being overweight and obesity were associated with AT compared to underweight or normal
weight (AOR 1.29, 95% CI 1.04-1.59 and AOR 1.59, 95% CI 1.16-2.17 respectively)
• A prior lower limb tendinopathy or fracture was associated with AT (AOR 3.87, 95% CI 3.16-4.75)
• Moderate alcohol use (7-13 units per week for men, 4-6 units per week for women) was
associated with AT compared to no alcohol use (AOR 1.33, 95% CI 1.00-1.76)
• A birth year of 1980 and later was associated with a decreased risk for AT compared to a
birth year before 1960 (AOR 0.62, 95% CI 0.38-1.00)
• No associations were found for sex, ethnicity, smoking status and heavy alcohol use (14+
units per week for men, 7+ units per week for women)
• (YHU\RQHGHJUHHLQFUHDVHLQDQNOHGRUVLȵH[LRQZLWKWKHNQHHEHQWZDVDVVRFLDWHGZLWKD
decreased risk for AT (OR 0.77; 95% CI 0.59-0.94)
• No associations were found for BMI and lower extremity quality of movement

7
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Study

Study Duration
Participants (total
Sex
Age,
type
of followgroup and cases of AT) (% male) mean ± SD
up (weeks)
(years)

Location injury

Van Ginckel et PC
al. (2008) 19

10

129 (10); Novice runners 14.7%

39 ± 10

Midportion
Achilles
tendinopathy

RC

NR

10 800 (8); Patients
XVLQJȵXRURTXLQRORQHV
(index group)
or amoxicillin,
trimethoprim,
cotrimoxazole
or nitrofurantoin
(reference group)

29.8%

46.3 (SD
NR)

Achilles
tendinopathy
QRWVSHFLȴHG
midportion or
insertional)

104

  ȴUVW\HDU
students

47%

18.0 ± 0.8

Midportion
Achilles
tendinopathy

Van der
Linden et al.
(1999) 25

Wezenbeek et PC
al. (2018) 23

$25 $GMXVWHG RGGV UDWLR $7 $FKLOOHV WHQGLQRSDWK\ %0Ζ %RG\ 0DVV ΖQGH[ &Ζ &RQȴGHQFH LQWHUYDO &21
8QDHFWHG FRQWUROV +5 +D]DUG UDWLR NP NLORPHWHU 1$ QRW DSSOLFDEOH 25 2GGV UDWLR 3& 3URVSHFWLYH
cohort study; RC, Retrospective cohort study; RR, Risk ratio; SD, Standard deviation.
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Risk factors (Risk ratio, odd’s ratio, hazard ratio)

Quality
score
(points)

• An increased total anterior displacement of the Y-component of the Center of Force was
DVVRFLDWHGZLWKDGHFUHDVHGULVNIRU$7 25&ΖS 
• $PRUHPHGLDOGLUHFWHGIRUFHGLVWULEXWLRQXQGHUQHDWKWKHIRUHIRRWDWIRUHIRRWȵDWZDV
DVVRFLDWHGZLWKDGHFUHDVHGULVNIRU$7 25&ΖS 
• No associations were found for age, height, weight, BMI or physical activity score

6

2

• 7KHXVHRIRȵR[DFLQZDVDVVRFLDWHGZLWK$7FRPSDUHGWRWKHUHIHUHQFHJURXS $25 3
CI 2.20-46.04)
• 1RDVVRFLDWLRQVZHUHIRXQGIRUȵXRURTXLQRORQHVDVDJURXSFLSURȵR[DFLQXVHDQG
QRUȵR[DFLQXVHFRPSDUHGWRWKHUHIHUHQFHJURXS

•
•
•
•

7
Female sex was associated with AT (HR 2.82, 95% CI 1.16-6.87)
+HLJKWDQGERG\ZHLJKWZHUHLQFUHDVHGLQSDWLHQWVZLWK$7 S DQGS 
No association was found for a pronated foot posture
1RGLHUHQFHVZHUHIRXQGIRU%0ΖUDWLQJRISHUFHLYHGH[HUWLRQKRXUVRIVSRUWVSDUWLFLSDWLRQ
and leg dominance
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Risk of bias assessment
All 10 cohort studies were considered to be of high risk of bias according to the
SUHGHȴQHGFULWHULD WDEOHVDQG 6HYHQFRKRUWVWXGLHVVFRUHGVL[SRLQWVRUKLJKHU
however, they were lacking clinical examination as valid outcome (two studies), a
valid and reliable determinant measure (four studies), an unbiased assessment of
the study outcome (one study) and/or adequate statistical analyses (three studies).
As a result, at best, a limited evidence for the association between the potential risk
factor and tendinopathy could be detected. Results of the best evidence synthesis are
presented in table 4.

Table 3. Risk of bias assessment scores of the ten included cohort studies
Study

Criteria

Total
score

Risk of
bias

1

2

3

4

5

6

7

8

9

10

BargeCaballero et al.
(2008) 24

1

1

1

0

0

0

0

1

0

1

5

High

Hein et al.
(2014) 20

1

0

1

1

1

0

0

0

0

0

4

High

Kaufman et al.
(1999) 21

1

1

0

1

1

1

1

0

0

0

5

High

Mahieu et al.
(2006) 16

0

1

0

1

1

1

1

0

0

1

6

High

Milgrom et al.
(2003) 22

0

0

0

1

1

1

0

0

0

0

3

High

Owens et al.
(2013) 17

1

1

0

1

1

0

1

1

0

0

6

High

Rabin et al.
(2014) 18

1

1

1

1

1

1

1

0

1

1

9

High

Van der Linden 1
et al. (1999) 25

1

1

0

1

0

1

1

0

0

6

High

Van Ginckel et
al. (2008) 19

1

0

1

1

1

1

1

0

0

1

7

High

Wezenbeek et
al. (2018) 23

1

1

1

0

1

1

0

1

0

1

7

High

Outcomes of the risk of bias assessment tool as presented in table 1. Publications were considered to be of
low risk of bias if (1) a total score of at least 6 points was given and (2) 1 point was given to questions 6, 7, 8
and 10 (marked with the grey columns).
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Table 4. Potential risk factors investigated in the ten cohort studies as potential risk factor for
Achilles tendinopathy. Associations found in this systematic review are marked with the grey
columns.
Potential risk factors

6WXG\ ȴUVWDXWKRUDQGUHIHUHQFH
number)

Best evidence synthesis

3DWLHQWFKDUDFWHULVWLFV QRQPRGLȴDEOH
Age

%DUJH&DEDOOHUR 24, Owens birth
year >1980 ̺ 179DQ*LQFNHO 19

&RQȵLFWLQJHYLGHQFH

Sex

%DUJH&DEDOOHUR 242ZHQV 17,
Wezenbeek female ̸ 23

&RQȵLFWLQJHYLGHQFH

Ethnicity

2ZHQV 17

Limited evidence for no
association

Height

0DKLHX 160LOJURP 22, Van Ginckel Limited evidence for no
19, Wezenbeek ̸ 23
association

Prior lower limb
Owens ̸ 17
tendinopathy or fracture

2

Limited evidence for
positive association

3DWLHQWFKDUDFWHULVWLFV PRGLȴDEOH
Body Mass Index

Owens BMI >25.0 ̸170DKLHX 16,
Limited evidence for no
0LOJURP 225DELQ 189DQ*LQFNHO  association
19
:H]HQEHHN 23

Body weight

0DKLHX   0LOJURP 22, Van
*LQFNHO   :H]HQEHHN̸ 23

Limited evidence for no
association

Alcohol use

Owens 7-13 units per week for men,
4-6 units per week for women̸ 17,
Owens 14+ units per week for men,
XQLWVSHUZHHNIRUZRPHQ 17

Limited evidence for
positive association
(moderate alcohol use)

Smoking

2ZHQV 17

Limited evidence for no
association

Physical activity level and 0DKLHXSK\VLFDODFWLYLW\OHYHO 16,
Limited evidence for no
performance
9DQ*LQFNHOSK\VLFDODFWLYLW\OHYHO 19, association
Milgrom physical activity performance
(2-km run and maximum number of
FKLQXSVDQGVLWXSV  22, Wezenbeek
23
Biomechanical factors
Shoe type

0LOJURP 22

Limited evidence for no
association

Leg dominance

:H]HQEHHN 23

Limited evidence for no
association

Limited non-weightbearing ankle
GRUVLȵH[LRQZLWKNQHH
extended

.DXIPDQr̸ 210DKLHX 16

&RQȵLFWLQJHYLGHQFH
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Potential risk factors

6WXG\ ȴUVWDXWKRUDQGUHIHUHQFH
number)

Best evidence synthesis

Increased nonweight-bearing ankle
GRUVLȵH[LRQZLWKWKH
knee bent

0DKLHX 16, Rabin ̺ 18.DXIPDQ 21

&RQȵLFWLQJHYLGHQFH

Hindfoot inversion

.DXIPDQ 21

Limited evidence for no
association

Hindfoot eversion

.DXIPDQ 21

Limited evidence for no
association

Static arch index of the
foot

.DXIPDQ 210LOJURP 22

Limited evidence for no
association

Dynamic arch index of
the foot

.DXIPDQ 21

Limited evidence for no
association

Pronated foot posture

:H]HQEHHN 23

Limited evidence for no
association

Increase in isokinetic
SODQWDUȵH[RUVWUHQJWK
at 30 degrees/s (low
velocity)

Mahieu ̺ 16

Limited evidence for
protective association

Explosive
gastrocnemius-soleus
muscle strength

0DKLHX 16

Limited evidence for no
association

External rotation of the
hip

0LOJURP 22

Limited evidence for no
association

Tibial intercondylar
distance

0LOJURP 22

Limited evidence for no
association

lower extremity quality
of movement test

5DELQ 18

Limited evidence for no
association

Increased total
displacement of the
Y-component of the
Centre of Force

Van Ginckel ̺ 19

Limited evidence for
protective association

Increased medial
directed force
distribution

Van Ginckel ̺ 19

Limited evidence for
protective association

Renal dysfunction
(Creatinine clearance
<60 ml/min)

Barge-Caballero ̸ 24

Limited evidence for
positive association

increased time between
heart transplantation
and initiation of
quinolone treatment for
infectious disease

Barge-Caballero ̸ 24

Limited evidence for
positive association

Pre-existing diseases
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Potential risk factors

6WXG\ ȴUVWDXWKRUDQGUHIHUHQFH
number)

Best evidence synthesis

Fluoroquinolones as
group

9DQGHU/LQGHQ 25

Limited evidence for no
association

/HYRȵR[DFLQ

%DUJH&DEDOOHUR 24

Limited evidence for no
association

2ȵR[DFLQ

Van der Linden ̸ 25

Limited evidence for
positive association

&LSURȵR[DFLQ

9DQGHU/LQGHQ 25

Limited evidence for no
association

1RUȵR[DFLQ

9DQGHU/LQGHQ 25

Limited evidence for no
association

Daily prednisone dose

%DUJH&DEDOOHUR 24

Limited evidence for no
association

Milgrom ̸ 22

Limited evidence for
positive association

Medication
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Training factors
Training in the winter
season

QRDVVRFLDWLRQ̸ positive association; ̺protective association

Risk factors
3DWLHQWFKDUDFWHULVWLFV QRQPRGLȴDEOH
Age 7KHUH LV FRQȵLFWLQJ HYLGHQFH WKDW DJH DHFWV WKH ULVN IRU $7 2QH FRKRUW VWXG\
reported in 2013 that a birth year of 1980 or later is associated with a decreased risk
for AT.17 Two cohort studies showed no association.19 24
Sex 7KHUH LV FRQȵLFWLQJ HYLGHQFH WKDW VH[ DHFWV WKH ULVN IRU $7 2QH FRKRUW VWXG\
reported that being female is associated with AT.23 No association was demonstrated
in two cohort studies.17 24
Ethnicity7KHUHLVOLPLWHGHYLGHQFHWKDWHWKQLFLW\GRHVQRWDHFWWKHULVNIRU$72QH
cohort study reported no increased risk for white (non-Hispanic), black (non-Hispanic)
or other ethnicity.17
Height 7KHUH LV OLPLWHG HYLGHQFH WKDW KHLJKW GRHV QRW DHFW WKH ULVN IRU $7 1R
association was found in three cohort studies.16 19 22 One cohort study reported an
increased height in patients with AT.23
Prior lower limb tendinopathy or fracture There is limited evidence that a prior lower
limb tendinopathy or fracture increases the risk for AT. One cohort study reported
that a prior lower limb tendinopathy (plantar fascia, Achilles or patellar) or fracture
(regardless side of injury) is associated with AT.17
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3DWLHQWFKDUDFWHULVWLFV PRGLȴDEOH
Body Mass Index (BMI) and body weight There is limited evidence that BMI or body
ZHLJKWGRQRWDHFWWKHULVNIRU$71RDVVRFLDWLRQZDVIRXQGLQȴYHFRKRUWVWXGLHV
for BMI 16 18 19 22 23 and in three cohort studies for body weight.16 19 22 One cohort study
IRXQG WKDW EHLQJ RYHUZHLJKW %0Ζ Ȳ  DQG REHVLW\ %0Ζ Ȳ  DUH DVVRFLDWHG
with AT.17 Another cohort study found that body weight is increased in people who
develop AT.23
Alcohol use There is limited evidence that moderate alcohol use increases the risk
IRU$70RGHUDWHDOFRKROXVHZDVGHȴQHGDVXQLWVSHUZHHNIRUPHQDQG
units per week for women. One cohort study reported that moderate alcohol use is
associated with AT compared with no alcohol use. No association was found for light
alcohol use or heavy alcohol use compared with no alcohol use. 17
Smoking There is limited evidence that smoking is not associated with AT based on
one cohort study.17
Physical activity level, physical activity performance and hours of sports participation
There is limited evidence that physical activity level, physical activity performance
RU KRXUV RI VSRUWV SDUWLFLSDWLRQ GR QRW DHFW WKH ULVN IRU $7 7ZR FRKRUW VWXGLHV
found no association between the physical activity level measured with the Baecke
questionnaire and AT.16 19 One cohort study found no association between the physical
activity performance (2-km run and maximum number of chin-ups and sit-ups) and
AT.22 $QRWKHU FRKRUW VWXG\ IRXQG QR GLHUHQFHV LQ KRXUV RI VSRUWV SDUWLFLSDWLRQ
EHWZHHQSDWLHQWVZLWK$7DQGXQDHFWHGFRQWUROV23

%LRPHFKDQLFDOIDFWRUV
Shoe type There is limited evidence that the type of shoes is not associated with AT.
2QHFRKRUWVWXG\IRXQGQRGLHUHQFHLQ$7LQFLGHQFHEHWZHHQPRGLȴHGEDVNHWEDOO
shoes and standard lightweight infantry boots.22
Leg dominance There is limited evidence that leg dominance is not associated with AT
based on one cohort study.23
Static and dynamic properties of the foot There is limited evidence that hindfoot inversion,
hindfoot eversion, the static arch index of the foot, the dynamic arch index of the foot
and a pronated foot posture do not increase the risk for AT. One cohort study reported
that hindfoot inversion, hindfoot eversion, the static arch index of the foot and the
dynamic arch index of the foot are not associated with AT.21 Another cohort study
also found no association between the static arch index of the foot and AT.22 The third
cohort study found no association between a pronated foot posture and AT.23
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Static and dynamic properties of the ankle 7KHUHLVFRQȵLFWLQJHYLGHQFHWKDWDGHFUHDVHG
QRQZHLJKWEHDULQJDQNOHGRUVLȵH[LRQLVDVVRFLDWHGZLWK$72QHFRKRUWVWXG\IRXQG
WKDWDOLPLWHGDQNOHGRUVLȵH[LRQ r ZLWKWKHNQHHH[WHQGHGLVDVVRFLDWHGZLWK
$7 FRPSDUHG ZLWK D QRUPDO DQNOH GRUVLȵH[LRQ r 21 Another cohort study
HYDOXDWLQJDQNOHGRUVLȵH[LRQZLWKWKHNQHHH[WHQGHGGLGQRWVKRZDQDVVRFLDWLRQ16
2QH FRKRUW VWXG\ IRXQG WKDW D RQH GHJUHH LQFUHDVH LQ DQNOH GRUVLȵH[LRQ ZLWK WKH
knee bent is associated with a decreased risk for AT.18 Two cohort studies evaluating
DQNOHGRUVLȵH[LRQZLWKWKHNQHHEHQWGHPRQVWUDWHGQRDVVRFLDWLRQ16 21

2

/LPLWHG HYLGHQFH ZDV IRXQG WKDW DQ LQFUHDVHG LVRNLQHWLF SODQWDU ȵH[RU VWUHQJWK DW
rV ORZYHORFLW\ LVDVVRFLDWHGZLWKDGHFUHDVHGULVNIRU$71RDVVRFLDWLRQEHWZHHQ
explosive gastrocnemius-soleus muscle strength (measured with the standing broad
jump test) and AT was found in this study.16
Static and dynamic properties of the knee There is limited evidence that the tibial
intercondylar distance is not associated with AT based on one cohort study.22
Static and dynamic properties of the hip There is limited evidence that the amount of
external rotation of the hip is not associated with AT based on one cohort study.22
Gait analysis There is limited evidence that an abnormal gait pattern with decreased
forward progression of the propulsion and a more lateral foot-roll over at the forefoot
ȵDWSKDVHDUHDVVRFLDWHGZLWK$72QHFRKRUWVWXG\UHSRUWHGDSURWHFWLYHDVVRFLDWLRQ
per millimetre increase in total displacement of the Y-component of the centre of
force. This cohort study also reported a decreased risk for AT if the mediolateral
SUHVVXUHGLVWULEXWLRQUDWLRXQGHUQHDWKWKHIRUHIRRWDWIRUHIRRWȵDWSKDVHLQFUHDVHG19
No associations were found in another cohort study for the lower extremity quality
of movement test.18

Pre-existing diseases
Renal dysfunction There is limited evidence that a creatinine clearance <60 mL/min
is associated with AT in heart transplant patients. One cohort study reported an
LQFUHDVHG ULVN WR GHYHORS $7 LQ WKLV VSHFLȴF JURXS FRPSDUHG ZLWK KHDUW WUDQVSODQW
SDWLHQWVZLWKDFUHDWLQLQHFOHDUDQFHȲP/PLQ24
Heart diseases There is limited evidence that an increased time (in years) between
heart transplantation and initiation of quinolone treatment for infectious disease is
associated with AT. One cohort study described this association.24 This outcome was
solely investigated in heart transplant patients that all received quinolone treatment.
Therefore, heart transplantation and quinolone treatment cannot be evaluated as
individual risk factors in this cohort study.
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Medication
Fluoroquinolones7KHUHLVOLPLWHGHYLGHQFHWKDWWKHXVHRIRȵR[DFLQLVDVVRFLDWHGZLWK
$7 2QH FRKRUW VWXG\ IRXQG DQ LQFUHDVHG ULVN WR GHYHORS $7 ZKHQ XVLQJ RȵR[DFLQ
FRPSDUHGZLWKRWKHUDQWLELRWLFGUXJV ZLWKRXWȵXRURTXLQRORQHV 25 This cohort study
IRXQGQRDVVRFLDWLRQVIRUȵXRURTXLQRORQHVDVDJURXSFLSURȵR[DFLQDQGQRUȵR[DFLQ
$QRWKHU FRKRUW VWXG\ IRXQG QR DVVRFLDWLRQ EHWZHHQ OHYRȵR[DFLQ XVH DQG $7
VSHFLȴFDOO\LQKHDUWWUDQVSODQWSDWLHQWVFRPSDUHGZLWKQRXVHRIOHYRȵR[DFLQ24
Corticosteroids There is limited evidence that daily oral prednisone dose is not
associated with AT based on one cohort study.24

7UDLQLQJIDFWRUV
Training season There is limited evidence that training during cold weather is
associated with AT. One cohort study found that the incidence of AT increased during
recruit winter training compared with summer training.22

3RWHQWLDOULVNIDFWRUVHYDOXDWHGLQFURVVVHFWLRQDOVWXGLHV
In the 45 cross-sectional studies 296 risk factors were investigated. 115 associations
were found, mostly consisting of biomechanical factors (56 associations) or genetic
factors (30 associations). All data are presented in online supplementary appendix 2.

Discussion
6XPPDU\RIPDLQȴQGLQJV
7KLV LV WKH ȴUVW KLJKTXDOLW\ V\VWHPDWLF UHYLHZ RI FOLQLFDO ULVN IDFWRUV IRU $FKLOOHV
WHQGLQRSDWK\:HLGHQWLȴHGFRKRUWVWXGLHVDOORIZKLFKKDGDKLJKULVNRIELDVDQG
45 cross-sectional studies.
There is limited evidence for the following nine risk factors: (1) prior lower limb
WHQGLQRSDWK\RUIUDFWXUH  XVHRIRȵR[DFLQDQWLELRWLFV  LQFUHDVHGWLPHEHWZHHQ
heart transplantation and initiation of quinolone treatment for infectious disease,
(4) moderate alcohol use, (5) training during cold weather, (6) decreased isokinetic
SODQWDUȵH[RUVWUHQJWK  DEQRUPDOJDLWSDWWHUQZLWKGHFUHDVHGIRUZDUGSURJUHVVLRQ
RI SURSXOVLRQ   PRUH ODWHUDO IRRWUROO RYHU DW WKH IRUHIRRW ȵDW SKDVH DQG   D
creatinine clearance of <60 mL/min in heart transplant patients.16 17 19 22 24 25
Although other potential risk factors such as body weight or BMI, static foot posture
measurements and physical activity level are often said to be risk factors in clinical
SUDFWLFHWKHUHLVFXUUHQWO\QRVFLHQWLȴFHYLGHQFHWKDWWKH\DUHDVVRFLDWHGZLWK$716-19 21-24 70
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Clinical implications
Our systematic review indicates that for AT prevention and treatment the advice to
patients might include: (1) to reduce the use of alcohol to less than 7 units per week
IRUPHQDQGOHVVWKDQIRUZRPHQ  WRDYRLGWKHXVHRIRȵR[DFLQLIDOWHUQDWLYHV
DUHDYDLODEOHDQG  WRLPSURYHSODQWDUȵH[RUVWUHQJWKE\SHUIRUPLQJVWUHQJWKHQLQJ
exercises of the calf muscles.16 17 25
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:KHWKHUWKHVHLQWHUYHQWLRQVZLOOEHHHFWLYHLVXQNQRZQ)RUH[DPSOHFDOIPXVFOH
H[HUFLVHV VHHP D SODXVLEOH SUHYHQWLYH LQWHUYHQWLRQ DV GHFUHDVHG SODQWDU ȵH[RU
strength is a risk factor. However, eccentric calf muscle exercises did not decrease AT
incidence in soccer players in a randomised trial.72 Further research is needed before
we can state whether the logical interventions work or not.
Abnormal gait pattern with decreased forward progression of the propulsion and
DPRUHODWHUDOIRRWUROORYHUDWWKHIRUHIRRWȵDWSKDVHZHUHIRXQGWREHULVNIDFWRUV
for AT in novice runners. Van Ginckel et al. stated that more research is needed to
FRQȴUPWKHVHȴQGLQJVVLQFHWKLVJDLWSDWWHUQZLWKDGHFUHDVHGIRUZDUGSURJUHVVLRQ
might be commonly used in well-trained athletes to improve gait economy.73 Since
WKHJDLWSDWWHUQZDVGHWHUPLQHGEDUHIRRWLWLVDOVRQRWNQRZQZKHWKHUWKHVHȴQGLQJV
can be extrapolated to the running population, as running shoes might alter running
gait.19 Biomechanical characteristics in AT are discussed in more detail in a recent
systematic review.74
Previous research showed the relationship between BMI, body weight or waist
circumference and tendon pathology.75 The hypothesis of this relationship is primarily
based on the fact that the absolute tendon load is increased and that increased
F\WRNLQH OHYHOV 3URVWDJODQGLQ ( WXPRXU QHFURVLV IDFWRU ž DQG /HXNRWULHQH % 
FDXVH ORZJUDGH LQȵDPPDWLRQ LQ REHVH LQGLYLGXDOV76 77 In our systematic review,
ZH ZHUH QRW DEOH WR ȴQG DQ DVVRFLDWLRQ EHWZHHQ EHLQJ RYHUZHLJKW DQG $716-19 22 23
It should be noted that more than half of the cohort studies that investigated BMI
as a risk factor were in adolescent populations, in which being overweight is less
common.78 Arnoczky and colleagues hypothesised based on an animal model that
being underweight is associated with AT, as a consequence of a catabolic state
causing a decreased collagen production.79 This could lead to a U-shaped relationship
for the BMI and AT, making it less likely that an association be found.80 More cohort
studies are needed in heterogeneous populations.
$QRWKHU VWULNLQJ ȴQGLQJ LV WKH OLPLWHG HYLGHQFH IRU WKH DEVHQFH RI DQ DVVRFLDWLRQ
between physical activity level and AT. Inconclusive results regarding physical activity
level were previously also demonstrated in patellar tendinopathy.81 In the majority
RI WKH VFLHQWLȴF OLWHUDWXUH WHQGLQRSDWK\ LV GHVFULEHG DV ȆRYHUXVH LQMXU\ȇ ΖW FRXOG EH
that ‘overuse’ or ‘physical activity level’ is not measured accurately enough to detect
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associations. It could also be hypothesised that a sudden change in load is more
important than the absolute load that is currently being measured in studies. To date,
there is, however, no convincing evidence that AT is a result of overuse.
Moderate alcohol use and increased time between heart transplantation and initiation
of quinolone treatment for infectious disease were potential risk factors for AT.17 24 It is
hard to hypothesise why these determinants are risk factors for AT. They might be a
FRQIRXQGLQJIDFWRUZLWKOLIHVW\OHIDFWRUVWKDWLQȵXHQFH$7ULVN$QRWKHUUHDVRQPLJKWEH
WKDWWKHVHȴQGLQJVKDYHEHHQGHWHFWHGE\FKDQFH:KHQDKLJKQXPEHURIDQDO\VHVDUH
SHUIRUPHGWKHFKDQFHRIVWDWLVWLFDOVLJQLȴFDQFHȴQGLQJVLQFUHDVHV$GHTXDWHVWDWLVWLFDO
PHWKRGV FDQ SUHYHQW SRVVLEOH FRLQFLGHQWDO ȴQGLQJV $QRWKHU SRWHQWLDO ULVN IDFWRU
that is lacking a clear explanation is training during cold weather.22 The direct causeUHODWLRQVKLSLVQRWNQRZQDVWKHUHVXOWVPLJKWEHLQȵXHQFHGE\WHPSHUDWXUHRUW\SHRI
surface. This particular study did not report information on the temperature or training
VXUIDFHGXULQJWKHWUDLQLQJSHULRG7KHVHUHVXOWVDUHWKHUHIRUHGLɝFXOWWRH[WUDSRODWH

Research implications
Our review showed that the majority of potential risk factors have only been
investigated in cohort studies with a low number of cases (median 18 cases). Professor
Roald Bahr and colleagues demonstrated that 20-50 cases are needed to detect
moderate to strong associations and even 200 cases to detect small to moderate
associations.82 Therefore, most studies in this review are likely to be underpowered
to detect associations. Sample sizes in future studies should therefore be considered
carefully. Future studies should also distinguish insertional from midportion AT, since
these are two separate entities. It has been suggested that compression forces due
to the bony prominence of the calcaneus play a role in the development of insertional
AT, while this does not occur in midportion AT.4 Combining these entities, as occurred
in most studies, is not ideal.
There are several interesting determinants found in the cross-sectional studies for
future research. Use of oral contraceptives and hormone replacement therapy were
PRUHFRPPRQLQSDWLHQWVVXHULQJIURP$738 Only one research group investigated
WKHVH IDFWRUV WKHUHIRUH PRUH UHVHDUFK LV QHHGHG WR FRQȴUP WKHVH ȴQGLQJV
5HJDUGLQJOLSLGSURȴOH'U-DPLH*DLGDDQGFROOHDJXHVUHSRUWHGWKDWWULJO\FHULGHOHYHO
triglyceride/high-density lipoprotein cholesterol ratio and apolipoprotein B were
elevated in patients with AT.34 Hypertension prevalence was found to be increased in
females in the study by Holmes and Lin, suggesting a possible relationship between
EORRGȵRZFLUFXODWLRQWRWKH$FKLOOHVWHQGRQDQG$738 However, all of these factors
should be studied in a longitudinal study design since it is not clear whether there is
DFDXVHHHFWUHODWLRQVKLS
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*HQHWLF SURȴOLQJ LV DOVR D PDMRU WRSLF LQ $7 6LQFH   FURVVVHFWLRQDO VWXGLHV
have evaluated the presence of genetic variations in AT.26 29 33 37 39 44-49 51-55 These genetic
variations are linked to collagen structure, tendon or matrix homeostasis, apoptosis or
LQȵDPPDWLRQSDWKZD\V8 This type of research provides more information regarding
the biological pathways of the disorder. Future therapy strategies could focus on
targeting these pathways.

2

Strengths and limitations
The strength of this systematic review is that we performed this structured analysis
according to the PRISMA guidelines.71 Consequently, we were able to include 10
FRKRUW VWXGLHV ZKHUHDV D GLHUHQW V\VWHPDWLFUHYLHZ RQ WKLV WRSLF RQO\ LQFOXGHG 
cohort study.8 That recent systematic review provided an excellent overview of all the
literature considering genetic variants in AT, but important publications considering
non-genetic risk factors in AT were missing. By including these cohort studies, our
methods provide evidence that can be used directly in a clinical setting. We were
also able to present an overview of topics on which future research should focus.
Despite our robust research design, there are also methodological limitations. First,
we only selected publications written in the English language. Second, we were not
able to pool data because of the heterogeneity. The strength of the associations
could therefore only be evaluated with a best evidence synthesis and not with metaDQDO\VLV 7KLUG ZH FKRVH WR XVH D VWDQGDUGLVHG VHW RI FULWHULD EDVHG RQ PRGLȴHG
questions of existing quality assessment tools. This was recommended by Hayden et
al., since no validated tools are available for systematic reviews on risk factors.83 Our
tool used strict criteria, primarily considering clinical examination as valid outcome
measure (criterion 6). Four cohort studies did not meet this criterion of which three
RIWKHVHVWXGLHVXVHGΖQWHUQDWLRQDO6WDWLVWLFDO&ODVVLȴFDWLRQRI'LVHDVHVDQG5HODWHG
Health Problems (ICD) codes/search terms.17 24 25 The fourth study examined only
runners with serious symptoms.207KHVHDSSURDFKHVWRFDVHȴQGLQJFUHDWHVDELDV
Furthermore, if this criterion would not be taken into account, the studies would still
be considered to be of high risk of bias based on the other criteria. Fourth, the median
age of the included cohort studies was 21 years due to the profession of most of the
populations investigated. This is a relatively young age, since the mean age to develop
AT is 30-60 years and AT is therefore expected to be less common in these studies.69

Conclusion
There is a lack of high-quality prospective studies investigating risk factors for AT. We
found limited evidence for nine determinants as risk factor for Achilles tendinopathy:
a history of lower limb injury, season of training, calf muscle strength, gait analysis
SDUDPHWHUV PRGHUDWH DOFRKRO XVH ȵXRURTXLQRORQH DQWLELRWLF WUHDWPHQW DQG
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VXERSWLPDOUHQDOIXQFWLRQLQDVSHFLȴFKHDUWWUDQVSODQWSRSXODWLRQ5HVHDUFKIXQGLQJ
DJHQFLHV VKRXOG SULRULWLVH UHVHDUFK LQWR PRGLȴDEOH GHWHUPLQDQWV DV WKHVH FRXOG
SURYH XVHIXO IRU $7 SUHYHQWLRQ DQG WUHDWPHQW 4XDOLW\ VWXGLHV ZLOO XVH YDOLG FOLQLFDO
examination (focal Achilles tendon pain in relation to load with impaired load-bearing
capacity) as outcomes, valid and reliable risk factor measurements and adequate
statistical analysis in heterogeneous populations.
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Abstract
Objectives: Ultrasound assessments of patients with chronic midportion Achilles
tendinopathy include determining the degree of neovascularization using Doppler
ȵRZ$IUHTXHQWO\XVHGPHDVXUHWRTXDQWLI\QHRYDVFXODUL]DWLRQLVWKHPRGLȴHGKEHUJ
VFRUHΖWLVXQNQRZQZKHWKHUWKHVHPLTXDQWLWDWLYHPRGLȴHGKEHUJVFRUH Ȃ KDV
KLJKHUUHOLDELOLW\WKDQDTXDQWLȴHGPHDVXUHRI'RSSOHUȵRZ Ȃ 7KHSXUSRVHRI
WKLVFURVVVHFWLRQDOVWXG\ZDVWRHYDOXDWHWKHLQWHUREVHUYHUUHOLDELOLW\RIWKHPRGLȴHG
KEHUJ VFRUH DQG D VXUIDFH DUHD TXDQWLȴFDWLRQ 6$4  PHWKRG IRU 'RSSOHU ȵRZ LQ
patients with chronic midportion Achilles tendinopathy.
Methods:7ZRREVHUYHUVH[DPLQHGWKHGHJUHHRI'RSSOHUȵRZLQGHSHQGHQWO\XVLQJ
6$4 DQG WKH PRGLȴHG KEHUJ VFRUH GXULQJ D VLQJOH FRQVXOWDWLRQ 7KH LQWUDFODVV
FRUUHODWLRQ FRHIȴFLHQW VWDQGDUG HUURU RI PHDVXUHPHQW DQG PLQLPDO GHWHFWDEOH
GLHUHQFHZHUHGHWHUPLQHGWRHYDOXDWHWKHUHOLDELOLW\DQGPHDVXUHPHQWSURSHUWLHV
RIWKH6$4PHWKRGDQGWKHPRGLȴHGKEHUJVFRUH
Results: In total, 28 consecutive patients with chronic midportion Achilles tendinopathy
SDUWLFLSDWHG7KHLQWUDFODVVFRUUHODWLRQFRHIȴFLHQWIRULQWHUREVHUYHUUHOLDELOLW\RIWKH
6$4PHWKRGZDV FRQȴGHQFHLQWHUYDOȂ FRPSDUHGWR 
FRQȴGHQFHLQWHUYDOȂ IRUWKHPRGLȴHGKEHUJVFRUH7KHVWDQGDUGHUURURI
PHDVXUHPHQW DQG PLQLPDO GHWHFWDEOH GLHUHQFH YDOXHV IRU WKH 6$4 PHWKRG ZHUH
DQGUHVSHFWLYHO\DQGIRUWKHPRGLȴHGKEHUJVFRUHWKH\ZHUHDQG
1.53 points.
Conclusions: 7KH 6$4 PHWKRG VKRZV JRRG UHOLDELOLW\ WR HYDOXDWH WKH GHJUHH RI
'RSSOHU ȵRZ LQ SDWLHQWV ZLWK FKURQLF PLGSRUWLRQ $FKLOOHV WHQGLQRSDWK\ DQG LW
RYHUFRPHVWKHFHLOLQJHHFWRIWKHPRGLȴHGKEHUJVFRUH)XWXUHUHVHDUFKVKRXOG
IRFXVRQWKHUHODWLRQVKLSEHWZHHQWKH6$4PHWKRGDQGFOLQLFDORXWFRPHVDQGXVH
this method to monitor treatment responses.
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Introduction
Chronic midportion Achilles tendinopathy (AT) is a degenerative condition of the
Achilles tendon that most often occurs in running sports.1-3 Up to 52% of running
athletes have AT at least once in their lifetimes.1 The clinical diagnosis AT is based on
a combination of local Achilles tendon pain, swelling of the Achilles tendon, and an
impaired load-bearing capacity.4 5
Ultrasound (US) is frequently used to verify the diagnosis of AT. One of the features
that have been reported in a substantial number of articles is the prevalence of US
'RSSOHU ȵRZ 8OWUDVRXQG 'RSSOHU ȵRZ LQGLFDWHV QHRYDVFXODUL]DWLRQ ZKLFK LV WKH
formation of new small blood vessels within and around tendons.6 This process is
driven by the production of vascular endothelial growth factor, which also stimulates
nerve growth alongside the neovascularization.7 8 It is hypothesized that these
newly formed nerve structures are a contributor or the cause of the pain in chronic
tendinopathy.6 Since these nerve structures cannot be visualized with US, US Doppler
ȵRZLVEHLQJXVHGDVDPDUNHUIRUWKHDPRXQWRIQHZO\IRUPHGQHUYHVWUXFWXUHV
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ΖQFUHDVHG 86 'RSSOHU ȵRZ FDQ EH GHWHUPLQHG E\ ERWK FRORXU 'RSSOHU XOWUDVRXQG
and power Doppler ultrasound (PDUS). Power Doppler ultrasound is the preferred
PHWKRG WR XVH VLQFH LW LV PRUH VHQVLWLYH WR GHWHFW EORRG ȵRZ DQG LV OHVV RSHUDWRU
dependent.9 ΖQFUHDVHG 'RSSOHU ȵRZ LV SUHVHQW LQ  WR  RI V\PSWRPDWLF
Achilles tendons compared to 0% to 50% of asymptomatic tendons.6 10-18 Most of the
VWXGLHV XVHG WKH PRGLȴHG KEHUJ VFRUH WR TXDQWLI\ WKH DPRXQW RI 'RSSOHU ȵRZ
ZKLFK KDV VKRZQ KLJKHU UHOLDELOLW\ FRPSDUHG WR WKH RULJLQDO KEHUJ VFRUH19 The
PRGLȴHGKEHUJVFRUHUXQVIURPWR4 20 A higher score indicates more Doppler
ȵRZLQWKHSHULWHQGLQRXVDQGLQWUDWHQGLQRXVWLVVXHV
7KHLQWHUREVHUYHUUHOLDELOLW\RIWKHPRGLȴHGKEHUJVFRUHYDULHVIURPPRGHUDWHWR
perfect 10 12 196RPHVWXGLHVGHVFULEHGRWKHUGLVDGYDQWDJHVRIWKHPRGLȴHGKEHUJ
score. It is considered to have weak applicability to measure higher amounts of Doppler
ȵRZ FDOOHGWKHFHLOLQJHHFW DQGWKHVFRULQJV\VWHPLVRSHUDWRUGHSHQGHQWVLQFH
WKHDVVHVVPHQWRIWKHVFRUHLVGLɝFXOW11 207RPDNHWKHDVVHVVPHQWOHVVGLIȴFXOWLWKDV
EHHQVXJJHVWHGWRUHGXFHWKHPRGLȴHGKEHUJVFRUHWRDSRLQWVFDOHE\FRPELQLQJ
the 3+ and 4+ categories.10 127KLVZLOOKRZHYHUIXUWKHULQFUHDVHWKHFHLOLQJHHFWRI
WKLV PHWKRG 7KHUHIRUH UHOLDEOH DOWHUQDWLYHV IRU WKH PRGLȴHG KEHUJ VFRUH ZLWK D
TXDQWLWDWLYHDSSURDFKDUHZDUUDQWHG7KHVXUIDFHDUHDTXDQWLȴFDWLRQ 6$4 PHWKRG
was introduced by Boesen et al. to overcome these limitations and has been used by
several other research groups.21 22 This method aims to determine the percentage
of colour pixels within the Achilles tendon, the peritendinous region, or both. This
enables a more quantitative analysis and potentially increases the accuracy of the
measurement in a research setting. As the analysis is directly accessible and easy to
perform, implementation in the clinical setting would also be feasible if medical device
49

Chapter 3

manufacturers were to implement this method as a real-time application on their US
PDFKLQHV%RWKSUHYLRXVVWXGLHVWKDWLQYHVWLJDWHGWKH6$4PHWKRGVWDQGDUGL]HGWKH
colour Doppler settings for all examinations to increase reliability.21 22 The reliability
of such a standardized method is, however, currently unknown because previous
studies did not assess reliability measures.
2XUSULPDU\DLPZDVWRFRPSDUHWKHUHOLDELOLW\RIWKH6$4PHWKRGZLWKWKHPRGLȴHG
KEHUJPHWKRGLQSDWLHQWVZLWK$7E\GHWHUPLQLQJWKHLQWUDFODVVFRUUHODWLRQFRHIȴFLHQW
Ζ&& EHWZHHQREVHUYHUV:HK\SRWKHVL]HGWKDWWKHΖ&&RIWKH6$4PHWKRGZRXOG
EHFRQVLGHUDEO\KLJKHUFRPSDUHGWRWKHVHPLTXDQWLWDWLYHPRGLȴHGKEHUJPHWKRG
Secondary aims were (1) to evaluate the correlation between both methods to
WHVW ZKHWKHU WKH VDPH IHDWXUH DPRXQW RI 'RSSOHU ȵRZ  ZDV EHLQJ PHDVXUHG DQG
(2) to evaluate the standard error of measurement (SEM) and minimal detectable
GLHUHQFHV 0'' RIWKHVHPHWKRGV

Methods
Study design
This cross-sectional study was conducted as a part of an ongoing double-blind,
placebo-controlled randomized clinical trial (RCT). The aim of this RCT was to
HYDOXDWHWKHHHFWRIDKLJKYROXPHLQMHFWLRQLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$7
&OLQLFDO7ULDOVJRY LGHQWLȴHU 1&7  :ULWWHQ LQIRUPHG FRQVHQW ZDV REWDLQHG
before participation for all patients and also for the cross-sectional part of this study.
The protocol of the study was approved by the regional Medical Ethical Committee
(registration number 14-100).

Setting and participants
This cross-sectional study was performed at the Department of Sports Medicine in
DODUJHGLVWULFWJHQHUDOKRVSLWDO 7KH+DJXH0HGLFDO&HQWUH 7KHȴUVWFRQVHFXWLYH
included patients who participated in the RCT were asked to take part in this crosssectional study from April 2017 to November 2017. Inclusion criteria were: (1) the
presence of a chronic midportion AT for at least 2 months, (2) the completion of an
exercise training program for at least 6 weeks with an unsatisfactory outcome, (3) age
EHWZHHQDQG\HDUVDQG  WKHSUHVHQFHRI'RSSOHUȵRZRQ3'86LPDJLQJ
The diagnosis was established on the basis of a clinical examination (local tendon
SDLQVZHOOLQJRIWKH$FKLOOHVWHQGRQȂFPSUR[LPDOWRLWVFDOFDQHDOLQVHUWLRQDQG
an impaired load-bearing capacity) by a physician with experience in sports medicine
Ȃ\HDUV $V$7LVFRQVLGHUHGDFOLQLFDOGLDJQRVLVLQSULQFLSOHJUD\VFDOH86ZDV
not used to verify the diagnosis.3 Main exclusion criteria were: (1) a clinical suspicion
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RIRWKHUPXVFXORVNHOHWDOGLVRUGHUV LQVHUWLRQDO$7LQȵDPPDWRU\V\VWHPLFGLVRUGHUV
and quinolone-, corticosteroid- or statin-induced tendinopathy), (2) a previous Achilles
tendon rupture or surgery, (3) the inability to perform an exercise program, and (4) a
PHGLFDOFRQGLWLRQWKDWZRXOGDHFWWKHVDIHW\RIWKHLQMHFWLRQ HJSHULSKHUDOYDVFXODU
disease or the use of anticoagulant medication). Detailed information regarding all
exclusion criteria is provided in the trial registration. In cases of bilateral symptoms,
RQO\WKHPRVWDHFWHGWHQGRQZDVLQFOXGHGLQWKHVWXG\

Test methods

3

'HPRJUDSKLFGHWDLOV
Demographic characteristics of the study population were collected at baseline. We
collected the following characteristics: age, sex, body mass index (BMI), duration of
V\PSWRPV9LFWRULDQΖQVWLWXWHRI6SRUW$VVHVVPHQWȂ$FKLOOHV 9Ζ6$$ VFRUHSULPDU\
sport, and activity level. The VISA-A questionnaire consists of 8 questions and covers
3 domains: pain, activity, and function. Scores vary from 0 to 100, where 100 indicates
DQ DV\PSWRPDWLF SHUVRQ DQG  LV GHȴQHG DV PD[LPXP SDLQ QR DFWLYLW\ DQG QR
function. The activity level was determined by the researcher as recreational (1 or 2
VSRUWVDFWLYLWLHVSHUZHHN FRPSHWLWLYH ȲVSRUWVDFWLYLWLHVSHUZHHN RUSURIHVVLRQDO
ȲVSRUWVDFWLYLWLHVSHUZHHNDWDQDWLRQDOOHYHO 

8OWUDVRXQG
Two observers analysed the Achilles tendons of the included patients independently
during a single consultation. The PDUS was performed by 1 observer, while the other
observer was not present in the room to maintain blinding. Both observers (1 PhD
candidate [A.C.v.d.V.] and 1 research student (J.M.V.]) were trained to perform US
measurements of the Achilles tendon with greater than 20 training hours and at least
10 patients before the start of the study. Ultrasound examinations for this study were
performed during one of the follow-up visits after inclusion in the RCT. Before the US
examination was performed, all patients climbed 2 stairs to reach the examination
URRP1RVSHFLȴFLQVWUXFWLRQVZHUHSURYLGHGDERXWDFWLYLWLHVEHIRUHWKHFRQVXOWDWLRQ
(eg, sports activities the day before). The patient was placed in a prone position on the
examination table, and the ankle was placed over the table in a relaxed position. A Pro
)RFXVW\SH86VFDQQHU %.0HGLFDO+HUOHY'HQPDUN ZLWKDW\SHȂ
MHz linear transducer was used to perform US measurements. Neovascularization
ZDV GHWHFWHG E\ 3'86 ZLWK SUHGHȴQHG VHWWLQJV PHFKDQLFDO LQGH[  WKHUPDO
index, 1.2; pulse repetition frequency, 1.0 kHz; and gain, 50%. These settings were
determined before the start of the study according to the optimization suggestions
by Yang et al.9 Depth was standardized for every patient at 3.0 cm, and the colour
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box size during the PDUS examination at 4.6 cm2 (depth, 1.7 cm; width, 2.7 cm). This
FRORXUER[VL]HZDVFKRVHQWRPHDVXUHWKHPD[LPXPLQWUDWHQGLQRXV'RSSOHUȵRZ
DQG SHULWHQGLQRXV ȵRZ LQ WKH .DJHUVȇ WULDQJOH 3HULWHQGLQRXV ȵRZ ZDV LQFOXGHG WR
DVVHVVWKHVDPHUHJLRQVRILQWHUHVWIRUERWKWKHPRGLȴHGKEHUJVFRUHDQGWKH6$4
method.
The transducer was placed perpendicular to obtain a sagittal view of the Achilles
tendon at the most painful part on palpation. The upper limit of the colour box
was placed on the dorsal side of the tendon. Pressure from the transducer was
kept to a minimum to prevent occlusion of neovascularization.16 23 Both observers
VFUHHQHGWKHWHQGRQIRUWKHDUHDRIPD[LPXP'RSSOHUȵRZGXULQJWKHSUHSDUDWLRQ
phase for 1 minute. The transducer was gently moved to medial and lateral over
WKHDUHDZKHUH'RSSOHUȵRZZDVSUHVHQW:KHQWKHORFDWLRQRIPD[LPXP'RSSOHU
ȵRZZDVLGHQWLȴHGDVHFRQGYLGHRZDVUHFRUGHG7KHPRGLȴHGKEHUJVFRUHZDV
determined dynamically during the US examination according to previous studies.10
16 24
 :KHQ WKH ȴUVW REVHUYHU FRPSOHWHG WKH 86 H[DPLQDWLRQ WKH VHFRQG REVHUYHU
directly performed the examination to keep the time between the examinations to a
minimum. The patient remained in the same prone position and was blinded to the
RXWFRPHRIWKHȴUVWREVHUYHUWRVWDQGDUGL]HIRUSRVVLEOHFRQIRXQGHUV

$QDO\VLVXVLQJ6$4
We used Kinovea (Bordeaux, France) software to observe the PDUS video in steps of
VHFRQGVWRREWDLQIUDPHVZLWKYLVXDOO\PD[LPXP'RSSOHUȵRZ7RPHDVXUH
WKH VXUIDFH DUHD RI WKH 'RSSOHU ȵRZ ZH XVHG WKH SURJUDP ΖPDJH- YHUVLRQ . 
(National Institutes of Health, Bethesda, MD). The area directly around the colour
ER[ ZDV VHOHFWHG DQG WKH RXWHU SDUW ZDV FOHDUHG 3UHGHȴQHG WUDQVIRUPDWLRQV
were applied in this study to limit the noise close to 0: threshold colour, black and
white; hue, 255; saturation, 165; and brightness, 250. After transformation, colour
pixels of blood vessels were shown as white pixels with a value of 255, and noncolor
pixels were shown as black pixels with a value of 0. The number of white pixels was
subsequently determined by creating a pixel histogram. The number of white pixels
was divided by the total number of pixels in the colour box (99,119 pixels) to measure
the percentage of displayed blood vessels. This percentage was determined for the 3
frames, and the highest percentage was selected for the analysis. The transformation
RIWKH'RSSOHUȵRZXVLQJWKH6$4PHWKRGLVLOOXVWUDWHGLQ)LJXUH%RWKREVHUYHUV
analysed their own PDUS videos and remained blinded to the results from the other
observer.
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Figure 1. Left, Colour box during PDUS of a patient with chronic midportion AT in a sagittal
YLHZ5LJKW6DPHFRORXUER[DIWHUWUDQVIRUPDWLRQRIFRORXUSL[HOVWRZKLWHSL[HOVWRPDNH6$4
possible.
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$QDO\VLVXVLQJWKHPRGLȴHGKEHUJVFRUH
7KHPRGLȴHGKEHUJVFRUHLVDSRLQWJUDGLQJVFDOHWRVFRUHQHRYDVFXODUL]DWLRQLQ
YDULRXVW\SHVRIWHQGLQRSDWK\LQGLFDWHVWKHDEVHQFHRI'RSSOHUȵRZLQGLFDWHV
or 2 neovessels in the Kagers’ fat pad; 2+ indicates 1 or 2 intratendinous neovessels;
3+ indicates 3 or 4 intratendinous neovessels; and 4+ indicates a network of
neovascularization with more than 5 intratendinous neovessels.10 16 24

Statistical analyses
Both researchers imported data from the measurements they performed themselves.
7KHQRUPDOLW\RIWKHGDWDZDVFKHFNHGYLVXDOO\ZLWK44SORWVDQGVWDWLVWLFDOO\ZLWK
WKH6KDSLUR:LONWHVW7KHFRUUHODWLRQEHWZHHQWKHGHJUHHRI'RSSOHUȵRZPHDVXUHG
E\ WKH 6$4 PHWKRG DQG PRGLȴHG KEHUJ VFRUH ZDV DQDO\VHG ZLWK WKH 6SHDUPDQ
FRUUHODWLRQ FRHIȴFLHQW 7KH 6SHDUPDQ FRUUHODWLRQ FRHIȴFLHQW ZDV LQWHUSUHWHG DV D
VFDOHIURPSRRUWRDOPRVWSHUIHFWFRUUHODWLRQ SRRUȂVOLJKWȂ
IDLU Ȃ PRGHUDWH Ȃ VXEVWDQWLDO DQG Ȃ DOPRVW SHUIHFW 25
7KH LQWHUREVHUYHU UHOLDELOLW\ RI ERWK PHWKRGV ZDV DQDO\VHG ȴUVW E\ GHWHUPLQLQJ
WKH 6SHDUPDQ Ǝ FRUUHODWLRQ FRHIȴFLHQW IRU QRQȂQRUPDOO\ GLVWULEXWHG GDWD DQG WKH
3HDUVRQ Ǝ FRUUHODWLRQ FRHIȴFLHQW IRU QRUPDOO\ GLVWULEXWHG GDWD &RUUHODWLRQV ZHUH
controlled visually by constructing a scatterplot. The ICC for interobserver reliability
ZDV GHWHUPLQHG E\ WKH ZD\ UDQGRPHHFW PRGHO ZLWK DEVROXWH DJUHHPHQW
Interpretation of the ICC was as suggested by Portney and Watkins; values of less
than 0.5 indicate poor reliability; scores between 0.5 and 0.75 indicate moderate
reliability; and scores of greater than 0.75 indicate good reliability.26 In addition, the
SEM
 and MDD were determined for both methods by the following equations: 27 28
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Where MSw represents the within-subject mean square derived from the analysis of
variance. We used SPSS Statistics version 24.0 software (IBM Corporation, Armonk,
1< WRDQDO\VHGDWDDQGVWDWLVWLFDOVLJQLȴFDQFHZDVVHWDWž  WDLOHG $GGLWLRQDOO\
ZHGHWHUPLQHGWKHSUHYDOHQFHDQGELDVDGMXVWHGƇIRURUGLQDOGDWD 3$%$.26 IRU
WKH PRGLȴHG KEHUJ VFRUH XVLQJ D :HEEDVHG 3$%$.26 FDOFXODWRU KWWSZZZ
singlecaseresearch.org/calculators/pabak-os). We performed this test to adjust for
FKDQFHDJUHHPHQWRIWKHRUGLQDOPRGLȴHGKEHUJVFRUHVLQFHWKHΖ&&LVGHVLJQHGWR
be used for continuous outcomes. Using the PABAK-OS, we were able to determine
ZKHWKHULWZDVMXVWLȴHGWRGHWHUPLQHWKHΖ&&IRUWKHPRGLȴHGKEHUJVFRUH29

Results
Patient characteristics
2IWKHȴUVWFRQVHFXWLYHSDWLHQWVZKRZHUHLQFOXGHGLQWKH5&7SDWLHQWVGLGQRW
participate in this cross-sectional study. Two patients were lost to follow-up in the RCT,
and 2 patients declined to participate in this study part (lack of time). Consequently,
28 patients participated in this cross-sectional study, which was performed during
IROORZXSRIWKH5&77KHPHDQSRSXODWLRQDJHZDV\HDUV UDQJHȂ\HDUV 
DQGWKHPHGLDQV\PSWRPGXUDWLRQZDVZHHNV UDQJHȂZHHNV 7KHPHDQ
9Ζ6$$ VFRUH DW EDVHOLQH ZDV  SRLQWV UDQJH Ȃ SRLQWV  'HWDLOHG EDVHOLQH
demographic characteristics are presented in Table 1.
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Table 1:'HPRJUDSKLFEDVHOLQHFKDUDFWHULVWLFVRIWKHVWXG\SRSXODWLRQ Q 
Age, mean ± SD, years

49.6 ± 6.4

Sex, n (%)
Male
Female
Body Mass Index, mean ± SD, kg/m2

16 (57.1%)
12 (42.9%)
26.3 ± 5.0

$HFWHGVLGHQ 
Left

10 (35.7%)

Right

11 (39.3%)

Bilateral

3

7 (25.0%)

'XUDWLRQRIV\PSWRPVPHGLDQ Ζ45 ZHHNV

56.0 (10.0-104.0)

VISA-A score, mean ± SD

42.8 ± 15.0

Primary sport, n (%)
Running

12 (42.9%)

Fitness

3 (10.7%)

Cycling

3 (10.7%)

Hockey/soccer

2 (7.1%)

Handball

1 (3.6%)

Volleyball

1 (3.6%)

Tai Bo

1 (3.6%)

Shooting archery

1 (3.6%)

Hiking

2 (7.1%)

No sports

2 (7.1%)

Activity level, n (%)
Professional

0 (0%)

Competitive

5 (17.9%)

Recreational

23 (82.1%)

6'VWDQGDUGGHYLDWLRQΖ45LQWHUTXDUWLOHUDQJH9Ζ6$$9LFWRULDQΖQVWLWXWHRI6SRUW$VVHVVPHQW
Ȃ$FKLOOHV PHDVXUHGDWEDVHOLQH

Ultrasound assessments
7KHPHDQFRORXUIUDFWLRQRIWKH6$4PHWKRGUDQJHGIURPWRIRUERWK
observers (mean ± SD: observer 1, 9.0% ± SD 6.6%; observer 2, 10.9% ± SD 6.8%). The
lowest observed colour fraction was 0.4%, and the highest was 27.2%. The median of
WKHPRGLȴHGKEHUJVFRUH Ȃ UDQJHGIURPWRIRUERWKREVHUYHUV REVHUYHU
1, 3.0 [interquartile range, 1.0]; observer 2, 3.5 [interquartile range, 2.0]). The range
was 1+ to 4+ for both observers.
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&RUUHODWLRQEHWZHHQWKH6$4PHWKRGDQGPRGLȴHGKEHUJVFRUH
7KH 6SHDUPDQ FRUUHODWLRQ FRHIȴFLHQW EHWZHHQ WKH 6$4 PHWKRG DQG WKH PRGLȴHG
KEHUJVFRUHVKRZHGDVXEVWDQWLDOFRUUHODWLRQIRUERWKREVHUYHUV7KHFRUUHODWLRQV
ZHUHIRXQGWREHIRUREVHUYHUDQGIRUREVHUYHU7KH6$4RXWFRPHVIRU
WKHPRGLȴHGKEHUJJURXSUDQJHGIURPWRIRUREVHUYHUDQGIURP
5.2% to 27.2% for observer 2 (Figure 2).

Figure 2.6FDWWHUSORWVKRZLQJWKHFRUUHODWLRQEHWZHHQWKHPRGLȴHGKEHUJVFRUHDQG6$41RWH
WKHFHLOLQJHHFWLQWKHKEHUJJURXSLQZKLFKWKH6$4UDQJHVEHWZHHQDQG

ΖQWUDFODVVFRUUHODWLRQFRHIȴFLHQWIRULQWHUREVHUYHUUHOLDELOLW\
7KH Ζ&& RI WKH 6$4 PHWKRG ZDV IRXQG WR EH   FRQȴGHQFH LQWHUYDO >&Ζ@
Ȃ ZKHUHDVLWZDV &ΖȂ IRUWKHPRGLȴHGKEHUJVFRUH
7KHΖ&&V6(0VDQG0''VDUHUHSRUWHGLQ7DEOH7KH3$%$.26IRUWKHPRGLȴHG
KEHUJVFRUHZDVIRXQGWREH &ΖȂ 
Table 2:ΖQWUDFODVVFRUUHODWLRQFRHɝFLHQWVRIWKH6XUIDFH$UHD4XDQWLȴFDWLRQ 6$4 PHWKRG
DQGPRGLȴHGKEHUJVFRUH
Correlation (95% CI)

P-value

SEM

MDD

n

Ζ&&6$4PHWKRG
(0-100%)

0.81 (0.58-0.91)

<0.001

2.88%

7.99%

28

Ζ&&PRGLȴHG
KEHUJVFRUH 
points)

0.64 (0.35-0.81)

<0.001

0.55 points

1.53 points

28

7KHFRUUHODWLRQIRUDQLQGLYLGXDOPHDVXUHPHQWPHWKRGZDVVLJQLȴFDQWEHORZWKHOHYHO WDLOHG 1RWHWKDW
WKH6$4PHWKRGUDQJHVIURPWRDQGWKHPRGLȴHGKEHUJVFRUHUDQJHVIURPWRSRLQWV7KH
6(0DQG0''DUHWKHUHIRUHSUHVHQWHGDVDSHUFHQWDJHIRUWKHΖ&&RIWKH6$4PHWKRGDQGDVDQXPEHUIRU
WKHPRGLȴHGKEHUJVFRUH

56

Discussion
7R RXU NQRZOHGJH WKLV ZDV WKH ȴUVW VWXG\ WR LQYHVWLJDWH WKH UHOLDELOLW\ RI WKH 6$4
PHWKRGLQPLGSRUWLRQ$7DQGWRFRPSDUHLWZLWKWKHPRVWZLGHO\XVHGTXDQWLȴFDWLRQ
PHWKRG PRGLȴHG KEHUJ VFRUH  :H VKRZHG WKDW WKH 6$4 PHWKRG LV D UHOLDEOH
PHDVXUHPHQWWRROLQDUHVHDUFKVHWWLQJWRHYDOXDWHWKHGHJUHHRI86'RSSOHUȵRZLQ
SDWLHQWVZLWKFKURQLFPLGSRUWLRQ$7$FFRUGLQJWRRXUȴQGLQJVWKH6$4PHWKRGLVQRW
VXSHULRUWRWKHPRGLȴHGKEHUJVFRUHIRUTXDQWLI\LQJQHRYDVFXODUL]DWLRQ7KHUHDUH
KRZHYHUDGYDQWDJHVWRWKH6$4PHWKRGVLQFHLWLVDPRUHTXDQWLWDWLYHPHWKRGDQG
RYHUFRPHVWKHFHLOLQJHHFWRIWKHPRGLȴHGKEHUJVFRUHE\GLHUHQWLDWLRQEHWZHHQ
KLJKDPRXQWVRI'RSSOHUȵRZ

3

6XUIDFHDUHDTXDQWLȴFDWLRQLVDPHWKRGWRTXDQWLI\WKHIUDFWLRQRIFRORXUSL[HOVGXULQJ
D 3'86 H[DPLQDWLRQ :H IRXQG JRRG LQWHUREVHUYHU UHOLDELOLW\ IRU WKH 6$4 PHWKRG
Ζ&& FRPSDUHGWRPRGHUDWHLQWHUREVHUYHUUHOLDELOLW\IRUWKHPRGLȴHGKEHUJ
score (ICC, 0.64).
6LPLODUȴQGLQJVIRUWKHΖ&&RIWKHPRGLȴHGKEHUJVFRUHZHUHSXEOLVKHGE\5LVFKHWDO
LQZKLFKPRGHUDWHDEVROXWHLQWHUREVHUYHUDJUHHPHQW Ȃ ZDVDOVRREVHUYHG19
6HQJNHULMHWDODQG:DWVRQHWDOREVHUYHGFRQVLGHUDEO\KLJKHUΖ&&VIRUWKHPRGLȴHGKEHUJ
score (0.85 and 0.86, respectively).10 12 In all studies, measurements were determined
by experienced radiologists or sports and exercise medicine consultants. One major
GLHUHQFHEHWZHHQWKHVWXGLHVZDVWKDWWKHPRGLȴHGKEHUJVFRUHVZHUHGHWHUPLQHG
on the basis of US recordings in the study performed by Risch et al, whereas the US
examinations were performed by the observers themselves in the other 2 studies. This
indicates that agreement between observers is not dependent solely on the experience
of the observer performing the US examination but also on the observer interpreting the
ȴQGLQJV6LQFHWKH6$4PHWKRGVHOHFWVPXOWLSOHIUDPHVZLWKYLVXDOO\PD[LPXP'RSSOHU
ȵRZDQGSURYLGHVDQREMHFWLYHSHUFHQWDJHIRUWKHFRORXUIUDFWLRQLQWHUSUHWDWLRQRIWKH86
recordings that can cause interobserver variability will play a minor role.
:HKDYHGHPRQVWUDWHGWKDWWKHUHLVDVXEVWDQWLDOFRUUHODWLRQEHWZHHQWKH6$4PHWKRG
DQG WKH PRGLȴHG KEHUJ VFRUH )LJXUH   $ SHUIHFW FRUUHODWLRQ ZDV QRW H[SHFWHG
VLQFH WKH PRGLȴHG KEHUJ VFRUH LV OLPLWHG WR D PD[LPXP VFRUH RI  ZKHUHDV WKH
6$4 PHWKRG FDQ GHWHFW DQ\ DPRXQW RI 'RSSOHU ȵRZ 7KH PRGLȴHG KEHUJ VFRUH
LVWKHUHIRUHOHVVDSSOLFDEOHZKHQWKHUHLVDKLJKGHJUHHRI'RSSOHUȵRZSUHVHQWDV
WKH PRGLȴHG KEHUJ  VXEJURXS ZLOO UHSUHVHQW D ZLGH YDULDWLRQ LQ WKH GHJUHH RI
'RSSOHU ȵRZ 7KLV LV FDOOHG WKH FHLOLQJ HHFW LQ ZKLFK DQ H[WUD DPRXQW RI 'RSSOHU
ȵRZQRORQJHUKDVDQHHFWRQWKHKEHUJVFRUH7KLVFHLOLQJHHFWZDVVKRZQLQRXU
VWXG\IRUWKHPRGLȴHGKEHUJJURXS UDQJHIRUWKH6$4PHWKRGȂ 
7KLVFRXOGDOVREHDQH[SODQDWLRQRIZK\WKHGHJUHHRI'RSSOHUȵRZLVWRGDWHRQO\
weakly related to clinical severity, and future research should therefore focus on the
FRUUHODWLRQEHWZHHQWKH6$4PHDVXUHPHQWDQGFOLQLFDOVHYHULW\13 15 18
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7KHΖ&&GRHVQRWSURYLGHDPHDVXUHRIWKHSUHFLVLRQLHWKHGLHUHQFHLQLQGLYLGXDO
patients. The precision of a measurement can be determined by calculating the SEM,
ZKLFKUHȵHFWVWKHERXQGDULHVDURXQGWKHWUXHVFRUHRIWKHLQGLYLGXDODQGLVODUJHO\
independent of the variance between patients.287KH6(0IRUWKH6$4PHWKRGZDV
2.9% in this study. This indicates that when a colour fraction of 11.0% is be found,
WKHWUXHYDOXHRIWKHREVHUYDWLRQZRXOGEHEHWZHHQDQGΖWLVGLIȴFXOWWR
FRPSDUHWKLV6(0ZLWKWKH6(0RIWKHPRGLȴHGKEHUJVFRUHVLQFHWKLVLVDQRUGLQDO
VFRUHUDQJLQJIURPWRZKHUHDVWKH6$4PHWKRGUDQJHVIURPWR7KH
6(0RIWKHPRGLȴHGKEHUJVFRUHZDV$QREVHUYHGKEHUJVFRUHRIZRXOG
therefore have a true value between 1.45 and 2.55.
7KH 0'' LV FDOFXODWHG IURP WKH 6(0 DQG UHȵHFWV WKH WKUHVKROG IRU WKH FKDQJH
within a patient that can be considered a real change.28 This is relevant to determine,
VLQFHWKHVHNLQGRITXDQWLȴFDWLRQPHWKRGVZLOOEHSULPDULO\XVHGGXULQJIROORZXSWR
PRQLWRUWUHDWPHQWUHVSRQVHV7KH0''IRUWKH6$4PHWKRGZDVIRXQGWREH
This indicates that in the same patient with a colour fraction of 11.0%, a value of less
than 3.0% or greater than 19.0% during follow-up would indicate a real decrease or
LQFUHDVHLQWKHFRORXUIUDFWLRQUHVSHFWLYHO\7KH0''RIWKHPRGLȴHGKEHUJVFRUH
ZDV IRXQG WR EH  :KHQ DQ REVHUYHG KEHUJ VFRUH RI  LV IRXQG LQ D SDWLHQW
a value of less than 0.5 or greater than 3.5 during follow-up would indicate a real
change.

Limitations
This study had some methodological limitations. First, we chose a standardized size
of the colour box to only detect intratendinous and peritendinous neovascularization
in the Kagers’ fat pad in most of the patients. In a case of a relatively small Achilles
tendon, deeper structures such as the posterior tibial artery tibialis could be included
in the colour box. The presence of this artery was not discussed in the standardized
protocol. There was 1 patient in whom this artery was present, and a single observer
PHDVXUHGWKHDUWHU\LQFRQWUDVWWRWKHRWKHUREVHUYHU'HWHUPLQDWLRQRIWKHPRGLȴHG
KEHUJ VFRUH ZDV QRW DIIHFWHG E\ WKH SUHVHQFH RI WKH DUWHU\ LQ WKLV FDVH 7KH
UHOLDELOLW\RIWKH6$4FRXOGSRWHQWLDOO\EHIXUWKHULPSURYHGLIWKHSRVWHULRUWLELDODUWHU\
is recognized and not included in the colour box during the US examination. We think
WKDW DGGLQJ WKLV WR WKH 6$4 SURWRFRO LV PRVW DSSURSULDWH VLQFH WKH SRVWHULRU WLELDO
artery is part of the normal vascular structure, and it is not a result of the process
of neovascularization. Second, we have not determined intraobserver reliability. In
patellar tendinopathy, it was previously demonstrated that day-to-day variability in
'RSSOHUȵRZLVSUHVHQWKRZHYHULQPLGSRUWLRQ$7LWZDVVKRZQWKDWWKHLQWUDREVHUYHU
UHOLDELOLW\ RI WKH PRGLȴHG KEHUJ VFRUH ZDV H[FHOOHQW19 30 Future research should
LQYHVWLJDWHWKHLQWUDREVHUYHUUHOLDELOLW\RIWKH6$4PHWKRGWRYHULI\WKHGLDJQRVWLFYDOXH
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RI6$47KLUGLGHDOO\DPLQLPXPRIREVHUYHUVZRXOGEHLQYROYHGLQDUHOLDELOLW\VWXG\
since a lack of variability would increase the ICC. We have, however, demonstrated
that the SEM indicates fairly good precision. The SEM is, contrary to the ICC, largely
independent of variation between patients. We therefore expect that the use of this
method would be valid in future research projects. Fourth, US measurements were
performed by relatively inexperienced sonographers (1 PhD candidate and 1 research
VWXGHQW 2XUUHVXOWVGHPRQVWUDWHGWKDWWKH6$4PHWKRGLVOHVVRSHUDWRUGHSHQGHQW
DQGWKHUHIRUHFDQEHSHUIRUPHGZHOODIWHUVRPHSUDFWLFH)LIWKVLQFHWKHPRGLȴHG
KEHUJVFRUHLVDQRUGLQDOVFDOHWKHΖ&& GHVLJQHGIRUFRQWLQXRXVVFDOHV LVQRWWKH
most appropriate measure for expressing reliability. Therefore, we determined the
PABAK-OS to control for the fact that the chance of agreement is higher in an ordinal
scale compared to a continuous scale. We have demonstrated that the PABAK-OS
ZDV LQGHHG ORZHU IRU WKH PRGLȴHG KEHUJ VFRUH LQGLFDWLQJ WKDW WKH Ζ&& GRHV QRW
RYHUHVWLPDWHWKHUHOLDELOLW\RIWKHPRGLȴHGKEHUJVFRUH6L[WKZHFKRVHWRUHIUDLQ
from a power analysis, since data for this novel measurement tool were not available
when designing this study, and post hoc power analyses are discouraged.31 Last, the
6$4PHWKRGLVFXUUHQWO\QRWDYDLODEOHDVDPHDVXUHPHQWIXQFWLRQRQ86PDFKLQHV
and computers and (free) software packages have to be used to determine the value
RIWKH6$46LQFHZHXVHGDUHODWLYHO\HDV\PHWKRGWRFDOFXODWHWKHYDOXHRIWKH6$4
we expect that this function could be implemented easily on US machines via a realtime application once it has shown its clinical relevance in future studies through
HVWLPDWLQJWKHSURJQRVLVRUSHUVRQDOL]HGWUHDWPHQWEDVHGRQ6$4VFRUHV

3

Conclusion
7RRXUNQRZOHGJHWKLVZDVWKHȴUVWVWXG\WRHYDOXDWHWKHGLDJQRVWLFYDOXHDQGUHOLDELOLW\
RI PHDVXULQJ WKH VXUIDFH DUHD RI 'RSSOHU ȵRZ LQ SDWLHQWV ZLWK FKURQLF PLGSRUWLRQ
$77KLVVWXG\GHPRQVWUDWHVWKDW6$4KDVVLPLODUO\JRRGUHOLDELOLW\DVWKHPRGLȴHG
KEHUJ VFRUH 6XUIDFH DUHD TXDQWLȴFDWLRQ KRZHYHU RYHUFRPHV GLVDGYDQWDJHV RI
WKH PRGLȴHG KEHUJ VFRUH RI ZKLFK WKH FHLOLQJ HHFW LQ WKH PRGLȴHG KEHUJ 
FDWHJRU\LVPRVWLPSRUWDQW7KHVHȴQGLQJVFRXOGLQVSLUHPHGLFDOH[SHUWVWRXVHWKH
6$4 PHWKRG IRU UHVHDUFK SXUSRVHV WR GHWHUPLQH WKH GHJUHH RI 86 'RSSOHU ȵRZ
quantitatively in patients with chronic midportion AT. Ultimately, treatment responses
of interventions acting on neovascularization could be monitored quantitatively and
with good reliability. More research is needed regarding the intraobserver reliability
to evaluate the clinical applicability.

59

Chapter 3

Footnotes
Acknowledgements: We would like to thank our biomedical statistician J.H. Waarsing
for his statistical expertise during the data analysis and interpretation of the data.
Funding: This research is funded by the Dutch Arthritis Association and the Anna
Foundation. Both are non-commercial organizations and were not involved in the
content of this publication.
Competing interest: None declared.

60

References
1.

Kujala UM, Sarna S, Kaprio J. Cumulative incidence of achilles tendon rupture and
tendinopathy in male former elite athletes. Clin J Sport Med 2005;15(3):133-35.

 0DXOOL 1 6KDUPD 3 /XVFRPEH ./ $FKLOOHV WHQGLQRSDWK\ DHWLRORJ\ DQG PDQDJHPHQW
Journal of the Royal Society of Medicine 2004;97(10):472-76.
 6FRWW $ 6TXLHU . $OIUHGVRQ + HW DO Ζ&21  ΖQWHUQDWLRQDO 6FLHQWLȴF 7HQGLQRSDWK\
Symposium Consensus: Clinical Terminology. Br J Sports Med 2019.
4.

Alfredson H. Chronic midportion Achilles tendinopathy: An update on research and
treatment. Clin Sports Med 2003;22(4):727-41.

5.

Khan KM, Cook JL, Kannus P, et al. Time to abandon the “tendinitis” myth. Bmj
2002;324(7338):626-7.

6.

Ohberg L, Lorentzon R, Alfredson H. Neovascularisation in Achilles tendons with painful
tendinosis but not in normal tendons: an ultrasonographic investigation. Knee Surg Sports
Traumatol Arthrosc 2001;9(4):233-38.

7.

Carmeliet P. Neuro-vascular link: from genetic insights to therapeutic perspectives. Bull
Mem Acad R Med Belg 2008;163(10-12):445-51; discussion 51-2.

8.

Bjur D, Alfredson H, Forsgren S. The innervation pattern of the human Achilles tendon:
studies of the normal and tendinosis tendon with markers for general and sensory
innervation. Cell Tissue Res 2005;320(1):201-6.

9.

Yang X, Pugh ND, Coleman DP, et al. Are Doppler studies a useful method of assessing
QHRYDVFXODUL]DWLRQLQKXPDQ$FKLOOHVWHQGLQRSDWK\"$V\VWHPDWLFUHYLHZDQGVXJJHVWLRQV
for optimizing machine settings. J Med Eng Technol 2010;34(7-8):365-72.

3

10. Sengkerij PM, de Vos RJ, Weir A, et al. Interobserver reliability of neovascularization score
using power Doppler ultrasonography in midportion achilles tendinopathy. Am J Sports
Med 2009;37(8):1627-31.
11. Risch L, Cassel M, Messerschmidt J, et al. Is Sonographic Assessment of Intratendinous
%ORRG)ORZLQ$FKLOOHV7HQGLQRSDWK\3DWLHQWV5HOLDEOH"&RQVLVWHQF\RI'RSSOHU8OWUDVRXQG
Modes and Intra- and Inter-observer Reliability. Ultrasound Int Open 2016;2(1):E13-8.
12. Watson J, Barker-Davies RM, Bennett AN, et al. Sport and exercise medicine consultants
are reliable in assessing tendon neovascularity using ultrasound Doppler. BMJ Open Sport
Exerc Med 2018;4(1):e000298.
13. Peers KH, Brys PP, Lysens RJ. Correlation between power Doppler ultrasonography and
clinical severity in Achilles tendinopathy. Int Orthop 2003;27(3):180-3.
14. Reiter M, Ulreich N, Dirisamer A, et al. Colour and power Doppler sonography in symptomatic
Achilles tendon disease. Int J Sports Med 2004;25(4):301-5.
15. Zanetti M, Metzdorf A, Kundert HP, et al. Achilles tendons: clinical relevance of
neovascularization diagnosed with power Doppler US. Radiology 2003;227(2):556-60.
16. de Vos RJ, Weir A, Cobben LP, et al. The value of power Doppler ultrasonography in Achilles
tendinopathy: a prospective study. Am J Sports Med 2007;35(10):1696-701.
 /HXQJ-/*ULɝWK-)6RQRJUDSK\RIFKURQLF$FKLOOHVWHQGLQRSDWK\DFDVHFRQWUROVWXG\-
Clin Ultrasound 2008;36(1):27-32.
18. De Jonge S, Warnaars JL, De Vos RJ, et al. Relationship between neovascularization and
clinical severity in Achilles tendinopathy in 556 paired measurements. Scand J Med Sci

61

Chapter 3

Sports 2014;24(5):773-8.
19. Risch L, Wochatz M, Messerschmidt J, et al. Reliability of Evaluating Achilles Tendon
Vascularization Assessed With Doppler Ultrasound Advanced Dynamic Flow. J Ultrasound
Med 2018;37(3):737-44.
20.

Bleakney RR, White LM. Imaging of the Achilles tendon. Foot Ankle Clin 2005;10(2):239-54.

21. Boesen MI, Koenig MJ, Torp-Pedersen S, et al. Tendinopathy and Doppler activity: the vascular
response of the Achilles tendon to exercise. Scand J Med Sci Sports 2006;16(6):463-9.
22. Beyer R, Kongsgaard M, Hougs Kjaer B, et al. Heavy Slow Resistance Versus Eccentric
Training as Treatment for Achilles Tendinopathy: A Randomized Controlled Trial. Am J
Sports Med 2015;43(7):1704-11.
23. Cassel M, Baur H, Hirschmuller A, et al. Prevalence of Achilles and patellar tendinopathy and
their association to intratendinous changes in adolescent athletes. Scand J Med Sci Sports
2015;25(3):e310-8.
 GH 9RV 5- :HLU $ 7RO -/ HW DO 1R HHFWV RI 353 RQ XOWUDVRQRJUDSKLF WHQGRQ VWUXFWXUH
and neovascularisation in chronic midportion Achilles tendinopathy. Br J Sports Med
2011;45(5):387-92.
25. Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics 1977;33(1):159-74.
26. Portney LG, Watkins MP. Foundations of clinical research; application to practice. 2nd ed: Julie
Alexander; Upper Saddle River, 2000.
27. Hopkins WG. Measures of reliability in sports medicine and science. Sports Med
2000;30(1):1-15.
 :HLU-34XDQWLI\LQJWHVWUHWHVWUHOLDELOLW\XVLQJWKHLQWUDFODVVFRUUHODWLRQFRHɝFLHQWDQGWKH
SEM. J Strength Cond Res 2005;19(1):231-40.
29. Parker R, Vannest K, Davis J. Inter-rater reliability for multi-category scales: problems and
solution in PABAK-OS. In press 2013.
30. Cook JL, Malliaras P, De Luca J, et al. Vascularity and pain in the patellar tendon of adult
jumping athletes: a 5 month longitudinal study. Br J Sports Med 2005;39(7):458-61;
discussion 58-61.
31. Hoenig JM, Heisey DM. The Abuse of Power: The Pervasive Fallacy of Power Calculations for
Data Analysis. Am Stat 2001;55(1):19-24.

62

3

63

64

Chapter 4
Minimal clinically important
GLHUHQFHRIWKHYDOLGDWHG
patient-reported VISA-A
questionnaire for Achilles
tendinopathy:
a prospective cohort study

Iris F Lagas, Arco C van der Vlist, Robert F van Oosterom, Peter LJ van
Veldhoven, Max Reijman, Jan AN Verhaar, Robert-Jan de Vos
Submitted for publication

65

Chapter 4

Abstract
Objective: 7R GHWHUPLQH WKH PLQLPDO FOLQLFDOO\ LPSRUWDQW GLHUHQFH 0&Ζ'  RI WKH
Victorian Institute of Sports Assessment-Achilles (VISA-A) score in patients with
midportion Achilles tendinopathy (AT).
Design: Prospective cohort study.
Methods: In this study a cohort of physically active patients with midportion AT was
included. The patients all underwent treatment with exercises and an injection. We
measured the VISA-A score (0-100 points, where 100 points represent a healthy
tendon), a 7-point Global Assessment Scale (GAS; ranging from ‘worse than ever’ to
‘completely recovered’) at baseline, after 12 and after 24 weeks. We dichotomised GAS
to not improved (‘worse than ever’ to ‘unchanged’) or improved (moderately improved
to completely recovered). The area under the curve (AUC) and Youden’s index closest
WRZHUHGHWHUPLQHGIRUERWK0&Ζ'ZLWKFRUUHVSRQGLQJVHQVLWLYLW\DQGVSHFLȴFLW\
Results: A total of 64 active patients were included in this study and 61 patients (95%)
completed the 24-week follow-up. The MCID was 14 points over a 12-week period,
FRUUHVSRQGLQJZLWKDVHQVLWLYLW\DQGVSHFLȴFLW\DQGSRLQWVRYHUD
ZHHNSHULRGZLWKVHQVLWLYLW\DQGVSHFLȴFLW\
Conclusions: A change in VISA-A score of >14 points after 12 weeks or >7 points
after 24 weeks of exercise therapy and an injection can be used as guidance for
UHȵHFWLRQRIDPHDQLQJIXOFKDQJHIRUSK\VLFDOO\DFWLYHSDWLHQWVZLWKPLGSRUWLRQ$7
7KLV LQIRUPDWLRQ FDQ EH XVHG WR EHWWHU LQWHUSUHW PHDQLQJIXO WUHDWPHQW HHFWV IRU
patients with AT.
Trial registration number:&OLQLFDO7ULDOV ΖGHQWLȴHU1&7 
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Introduction
Achilles tendinopathy (AT) is a common tendon overuse injury in sports, especially
among runners.1 The symptoms of AT cannot be expressed by pain alone, as AT
LQȵXHQFHV SK\VLFDO SK\VLFDO IXQFWLRQ GLVDELOLW\  SV\FKRVRFLDO VSRUWV SDUWLFLSDWLRQ
pain rating) and overall impact (quality of life).2 Symptom evaluation in AT patients
should be done within the 9 core domains which recently have been published as a
result of cooperation between health care providers and patients.2 These domains
are: patient overall rating, participation, pain on activity/loading, disability, function,
SK\VLFDO IXQFWLRQ FDSDFLW\ TXDOLW\ RI OLIH SV\FKRORJ\ DQG SDLQ RYHU D VSHFLȴHG
timeframe.2 The impact of symptoms on an individual can be measured using patientreported outcome measures (PROMs) within one of these 9 established core domains
for tendinopathy.3
The Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire is a
YDOLGDWHGDQGGLVHDVHVSHFLȴF3520ZLWKLQWKHFRUHGRPDLQȆGLVDELOLW\ȇ2 4 The VISA-A
score was developed as a standardised outcome measure to evaluate the treatment
HHFWLQSK\VLFDOO\DFWLYHSDWLHQWVZLWK$74 It evaluates physical disability via questions
about pain, functional status and sports activity, and ranges from 0-100 points with
higher scores indicating less symptoms during activities.4 Since its introduction in
2001, the VISA-A questionnaire has been validated and translated to seven other
languages, and is widely used in AT studies.5 6

4

Responsiveness is an important characteristic of a PROM, indicating the ability of an
LQVWUXPHQWWRPHDVXUHFOLQLFDOO\VLJQLȴFDQWFKDQJHV7KHPLQLPDOFOLQLFDOO\LPSRUWDQW
GLHUHQFH 0&Ζ'  UHȵHFWV WKH VPDOOHVW FKDQJH LQ D VFRUH WKDW LV PHDQLQJIXO IRU
patients.7 Previous literature suggests a MCID on the VISA-A score ranging from 6.5 to
20 points.8-10 However, the studies are heterogeneous, as the study population ranges
from insertional AT to midportion AT, number of inclusions ranges from 15 to 54
SDWLHQWVDQGWKHDSSOLHGVWDWLVWLFDOPHWKRGVDUHYHU\GLHUHQW8-10. The most accepted
method for determining a MCID is an anchor-based method where a numerical
outcome, such as the VISA-A score, is ‘anchored’ to a categorical assessment,
such as a Likert scale.11 :KLOH WKH 0&Ζ' UHȵHFWV LPSURYHPHQW IHHOLQJ EHWWHU  WKH
SDWLHQW DFFHSWDEOH V\PSWRP VWDWH 3$66  UHȵHFWV ZHOOEHLQJ RU VXɝFLHQW UHPLVVLRQ
of symptoms (feeling good).12:KLOHDFHUWDLQLQFUHDVHLQ9Ζ6$$VFRUHFRXOGUHȵHFWD
clinically relevant improvement, it is not self-evident that AT symptoms are acceptable.
Calculation of the PASS is performed by using an anchor to identify cut-points in
numerical PROMs. The PASS could thereby further improve the interpretation of a
WUHDWPHQWHHFWE\GHWHUPLQLQJZKLFKSRUWLRQRISDWLHQWVFRQVLGHUWKHLUV\PSWRPV
acceptable.
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While the VISA-A score has been used in most of the intervention studies for
midportion AT patients, there is absence of an anchor-based MCID value and PASS
threshold. This limits adequate interpretation of trial results which are relevant to
patients. Therefore, we conducted this study with the aim to determine the anchorbased MCID and PASS of the VISA-A score in patients with midportion AT.

Methods
This study is a prospective cohort study, which is part of a randomised controlled
trial, the High-volume image-guided injections in midportion Achilles Tendinopathy
(HAT) study.13 In this trial patients were randomised to either a high-volume injection
(50 mL) or a low-volume injection (2 mL) and all patients performed strengthening
exercises for the calf muscles. The injections consisted of a 0.9% NaCl solution with
1% lidocaine. We were able to consider the patients of the HAT study as a cohort as
WKHUHZDVQREHWZHHQJURXSGLHUHQFHLQ9Ζ6$$VFRUH13 For more details about the
interventions used in the HAT study, we refer to the main article 13 The HAT study
was approved by the Medical Research Ethics Committee of Southwest Holland,
the Netherlands (MEC-14-100). Materials and methods were reported in the preUHJLVWHUHGVWXG\SURWRFRODWFOLQLFDOWUDLOVJRY LGHQWLȴHU1&7 

Subjects
Patients were recruited at a large district general hospital (The Hague Medical
Centre, Leidschendam, the Netherlands) between December 2016 and January
2019. A sports medicine physician evaluated patient suitability for inclusion. Inclusion
criteria were (1) the presence of clinically established midportion AT for more than
2 months, (2) having completed an exercise training program for at least six weeks
with unsatisfactory outcome, (3) an age between 18-70 years, and (4) the presence of
'RSSOHUȵRZRQ3RZHU'RSSOHU8OWUDVRQRJUDSK\ 3'8 0LGSRUWLRQ$7ZDVGHȴQHG
as a painful swelling of the Achilles tendon, 2-7 cm proximal to the calcaneal insertion.
Main exclusion criteria were (1) presence of other musculoskeletal disorders (such as
LQVHUWLRQDOWHQGLQRSDWK\WHQGRQUXSWXUHLQȵDPPDWRU\LQWHUQDOGLVRUGHUVRUGUXJ
induced tendinopathy), (2) pregnancy, and (3) the inability to perform an exercise
program. Informed consent was obtained from all patients before inclusion and
the rights of the patients were protected. As the VISA-A score is validated for active
patients only, we also chose to exclude patients with an ankle activity score <4 for this
VSHFLȴFVWXG\14 Other eligibility criteria are reported in the study protocol.
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Outcome measures
We used the VISA-A questionnaire (0-100 points) to determine severity of symptoms
in AT patients.4 7KH 9Ζ6$$ TXHVWLRQQDLUH LV D GLVHDVHVSHFLȴF TXHVWLRQQDLUH DQG
has been validated in Dutch language.15 It evaluates the categories pain, functional
status and sports activity and uses those categories to express the severity of AT
symptoms on a scale of 0 to 100, where 100 represents a healthy tendon.15 The
VISA-A questionnaire was administered digitally at baseline and after 12 and 24 weeks
follow-up. The 7-point Global Assessment Scale (GAS) was completed by the patients
at 12 and 24 weeks. They had to rate their symptoms of the prior week compared to
the week before baseline, with answers ranging from ‘worse than ever’ to ‘completely
recovered’. To calculate MCID, we dichotomised the 7-point global assessment scale
to ‘not improved’ (‘worse than ever’ to ‘unchanged’) and ‘improved’ (‘moderately
improved’ to ‘completely recovered’) (Table 1).8 According to existing literature, the
FXWR ZDV VHW DW ȆPRGHUDWHO\ LPSURYHGȇ DV WKH 0&Ζ' UHȵHFWV WKH PLQLPDO SRVLWLYH
HHFW WKDW LV PHDQLQJIXO IRU WKH SDWLHQW ZLWK WKH HPSKDVLV RQ ȆPLQLPDOȇ7 PASS
was calculated by using the perception of symptoms, which was inquired via one
single question: ‘If you had to live with your current symptoms for the rest of your
OLIHZRXOGWKLVEHDFFHSWDEOHRUXQDFFHSWDEOH"$QVZHURSWLRQVZHUHȆDFFHSWDEOHȇRU
’unacceptable’.

4

Table 1. Statements with corresponding points of the 7-point Global Assessment Scale.
Number

Statement

1

Worse than ever

2

Much deteriorated

3

Moderately deteriorated

4

Not changed

5

Moderately improved

6

Much improved

7

Completely recovered

Statistical analysis
We used SPSS software (V.24.0.0.1; SPSS, Chicago, Illinois, USA) for statistical analysis.
As the sensitivity analysis reported less than 5% missing data in the primary study,16
imputation was not needed.13 We used a Shapiro-Wilk test for normality, where we
assumed normal distribution if p>0.05. To calculate MCID, a Receiver Operating
Characteristics (ROC) curve was created using the dichotomised GAS and the change
in VISA-A score between baseline, 12, and 24 weeks. To determine the PASS, we
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created a ROC curve using the VISA-A score at 12 and 24 weeks and the perception of
symptoms (acceptable/unacceptable). The Area Under the Curve (AUC) represented
improvement and was interpreted as fail (0.50-0.59), poor (0.60-0.69), fair (0.70-0.79),
good (0.80-0.89) and excellent (0.90-1.0).17 The Youden’s index was calculated to
PD[LPLVHVHQVLWLYLW\DQGVSHFLȴFLW\ZLWKWKHIROORZLQJIRUPXOD7KH0&Ζ'DQG3$66
values were determined with a Youden’s index nearest to 1. The positive predictive
value (PPV) was calculated with the following formula: .

Results
A total of 64 patients were included in the study, of which 61 patients completed
follow-up after 24 weeks (95%) (Table 2). Endpoint data of three patients were missing,
of which 1 was unreachable and 2 did not complete all questions. The VISA-A score
increased from a mean of 40 (standard deviation (SD), 15) points at baseline to 52
(20) points after 12 weeks and 60 (22) points after 24 weeks. The median ankle activity
VFRUH LQWHUTXDUWLOHUDQJHΖ45 ZDV  0HGLDQVFRUH LQWHUTXDUWLOHUDQJHΖ45 RI
the 7-point GAS was 5 (4-6) after 12 weeks and 6 (5-6) after 24 weeks. The perception
of symptoms was acceptable for 36% of patients after 12 weeks, which increased to
51% after 24 weeks.

Table 2. Baseline characteristics of patients
Included patients, n (%)/mean (SD) / median (IQR)
N

64

Sex (male)

30 (47%)

Age (years)*

50.0 (44.3-54.0)

BMI (kg/m2)*

25.4 (24.0-31.4)

Duration of symptoms (weeks)*

77 (40-134)

VISA-A score

40 (15)

1RQQRUPDOGLVWULEXWLRQH[SUHVVHGLQPHGLDQ Ζ45 
$EEUHYLDWLRQV %0Ζ ERG\ PDVV LQGH[ Ζ45 LQWHUTXDUWLOH UDQJH 6' VWDQGDUG GHYLDWLRQ 9Ζ6$$ 9LFWRULDQ
Institute of Sports Assessment-Achilles questionnaire

0LQLPDOFOLQLFDOO\LPSRUWDQWGLHUHQFHRIWKH9Ζ6$$VFRUH
After 12 weeks, 58% of the patients reported improvement of their symptoms (Table
3). The mean improvement (standard deviation, SD) of this subgroup on the VISA-A
scale was 17 (16) points. The Area Under the Curve (AUC) of the ROC curve was
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  FRQȴGHQFH LQWHUYDO &Ζ  >@ )LJXUH $  7KH <RXGHQȇV LQGH[
closest to 1 was 0.451, which corresponded with an improvement of 14 points and
D  VHQVLWLYLW\ DQG  VSHFLȴFLW\ 7KH 339 ZDV  $IWHU  ZHHNV 
of the patients reported that their symptoms had improved (Table 3). The mean
improvement (SD) of this subgroup on the VISA-A scale was 25 (17) points. The AUC
was 0.806, [95% CI of 0.669-0.943] (Figure 1B). The Youden’s index closest to 1 was
0.469, corresponding with 7 points improvement after 24 weeks. The sensitivity was
DQGVSHFLȴFLW\ZDV7KH339ZDV

Table 3. Global assessment score, perception of symptoms and VISA-A score at 12 and 24
weeks after baseline
Week 12

Week 24

N

n (%)/mean (SD) /
median (IQR)

N

n (%)/mean (SD) /
median (IQR)

GAS*

60

5 (4-6)

61

6 (5-6)

Dichotomised GAS (improved)

60

35 (58%)

61

48 (79%)

Perception of symptoms (acceptable)

59

21 (36%)

61

31 (51%)

VISA-A score

61

52 (20)

63

60 (22)

4

1RQQRUPDOGLVWULEXWLRQH[SUHVVHGLQPHGLDQ Ζ45
6' VWDQGDUGGHYLDWLRQ
Ζ45 LQWHUTXDUWLOHUDQJH
*$6 *OREDO$VVHVVPHQW6FDOH
9Ζ6$$ 9LFWRULDQΖQVWLWXWHRI6SRUWV$VVHVVPHQW$FKLOOHVTXHVWLRQQDLUH

Patient acceptable symptom state of the VISA-A score
After 12 weeks, 36% deemed their symptoms acceptable (Table 3). The AUC of the ROC
curve was 0.852, [95% CI of 0.753-0.950] (Figure 2A). The Youden’s index closest to 1
was 0.589 and corresponded with a VISA-A score of 50. The sensitivity was 90.5% and
VSHFLȴFLW\ZDV7KH339ZDV$IWHUZHHNVRISDWLHQWVUHSRUWHG
that their symptoms were acceptable (Table 3). The AUC was 0.766, [95% CI of 0.6480.883] (Figure 2B). A Youden’s index of 0.444 was closest to 1 and corresponded with
D9Ζ6$$VFRUHRISRLQWV7KHVHQVLWLYLW\ZDVDQGVSHFLȴFLW\ZDV7KH
PPV was 75.2%.

71

Chapter 4

Figure 1. A. 5HFHLYHU 2SHUDWLQJ &KDUDFWHULVWLF 52&  FXUYH IRU WKH 0LQLPDO &OLQLFDOO\ ΖPSRUWDQW 'LHUHQFH
(MCID) per change in VISA-A score after 12 weeks. The ROC curve visualises the probability distribution that
a certain change in Victorian Institute of Sports Assessment-Achilles questionnaire (VISA-A score) is deemed
as ‘improved’ by the patient. The point closest to the upper left corner has the most optimal balance between
VHQVLWLYLW\DQGVSHFLȴFLW\LVFDOFXODWHGZLWKWKH<RXGHQȇVLQGH[%52&FXUYHIRU0&Ζ'SHUFKDQJHLQ9Ζ6$$
score after 24 weeks.

Figure 2. A. Receiver Operating Characteristic (ROC) curve for Patient Acceptable Symptom State (PASS) per
Victorian Institute of Sports Assessment-Achilles questionnaire (VISA-A score) after 12 weeks. B. ROC curve for
PASS per VISA-A score after 24 weeks.
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Discussion
7RRXUNQRZOHGJHWKLVLVWKHȴUVWVWXG\WKDWLQYHVWLJDWHGWKHUHVSRQVLYHQHVVRIWKH
VISA-A scale in physically active patients with midportion AT, treated with exercise
WKHUDS\DQGDQLQMHFWLRQ:LWKDQDQFKRUEDVHGDSSURDFKZHGHȴQHGWKDWWKH0&Ζ'
for the VISA-A score is a change greater than 14 points over a 12-week time period
or a change greater than 7 points over a 24-week time period. Symptoms of AT were
perceived as acceptable (PASS) if the VISA-A score was >50 points after 12 weeks
or >60 points after 24 weeks. Patients with similar characteristics as the patients in
this study are more likely to experience a meaningful change in their symptoms or
perceive their symptoms acceptable if they meet these mentioned thresholds. These
thresholds can be used by researchers as a guidance to estimate whether patients
with midportion AT will notice improvement after exercise therapy and an injection or
perceives their symptoms acceptable after a certain period of time.

4

While the VISA-A questionnaire is widely used to analyse treatment outcome and
progression, anchor-based MCID and PASS had never been determined for VISA-A
VFRUH LQ SDWLHQWV ZLWK PLGSRUWLRQ $7 7KLV HQDEOHV FRPSDUDWLYH HHFWLYHQHVV
UHVHDUFKZLWKDSDWLHQWFHQWUHGDSSURDFK7KHVHȴQGLQJVZLOODOVRDLGUHVHDUFKHUVDV
guidance in detecting clinically meaningful changes in PROMs, rather than focussing
RQVWDWLVWLFDOO\VLJQLȴFDQWGLHUHQFHV+RZHYHUDVERWK0&Ζ'DQG3$66DUHVXEMHFWHG
by the study population, applied treatment and follow-up time, the outcomes should
be interpreted with caution.

0LQLPDOFOLQLFDOO\LPSRUWDQWGLHUHQFHRIWKH9Ζ6$$VFRUH
Previous studies suggested that the MCID for the VISA-A score ranges from 6.5 to
20 points.8-10 McCormack et al.8 calculated the MCID of the VISA-A score in a small
population of 15 patients with insertional AT after 12 weeks. The primary study
UHVHDUFKHG WKH HHFW RI $VW\Pp DQG HFFHQWULF H[HUFLVHV LQ WKH PDQDJHPHQW RI
LQVHUWLRQDO $7 DQG FRQFOXGHG WKDW $VW\Pp ZDV EHQHILFLDO18 It is not mentioned
whether patients were active or sedentary. McCormack et al.8 used a similar anchorEDVHGPHWKRGDVRXUVWXG\DQGGHȴQHGD0&Ζ'RISRLQWVRQWKH9Ζ6$$VFDOH
after 12 weeks. This MCID value is similar as determined in our study after 24 weeks.
Our study included a larger study population which further increased the likelihood
that the MCID is around this value at 24 weeks. Additionally, an advantage of our
VWXG\ LV WKDW ZH ZHUH DEOH WR GLHUHQWLDWH EHWZHHQ VHYHUDO WLPH SRLQWV 'H 9RV HW
al.9 UHVHDUFKHG WKH HHFW RI D SODWHOHWULFK SODVPD LQMHFWLRQ FRPSDUHG WR SODFHER
injection on chronic midportion AT in 54 active and sedentary patients (mixed group),
DQGFRQFOXGHGQRGLHUHQFHEHWZHHQJURXSV7KH\VXJJHVWHGD0&Ζ'RISRLQWV
after 24 weeks, based on the assumption that a change of 10-15% on the scale is in
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general clinically meaningful. Tumilty et al.10 FRPSDUHG WKH HHFW RI ORZOHYHO ODVHU
WKHUDS\ZLWKHFFHQWULFH[HUFLVHVLQSDWLHQWVZLWK$7RIZKLFKHHFWLYHQHVVFRXOG
not be determined due to low statistical power. It is not mentioned whether patients
were active or sedentary. They suggested a MCID of 20 points after 12 weeks on
a distribution-based method, where MCID was based on 75% of patients achieving
this change in VISA-A score or better. Similar to de Vos et al,9 this distribution-based
method lacks a connection with clinical relevance for the patient.11 As insertional AT
DQGPLGSRUWLRQ$7DUHGLHUHQWLQERWKLGHQWLȴHGSDWKRORJ\DQGWUHDWPHQWUHVSRQVH19
it is important to study these patient populations separately. Furthermore, the high
339VXSSRUWVWKHHYLGHQFHWKDWLIDSDWLHQWKDVDQLQFUHDVHRIWKH0&Ζ'FXWRRU
higher, the patient really notices the improvement. Therefore, the reported MCID of
our study probably best represents clinically meaningful improvement of patients
with midportion AT.
7KHUHLVDODUJHGLHUHQFHLQ0&Ζ'RYHUDZHHNSHULRG SRLQWV FRPSDUHGWRWKH
ZHHNSHULRG SRLQWV $VWKLVLVWKHȴUVWVWXG\WRDQDO\VHWKH0&Ζ'RYHUGLHUHQW
WLPHSHULRGVLQWKHVDPHVWXG\SRSXODWLRQZHFDQQRWFRPSDUHWKHVHȴQGLQJVZLWK
WKH H[LVWLQJ OLWHUDWXUH 2QH H[SODQDWLRQ IRU WKLV ODUJH GLHUHQFH LQ 0&Ζ' FRXOG EH
recall bias; patients could be remembering their symptoms worse than they were,
leading to patients reporting improvement. This emphasises that although MCID was
calculated in a large, homogenous cohort, interpretation should be done with caution.

Patient acceptable symptom state of the VISA-A score
The thresholds for PASS of the VISA-A score is 50 points after a 12-week period
and 60 points after a 24-week period. To our knowledge, the PASS has never been
determined for the VISA-A score. It is interesting that the threshold for acceptable
symptoms increases when analysing a longer time period. An explanation could be
that patients interpret the question as if the symptoms are ‘acceptable at this moment’
DQGQRWȆDFFHSWDEOHIRUOLIHȇGHVSLWHRXUHRUWVWRHPSKDVLVHWKHȆIRUOLIHȇSDUWRIWKH
question. Furthermore, it is notable that both thresholds are relatively low: in order to
reach a VISA-A score of 50 or 60 points, the patient is limited in multiple domains (pain
in activities of daily living, function and sports activity). A possible explanation could
be that patients accept living with negligible pain and a decreased sports activity level.
We therefore emphasise that it is important to determine the goals of the patients in
order to set the correct targets in both research and in a clinical setting.

6HQVLWLYLW\DQGVSHFLȴFLW\
As there is currently no gold standard to calculate the MCID and the PASS, the
anchor-based method is currently the most accepted method.11 Sensitivity for MCID
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represents the ability to correctly detect whether patients with midportion AT that
QRWLFHG LPSURYHPHQW RI WKHLU V\PSWRPV DUH DFWXDOO\ LPSURYHG ZKLOH VSHFLȴFLW\
represents the ability to correctly reject whether patients did not notice improvement
of symptoms. To increase clarity, we will explain by using the MCID after 12 weeks
RISRLQWVZLWKDVHQVLWLYLW\DQGVSHFLȴFLW\7KLVPHDQVWKDWLIDSDWLHQW
increases 14 points, we are 57% sure that patients who notice improvement are
actually improved, while we are 88% sure that we correctly reject patients who did
not improve their symptoms. The Youden’s index calculates the most optimal balance
EHWZHHQVHQVLWLYLW\DQGVSHFLȴFLW\+RZHYHULWFRXOGEHPRUHYDOXDEOHIRUDFHUWDLQ
condition that patients noticed improvement than to identify patients who did not
notice improvement. For instance, a randomised controlled trial that evaluates the
HɝFDF\RIDQH[LVWLQJFRQVHUYDWLYHWUHDWPHQWIRU$7SDWLHQWVZRXOGSUREDEO\EHQHȴW
PRUHIURPDKLJKVHQVLWLYLW\ȂORZVSHFLȴFLW\FRPELQDWLRQZKLFKZRXOGFRUUHVSRQG
ZLWK D GLHUHQW 0&Ζ' DQG 3$66 7KH DQFKRUEDVHG PHWKRG LQ FRPELQDWLRQ ZLWK
the Youden’s index is currently most accepted to calculate MCID and PASS,11 but
researchers and clinicians should be aware that the given balance of sensitivity and
VSHFLȴFLW\PLJKWQRWEHRSWLPDOWRDQVZHUWKHLUUHVHDUFKTXHVWLRQ

4

Strengths and limitations
The most important strength of this study is the relatively large number of included
patients, in comparison to other studies.8-10 Second, we used a Global Assessment
6FDOH ZLWK  SRLQWV ZKLFK RHUV EDODQFH EHWZHHQ DGHTXDWH GLVFULPLQDWLYH DELOLW\
patient preference and reliability.20 Last, the advantage of using an anchor-based
method is the connection between the subjective assessment of the patient and a
numerical score.11 However, anchor-based methods are limited by the choice of the
anchor, as it might be susceptible to recall bias.11 To optimise interpretability and
UHOLDELOLW\ ZH H[SOLFLWO\ PHQWLRQHG WKH VSHFLȴF FRQGLWLRQ $7  DQG WLPH SRLQW DQG
used a 7-point scale with written descriptors.20 By combining prospectively collected
data with the anchor-based method, our reported MCID probably most accurately
represents the true value of clinically relevant improvement on the VISA-A scale in
patients with midportion AT.
$ SRVVLEOH OLPLWDWLRQ LV WKH FXWR ZH XVHG WR GLFKRWRPLVH WKH *OREDO $VVHVVPHQW
scale. Based on the article of McCormack et al.8 we chose to divide the groups in ‘not
improved’ (‘worse than ever’ to ‘unchanged’) and ‘improved’ (‘moderately improved’ to
ȆFRPSOHWHO\UHFRYHUHGȇ :KHQFKDQJLQJWKHFXWRZHZRXOGSUREDEO\ȴQGDGLHUHQW
0&Ζ' +RZHYHU DV WKH 0&Ζ' VWDQGV IRU PLQLPDO FOLQLFDOO\ LPSRUWDQW GLHUHQFH ZH
think our dichotomization is most accurate and should not be changed to ‘stable’
(‘worse than ever’ to ‘moderately improved’) and ‘much improved’ (‘much improved’ to
‘completely recovered’). Another possible limitation is that the MCID of both 12 weeks
75

Chapter 4

and 24 weeks lies within the standard deviation of the VISA-A score. A change within
WKHVWDQGDUGGHYLDWLRQRIDVFRUHPDNHVLQWHUSUHWDWLRQGLɝFXOWDVWKHFKDQJHFRXOG
be either meaningful or due (lack of) precision of the score. This possible limitation
applies to the individual patient, and does not apply to sample size calculations on
JURXS OHYHO RU LQWHUSUHWDWLRQ RI FKDQJH LQ 9Ζ6$$ VFRUH EHWZHHQ GLHUHQW JURXSV
/DVWWKHFRKRUWZDVEDVHGRQD5&7ZKHUHWKHHHFWRIDQLQMHFWLRQLQDGGLWLRQWR
exercise therapy was researched. The improvement of 20 points in VISA-A score is
FRPSDUDEOHWRRWKHUVWXGLHVWKDWUHVHDUFKHGWKHHHFWRIH[HUFLVHWKHUDS\LQSDWLHQWV
with midportion AT.21 22

Recommendations for future research
The results of this study can be used as guidance to calculate an adequate sample
size when designing trials. The presented values of the MCID and PASS for the VISA-A
score can aid in interpreting study results. However, due to the presented limitations,
VSHFLȴFDOO\WKHGLHUHQFHLQVSHFLȴFLW\DQGVHQVLWLYLW\RIWKHFXWRVFDOFXODWLRQVDQG
interpretation of the outcome should be done with caution.

Conclusion
The MCID for the VISA-A score (0-100) in active patients with midportion AT after
H[HUFLVHWKHUDS\DQGDQLQMHFWLRQLVDFKDQJHȲSRLQWVRYHUDZHHNSHULRGDQG
ȲSRLQWVRYHUDZHHNWLPHSHULRG$7V\PSWRPVDUHGHHPHGDFFHSWDEOH 3$66 
if the VISA-A score is >50 points at 12 weeks post-treatment and >60 points after 24
weeks. Researchers and clinicians can use these clinically meaningful thresholds as
a guidance for treatment outcome of patients with midportion AT. The provision of
MCID and PASS estimates will increase the interpretability of the VISA-A scale, but
caution on their interpretation is needed due to the presented limitations.
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Abstract
Objective: To provide a consistently updated overview of the comparative
HHFWLYHQHVVRIWUHDWPHQWVIRU$FKLOOHVWHQGLQRSDWK\
Design: Living systematic review and network meta-analysis.
Data sources: Multiple databases including grey literature sources were searched up
to February 2019.
Study eligibility criteria:5DQGRPLVHGFRQWUROOHGWULDOVH[DPLQLQJWKHHHFWLYHQHVV
of any treatment in patients with both insertional and/or midportion Achilles
tendinopathy. We excluded trials with 10 or fewer participants per treatment arm or
trials investigating tendon ruptures.
Data extraction and synthesis: Reviewers independently extracted data and
assessed the risk of bias. We used the Grading of Recommendations Assessment,
Development and Evaluation to appraise the certainty of evidence.
Primary outcome measure: The validated patient-reported Victorian Institute of
Sport Assessment-Achilles questionnaire.
Results:  WULDOV LQYHVWLJDWLQJ  GLHUHQW WUHDWPHQWV ZHUH LQFOXGHG  WULDOV
(76%) were at high risk of bias and 7 (24%) had some concerns. Most trials included
patients with midportion tendinopathy (86%). Any treatment class seemed superior
to wait-and-see for midportion Achilles tendinopathy at 3 months (very low to low
certainty of evidence). At 12 months, exercise therapy, exercise+injection therapy
and exercise+night splint therapy were all comparable with injection therapy for
midportion tendinopathy (very low to low certainty). No network meta-analysis could
be performed for insertional Achilles tendinopathy.
Conclusion: In our living network meta-analysis no trials were at low risk of bias and
there was large uncertainty in the comparative estimates. For midportion Achilles
tendinopathy, wait-and-see is not recommended as all active treatments seemed
VXSHULRU DW PRQWK IROORZXS 7KHUH VHHPV WR EH QR FOLQLFDOO\ UHOHYDQW GLHUHQFH
LQHHFWLYHQHVVEHWZHHQGLHUHQWDFWLYHWUHDWPHQWVDWHLWKHUPRQWKRUPRQWK
follow-up. As exercise therapy is easy to prescribe, can be of low cost and has few
harms, clinicians could consider starting treatment with a calf-muscle exercise
programme.
Prospero registration number: CRD42018086467.
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Introduction
7KHLQFLGHQFHRI$FKLOOHVWHQGLQRSDWK\LVȂSHUSDWLHQWVLQJHQHUDOPHGLFLQH
practice, and its lifetime cumulative incidence can even increase to more than 50% in
VSHFLȴFDFWLYHSRSXODWLRQV HJUXQQHUV 1 2 Achilles tendinopathy is an overload injury
WKDWLVGLDJQRVHGFOLQLFDOO\DQGFDQDHFWWKHGLVWDOLQVHUWLRQRUWKHPLGSRUWLRQRIWKH
tendon.3 4 Managing tendinopathy is challenging. Patients can expect their symptoms
to improve between 3 and 12 months after commencing treatment, but not beyond
12 months.5 Chronic symptoms persist in approximately a quarter of patients 10 years
after treatment, and tendinopathy impairs both quality of life and physical activity.5 6
Wait-and-see, exercise therapy, injections, shockwave therapy, orthosis, medication,
DQG VXUJHU\ DUH WKH PDLQ WUHDWPHQW RSWLRQV RHUHG WR SDWLHQWV ZLWK $FKLOOHV
tendinopathy.7-14 Most patients receive multiple treatments over time, thereby
impacting on healthcare consumption.15 Trials and conventional meta-analysis do
QRWGLUHFWO\DVVHVVWKHUHODWLYHHHFWLYHQHVVRIDOODYDLODEOHWUHDWPHQWVȂFKDOOHQJLQJ
patients and clinicians when they make treatment decisions. Network meta-analysis
10$ DOORZVWKHVLPXOWDQHRXVFRPSDULVRQRIWKHHHFWLYHQHVVRIDOOWUHDWPHQWVDQG
FDQUDQNWUHDWPHQWVIURPPRVWWROHDVWHHFWLYH16 17 As no comprehensive NMA of
all treatment options for Achilles tendinopathy exists, our aim was to evaluate the
FRPSDUDWLYH HHFWLYHQHVV RI DOO DYDLODEOH WUHDWPHQWV IRU $FKLOOHV WHQGLQRSDWK\ LQ D
regularly updated (‘living’) systematic review using NMA.

5

Methods
Protocol and registration
Our living systematic review with NMA was prospectively registered on PROSPERO
(International Prospective Register of Systematic Reviews: CRD42018086467) and
published in an open repository.18 We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline, the Meta-Analysis of
Observational Studies in Epidemiology guideline, and the PRISMA-NMA extension for
reporting NMA.19-21

Administration and update of the living systematic review
This systematic review with NMA is part of the Dutch multidisciplinary guideline for
Achilles tendinopathy. As we (1) plan to update the search and review process every
5 years as part of the guideline revision process, and (2) perform annual screening
to identify new data that may alter the conclusions and recommendations,18 we
GHȴQHGWKLVDVDȆOLYLQJȇV\VWHPDWLFUHYLHZZLWK10$$OLYLQJV\VWHPDWLFUHYLHZȇVPDLQ
advantage is that it assumes that new knowledge will appear and allow improvements
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in clinical decision-making. As we already have a structured protocol and database
for this systematic review, we will be able to answer future research questions quickly
DQGSURPRWHIDVWHUWUDQVODWLRQRIQHZVFLHQWLȴFHYLGHQFHLQWRFOLQLFDOSUDFWLFH

Patient involvement
To determine clinically relevant outcomes, we performed a pilot round of focus
LQWHUYLHZV ZLWK FRQVHFXWLYH SDWLHQWV VXHULQJ IURP FKURQLF PLGSRUWLRQ $FKLOOHV
WHQGLQRSDWK\ Q  ZKRZHUHSDUWLFLSDWLQJLQDUDQGRPLVHGFOLQLFDOWULDO 1&7 
DQGDGPLQLVWHUHGDVXUYH\WRSDWLHQWVLGHQWLȴHGWKURXJKWKH'XWFKQDWLRQDOSDWLHQW
IHGHUDWLRQ Q  18 The results are presented in online supplementary web appendix
 :H DOVR FRQVLGHUHG UHFHQWO\ GHȴQHG FRUH GRPDLQV IRU WHQGLQRSDWKLHV IURP DQ
international consensus involving patients and healthcare providers.22 Based on
these data, we decided to evaluate clinical outcome with the validated and diseaseVSHFLȴF9LFWRULDQΖQVWLWXWHRI6SRUW$VVHVVPHQW$FKLOOHV 9Ζ6$$ VFRUHDVWKHSULPDU\
outcome.18 23

Outcome measures
7KH9Ζ6$$VFRUHTXDQWLȴHVSDLQDQGDFWLYLW\OHYHODQGFDQUDQJHIURPWRDVFRUH
of 100 indicates no pain with full activity level, while a score of 0 indicates severely
OLPLWHG DFWLYLW\ OHYHOV DQG VHYHUH OHYHOV RI SDLQ 7KH PLQLPDO LPSRUWDQW GLHUHQFH
(MID) for the VISA-A score is 14 points.24 Return to sports activities was the secondary
outcome. We assessed outcomes at 3, 6 and 12 months.

Eligibility criteria
7ULDOV ZHUH HOLJLEOH LI WKH\ LQYHVWLJDWHG WKH HHFWLYHQHVV RI DQ\ WUHDWPHQW LQ DGXOWV
Ȳ \HDUV  ZLWK $FKLOOHV WHQGLQRSDWK\ XVLQJ WKH RXWFRPH PHDVXUHV 9Ζ6$$
questionnaire and/or return to sports activities. Populations with midportion
tendinopathy, insertional tendinopathy, or a combination of both were included.
$FKLOOHVWHQGLQRSDWK\PXVWKDYHEHHQGLDJQRVHGEDVHGRQFOLQLFDOȴQGLQJV HJORFDO
pain reproduced on clinical examination).25ΖPDJLQJWRFRQȴUPWKHGLDJQRVLVZDVQRW
an inclusion criterion. Trials including athletes and/or inactive patients were eligible.
There were no language restrictions.
Any treatment, control treatment, placebo, wait-and-see or no treatment group
VWXGLHG LQ D WULDO ZDV HOLJLEOH IRU LQFOXVLRQ :H SUHGHȴQHG D QXPEHU RI WUHDWPHQW
FODVVHVEDVHGRQWKHDVVXPSWLRQWKDWVRPHWUHDWPHQWVKDYHDVLPLODUHHFWGXHWRD
comparable working mechanism.18 Table 1 shows the treatments that are subdivided
into treatment classes.
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Table 1. Assignment of treatments to classes
Treatments

Studies

Classes

Placebo-injection + eccentric
exercises (high-dose)

Bell 2013, Boesen 2017, De
Jonge 2011

Exercise therapy + placebo
injection

Autologous blood injection +
Bell 2013, Pearson 2012
eccentric exercises (high-dose)

Exercise + injection therapy

High-volume injection +
Boesen 2017
eccentric exercises (high-dose)

Exercise + injection therapy

Platelet-rich plasma (PRP)
Boesen 2017, De Jonge 2011
-injection + eccentric exercises
(high-dose)

Exercise + injection therapy

Eccentric exercises (high-dose) Pearson 2012, Beyer 2015, De Exercise therapy
Jonge 2010, Silbernagel 2007,
Yelland 2011, Rompe 2007,
Rompe 2009, Zhang 2013,
Balius 2016, Stevens 2014
Heavy slow resistance
exercises

Beyer 2015

Exercise therapy

Night splint + eccentric
exercises (high-dose)

De Jonge 2010

Exercise + night splint
therapy

Continued sports activity +
Silbernagel 2007
eccentric exercises (high-dose)

Exercise therapy

Prolotherapy injections

Yelland 2011

Injection therapy

Prolotherapy injections +
(FFHQWULFH[HUFLVHVb KLJKGRVH

Yelland 2011

Exercise + injection therapy

Shockwave therapy

Rompe 2007

Shockwave therapy

Wait-and-see

Rompe 2007

Wait-and-see

Shockwave therapy + eccentric Rompe 2009
exercises (high-dose)

Exercise + shockwave
therapy

Acupuncture treatment

Zhang 2013

Acupuncture therapy

Mucopolysaccharides
supplement + eccentric
exercises (high-dose)

Balius 2016

Exercise +
mucopolysaccharides
supplement therapy

Mucopolysaccharides
supplement + passive
stretching

Balius 2016

Exercise +
mucopolysaccharides
supplement therapy

Eccentric exercises as
tolerated

Stevens 2014

Exercise therapy

5

We excluded trials with (1) 10 or fewer participants per study arm, (2) an inadequate control group (eg, the
use of the contralateral Achilles tendon), (3) a population with full-thickness ruptures of the Achilles tendon,
and (4) animal or in vitro studies.
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Literature search strategy and information source
We developed a sensitive search strategy for multiple databases with the assistance
of a medical librarian (online supplementary web appendix 2). The following
databases were searched for published and unpublished trials up to 21 February
2019: Embase, MEDLINE Ovid, Web of Science, Cochrane CENTRAL, CINAHL
EBSCOhost, SPORTDiscus EBSCOhost, AMED EBSCOhost, WHO ICTRP, ClinicalTrials.
gov, WorldCat.org, OpenGrey and Google Scholar. We used the validated Cochrane
VHDUFKȴOWHUȆ(PEDVHVHDUFKVWUDWHJ\IRUȴQGLQJUDQGRPLVHGFOLQLFDOWULDOVLQ(PEDVHȇ
DQGPRGLȴHGWKLVIRUDOOFRQYHQWLRQDOGDWDEDVHV26 We screened the reference lists of
all included publications for potentially eligible trials.

Study selection and data extraction
Titles and abstracts were screened by two independent reviewers (ACV and RJ-V)
after duplicate removal. Disagreements were resolved by consensus. Two reviewers
independently applied eligibility criteria to the full text reports. Disagreements were
resolved by a third reviewer (AW). In case of unpublished records, authors were
contacted for data availability. We uploaded all trials to Covidence (Veritas Health
Innovation, Melbourne, Australia).
Data were extracted independently by two reviewers (ACV plus one of: AW, CLA or RJV) using standardised extraction forms adapted from the Cochrane Collaboration.26
'LVDJUHHPHQWV ZHUH UHVROYHG E\ FRQVHQVXV RU D ȴIWK UHYLHZHU 0:  LQ FDVH RI
persistent disagreement. We extracted publication and trial details, population
characteristics, eligibility criteria, treatment details, relevant outcome information,
details of analysis, and study authors’ key conclusions. If there were multiple time
points available within a study, and these were equally close to the time point being
synthesised across trials, we extracted the outcome of the latest follow-up for
analysis.18

Risk of bias assessment
We used the Risk of Bias 2 tool to assess risk of bias for each trial outcome.27 We
DVVHVVHGULVNRIELDVRQWKHEDVLVRIȆDVVLJQPHQWWRLQWHUYHQWLRQȇIRUDOOȴYHGRPDLQV
(1) randomisation process, (2) deviations from intended interventions, (3) missing
outcome data, (4) outcome measurement and (5) selection of the reported result.
An overall risk of bias judgement was made for each outcome and each time point as
either ‘low risk’, ‘some concerns’ or ‘high risk’ of bias.28 29
The assessment was performed independently by two reviewers (ACV plus one of
MW, CLA, AW or R-JV). The reviewers did not perform risk of bias assessment or data
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extraction for publications in which they were involved as author. Disagreements
were resolved via consensus or by a third reviewer (MW or AW) if necessary.

Data synthesis and statistical methods
We constructed network plots using Stata V.15 to visualise all head-to-head
comparisons. Eccentric exercises were labelled as high-dose (daily) or low-dose
(less than once a day). We planned a time course analysis for the VISA-A score;
KRZHYHU LQVXɝFLHQW GDWD SUHFOXGHG WKH DQDO\VLV18 Instead, we modelled networks
for the primary and secondary outcomes at 3 months, 6 months and 12 months,
where possible. Four reviewers (ACV, MW, AW, and R-JV) labelled the treatments and
assigned them to categories (classes) (see table 1). We assessed the assumption of
exchangeability required for NMA before commencing the analyses. We appraised
clinical homogeneity by tabulating study and population characteristics and inspecting
WKHPIRUGLHUHQFHVLQHHFWPRGLȴHUV
7UHDWPHQWOHYHO DQG FODVVOHYHO PRGHOV ZHUH ȴWWHG LQ D %D\HVLDQ IUDPHZRUN XVLQJ
Markov chain Monte Carlo simulations in WinBUGS (V.1.4; Medical Research Council,
UK, and Imperial College of Science, Technology and Medicine, University of Cambridge,
UK).17 30 &RQWLQXRXV RXWFRPHV DUH SUHVHQWHG DV PHDQ GLHUHQFH ZLWK WKHLU 
credible intervals. We reported the mean, median and 95% credible intervals for the
ranking of each treatment or class to estimate the likelihood of individual treatments
being superior to other treatments, and interpreted the primary outcome results in
light of the MID.

5

)RUERWKWUHDWPHQWOHYHODQGFODVVOHYHOPRGHOVZHȴWWHGȴ[HGDQGUDQGRPHHFWV
PRGHOV DQG FRPSDUHG PRGHO ȴW XVLQJ WKH GHYLDQFH LQIRUPDWLRQ FULWHULRQ DQG
posterior mean residual deviance.17/RZHUGHYLDQFHVGHSLFWDEHWWHUPRGHOȴW)RUWKH
FODVVOHYHOPRGHOVZHDWWHPSWHGWRȴWDKLHUDUFKLFDOPRGHOZKHUHWUHDWPHQWHHFWV
ZHUHDVVXPHGWREHVLPLODUZLWKLQFODVVEXWGXHWRLQVXɝFLHQWGDWDZHZHUHRQO\DEOH
WRȴWDȴ[HGFODVVHHFWPRGHOZKHUHDOOWUHDWPHQWVZHUHDVVXPHGWRKDYHWKHVDPH
HHFWZLWKLQFODVV
We assessed statistical heterogeneity by inspecting the between-trial SD and
FRPSDULQJWKHȴWRIWKHȴ[HGDQGUDQGRPHHFWVPRGHOV17 We planned to explore
sources of statistical heterogeneity if there were 10 or more trials available per
comparison. In the presence of evidence from direct and indirect comparisons
it is important to assess whether the direct and indirect evidence is consistent.31
We assessed the consistency assumption for each network by comparing model
ȴWEHWZHHQWKH10$PRGHODQGDQXQUHODWHGPHDQHHFWVPRGHOWKDWUHOD[HVWKH
consistency assumption. We planned to assess small study bias using comparisonadjusted funnel plots if 10 or more trials were available for one comparison..31
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Certainty of evidence
We used the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) for NMAs to appraise the certainty of evidence.32 Evidence from
each comparison was appraised for direct and indirect comparisons, and for the
combined evidence, where applicable. Evidence could be of ‘high certainty’, ‘moderate
certainty’, ‘low certainty’ or ‘very low certainty’. All ratings started at the level of ‘high
certainty’. Two authors (ACV and MW) independently rated the evidence down on
the basis of risk of bias, inconsistency, indirectness, imprecision and publication bias.
Inconsistency in GRADE involves heterogeneity across trials and is not related to
inconsistency in the network. We rated the overall body of evidence in the network to
indicate the strength of the NMA recommendations.
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Figure 135Ζ60$ȵRZGLDJUDPRIVWXG\VHOHFWLRQSURFHVVΖ3'LQGLYLGXDOSDWLHQWGDWD/3/9
last patient last visit; PRISMA, preferred reporting items for systematic reviews and metaanalyses.
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Results
:H LGHQWLȴHG  SRWHQWLDOO\ UHOHYDQW SXEOLFDWLRQV RI ZKLFK  DUWLFOHV ZHUH
VFUHHQHG LQ WKH IXOOWH[W DQDO\VLV 7ZHQW\QLQH WULDOV Q  SDWLHQWV  PHW RXU
HOLJLELOLW\FULWHULDDQGZHUHLQFOXGHG ȴJXUH 33-61 Online supplementary web appendix
OLVWVWKHXQSXEOLVKHGWULDOVDQGWKHWULDOVDZDLWLQJFODVVLȴFDWLRQ

Characteristics of the included trials
)RUW\WZR WUHDWPHQWV ZHUH LQYHVWLJDWHG LQ  WULDOV 6L[W\ȴYH WUHDWPHQW DUPV ZHUH
included in the trials, and 40 of these included exercise therapies. There were
180 treatment comparisons in the NMAs. The majority of trials (86%) investigated
midportion Achilles tendinopathy, one investigated insertional Achilles tendinopathy
DQGWKUHHWULDOVGLGQRWVSHFLI\WKHORFDWLRQRI$FKLOOHVWHQGLQRSDWK\7ZHQW\ȴYHWULDOV
evaluated clinical outcome using the VISA-A score and six trials reported return to
sports activities. Sample sizes ranged from 12 to 117 per treatment arm (median
SDWLHQWVΖ45Ȃ )ROORZXSGXUDWLRQUDQJHGIURPWRZHHNV PHGLDQ
ZHHNVΖ45Ȃ 
The baseline characteristics of patients and all trial characteristics are shown in online
VXSSOHPHQWDU\ ZHE DSSHQGLFHV  DQG  6WXG\ SRSXODWLRQV UHȵHFW FOLQLFDO SUDFWLFH
with equal sex distribution, participants in their 40s and slightly overweight. Threequarters of the included participants were active individuals. Participants typically
had symptoms for nearly 2 years prior to treatment; approximately 20% had bilateral
symptoms. The severity of symptoms measured with the VISA-A score was usually
between 40 and 60 points.

Risk of bias and certainty of evidence
Twenty-two trials (76%) were at high risk of bias (online supplementary web appendix
6). We had some concerns about bias in seven trials (24%). No trials were at low risk
of bias. In studies that used both the VISA-A score and return to sport as outcome
PHDVXUHVWKHUHZDVQRGLHUHQFHLQULVNRIELDVEHWZHHQWKHRXWFRPHVΖQRI
the trials, outcome measurement was a source of bias. All other sources of bias were
also commonly judged as high risk: the randomisation procedure (21%), deviations
from the intended intervention (28%), missing outcome data (28%) and selection of
reported results (24%).
Certainty of evidence for all comparisons was low to very low, except for autologous
blood+eccentric exercise therapy versus placebo injection+eccentric exercise
therapy, for which there was moderate certainty of evidence (online supplementary
web appendix 7). The main reasons to rate down the certainty of evidence were study
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OLPLWDWLRQV Q   DQG LPSUHFLVLRQ Q   :H GLG QRW UDWH GRZQ IRU
inconsistency, indirectness, or publication bias. Only two treatment comparisons were
studied in multiple (ie, 2) trials (ie, platelet-rich plasma injection+eccentric exercise
therapy vs placebo injection+eccentric exercise therapy, and laser+eccentric exercise
therapy vs placebo laser+eccentric exercise therapy). Where this was the case,
estimates and credible intervals had substantial overlap. Populations, treatments,
and outcome measures followed those used in clinical practice; hence, there was no
indication of indirectness in the evidence. We did not assess publication bias because
there were fewer than 10 trials available for each of the comparisons.

Network meta-analyses
)LJXUH $ % VKRZV GLUHFW WUHDWPHQW FODVV FRPSDULVRQV LQ WKH ȴHOG RI PLGSRUWLRQ
$FKLOOHV WHQGLQRSDWK\ IRU 9Ζ6$$ VFRUH 0RGHO ȴW VWDWLVWLFV DUH UHSRUWHG LQ RQOLQH
supplementary web appendix 8. Ten classes were included in the network analyses.
None of the networks included evidence from both direct and indirect comparisons,
so the consistency assumption for NMA could not be checked. Figure 3 shows the
FRPSDUDWLYHWUHDWPHQWFODVVHHFWVRQWKH9Ζ6$$VFRUHDWPRQWKV ȴJXUH$ DQG
PRQWKV ȴJXUH% )LJXUHVDQGVKRZWKHWUHDWPHQWFODVVUDQNLQJVIRUDQG
12 months. No class analyses could be performed for the VISA-A score at 6 months
DQGUHWXUQWRVSRUWVDFWLYLWLHVDWPRQWKV RQO\WLPHSRLQWLQ10$ GXHWRLQVXɝFLHQW
HYLGHQFH RQOLQHVXSSOHPHQWDU\ZHEDSSHQGL[ 7UHDWPHQWHHFW10$VIRU9Ζ6$$
and return to sports activities are presented in online supplementary web appendix 9.
No NMA could be performed for insertional Achilles tendinopathy. Studies that could
not be included in the NMA are presented in online supplementary web appendix 10.

5
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Figure 2. Network plots for treatment classes on the VISA- A score at 3 and 12 months in
patients with midportion Achilles tendinopathy. The size of the dots is proportional to the
number of participants who received the treatment, respectively. Blue numbers indicate the
number of trials the classes were compared in. Note that intraclass comparisons are not
included in the plot (eg, eccentric exercises vs heavy slow resistance exercises); all treatment
comparisons can be found in online supplementary appendix 9. (A) VISA- A score at 3 months.
(B) VISA- A score at 12 months. VISA- A, Victorian Institute of Sport Assessment- Achilles.
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Figure 4. Treatment class rankings from the network meta- analysis for the VISA- A score at
3 months in patients with midportion Achilles tendinopathy. The asterix indicates that the
95% credible interval was rank 10 to 10 for wait- and- see therapy. MPS, mucopolysaccharides
supplement; VISA- A, Victorian Institute of Sport Assessment- Achilles.

Figure 5. Treatment class rankings from the network meta- analysis for the VISA- A score at 12
months in patients with midportion Achilles tendinopathy. VISA- A, Victorian Institute of Sport
Assessment- Achilles
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&RPSDUDWLYH WUHDWPHQW FODVV HHFWLYHQHVV RQ WKH SULPDU\ RXWFRPH
(VISA-A score)
9Ζ6$$VFRUHDWPRQWKV
Seventeen treatments, studied in 13 randomised controlled trials (RCTs), were assigned
to 10 classes. Any treatment seemed superior to wait-and-see: exercise+placebo
LQMHFWLRQ WKHUDS\ PHDQ GLHUHQFH  SRLQWV  &UΖ ȫ WR  SRLQWV  LQMHFWLRQ
therapy (23 points, 8 to 38 points), exercise therapy (20 points, 11 to 30 points),
shockwave therapy (15 points, 6 to 24 points), exercise+injection therapy (22 points, 7
to 36 points), exercise+shockwave therapy (34 points, 21 to 47 points), exercise+night
splint therapy (21 points, 4 to 39 points), acupuncture therapy (35 points, 25 to 45
points) and mucopolysaccharides supplement+exercise therapy (28 points, 14 to 41
SRLQWV  ȴJXUH$ 
Acupuncture therapy seemed superior to placebo injection therapy (16 points, 4 to
30 points), injection therapy (13 points, 0 to 25 points), exercise therapy (15 points,
11 to 19 points), shockwave therapy (20 points, 9 to 31 points), exercise+injection
WKHUDS\ SRLQWVWRSRLQWV H[HUFLVHQLJKWVSOLQWWKHUDS\ SRLQWVȫWR
SRLQWV DQGPXFRSRO\VDFFKDULGHVVXSSOHPHQWH[HUFLVHWKHUDS\ SRLQWVȫWR
SRLQWV EXWQRWWRH[HUFLVHVKRFNZDYHWKHUDS\ SRLQWȫWRSRLQWV 

5

Exercise+shockwave therapy seemed superior to placebo injection therapy (15
SRLQWVWRSRLQWV LQMHFWLRQWKHUDS\ SRLQWVȫWRSRLQWV H[HUFLVHWKHUDS\
(14 points, 5 to 23 points), shockwave therapy alone (19 points, 5 to 32 points),
H[HUFLVHLQMHFWLRQ WKHUDS\  SRLQWV ȫ WR  SRLQWV  DQG H[HUFLVHQLJKW VSOLQW
WKHUDS\ SRLQWVȫWRSRLQWV EXWQRWWRDFXSXQFWXUHWKHUDS\ ȫSRLQWȫ
WRSRLQWV DQGPXFRSRO\VDFFKDULGHVVXSSOHPHQWH[HUFLVHWKHUDS\ SRLQWVȫWR
20 points).

9Ζ6$$VFRUHDWPRQWKV
At 12 months, six treatments, studied in four RCTs, were assigned to four treatment
FODVVHV DQG FRPSDUHG LQ D QHWZRUN PRGHO ([HUFLVH WKHUDS\ ȫ SRLQWV ȫ WR 
SRLQWV  H[HUFLVHLQMHFWLRQ WKHUDS\  SRLQWV ȫ WR  SRLQWV  DQG H[HUFLVHQLJKW
VSOLQWWKHUDS\ SRLQWVȫWRSRLQWV ZHUHDOOFRPSDUDEOHZLWKLQMHFWLRQWKHUDS\
ȴJXUH% 

7UHDWPHQWFODVVUDQNLQJV
According to the NMA rankings, acupuncture therapy seemed the best treatment
at 3 months (mean ranking 1.56, median ranking 1, median’s 95% CrI 1 to 3), and
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exercise+shockwave therapy seemed second best (mean ranking 1.98, median
ranking 2, median’s 95% CrI 1 to 5). At 12 months, injection therapy (mean ranking
2.47, median ranking 2, median’s 95% CrI 1 to 4), exercise therapy (mean ranking 3.51,
median ranking 4, median’s 95% CrI 2 to 4), exercise+injection therapy (mean ranking
2.03, median ranking 2, median’s 95% CrI 1 to 4) and exercise+night splint therapy
(mean ranking 1.99, median ranking 2, median’s 95% CrI 1 to 4) had similar rankings
ȴJXUHVDQG 

&RPSDUDWLYHWUHDWPHQWFODVVHHFWLYHQHVVRQWKHVHFRQGDU\RXWFRPH
(return to sports activities)
No class analyses could be performed for return to sports activities at 6 months
RQO\WLPHSRLQWIRU10$ GXHWRLQVXɝFLHQWHYLGHQFH7KHUHVXOWVRIWKHWUHDWPHQW
level analyses for return to sports activities at 6 months are presented in online
supplementary web appendix 9.

Discussion
In this living systematic review and NMA, none of the trials were at low risk of bias,
and all evaluated treatments had large uncertainty in the estimates. From a myriad
of treatments for midportion Achilles tendinopathy, active treatment classes seems
WR KDYH FOLQLFDOO\ PHDQLQJIXO EHQHȴWV PHDQ GLHUHQFH H[FHHGHG 9Ζ6$$ 0Ζ' RI
14 points) at 3 months compared to wait-and-see.24 For two classes (acupuncture
therapy, and shockwave therapy combined with exercise therapy), the credible
intervals exceeded the MID of 14 points. However, these results were based on two
small trials (64 and 68 included patients, respectively) at high risk of bias. There were
QR HVWLPDWHV IRU HHFWLYHQHVV RI ZDLWDQGVHH DW  PRQWKV 7KH HHFWLYHQHVV RI
most active treatments in the long term is uncertain. At 12 months, there was no
GLHUHQFHEHWZHHQH[HUFLVHWKHUDS\LQMHFWLRQWKHUDSLHVDQGFRPELQHGWKHUDSLHV

Clinical implications
%DVHGRQWKHȴQGLQJVLQWKLVVWXG\ZHDGYLVHDJDLQVWUHFRPPHQGLQJZDLWDQGVHH
therapy as a treatment strategy. Active treatments had overlapping comparative
HHFWVOHDYLQJXQFHUWDLQW\DERXWZKLFKWUHDWPHQWLVEHVWIRU$FKLOOHVWHQGLQRSDWK\
Shared decision-making plays an important role in managing Achilles tendinopathy.
6DIHW\ SURȴOH WUHDWPHQW DYDLODELOLW\ DQG FRVWV VKRXOG EH FRQVLGHUHG LQ WKLV FOLQLFDO
decision-making process. Calf-muscle exercise therapy is easy to prescribe because it
is easy to instruct, can be cheap, is available everywhere and has a low risk of harm.14
62
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The preinjury activity level could play an important role in the response to treatments
VXFKDVH[HUFLVHWKHUDS\DVWKLVZLOOSRVVLEO\LQȵXHQFHWKHORDGWKDWFDQEHDSSOLHG
to the tendon. There is currently no tool available to distinguish sedentary from
DWKOHWLFSDWLHQWVDQGSHRSOHGHȴQHWKLVGLHUHQWO\:KHQDSDWLHQWLVFRQVLGHUHGWR
be sedentary, the VISA-A score could be less sensitive to changes as 40% of the score
can be obtained from sporting activities.23  7KHUHIRUH D QRYHO PRGLȴHG YHUVLRQ RI
the existing VISA-A questionnaire is currently being developed to evaluate treatment
response in sedentary individuals.63 In two trials, lower baseline VISA-A score was
associated with a greater increase in VISA-A score.38 49 This is most likely explained
by regression to the mean (outliers will tend to move towards the mean score).
Furthermore, physical activity level was not a prognostic factor for change in VISA-A
score in the trials that attempted to measure physical activity.34 More research is
needed to determine whether athletic and sedentary patients should be considered
separate patient groups.

Strengths and weaknesses in relation to other studies

5

7KH XQFHUWDLQW\ DURXQG WKH HHFWLYHQHVV IRU VSHFLȴF WUHDWPHQWV KDV SUHYLRXVO\
been described in Achilles tendinopathy. Most recent meta-analyses on treatment
HHFWLYHQHVVIRU$FKLOOHVWHQGLQRSDWK\GLGQRWȴQGVXSHULRULW\RIDVLQJOHWUHDWPHQW8
10 64-66
All other systematic reviews included randomised clinical trials or quasirandomised controlled clinical trials and made strong to weak recommendations in
favour of exercise therapy 8, platelet-rich plasma 66 or against platelet-rich plasma
10
or splinting 8 VLQJOH WKHUDSLHV 2XU 10$ UHVXOWV FRQȵLFW ZLWK D UHFHQW V\VWHPDWLF
review with head-to-head meta-analysis where prolotherapy and sclerotherapy
were superior to other treatments.13 'LHUHQFHV LQ VWXG\ VHOHFWLRQ FULWHULD FDVH
series were also included vs only randomised clinical trials in our NMA) and outcome
measure selection (eg, general Visual Analogue Scale vs a validated patient-reported
outcome measure in our NMA) may explain the discrepancy.

Unanswered questions and future research
$V XQFHUWDLQW\ DURXQG WUHDWPHQW HHFWLYHQHVV UHPDLQV IXWXUH WULDOV VKRXOG EH
adequately powered and designed. Universally agreed diagnostic criteria for
both insertional and midportion Achilles tendinopathy are needed to prevent
KHWHURJHQHLW\LQLQFOXGHGSDUWLFLSDQWV0RUHWULDOVLQYHVWLJDWLQJWUHDWPHQWHHFWVIRU
insertional Achilles tendinopathy are warranted. New trials should include exercise
WKHUDS\ DV D VWDQGDORQH FRPSDUDWRU ZLWK ORQJWHUP Ȳ PRQWKV  IROORZXS 7KLV
ZRXOGIDFLOLWDWHDVVHVVPHQWRIWKHFRPSDUDWLYHHHFWLYHQHVVRIQHZWUHDWPHQWVLQWKH
QHWZRUN%DVHGRQRXUȴQGLQJVLWLVQRWHWKLFDOWRSHUIRUPQHZVWXGLHVXVLQJZDLWDQG
see as a treatment arm. The role of patient education has never been explored, but
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should be further assessed. Trialists must include measures from the core outcome
set for tendinopathy (patient overall rating, participation, pain on activity/loading,
disability, function, physical function capacity, quality of life, psychology and pain over
D VSHFLȴHG WLPHIUDPH 22 :H LGHQWLȴHG HLJKW RQJRLQJ WULDOV RQ WKH HHFWLYHQHVV RI
multiple treatments for Achilles tendinopathy. We aim to perform horizon scanning
annually to screen for recently published trials. In case of relevant trials, we will
update the analyses and publish the results when there are important changes that
DHFWFOLQLFDOFDUH:HSODQWRXSGDWHWKLVȆOLYLQJȇV\VWHPDWLFUHYLHZDQG10$DWOHDVW
every 5 years as part of the Dutch national guideline revision process.

Strengths and limitations
We compared treatments in an NMA despite some of these treatments having never
been compared head-to-head in trials. Our living NMA will be updated at least every
5 years, which allows for a contemporary evidence synthesis for clinical practice.67
68
The protocol was registered prospectively and patients were involved in selecting
outcomes most relevant to them in the design phase.
The small sample sizes and bias in the included trials limit our conclusions.69 Many
of the investigated treatments were not connected to the network, which hampered
DVVHVVLQJ WKH FRPSDUDWLYH HHFWLYHQHVV RI DOO DYDLODEOH WUHDWPHQWV 6RXUFHV RI
heterogeneity could not be investigated as there were less than the required 10
trials per comparison. None of the comparisons in the networks had both direct and
indirect evidence and so we could not check the consistency.17
7UHDWPHQWRXWFRPHVPD\EHGLHUHQWRQWKHEDVLVRIVRPHSDWLHQWFKDUDFWHULVWLFV
and previous Achilles tendinopathy treatment. For example, a sedentary population
PD\UHVSRQGWRH[HUFLVHWUHDWPHQWGLHUHQWO\FRPSDUHGZLWKDQDWKOHWLFSRSXODWLRQ
2WKHUHHFWPRGLȴHUVPD\EHXQLODWHUDOELODWHUDOV\PSWRPVGXUDWLRQRIV\PSWRPV
and type/number of previous treatments. However, to the best of our knowledge,
WKHUH LV SUHVHQWO\ QR HYLGHQFH VXSSRUWLQJ DQ\ RI WKHVH IDFWRUV DV WUHDWPHQW HHFW
PRGLȴHUV 7KH OLPLWHG DPRXQW RI VWXG\OHYHO GDWD SUHFOXGHG LQYHVWLJDWLQJ HHFW
PRGLȴFDWLRQ7KLVPD\EHSRVVLEOHLQWKHIXWXUHXVLQJSRROHGLQGLYLGXDOSDWLHQWGDWD
We excluded many trials because they did not use commonly accepted and validated
RXWFRPHVLQWKHȴHOGRI$FKLOOHVWHQGLQRSDWK\70 It is unclear whether our NMA results
apply to all patients with Achilles tendinopathy because we only included one trial with
patients with insertional Achilles tendinopathy. We planned a time course analysis for
WKH9Ζ6$$VFRUHDVRXWFRPHVZLWKLQWKHȴUVW\HDUDUHRIHTXDOLPSRUWDQFH'XHWR
a lack of data, we were not able to perform this analysis and, in accordance with our
protocol, we modelled outcomes for 3 months, 6 months and 12 months instead.
We planned threshold analysis as a quantitative means to assess the robustness
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of NMA recommendations to potential limitations in the evidence. We were unable
to use this approach because of substantial overlap in credible intervals from the
NMA. Due to overlap in the intervals, no recommendations could be made, which is
a fundamental prerequisite to performing a valid threshold analysis. To comply with
our protocol, we report threshold results in online supplementary web appendix 11,
but chose to use GRADE to interpret the evidence. We were not able to evaluate small
study bias due to too low number of trials. We found three completed trials in trial
registers; two are under review, and the publication status of one trial is unknown.
7KHUHIRUHLWVHHPVXQOLNHO\WKDWLQDQHUDRISURVSHFWLYHWULDOUHJLVWUDWLRQVVLJQLȴFDQW
SXEOLFDWLRQELDVLVSUHVHQWLQWKHȴHOGRI$FKLOOHVWHQGLQRSDWK\

Conclusion
2XUOLYLQJ10$RI5&7VRQ$FKLOOHVWHQGLQRSDWK\LQFOXGHGGLHUHQWWUHDWPHQWV
No trials were at low risk of bias, most had only short follow-up, and there was large
uncertainty in the comparative estimates. For midportion Achilles tendinopathy,
active treatments seem superior to wait-and-see at 3-month follow-up. There was no
HYLGHQFH RI D FOLQLFDOO\ UHOHYDQW GLHUHQFH LQ HHFWLYHQHVV EHWZHHQ GLHUHQW DFWLYH
treatments at 3-month and 12-month follow-up. Calf-muscle exercise therapy is
easy to prescribe in practice, is widely available, and is regarded as safe and cheap.
Consequently, clinicians should consider starting this as initial treatment.

5
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Abstract
Background: ΖVRPHWULF H[HUFLVHV PD\ SURYLGH DQ LPPHGLDWH DQDOJHVLF HHFW LQ
patients with lower-limb tendinopathy and have been proposed as initial treatment
DQGIRULPPHGLDWHSDLQUHOLHI&XUUHQWHYLGHQFHLVFRQȵLFWLQJDQGSUHYLRXVVWXGLHV
were small.
Objective: To study whether isometric exercises result in an immediate analgesic
HHFWLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\
Methods: Patients with clinically diagnosed chronic midportion Achilles tendinopathy
were quasi-randomised to one of four arms: isometric calf-muscle exercises (tiptoes),
LVRPHWULF FDOIPXVFOH H[HUFLVHV GRUVLȵH[HG DQNOH SRVLWLRQ  LVRWRQLF FDOI PXVFOH
exercises, or rest. The primary outcome was pain measured on a visual analogue
scale (VAS) score (0-100) during a functional task (10 unilateral hops) both before and
DIWHUWKHLQWHUYHQWLRQ%HWZHHQJURXSGLHUHQFHVZHUHDQDO\VHGXVLQJDJHQHUDOL]HG
estimation equations model.
Results::HLQFOXGHGSDWLHQWV7KHUHZDVQRVLJQLȴFDQWUHGXFWLRQLQSDLQRQWKH
hop test after performing any of the four interventions: isometric (tiptoes) group 0.2,
&ΖȫWRLVRPHWULF GRUVLȵH[HG JURXSȫ&ΖȫWRLVRWRQLF
JURXS&ΖȫWRDQGUHVWJURXS&ΖȫWR7KHUHZHUHDOVR
QREHWZHHQJURXSGLHUHQFHVDIWHUWKHLQWHUYHQWLRQV
Conclusion: The isometric exercises investigated in this study did not result in
LPPHGLDWHDQDOJHVLFEHQHȴWLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\
We do not recommend isometric exercises if the aim is providing immediate pain
relief. Future research should focus on the use of isometric or isotonic exercise
therapy as initial treatment as all exercise protocols used in this study were welltolerated.
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Introduction
Chronic tendon overuse injuries (tendinopathy) are common and account for 30-50%
of all sports-related injuries.1 Achilles tendinopathy (AT) is common in runners with up
WRRIDWKOHWHVEHLQJDHFWHGGXULQJWKHLUOLIHWLPH2 3 AT is a clinical diagnosis based
on a combination of local Achilles tendon pain, swelling of the Achilles tendon, and an
impaired load-bearing capacity.4 5 Treatment outcomes are often disappointing, with
persisting symptoms in 35%-60% of the patients at 5-year follow-up.6 7
The underlying histopathology of tendinopathy is an increased tenocyte response
and local disorganization of the tendon structure.8 9 The severity of local tendon
tissue disorganization is, however, not directly related to the degree of pain.10 11 As
a result, peripheral pain is not considered to be the only driver of pain sensation in
tendinopathy. Recent evidence found that altered central pain processing might be
an important factor in persisting Achilles tendon pain, with pathophysiological pain
(central sensitization) as a result.12-14 These alterations in central pain processing may
explain why AT can be resistant to tissue-based treatment options.15
Isometric exercises of several muscle groups (eg, quadriceps muscles) have
EHHQ IRXQG WR LQȵXHQFH FHQWUDO SDLQ SURFHVVLQJ16 17 These changes resulted in a
VXEVWDQWLDOLPPHGLDWHDQDOJHVLFHHFWLQSDWLHQWVZLWKSDWHOODUWHQGLQRSDWK\18 19 As a
consequence, it has been suggested that isometric exercises can be used to provide
immediate pain relief for athletes as ‘in-season management’.20 To date only one
UHVHDUFKJURXSKDVLQYHVWLJDWHGWKHLPPHGLDWHDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHV
in AT. No reduction in pain was found in this study after the performance of isometric
exercises of the calf muscles.21 The power of all previous studies was limited, and a
FOLQLFDOO\ UHOHYDQW LPPHGLDWH HHFW RI H[HUFLVHV FDQQRW EH H[FOXGHG DV QR FRQWURO
groups were included in which no exercises were performed.18 19 21 As the current
WUHDWPHQW DGYLFHV RI WHQGLQRSDWK\ DUH EHLQJ LQȵXHQFHG E\ WKHVH KHWHURJHQHRXV
ȴQGLQJV22 it is important to clarify the role of isometric exercises in AT.

6

2XU SULPDU\ DLP ZDV WR GHWHUPLQH WKH LPPHGLDWH HHFW RI LVRPHWULF H[HUFLVHV RQ
pain during a functional task in patients with chronic midportion AT. The secondary
DLPZDVWRFRPSDUHWKHVHUHVXOWVZLWKWKHHHFWDIWHUWKHSHUIRUPDQFHRILVRWRQLF
exercises and rest.

Methods
Study design
This quasi-randomised clinical trial with four intervention arms was conducted as a
part of a randomised clinical trial (RCT). The aim of this larger RCT was to evaluate the
HHFWRIDKLJKYROXPHLQMHFWLRQLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$7 &OLQLFDO7ULDOV
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JRY ΖGHQWLȴHU 1&7  7KH FXUUHQW VWXG\ ZDV SHUIRUPHG EHIRUH SDWLHQWV
UHFHLYHGDQ\W\SHRILQWHUYHQWLRQDQGWKHRXWFRPHRIWKHFXUUHQWVWXG\GLGQRWDHFW
participation in the larger RCT. All patients provided written informed consent prior to
participation. The protocol of the study was approved by the regional Medical Ethical
&RPPLWWHH UHJLVWUDWLRQ QXPEHU   6WXG\ ȴQGLQJV DUH UHSRUWHG IROORZLQJ
WKH &216257 JXLGHOLQH WKH 3DLQ VSHFLȴF &216257 VXSSOHPHQW FKHFNOLVW DQG WKH
TIDieR guideline for reporting interventions. Originally, the aim was to compare three
intervention arms: isometric exercises (tiptoes), isotonic exercises, and rest. During
WKHFRXUVHRIWKHVWXG\WKHUHZDVHQKDQFHGLQVLJKWLQWKLVUHVHDUFKȴHOGWKDWWKHMRLQW
SRVLWLRQFRXOGLQȵXHQFHWKHDQDOJHVLFHHFWDVSUHYLRXVUHVHDUFKGHPRQVWUDWHGWKDW
WHQGRQORDGLQJYDULHVDWGLHUHQWMRLQWSRVLWLRQV23 Therefore, we decided to add an
LQWHUYHQWLRQDUPLQZKLFKLVRPHWULFH[HUFLVHVZHUHSHUIRUPHGZLWKWKHDQNOHGRUVLȵH[HG
Setting and subjects
This clinical trial was performed at the Sports Medicine department in a large district
general hospital (Haaglanden Medical Centre, Leidschendam, the Netherlands) and
a university medical centre (Erasmus MC University Medical Centre, Rotterdam, the
Netherlands). All 80 patients who were included in the RCT participated also in the
current study. Additionally, patients with AT who presented after inclusion of the larger
RCT was completed were allowed to still participate when visiting one of these research
centres. Inclusion was carried out by two sports medicine physicians. Inclusion criteria
ZHUHDVIROORZV D WKHSUHVHQFHRIFKURQLFPLGSRUWLRQ$7IRUDWOHDVWbPRQWKV E 
QRVXEMHFWLYHV\PSWRPDWLFLPSURYHPHQWDIWHUH[HUFLVHWKHUDS\RIDWOHDVWbZHHNV F 
DJHGEHWZHHQ\HDUVDQG G WKHSUHVHQFHRI'RSSOHUȵRZRQSRZHU'RSSOHU
ultrasonography. The diagnosis was established based on clinical examination (local
tendon pain and swelling of the Achilles tendon 2-7 cm proximal to its calcaneal
insertion, and impaired load-bearing capacity) by the sports medicine physician. The
main exclusion criteria were as follows: (a) a clinical suspicion of other musculoskeletal
GLVRUGHUV LQVHUWLRQDO $7 LQȵDPPDWRU\ LQWHUQDO GLVRUGHUV TXLQRORQH FRUWLFRVWHURLG
or statin-induced tendinopathy), (b) a previous Achilles tendon rupture or surgery, (c)
the inability to perform an exercise program, and (d) a medical condition that could
DHFWWKHVDIHW\RIWKHLQMHFWLRQLQWKHODUJHU5&7 HJSHULSKHUDOYDVFXODUGLVHDVHRU
use of anticoagulant medication). Detailed information regarding all eligibility criteria is
provided in the trial registration. In case of bilateral symptoms, the patient selected the
most symptomatic tendon for inclusion in this study.

Quasi-randomization
Patients were originally allocated to one of the three intervention arms based on
the inclusion number in the larger RCT. Using this method of quasi-randomization,
110

all patients were equally distributed between the groups. The last 11 participants in
the larger RCT and seven extra patients who visited the outpatient department for
clinical care (18 in total) were allocated to the additional intervention arm performing
LVRPHWULFH[HUFLVHVZLWKDGRUVLȵH[HGSRVLWLRQRIWKHDQNOH

Interventions
7KH LQWHUYHQWLRQ DUPV FRQVLVWHG RI D VSHFLȴF ORDGLQJ SURWRFRO RU D SHULRG RI UHVW
Patients were told that the loading exercises were performed to determine the
maximum amount of weight that could be lifted to personalise the exercise program
for the following weeks. Patients in the rest group were asked to sit on a chair while
they received verbal instructions regarding the exercise program for the following
weeks. The hypothesis of the current study was therefore unknown to all participants.
Instructions were provided by a single non-blinded, trained PhD-candidate with
b\HDUVRISUDFWLFDOPHGLFDOWUDLQLQJZKRLQFOXGHGSDWLHQWVDWERWKUHVHDUFKFHQWUHV
7KHLQWHUYHQWLRQVZHUHEDVHGRQSUHYLRXVZRUNLQWKLVUHVHDUFKȴHOG18 21 Of a total
RIIRXULQWHUYHQWLRQDUPVWKUHHJURXSVSHUIRUPHGSODQWDUȵH[RUFRQWUDFWLRQVERWK
LQVHDWHGDQGVWDQGLQJSRVLWLRQDQGWKHFRQWUROJURXSUHVWHG7KHGLHUHQWORDGLQJ
SURWRFROV DUH SUHVHQWHG LQ 7DEOHb  7KH GXUDWLRQ RI DOO SURJUDPV ZDV LGHQWLFDO 
minutes). Prior to the programs, patients completed a warming-up consisting of
ZDONLQJXSDQGGRZQIRXUȵLJKWVRIVWDLUVIROORZHGE\bPLQXWHRIQRQORDGHGPRELOLW\
exercises of the ankle. Patients were subsequently instructed that exercises should
be performed at maximal intensity and may be painful. Patients were instructed to
ignore pain unless it was unbearable. Patients started with an additional weight of 30
NJIRUWKHȴUVWVHWLQVHDWHGSRVLWLRQRIWKHORDGLQJSURWRFROV6WDQGDUGLVHGIHHGEDFN
was provided during the loading protocols (“come-on, half-way there”).

6

111

Chapter 6

Table 1. ΖQWHUYHQWLRQVXVHGLQWKHVWXG\)RUWKHSODQWDUȵH[RUFRQWUDFWLRQJURXSVȴYHVHWVRI
exercises were performed, of which two sessions were performed with the knee bent followed
by three sessions with the knee extended. Exercises were performed barefoot under supervision
RIWKHUHVHDUFKHU$OOSDWLHQWVUHVWHGIRUWZRPLQXWHVEHWZHHQVHWVWRDOORZVXɝFLHQWUHFRYHU\
A stopwatch was used to control for the prescribed contraction and rest times. Joint positions
RIWKHDQNOHDUHSUHVHQWHGDVSRVLWLYHQXPEHUVIRUSODQWDUȵH[LRQDQGDVQHJDWLYHQXPEHUVIRU
GRUVLȵH[LRQ
Joint
position
(degrees
RIȵH[LRQ

Sets /duration Recovery
(minutes)

+LSr
.QHHr
$QNOHr

2x45s

2

+LSr
.QHHr
$QNOHr

3x45 s

2

+LSr
.QHHr
$QNOHr

2x45 s

2

+LSr
.QHHr
$QNOHr

3x45 s

2

+LSr
.QHHr
Ankle
r

2x15 rep
(both
concentric
and eccentric
phase 1-2s)

2

Standing

+LSr
.QHHr
Ankle
r

3x15 rep
(both
concentric
and eccentric
phase 1-2s)

2

Rest

-

-

13

Isometric
(tiptoes)
Seated

Standing

Isometric
GRUVLȵH[HG
Seated

Standing

Isotonic
Seated

Abbreviations: rep, repetitions; s, seconds
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Example of setup in standing
position

The rate of perceived exertion (RPE) was recorded between sets. A score of 0 indicates
UHVW DQG D VFRUH RI  PD[LPDO HRUW ΖI H[HUFLVHV ZHUH UHODWLYHO\ HDV\ WR SHUIRUP
(RPE < 7), additional weight was applied using weighted vests up to a maximum of 60
kg and adjustable per 1.5 kg (in seated position resting on the upper leg). To evaluate
intensity of the loading protocols, an overall RPE score for the loading protocol was
obtained after the performance of all sets of exercises. The weight was lowered in
case of unbearable pain or when patients could not complete the contraction times.

Test methods
'HPRJUDSKLFGHWDLOV
We recorded the following relevant baseline characteristics: age, sex, body mass index
%0Ζ DFWLYLW\ DFWLYHRUVHGHQWDU\ VSRUWVSDUWLFLSDWLRQ KRXUVZN DHFWHGVLGHGXUDWLRQ
of symptoms, and Victorian Institute of Sport Assessment-Achilles (VISA-A) score.24

2XWFRPHPHDVXUHV
The primary outcome measure we used was the patient-reported pain after the
performance of 10 unilateral hops.25 26 We used this outcome measure to test the
LPPHGLDWHHHFWSULPDULO\RILVRPHWULFH[HUFLVHVEXWDOVRIRULVRWRQLFH[HUFLVHVDQG
rest as secondary outcome. According to a recent consensus meeting with patients
and healthcare professionals, pain on loading was found to be one of the core domains
for tendinopathy.27 Patient-reported pain was measured using a visual analogue scale
(VAS) ruler with slider, in which 0 represents no pain and 100 represents the worst
pain imaginable. This outcome measure (10 hop VAS-score) was assessed at the start
of and immediately after the intervention. To evaluate success of the procedure, we
evaluated the mean added weight (in kg) during the loading protocol both in the
seated and standing position. Additionally, we started to obtain the RPE scores (0-10)
DIWHU WKH ȴUVW  LQFOXVLRQV WR GHWHUPLQH ZKHWKHU H[HUFLVHV ZHUH SHUIRUPHG ZLWK
VXɝFLHQWHRUWGXHWRHPSLULFDONQRZOHGJH

6

Statistical analyses
Our sample size calculation showed that 16 patients in each group were required to
GHWHFWDPLQLPDOFOLQLFDOO\LPSRUWDQWGLHUHQFHRISRLQWVRQWKH9$6VFRUH SRZHU
 VLGHG VLJQLȴFDQFH OHYHO  6'  21 28 29 Data were analysed using SPSS
25.0.0.1 (SPSS Inc.) according to a statistical analysis plan uploaded on clinicaltrials.
JRY EHIRUH HYDOXDWLQJ WKH ODVW SDWLHQW LQ WKH 5&7 :LWKLQJURXS GLHUHQFHV RI WKH
10 hop VAS-scores were analysed using a Generalized Estimation Equations (GEE)
model. To test whether changes in VAS-score before and after the program were
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GLHUHQWEHWZHHQJURXSVZHDGGHGWKHLQWHUDFWLRQWHUPRILQWHUYHQWLRQDUP SUH
SRVWWHVWLQJ$GMXVWPHQWVZHUHPDGHIRUWKHIROORZLQJSUHGHȴQHGEDVHOLQHYDULDEOHV
age, sex, BMI, baseline VISA-A score, and duration of symptoms. Outcomes of the
*((PRGHODUHSUHVHQWHGDVHVWLPDWHGPDUJLQDOPHDQVZLWKWKHLUFRQȴGHQFH
LQWHUYDOXQOHVVRWKHUZLVHVWDWHG%HWZHHQJURXSGLHUHQFHVLQWKH53(VFRUHDQGWKH
added weight during the loading protocol were analysed using a one-way ANOVA test.
'LHUHQFHVRI3bbZHUHFRQVLGHUHGWREHVWDWLVWLFDOO\VLJQLȴFDQW0LVVLQJGDWDZHUH
not imputed, but we planned to perform sensitivity analyses if missing data would
exceed 5% for a certain time point.30

Figure 1. CONSORT Flow Diagram demonstrating the Flow of Patients Through the Study.
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Results
From December 2016 to August 2019, 196 patients were screened for eligibility and 91
SDWLHQWVZHUHLQFOXGHGDQGDOORFDWHGWRRQHRIWKHIRXULQWHUYHQWLRQDUPV )LJXUHb 
Only one patient in the isotonic group could not perform the complete loading
protocol due to time restraints (assessment primary outcome before intervention
DYDLODEOH EXW QRW SRVWLQWHUYHQWLRQ  7KHUH ZHUH QR YLVXDO RU VWDWLVWLFDO GLHUHQFHV
in the majority of the baseline characteristics between the four intervention arms
7DEOHb   H[FHSW IRU WKH %0Ζ ZKLFK ZDV KLJKHU LQ WKH UHVW JURXS FRPSDUHG WR WKH
isometric (tiptoes) group and the VISA-A score that was lower in the isometric
GRUVLȵH[HG  JURXS FRPSDUHG WR ERWK WKH LVRWRQLF JURXS DQG WKH UHVW JURXS %RWK
these characteristics were already included in the GEE-model.

Primary outcome measure – patient-reported pain
7KH ZLWKLQJURXS GLHUHQFHV LQ HVWLPDWHG PHDQ  KRS 9$6VFRUH ZHUH QRW
VWDWLVWLFDOO\VLJQLȴFDQWLQDOOWKHLQWHUYHQWLRQJURXSVDVSUHVHQWHGLQ7DEOHb7HQKRS
9$6VFRUHVDUHSUHVHQWHGDVUDZLQGLYLGXDOSDWLHQWGDWDDQGPHDQVFRUHVLQ)LJXUHb
7KHLQWHUDFWLRQWHUPLQWHUYHQWLRQDUP SUHSRVWWHVWLQJZDVQRWVWDWLVWLFDOO\VLJQLȴFDQW
3b b PHDQLQJWKDWWKHFKDQJHLQKRS9$6VFRUHGLGQRWGLHUEHWZHHQWKHIRXU
JURXSV%HWZHHQJURXSGLHUHQFHVZHUHWKXVDOOQRWVWDWLVWLFDOO\VLJQLȴFDQWDIWHUWKH
LQWHUYHQWLRQV 7DEOHb 7KHXQDGMXVWHGDQDO\VHVDUHUHSRUWHGLQ:HE$SSHQGL[

6

Success of procedures
The mean (SD) RPE (0-10) during the loading protocol was 7.0 (1.7) in the isometric
WLSWRHV JURXS Qb b   LQWKHLVRPHWULF GRUVLȵH[HG JURXS Qb b DQG
 LQWKHLVRWRQLFJURXS Qb b 7KHPHDQ 6' DGGHGZHLJKWGXULQJWKHORDGLQJ
protocol in seated position was 28 kg (7) in the isometric (tiptoes) group, 31 kg (4) in
WKHLVRPHWULF GRUVLȵH[HG JURXSDQGNJ  LQWKHLVRWRQLFJURXSΖQWKHVWDQGLQJ
position, the mean (SD) added weight was 25 kg (12) in the isometric (tiptoes) group,
bNJ  LQWKHLVRPHWULF GRUVLȵH[HG JURXSDQGNJ  LQWKHLVRWRQLFJURXS
%HWZHHQJURXSGLHUHQFHVZHUHQRWVWDWLVWLFDOO\VLJQLȴFDQWIRUWKHPHDQ53( 3b b 
WKHPHDQDGGHGZHLJKWLQVHDWHGSRVLWLRQ 3b b DQGWKHPHDQDGGHGZHLJKWLQ
VWDQGLQJSRVLWLRQ 3b b 
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Table 2. Baseline characteristics of the four intervention arms with between-group p-values
Isometric
(tiptoes)
(n=24)

Isometric
GRUVLȵH[HG 
(n=18)

Isotonic
(n=24)

Rest
(n=25)

P-value3

Age, y

47.3 (10.9)

47.6 (9.3)

48.7 (7.4)

49.7 (7.4)

0.775

Sex, male, n (%)

9 (38)

9 (50)

13 (54)

14 (56)

0.569

BMI

24.5 (4.5)

28.6 (5.4)

26.4 (5.4)

28.5 (5.5)

0.0264

22 (92)

10 (56)

19 (79)

20 (80)

2 (8)

8 (44)

5 (21)

5 (20)

4.0 (9.0)

4.3 (3.5)

3.5 (3.5)

3.0 (2.0)

1

Activity
Active, n (%)
Sedentary, n (%)

Sports participation
in desired sport
(total hours per
ZHHN PHGLDQ Ζ45
$HFWHGVLGH
Unilateral, left/right,
n (%)
Bilateral, n (%)

0.090

0.242

0.374
5/10 (62)
9 (38)

3/6 (50)
9 (50)

11/7 (75)
6 (25)

8/7 (60)
10 (40)

Duration of
symptoms, wk,
PHGLDQ Ζ45

62.0 (120)

104.0 (98)

88.0 (61)

59.0 (46)

VISA-A score2

42.8 (15.1)

32.7 (13.5)

46.0 (15.5)

45.2 (14.7) 0.0235

0.223

'DWDDUHSUHVHQWHGDVPHDQs6'XQOHVVRWKHUZLVHVSHFLȴHG
$EEUHYLDWLRQV %0Ζ ERG\ PDVV LQGH[ Ζ45 LQWHUTXDUWLOH UDQJH Q QXPEHU RI SDUWLFLSDQWV 6' VWDQGDUG
deviation; VISA-A, Victorian Institute of Sports Assessment-Achilles; wk, weeks; y, years.
1
To determine whether participants were active or sedentary we used the ankle-activity score. If the score was
ȲSRLQWVWKHSDUWLFLSDQWZDVFRQVLGHUHGWREHDFWLYH VWDUWLQJIURPKHDY\SK\VLFDOZRUN ΖIWKHVFRUHZDVȱ
points the participant was considered to be sedentary (cycling, equestrian or less activity). Sports participation
is only presented for the active group.31
2
The VISA-A questionnaire consists of eight questions and covers three domains of Achilles tendon symptoms:
pain, activity, and function. Scores vary from 0 to 100 where 100 indicate an asymptomatic person and 0 is
GHȴQHGDVPD[LPXPSDLQQRDFWLYLW\DQGQRIXQFWLRQ
3
3YDOXHVIRUEHWZHHQJURXSGLHUHQFHVLQEDVHOLQHFKDUDFWHULVWLFVZHUHFDOFXODWHGXVLQJWKHRQHZD\$129$
for normally distributed continuous outcomes, the Kruskal Wallis test for non-normally distributed outcomes,
and the chi-square test for categorical outcomes.
4
 3RVW KRF WHVWLQJ ZLWK %RQIHUURQL FRUUHFWLRQ VKRZHG WKHUH ZDV D VLJQLȴFDQW GLHUHQFH LQ %0Ζ EHWZHHQ
WKH LVRPHWULF WLSWRHV  JURXS DQG WKH UHVW JURXS S   7KHUH ZHUH QR RWKHU VLJQLȴFDQW EHWZHHQJURXS
GLHUHQFHV
5
 3RVW KRF WHVWLQJ ZLWK %RQIHUURQL FRUUHFWLRQ VKRZHG WKHUH ZHUH VLJQLȴFDQW GLHUHQFHV LQ 9Ζ6$$ VFRUH
EHWZHHQ WKH LVRPHWULF GRUVLȵH[HG  JURXS DQG ERWK WKH LVRWRQLF JURXS DQG WKH UHVW JURXS S  DQG
S  7KHUHZHUHQRRWKHUVLJQLȴFDQWEHWZHHQJURXSGLHUHQFHV
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Figure 2: Individual patient data and means per intervention arm (A-D) for the patient-reported
pain (visual analogue scale (VAS) score) immediately after performing 10 unilateral hops. VASscores were assessed before (pre) and immediately after the intervention (post). The grey lines
represent the individual VAS-scores, the black line the raw mean VAS-scores of the intervention
DUP1RVWDWLVWLFDOO\VLJQLȴFDQWGLHUHQFHVEHWZHHQWKHIRXULQWHUYHQWLRQDUPVZHUHIRXQG$
FOLQLFDO UHOHYDQW LPPHGLDWH DQDOJHVLF HHFW RI  SRLQWV ZDV GHWHFWHG LQ VL[ SDWLHQWV   LQ
WKHLVRPHWULF WLSWRHV JURXSSDWLHQWV  LQWKHLVRPHWULF GRUVLȵH[HG JURXSIRXUSDWLHQWV
(17%) in the isotonic group, and 1 patient (4%) rest group.
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Table 3. Outcomes of the Generalized Estimation Equations (GEE) model used to evaluate
ZKHWKHUDQ\RIWKHORDGLQJSURWRFROVUHVWSURYLGHGDQLPPHGLDWHDQDOJHVLFHHFW$GMXVWPHQWV
ZHUHPDGHIRUWKHIROORZLQJSUHGHȴQHGEDVHOLQHYDULDEOHVDJHVH[%0ΖEDVHOLQH9Ζ6$$VFRUH
and duration of symptoms. Outcomes of the GEE-model are presented as estimated marginal
PHDQV ZLWK WKHLU  FRQȴGHQFH LQWHUYDO $ KLJKHU  KRS 9$6VFRUH LQGLFDWHV PRUH SDLQ
3RVLWLYHYDOXHVIRUWKHEHWZHHQJURXSGLHUHQFHVFRUUHVSRQGWRPRUHLPSURYHPHQWLQKRS
VAS-score compared to the other intervention group. Negative values correspond with less
improvement in 10 hop VAS-score compared to the other intervention group.
Estimated mean 10 hop VAS-scores (0-100) before and after the performance of one of
the interventions
Before

After

Within-group
GLHUHQFH

Isometric
(tiptoes)

39.7 (31.8 to 47.6) 39.9 (29.9 to 49.8) 0.2 (-11.2 to 11.5)

Isometric
GRUVLȵH[HG

41.7 (29.0 to 54.4) 39.8 (28.2 to 51.3) -1.9 (-13.6 to 9.7)

Isotonic

44.8 (37.7 to 51.8) 46.2 (37.9 to 54.5) 1.4 (-8.3 to 11.1)

Rest

44.7 (35.7 to 53.7) 51.9 (43.1 to 60.6) 7.2 (-2.4 to 16.7)

%HWZHHQJURXSGLHUHQFHVLPPHGLDWHO\DIWHUWKHSHUIRUPDQFHRIWKHORDGLQJ
protocol/rest
Isometric
(tiptoes)
Isometric
(tiptoes)

Isometric
GRUVLȵH[HG

Isotonic

Rest

0.1 (-24.9 to 25.1)

-6.3 (-27.4 to 14.7)

-12.0 (-33.2 to 9.2)

-6.4 (-29.9 to 17.0)

-12.1 (-34.9 to 10.7)

Isometric
GRUVLȵH[HG
Isotonic

-5.7 (-24.8 to 13.5)

Rest
Abbreviations: VAS, visual analogue scale.

Discussion
6XPPDU\RIPDLQȴQGLQJV
2XUWULDOFRPSDUHGWKHHHFWVRIWZRGLHUHQWLVRPHWULFH[HUFLVHVLVRWRQLFH[HUFLVHV
or resting on pain during a functional test in chronic midportion Achilles tendinopathy.
1HLWKHULVRPHWULFQRULVRWRQLFH[HUFLVHVSURYLGHGDQLPPHGLDWHDQDOJHVLFHHFW

Clinical implications
2XUȴQGLQJVDUHLPSRUWDQWDQGFOLQLFDOO\UHOHYDQWVLQFHWKHSHUIRUPDQFHRILVRPHWULF
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exercises has become increasingly popular as initial treatment and for immediate
pain relief in several lower-limb tendinopathies. The popularity is based on a study
that found a large and meaningful decrease in pain score of 6.8 (scale 0-10) following
isometric exercises in patients with patellar tendinopathy, compared to a decrease of
2.6 points following isotonic exercises.18 Despite the fact that this was a single study
ZLWKDYHU\VPDOOVDPSOHVL]H Q  LVRPHWULFH[HUFLVHVZHUHLPSOHPHQWHGUDSLGO\32
Results were quickly extrapolated to other lower-limb tendinopathies such as AT.32
7R GDWH RQH RWKHU UHVHDUFK JURXS LQYHVWLJDWHG WKH DQDOJHVLF HHFW RI LVRPHWULF
H[HUFLVHV LQ D UHODWLYHO\ VPDOO JURXS RI SDWLHQWV Qb b   ZLWK FKURQLF PLGSRUWLRQ
AT. Heterogeneous individual responses were found, with no overall meaningful
change in pain scores during a functional task after performing isometric exercises.21
$ GLHUHQFH EHWZHHQ WKDW SDUWLFXODU VWXG\ DQG RXUV LV WKDW LQ WKH SUHYLRXV VWXG\
patients performed exercises using a Wii platform. We performed the exercises in
the way they are performed in the clinical setting during rehabilitation with the use
of additional weight. Comparable results with no meaningful change were also found
in patients with lateral elbow tendinopathy, plantar fasciopathy, and a recent second
study in patellar tendinopathy.19 29 33 We also demonstrated no meaningful change in
SDLQVFRUHDIWHUWKHSHUIRUPDQFHRILVRPHWULFH[HUFLVHVZLWKHLWKHUDGRUVLȵH[HGRUD
SODQWDUȵH[HGSRVLWLRQRIWKHDQNOH

6

In previous research, isotonic exercises provided immediate pain relief with small
magnitude in patellar tendinopathy.187KLVLVWKHȴUVWVWXG\WRLQYHVWLJDWHWKHSRVVLEOH
DQDOJHVLFHHFWRILVRWRQLFH[HUFLVHVLQ$7:HDOVRIRXQGQRPHDQLQJIXOFKDQJHLQ
SDLQVFRUHDIWHULVRWRQLFH[HUFLVHV2XUVWXG\ZDVWKHȴUVWWRLQFOXGHDUHVWJURXSLQ
which no exercises were performed. Results of the intervention arms performing a
ORDGLQJSURWRFROGLGQRWGLHUIURPWKHUHVWJURXSLQGLFDWLQJWKDWERWKLVRPHWULFDQG
LVRWRQLFFDOIPXVFOHH[HUFLVHVKDYHQRLPPHGLDWHDQDOJHVLFHHFW

Research implications
The previous study in patients with chronic midportion AT demonstrated that the
VHYHULW\RIV\PSWRPVFRXOGSOD\DUROHLQWKHDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHV
Individuals with higher pain scores worsened in that study, compared to individuals
with lower pain scores who improved after isometric exercises.21 We did not replicate
WKLVȴQGLQJZLWKRXUVWXG\DVWKHLQGLYLGXDOUHVSRQVHVWRWKHLQWHUYHQWLRQZHUHYHU\
KHWHURJHQHRXV )LJXUHb   0RUH UHVHDUFK ZRXOG EH QHHGHG WR GHWHUPLQH ZKHWKHU
VXEJURXSV DUH SUHVHQW DQG LI VR ZKHWKHU GLHUHQW WUHDWPHQW UHJLPHQV VKRXOG EH
provided. This would involve very large study numbers. We did not investigate the role
of isometric or isotonic exercises as an actual treatment for AT, and more research
UHJDUGLQJ WKH HɝFDF\ RI WKH GLHUHQW H[HUFLVH SURJUDPV RQ WKH LQWHUPHGLDWH DQG
ORQJWHUPHHFWVLVQHFHVVDU\34 Our study shows that both types of exercises also
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do not aggravate immediate pain. Both exercises are well-tolerated and could
UHSUHVHQW D VWDUWLQJ SRLQW IRU WKHUDS\ VHOIHɝFDF\ DQG VHOIPDQDJHPHQW :H DOVR
GLGQRWLQYHVWLJDWHWKHDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHVLQSDWLHQWVZLWKDVKRUW
symptom duration (reactive stage). It could be hypothesised that possible cortical
reorganization depends on the chronicity of symptoms, making patients with chronic
V\PSWRPVOHVVVHQVLWLYHWRDQDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHV

Strengths and limitations
7KLVLVWKHODUJHVWVWXG\WRGDWHLQYHVWLJDWLQJWKHLPPHGLDWHDQDOJHVLFHHFWRIERWK
LVRPHWULF WZRJURXSVZLWKGLHUHQWDQNOHSRVLWLRQV DQGLVRWRQLFH[HUFLVHVLQSDWLHQWV
VXHULQJIURPWHQGLQRSDWK\7KLVLVDOVRWKHȴUVWVWXG\WRLQFOXGHDFRQWUROJURXSZKR
UHVWHGWRUXOHRXWDQDQDOJHVLFHHFWIURPDFWLYDWLRQRIWKHPXVFXORWHQGLQRXVXQLW
Despite our robust research design, there are some methodological limitations. First,
we estimated our sample size on a SD of 20 points. However, it transpired that the SD
of the changes in the VAS scores was approximately 26 points and thus 28 patients
per group would have been required to detect a meaningful change. Additionally,
the secondary outcomes could also be slightly underpowered as multiple testing
was performed. If we would adjust the alpha level using the Bonferroni method for a
total of 6 comparisons, 41 patients per group would have been required. However,
LI ZH RYHUORRN WKH PHDQ EHWZHHQJURXS GLHUHQFHV DQG WKH YHU\ IHZ UHVSRQGHUV
it is unlikely that this study does involve a type II error. Furthermore, the abovePHQWLRQHG SRWHQWLDO OLPLWDWLRQV GR QRW LQȵXHQFH RXU SULPDU\ DLP WR GHWHUPLQH
ZKHWKHU LVRPHWULF H[HUFLVHV SURYLGH DQ LPPHGLDWH DQDOJHVLF HHFW 6HFRQG WKH
method of quasi-randomization was used to allocate patients to the intervention
arms. Although this method is not preferable, it was most appropriate as patients
ZHUHDOUHDG\EHLQJUDQGRPLVHGWRHYDOXDWHWKHHHFWRIDQLQMHFWLRQWUHDWPHQW:H
DOVRDGMXVWHGIRUUHOHYDQWSUHGHȴQHGEDVHOLQHYDULDEOHVLQWKH*((PRGHOPDNLQJLW
XQOLNHO\WKDWGLHUHQFHVLQEDVHOLQHFKDUDFWHULVWLFVZLOOKDYHLQȵXHQFHGUHVXOWV7KLUGLW
was not feasible to blind the outcome assessor (patients) for the type of intervention.
However, we did not mention the hypothesis of the study and in doing so avoided
LQȵXHQFLQJSDWLHQWEHOLHIVUHJDUGLQJWKHLPPHGLDWHHHFWRIH[HUFLVHWKHUDS\)RXUWK
SDWLHQWEHOLHIVUHJDUGLQJH[HUFLVHWKHUDS\FRXOGDOUHDG\EHLQȵXHQFHGVLQFHDEVHQFH
RIV\PSWRPDWLFLPSURYHPHQWDIWHUH[HUFLVHWKHUDS\DWVKRUWWHUP DWOHDVWbZHHNV 
was an inclusion criterion. It is, therefore, questionable whether we could extrapolate
these results to the broader population of patients with midportion Achilles
WHQGLQRSDWK\ )LIWK ZH GLG QRW REWDLQ WKH 53( VFRUHV IURP WKH ȴUVW  LQFOXVLRQV
The RPE was still obtained in the majority of the patients (17/24) in both the isometric
(tiptoes) group and the isotonic group and in all 18 patients within the isometric
GRUVLȵH[HG JURXS6L[WKVRPHSDWLHQWV Qb b KDGDKRS9$6VFRUHRI]HURDWWKH
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VWDUWRIWKHH[HUFLVHWKHUDS\DQGFRXOGWKXVQRWVKRZDQLPPHGLDWHDQDOJHVLFHHFW
$GGLWLRQDOVHQVLWLYLW\DQDO\VHVH[FOXGLQJWKRVHSDWLHQWVGLGQRWDHFWRXWFRPHVRIWKLV
study. Future studies are advised to exclude these patients in their trial.

Perspective
Isometric and isotonic exercises do not result in immediate pain relief in patients
with chronic midportion AT. After one small study investigating patients with patellar
tendinopathy demonstrated that isometric exercises resulted in a large immediate
pain relief, these exercises gained a lot of attention and were implemented rapidly. A
UHFHQWVPDOOHUVWXG\LQSDWLHQWVZLWK$7ZDVQRWDEOHWRUHSOLFDWHWKHVHȴQGLQJV$VD
UHVXOWWKHUHZDVFRQȵLFWLQJHYLGHQFHIRUWKHDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHV
%DVHG RQ WKH ȴQGLQJV LQ WKLV VWXG\ ZH GR QRW UHFRPPHQG WKH XVH RI LVRPHWULF
exercises for immediate pain relief in patients with chronic midportion AT. Future
UHVHDUFKVKRXOGIRFXVRQWKHLQWHUPHGLDWHDQGORQJWHUPHɝFDF\RILVRPHWULFDQG
LVRWRQLFH[HUFLVHVDVDWUHDWPHQWIRU$7DQGWKHDQDOJHVLFHHFWRILVRPHWULFH[HUFLVHV
in the reactive stage of AT.
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Abstract
Objective: To study whether a high-volume injection without corticosteroids improves
clinical outcome in addition to usual care for adults with chronic midportion Achilles
tendinopathy.
Design: Patient and assessor-blinded, placebo-controlled randomised clinical trial.
Setting: Sports medicine department of a large district general hospital, the Netherlands.
Participants: 80 adults aged 18-70 years with clinically diagnosed chronic midportion
Achilles tendinopathy and neovascularisation on ultrasonography were eligible to
participate. 39 were randomised to a high-volume injection without corticosteroids
and 41 to placebo.
Interventions: Participants were instructed to perform an exercise programme for
24 weeks (usual care) combined with one 50 mL high-volume injection of saline and
lidocaine (intervention group) or one 2 mL placebo injection of saline and lidocaine
(placebo group) at baseline.
Main outcome measures: Primary outcome was pain and function assessed using
the validated Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire
at 24 weeks (analysed using a generalised estimation equations model). Secondary
outcomes were patient satisfaction, return to sport, degree of ultrasonographic Doppler
ȵRZYLVXDODQDORJXHVFDOHRQKRSWHVWSRZHUDQGȵH[LELOLW\RIWKHJDVWURFQHPLXV
and soleus muscles, pain detect questionnaire for neuropathic pain, and pain coping
inventory. Participants were evaluated at baseline and at 2, 6, 12, and 24 weeks.
Results: Only one participant (1%) was lost to follow-up. The estimated mean VISA-A
VFRUH LPSURYHG VLJQLȴFDQWO\ IURP   FRQȴGHQFH LQWHUYDO  WR   DW
baseline to 59.1 (50.4 to 67.8) at 24 weeks in the high-volume injection group and
from 36.9 (27.1 to 46.8) to 58.5 (47.9 to 69.1) in the placebo group. The VISA-A score
RYHUWLPHGLGQRWGLHUEHWZHHQWKHJURXSV DGMXVWHGEHWZHHQJURXSGLHUHQFHDW
ZHHNVSRLQWVFRQȴGHQFHLQWHUYDOȫWR 1RVLJQLȴFDQWEHWZHHQ
JURXS GLHUHQFHV ZHUH IRXQG IRU SDWLHQW VDWLVIDFWLRQ    Y   
SDWLHQWV 3   DQG UHWXUQ WR GHVLUHG VSRUW    Y    SDWLHQWV
DFWLYHLQVSRUWV3  DWZHHNV1RQHRIWKHRWKHUVHFRQGDU\RXWFRPHVGLHUHG
between the two groups.
Conclusions: A high-volume injection without corticosteroids in addition to usual care
LV QRW HHFWLYH IRU V\PSWRP UHGXFWLRQ LQ SDWLHQWV ZLWK FKURQLF PLGSRUWLRQ $FKLOOHV
WHQGLQRSDWK\2QWKHEDVLVRIRXUȴQGLQJVZHFDQQRWUHFRPPHQGWKHXVHRIDKLJK
volume injection in this patient group.
Trial registration:&OLQLFDOWULDOVJRYΖGHQWLȴHU1&7
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Introduction
Chronic disorders of the Achilles tendon (tendinopathy) are a common overuse
injury seen in general practice, with an incidence rate of 2-3 per 1,000 registered
adult patients.1 Most (74%) of these patients have midportion Achilles tendinopathy.2
Runners are most at risk of developing symptoms, with a lifetime risk of 52%.3 The initial
treatment of Achilles tendinopathy is exercise combined with load management.4
Despite initiation of treatments, two thirds of patients continue to have symptoms
at one year follow-up.5 At 10-years follow-up, about a quarter of patients still have
symptoms.5 6 About one third of these non-responders eventually require surgery.4
7
7KHUHIRUHHHFWLYHFRQVHUYDWLYHWUHDWPHQWRSWLRQVDUHQHFHVVDU\WRLPSURYHWKH
outcome of patients with chronic Achilles tendinopathy who fail to respond to initial
exercise treatment.
Formation of blood vessels (neovascularisation) around and within the tendon is one
RIWKHIHDWXUHVRIFKURQLF$FKLOOHVWHQGLQRSDWK\1HRYDVFXODULVDWLRQFDQEHLGHQWLȴHG
in 50-100% of patients with tendon symptoms using Doppler ultrasonography,
compared with 0-30% in asymptomatic patients.8-127KHLQȴOWUDWLRQRIQHUYHVWUXFWXUHV
alongside this neovascularisation has been suggested to play a role in the chronicity of
pain from Achilles tendinopathy.13 14 A large study showed an association between the
GHJUHHRIXOWUDVRQRJUDSKLF'RSSOHUȵRZDQGSDWLHQWUHSRUWHGVHYHULW\RIV\PSWRPV8
Consequently, treatments have been developed to target neovascularisation. A novel
WHFKQLTXHLVKLJKYROXPHLQMHFWLRQLQZKLFKDODUJHDPRXQWRIȵXLGLVLQMHFWHGLQWR
the area surrounding the tendon with the aim of obliterating peritendinous and
intratendinous neovascularisation from high mechanical pressure.14 Current debate
is on the addition of corticosteroids to the injection mixture. Recent evidence shows
that a high-volume injection with corticosteroids is associated with superior shortterm improvement at 6-12 weeks compared with a high-volume injection without
FRUWLFRVWHURLGV EXW LQWHUPHGLDWH WHUP HHFWV DUH VLPLODU15 Several cohort studies
and one small randomised controlled trial found that a high-volume injection (both
with and without corticosteroids) resulted in decreased pain and improved function
in the short-term (6-12 weeks).14 16-19 As a consequence, this treatment is increasingly
EHLQJ XVHG LQ WKH FOLQLFDO VHWWLQJ DOWKRXJK LWV HHFWLYHQHVV KDV QRW EHHQ WHVWHG LQ
DODUJHZHOOGHVLJQHGVWXG\ΖQWKLVVWXG\ZHFRPSDUHGWKHHHFWRIDKLJKYROXPH
injection without corticosteroids with a placebo injection (both combined with an
exercise programme) on pain and functional outcome at 24 weeks in patients with
chronic midportion Achilles tendinopathy.

7
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Methods
Study design and participants
7KLV VWXG\ ZDV FRQGXFWHG DV D VWUDWLȴHG SDWLHQW DQG DVVHVVRUEOLQGHG SODFHER
controlled, randomised clinical trial with 1:1 allocation ratio at the sports medicine
department of a large district general hospital (Haaglanden Medical Centre, The Hague,
Netherlands). The study was announced through letters to healthcare professionals,
presentations at national conferences, and information on a national sports medicine
SODWIRUP3RWHQWLDOO\HOLJLEOHSDUWLFLSDQWVZHUHLGHQWLȴHGIURPUHIHUUDOVE\KHDOWKFDUH
providers and self-referrals, thereby comprising a mix of patients with and without
primary care from healthcare providers. The coordinating researcher (AvdV) provided
participants with detailed information on the study. Participants were screened for
eligibility by telephone and online (using a pain map). A sports medicine physician
(RvO) evaluated potentially eligible participants for inclusion at a booked appointment.
Participants provided written informed consent before inclusion.
We included patients if they were aged 18-70 years, had a painful swelling of the
Achilles tendon 2-7 cm proximal to the insertion on the calcaneus, had had
symptoms for at least two months, had an unsatisfactory outcome after a six week
H[HUFLVH SURJUDPPH DQG KDG GHWHFWDEOH 'RSSOHU ȵRZ :KHQ V\PSWRPV ZHUH
ELODWHUDO SDUWLFLSDQWV VHOHFWHG WKH PRVW VHYHUHO\ DHFWHG WHQGRQ IRU WUHDWPHQW $OO
the participants performed a minimum of six weeks of exercise treatment before
inclusion.
Patients were excluded if they had a history of an Achilles tendon rupture or surgery;
were unable to perform the exercise programme, were engaged in concomitant
treatment programmes, had sural nerve disease, had recent drug use (within two
\HDUV ZLWKSXWDWLYHHHFWRQV\PSWRPVDQGWHQGRQKHDOLQJ TXLQRORQHDQWLELRWLFV
corticosteroids), were suspected of having other musculoskeletal disorders clinically
LQVHUWLRQDO$FKLOOHVWHQGLQRSDWK\SODQWDUȵH[RUWHQRV\QRYLWLVSHURQHDOVXEOX[DWLRQ
LQȵDPPDWRU\ LQWHUQDO GLVRUGHUV RU TXLQRORQH FRUWLFRVWHURLG RU VWDWLQ LQGXFHG
WHQGLQRSDWK\ KDGDPHGLFDOFRQGLWLRQWKDWZRXOGDHFWWKHVDIHW\RIWKHSDUWLFLSDQW
when using the injection (eg, peripheral vascular disease, use of anticoagulant drugs,
allergy for lidocaine), or were pregnant.

Procedures
2QHUHVHDUFKHU $YG9 SUHSDUHGȴYHP/V\ULQJHV WRWDOYROXPHP/ IRUHDFK
patient. These syringes contained a mixture of 8 mL 0.9% sodium chloride solution
(saline) and 2 mL 1% lidocaine (B Braun; Melsungen, Germany). Before and directly
after injection, we used a Pro Focus Type 2202 (BK Medical; Herlev, Denmark) with a
5-12 MHz linear probe type 8811 to perform ultrasonography. The area of maximum
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'RSSOHU ȵRZ ZDV GHWHFWHG XVLQJ SRZHU 'RSSOHU XOWUDVRQRJUDSK\ ZLWK SUHGHȴQHG
settings determined before the start of the study (mechanical index 1.28, thermal
index 1.2, pulse repetition frequency 1.0 kHz and gain 50%).20 We recorded the
SUHVHQFH RI LQWUDWHQGLQRXV DQG SHULWHQGLQRXV 'RSSOHU ȵRZ LPPHGLDWHO\ DIWHU WKH
LQMHFWLRQ$EOLQGHGREVHUYHUHYDOXDWHGWKHSUHVHQFHRI'RSSOHUȵRZRQWKHVHUHFRUGV
to verify the success of the procedure after the trial has ended. These results had no
consequences on the injection procedure - that is no second injection was performed
LI'RSSOHUȵRZZDVVWLOOSUHVHQWDIWHUWKHKLJKYROXPHLQMHFWLRQ&RPSOLFDWLRQVDQGFR
interventions were registered at each visit. All participants received daily compliance
logs to complete for evaluation of adherence to the exercise programme. The
participants were asked to upload these logs digitally every week. Reminders were
VHQWWRQRQUHVSRQGHUVDIWHUȴYHGD\V

Randomisation and masking
:H XVHG VWUDWLȴFDWLRQ IRU SUHLQMXU\ DFWLYLW\ OHYHO VLQFH WKLV FRXOG EH D FRQIRXQGHU
for the primary outcome of pain and functional activity using the Victorian Institute
of Sports Assessment-Achilles (VISA-A) questionnaire.216WUDWLȴFDWLRQZDVFRQGXFWHG
XVLQJ WKH DQNOH DFWLYLW\ VFRUH ZKLFK TXDQWLȴHV DQNOHUHODWHG DFWLYLW\ EDVHG RQ
type and level of activities.22 Participants with an ankle activity score of 4 points
or more were considered to be active those with a score of 3 points or less were
considered to be sedentary.23 Participants were randomised using a computergenerated randomisation list (Microsoft Access; Redmond, WA). To ensure a balance
between the number of participants in each treatment group, we performed block
randomisation with a variable block size of 4-10). To ensure blinding of the outcome
assessor (AV), a secretary performed the randomisation who was independent of the
researchers responsible for enrolment or the assessment of outcome measures. After
randomisation, an unblinded sports medicine physician (RvO) who was not involved in
the assessment of outcome measures carried out the allocated injection treatment.
The participants were blinded to their assigned treatment, as they could not see the
injection procedure. All the participants completed a short questionnaire immediately
after the injection to check whether the blinding procedure was successful (which
W\SHRILQMHFWLRQGR\RXWKLQN\RXKDYHUHFHLYHG KLJKYROXPHLQMHFWLRQRUSODFHER " 
and to assess the amount of pain (visual analogue scale 0-100, using a 100 mm line)
during the procedure.

7

Interventions
+LJK9ROXPHΖQMHFWLRQ
The participants were placed in the prone position on the examination table with the
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DHFWHG DQNOH KDQJLQJ RYHU WKH HGJH RI WKH WDEOH 7R HQVXUH EOLQGLQJ SDUWLFLSDQWV
were asked not to turn their head during the injection procedure. The sports medicine
physician inserted a 21-gauge and 40 mm long needle from the medial side of the
ankle between the anterior aspect of the Achilles tendon and the anteriorly located
Kager’s fat pad. The needle was attached to a connecting tube of 30 cm with Luer
WDSHU $UJRQ0&)ULVFR7; WRDWWDFKWKHV\ULQJHVRQWKHRWKHUVLGH7KHȴUVWV\ULQJH
with the saline and lidocaine mixture (10 mL) was injected at the area of maximum
'RSSOHUȵRZ7KHIROORZLQJIRXUV\ULQJHV P/HDFK ZHUHLQMHFWHGFPSUR[LPDO
distal, medial, and lateral, with coverage of the whole width of the tendon under
real-time ultrasonography. The injection technique was identical to that described
previously.14 Materials were stored in an opaque box to ensure blinding of the
participants after the injection. The participants remained prone on the examination
table for 5-7 minutes after the procedure.

3ODFHERΖQMHFWLRQ
The placebo injection was performed using a similar technique, mixture, and duration
DVIRUWKHKLJKYROXPHLQMHFWLRQ7KHRQO\GLHUHQFHZDVWKHDPRXQWRILQMHFWHGȵXLG
([FHSWIRUWKHWKLUGV\ULQJHRQO\P/RIHDFKRIWKHȴYHV\ULQJHVZDVLQMHFWHGDWWKH
GLHUHQW LQMHFWLRQ ORFDWLRQV LQ WKH SODFHER JURXS 7KH WKLUG V\ULQJH ZDV DWWDFKHG WR
WKHFRQQHFWLQJWXEHDQGWKHQHHGOHZDVORFDOLVHGDWWKHLQMHFWLRQVLWHEXWQRȵXLGZDV
injected. Therefore, 2 mL of the saline and lidocaine mixture was injected in total. To
HQVXUHEOLQGLQJWKHSDUWLFLSDQWVZHUHXQDZDUHRIWKHDPRXQWRILQMHFWHGȵXLGDQGW\SH
of procedure used for either treatment group. The participants were advised to refrain
IURPVWUHQXRXVZDONVDQGVSRUWVDFWLYLWLHVGXULQJWKHȴUVWKRXUVDIWHUWKHLQMHFWLRQ

Exercise programme
The blinded outcome assessor (AV) instructed all participants to perform a daily
calf muscle exercise programme using detailed written information and videos.
The exercise programme was based on an existing protocol, consisting of three
consecutive phases: isometric exercises, concentric exercises, and eccentric
exercises.24 25 The participants were asked to start the next phase if exercises could
be performed for one week with acceptable symptoms (visual analogue scale score of
ȱLQDFWLYLWLHVDQGLQGDLO\OLIH ΖIHFFHQWULFH[HUFLVHVFRXOGEHSHUIRUPHGZLWKRXW
problems for at least one week, the participants continued with the return to sports
module. This module consisted of four phases: simple plyometric exercises, fast
plyometric exercises, a gradual increase in running, and interval training (if necessary
for the type of sports). Web appendix 1 provides detailed information on the exercise
programme and return to sport module.
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All the participants were advised to refrain from weightbearing sporting activities for
DWOHDVWȴYHZHHNV7KHH[HUFLVHVDQGDFWLYLWLHVVKRXOGEHSHUIRUPHGZLWKRQO\PLOG
pain (maximum score of 3 on a scale from 0 to 10, with 0 indicating no pain and 10
maximum pain) and the participants were advised to decrease the activity level when
the pain increased to more than 3 points during or after the activity or when morning
VWLQHVV LQFUHDVHG RQH GD\ DIWHU WKH DFWLYLW\ FRPSDUHG ZLWK WKH SUHYLRXV GD\V24
The participants were then instructed to decrease their activity until symptoms had
returned to an acceptable level. They were discouraged from using other treatments
for their Achilles tendinopathy.

Outcome measures
The primary outcome measure was the Dutch version of the VISA-A questionnaire.26
7KLVYDOLGDWHGDQGGLVHDVHVSHFLȴFTXHVWLRQQDLUHTXDQWLȴHVSDLQDQGDFWLYLW\OHYHOV
with scores ranging from 0 to 100: 100 indicates no pain with full activity level, with
the score decreasing with increasing severity of symptoms.27.
Secondary outcomes were patient satisfaction, return to sport, degree of
XOWUDVRQRJUDSKLF 'RSSOHU ȵRZ YLVXDO DQDORJXH VFDOH RQ KRS WHVW SRZHU DQG
ȵH[LELOLW\RIWKHJDVWURFQHPLXVDQGVROHXVPXVFOHVSDLQGHWHFWTXHVWLRQQDLUHDQGSDLQ
coping inventory. Patient satisfaction was scored as moderate or poor or as excellent
or good. Return to sport was scored as “no return to the desired sport” or “return to
the desired sport” (regardless of reaching pre-injury level). All outcome measures were
assessed at baseline (before intervention) and at 2, 6, 12, and 24 weeks.

7

Statistical analysis
Our sample size calculation showed that 40 participants were required in each
JURXSWRGHWHFWDGLHUHQFHRISRLQWVRQWKH9Ζ6$$VFRUH SRZHUWZRVLGHG
VLJQLȴFDQFH OHYHO RI  6'  DQG DFFRXQWLQJ IRU D  ORVV WR IROORZXS 23 28 29
A researcher (AvdV) performed the statistical analyses under the supervision of a
biomedical statistician (JW); both were blinded to the allocated treatment. Data
were analysed on an intention-to-treat basis using SPSS 25.0.0.1 (SPSS, Chicago, IL).
1RUPDOLW\RIWKHGDWDZDVFKHFNHGYLVXDOO\ZLWK44SORWVDQGVWDWLVWLFDOO\XVLQJWKH
6KDSLUR:LONWHVW%HWZHHQJURXSGLHUHQFHVIRUWKHSULPDU\RXWFRPHZHUHDQDO\VHG
using a generalised estimation equations model. To test whether the time course
RI WKH 9Ζ6$$ VFRUH ZDV GLHUHQW EHWZHHQ JURXSV ZH DGGHG WKH LQWHUDFWLRQ WHUP
RI WUHDWPHQW JURXS [ WLPH SRLQW $GMXVWPHQWV ZHUH PDGH IRU WKH IRXU SUHGHȴQHG
baseline variables of age, sex, body mass index, and duration of symptoms.
$GGLWLRQDOO\ZHDGMXVWHGIRUWKHVWUDWLȴFDWLRQIDFWRU DQNOHDFWLYLW\VFRUH 30 Outcomes
of the generalised estimation equations model are presented as estimated means,
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unless otherwise stated. The same method was used to evaluate most of the
secondary outcomes (see web appendix 2). A Fisher’s exact test was used to evaluate
only patient satisfaction, return to sport, and the patient acceptable symptom scale.
The outcomes to evaluate the success of the procedures were analysed using
a Fisher’s exact test or Ɣ2 test (categorical outcomes) or unpaired t-test or Mann:KLWQH\8WHVW FRQWLQXRXVRXWFRPHV :HFRQVLGHUHGGLHUHQFHVRI3WREH
VWDWLVWLFDOO\VLJQLȴFDQW0LVVLQJGDWDZHUHQRWLPSXWHGEXWZHZRXOGKDYHFDUULHGRXW
sensitivity analyses if missing data exceeded 5%.

Patient and public involvement
3DWLHQWVZHUHQRWLQYROYHGLQGHȴQLQJWKHUHVHDUFKTXHVWLRQ7ZRSDWLHQWVSDUWLFLSDWHG
in a pilot test round to evaluate the impact of the placebo and high-volume injection
procedure. Patients were not involved in other aspects of the study design. After
completion of the trial, all trial participants were contacted to evaluate relevant
outcome measures and the burden of participation to improve future trials. Five
patients took part in a patient meeting to discuss these items. Study results will be
disseminated to the trial participants by email or letter.

Results
From December 2016 to January 2019, 185 patients with posterior ankle pain were
screened for eligibility. After exclusions 80 participants were included in the study
and randomised to either a high-volume injection without corticosteroids or a saline
injection (placebo group). At the 24 week endpoint, only one participant was lost to
IROORZXS  )LJXUHVKRZVWKHȵRZRISDUWLFLSDQWVWKURXJKWKHWULDO1RGLHUHQFHV
in baseline characteristics were found between the groups, except for the presence
of bilateral symptoms (table 1). A higher proportion of participants in the high-volume
injection group had bilateral symptoms (17/39 (44%) v 11/41 (27%)). An additional
analysis using a generalised estimation equations model was done to correct for the
variable unilateral or bilateral symptoms.
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Figure 1. Flow of patients through study.
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Table 1. Baseline characteristics of adults with chronic midportion Achilles tendinopathy
assigned to a high-volume injection without corticosteroid or placebo injection. Values are
numbers (percentages) unless stated otherwise
High-volume injection
group (n= 39)

Placebo injection
group (n= 41)

Mean (SD) age (years)

46.9 (8.1)

48.9 (9.9)

Men

17 (44)

22 (54)

Mean (SD) body mass index

26.8 (5.7)

27.6 (5.1)

Activity level1
Active in sports
Sedentary

31 (79)
8 (21)

33 (80)
8 (20)

3.9 (2.0)

4.9 (3.6)

11/11 (56)
17 (44)

15/15 (73)
11 (27)

Median (interquartile range) duration
of symptoms (weeks)

64 (17-112)

60 (14-107)

Mean (SD) VISA-A score

44.4 (15.5)

41.0 (16.0)

Interventions at study start
None
Night splint
Foot orthoses
Pain killers
Others

24 (62)
1 (3)
10 (26)
1 (3)
3 (8)

19 (46)
0 (0)
18 (44)
4 (10)
1 (2)

'RSSOHUȵRZ
Intratendinous
Peritendinous

33 (85)
6 (15)

37 (90)
4 (10)

Participation in desired sport (total
hours per week)
$HFWHGVLGH
Unilateral, left/right
Bilateral

VISA-A, Victorian Institute of Sports Assessment-Achilles
1

'HWHUPLQHGXVLQJWKHDQNOHDFWLYLW\VFRUH3DUWLFLSDQWVZKRVFRUHGȲSRLQWVZHUHFRQVLGHUHGWREHDFWLYHLQ

VSRUWV VWDUWLQJIURPSK\VLFDOZRUN 3DUWLFLSDQWVZKRVFRUHGȱSRLQWVZHUHFRQVLGHUHGWREHVHGHQWDU\ F\FOLQJ
equestrian, or less activity). Level of sport and sports participation is only presented for the active group.

Outcome measures
VISA-A score: In the high-volume injection group the estimated mean VISA-A score
LPSURYHGIURP FRQȴGHQFHLQWHUYDOWR DWEDVHOLQHWR WR
67.8) at 24 weeks and in the placebo group from 36.9 (27.1 to 46.8) to 58.5 (47.9 to
 7KHLQWHUDFWLRQWHUPWUHDWPHQWJURXSWLPHSRLQWZDVQRWVWDWLVWLFDOO\VLJQLȴFDQW
3  PHDQLQJWKDWWKH9Ζ6$$VFRUHGLGQRWGLHURYHUWLPHEHWZHHQWKHJURXSV
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7KH DGMXVWHG EHWZHHQ JURXS GLHUHQFH LQ 9Ζ6$$ VFRUH DW  ZHHNV ZDV  
FRQȴGHQFHLQWHUYDOȫWR LQIDYRXURIWKHKLJKYROXPHLQMHFWLRQJURXS WDEOH
 ΖPSURYHPHQWLQ9Ζ6$$VFRUHZDVQRWVLJQLȴFDQWDWWZRZHHNVIRUHLWKHUJURXS
9Ζ6$$VFRUHVLPSURYHGVLJQLȴFDQWO\LQERWKJURXSVDWVL[ZHHNV 3  DQGDW
and 24 weeks (P<0.01). Figure 2 presents the raw VISA-A scores. In the sensitivity
analysis using the additional generalised estimation equations model to correct for
unilateral or bilateral symptoms, the results for the primary outcome (interaction
WHUPWUHDWPHQWJURXSWLPHSRLQW3  UHPDLQHGXQFKDQJHG

Figure 2.%HWZHHQJURXSGLHUHQFHVLQ9LFWRULDQΖQVWLWXWHRI6SRUWV$VVHVVPHQW$FKLOOHV 9Ζ6$$ 
score from baseline in participants treated with a high-volume injection without corticosteroids

Change in VISA-A score from baseline

RUDSODFHERLQMHFWLRQDWDQGZHHNV:KLVNHUVUHSUHVHQWFRQȴGHQFHLQWHUYDOV
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Table 2. Primary and secondary outcome measures in adults with chronic midportion Achilles
tendinopathy assigned to a high-volume injection without corticosteroid or placebo. Values are
numbers (percentages) unless stated otherwise
Outcome measures

High-volume
injection group
(n=39)

Placebo injection
group (n=41)

Adjusted
between group
GLHUHQFH

Primary outcome measure
Estimated mean (95% CI)
VISA-A score at follow-up
(weeks)1
2 weeks

41.4 (33.7 to 49.1)

38.2 (28.3 to 48.1)

3.2 (-11.2 to 17.5)

6 weeks

43.3 (34.6 to 52.0)

46.1 (35.7 to 56.6)

-2.8 (-18.9 to 13.3)

12 weeks

50.9 (42.3 to 59.5)

49.6 (39.3 to 60.0)

1.3 (-14.7 to 17.3)

24 weeks

59.1 (50.4 to 67.8)

58.5 (47.9 to 69.1)

0.5 (-17.8 to 18.8)

Secondary outcome measures
Patient satisfaction2
Moderate or poor

16 (43)

20 (51)

Excellent or good

21 (57)

19 (49)

HVI group (n=29)

Placebo group
(n=31)

No return to sport

9 (31)

7 (23)

Returned to sports,
but not to desired
type

5 (17)

5 (16)

Return to sport3

Returned to the
11 (38)
desired sport, but not
at pre-injury level

14 (45)

Returned in the
desired sport at preinjury level

5 (16)

4 (14)

VISA-A, Victorian Institute of Sports Assessment-Achilles.
1

6FRUHVDQGDGMXVWHGEHWZHHQJURXSGLHUHQFHVZHUHFDOFXODWHGXVLQJDJHQHUDOLVHGHVWLPDWLRQHTXDWLRQV

PRGHOZLWKDGMXVWPHQWVIRUSUHGHȴQHGEDVHOLQHYDULDEOHVDJHVH[ERG\PDVVLQGH[GXUDWLRQRIV\PSWRPV
DQG DQNOH DFWLYLW\ VFRUH 3RVLWLYH YDOXHV IDYRXU WKH KLJKYROXPH LQMHFWLRQ JURXS 1R VWDWLVWLFDOO\ VLJQLȴFDQW
GLHUHQFHVZHUHIRXQGEHWZHHQWKHWUHDWPHQWJURXSVDWDQ\WLPHSRLQW
2

)RUDQDO\VLVSXUSRVHVJRRGRUH[FHOOHQWSDWLHQWVDWLVIDFWLRQZDVGLFKRWRPLVHGDVȊVDWLVȴHGȋDQGDSRRURU

PRGHUDWHVDWLVIDFWLRQDVȊGLVVDWLVȴHGȋ7ZRSDWLHQWVLQHDFKJURXSGLGQRWUHWXUQWKHTXHVWLRQQDLUHLQZKLFK
SDWLHQWVDWLVIDFWLRQZDVDVVHVVHG1RVWDWLVWLFDOO\VLJQLȴFDQWGLHUHQFHVZHUHIRXQGEHWZHHQWKHWUHDWPHQW
JURXSVDWZHHNV 3  
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3

1XPEHUUHSUHVHQWVWKHSURSRUWLRQRISDUWLFLSDQWVZKRZHUHDFWLYHLQVSRUWVEHIRUHWKHVWXG\VWDUW Q 

LQWKHKLJKYROXPHLQMHFWLRQJURXSDQGQ LQWKHSODFHERLQMHFWLRQJURXS 7ZRSDWLHQWVLQHDFKJURXSGLG
not return the questionnaire in which return to sport was assessed. Return to sport was dichotomised as
“no return to desired sport” (no return to sport or return to sport, but not in the desired sport) or “return to
GHVLUHGVSRUWȋ UHJDUGOHVVUHDFKLQJSUHLQMXU\OHYHO 1RVWDWLVWLFDOO\VLJQLȴFDQWGLHUHQFHVZHUHIRXQGEHWZHHQ
ERWKWUHDWPHQWJURXSVDWZHHNV 3  

Patient satisfaction: 1RVLJQLȴFDQWGLHUHQFHZDVIRXQGLQSDWLHQWVDWLVIDFWLRQEHWZHHQ
WKHWUHDWPHQWJURXSVDWZHHNV 3  ΖQWKHKLJKYROXPHLQMHFWLRQJURXS
patients (57%) reported an excellent or good outcome compared with 19/39 (49%) in
the placebo group.
Return to sport: 1RVLJQLȴFDQWGLHUHQFHZDVIRXQGIRUUHWXUQWRWKHGHVLUHGVSRUWDW
ZHHNV 3  ΖQWKHKLJKYROXPHLQMHFWLRQJURXS  SDWLHQWVUHWXUQHG
to their desired sport compared with 19/31 (61%) in the placebo group. Of these
participants, only 4/29 (14%) returned to their pre-injury level in the high-volume
injection group and 5/31 (16%) in the placebo group.
Web appendix 2 shows the results of the other secondary outcome measures. No
VLJQLȴFDQWEHWZHHQJURXSGLHUHQFHVZHUHIRXQGIRUDQ\RIWKHVHRXWFRPHPHDVXUHV

Success of procedures
6XFFHVVRIWKHLQMHFWLRQSURFHGXUHRQ'RSSOHUȵRZ: In participants with intratendinous
'RSSOHU ȵRZ EHIRUH WKH LQMHFWLRQ SURFHGXUH Q  LQ WKH KLJKYROXPH LQMHFWLRQ
JURXSDQGQ LQWKHFRQWUROJURXSWDEOH 'RSSOHUȵRZZDVQRORQJHUGHWHFWDEOH
inside the Achilles tendon in 26/33 patients (79%) in the high-volume injection group
compared with 11/37 patients (30%) in the control group (P<0.001). The disappearance
RI'RSSOHUȵRZDIWHUWKHKLJKYROXPHLQMHFWLRQGLGQRWDSSHDUWRLQȵXHQFHWKHFRXUVH
RIWKH9Ζ6$$VFRUHRYHUWLPHFRPSDUHGZLWKWKHSUHVHQFHRI'RSSOHUȵRZDIWHUWKH
KLJKYROXPHLQMHFWLRQ 3  DVH[SODLQHGLQGHWDLOLQZHEDSSHQGL[

7

Success of patient blinding: In the high-volume injection group, 25/39 patients (64%)
correctly thought they had received the high-volume injection. In the placebo group,
22/41 patients (54%) correctly thought they had received the placebo injection
3  
Complications/pain during injection procedure: No complications (infections,
haematomas, or tendon ruptures) were reported during the study period. The
median pain score (visual analogue scale score 0-10) during the injection procedure
was 6.0 (interquartile range 5.0-8.0) for the high-volume injection group and 5.0 (2.0 IRUWKHSODFHERJURXS 3  
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Adherence: 80% of participants (1536 out of 1920 questionnaires) completed the
weekly online questionnaires to evaluate adherence to exercise treatment. The
median percentage of performed exercises (compared with the amount of prescribed
exercises) was 76% (interquartile range 46-100%) in the high-volume injection group
DQG  LQWKHSODFHERJURXS 3  
Co-interventions: The use of 12 co-interventions (eg, foot orthoses, manual treatment,
and sports massage) was reported in 12 patients (31%) in the high-volume intervention
group compared with nine co-interventions in six patients (15%) in the placebo group
3  

Discussion
In our patient and assessor-blinded, placebo-controlled randomised clinical trial we
found that a high-volume injection without corticosteroids has no added value to
an exercise programme in patients with chronic midportion Achilles tendinopathy.
:H IRXQG QR GLHUHQFHV LQ SDWLHQWUHSRUWHG RXWFRPHV EHWZHHQ WKH KLJKYROXPH
LQMHFWLRQDQGDSODFHERLQMHFWLRQ$OVRQREHWZHHQJURXSGLHUHQFHVZHUHIRXQGLQ
any of the secondary outcome measures, indicating that a high-volume injection does
QRWKDYHPHFKDQLVWLFHHFWV

Clinical implications
7KHVH ȴQGLQJV DUH LPSRUWDQW DQG FOLQLFDOO\ UHOHYDQW DV KLJKYROXPH LQMHFWLRQV
have become increasingly popular after several non-blinded case-series and one
cohort study showed an improvement in pain during activities at intermediate-term
follow-up (30-52 weeks).14 18 31 7KHVH ȴQGLQJV H[FHHGHG WKH LPSURYHPHQW NQRZQ
from eccentric exercises.24 32-34 As previous high-volume injection studies were only
performed in non-responders to eccentric training, this treatment gained even more
attention. Surprisingly, large improvements (38 points on the VISA-A score) after a
high-volume injection were already seen in the short-term (three weeks).17 This
indicates a rapid decrease in symptoms of Achilles tendinopathy when a high-volume
injection is given. A recent blinded randomised controlled trial with a small sample
VL]H Q  LQ HDFK WUHDWPHQW JURXS  FRQȴUPHG WKHVH ȴQGLQJV LQ ZKLFK SDWLHQW
UHSRUWHGRXWFRPHVLPSURYHGVLJQLȴFDQWO\PRUHLQWKHKLJKYROXPHLQMHFWLRQJURXS
at the six week follow-up compared with the placebo group. This improvement had
slightly decreased at the 24 week follow-up. Improvement in VISA-A score was lower
than expected in the placebo group at 24 weeks, thereby raising the possibility of
unsuccessful blinding of the participants.16 23 35 36ΖQRXUODUJHVWXG\ZHGLGQRWȴQGDQ\
EHQHȴFLDOHHFWRIWKHKLJKYROXPHLQMHFWLRQLQHLWKHUWKHVKRUWWHUP RUZHHNV 
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RU WKH LQWHUPHGLDWHWHUP  RU  ZHHNV  $Q LPSRUWDQW GLHUHQFH EHWZHHQ RXU
study and previous studies investigating high-volume injections, is that we did not use
corticosteroids in the injection mixture. The hypothesis is that the saline solution in
the injection mechanically damages the neovascularisation and its adjacent nerves.14
Corticosteroids are discouraged as treatment for tendinopathies owing to detrimental
ORQJWHUPHHFWVDQGWKHULVNRIUXSWXUHVRIWKH$FKLOOHVWHQGRQ37-39 Therefore, we
decided not to include corticosteroids in the injection mixture. This could explain the
GLHUHQFHLQRXWFRPHVEHWZHHQRXUVWXG\DQGSUHYLRXVVWXGLHV:HK\SRWKHVLVHWKDW
DKLJKYROXPHLQMHFWLRQGRHVQRWKDYHDPHFKDQLFDOSDLQUHGXFLQJHHFWEXWWKDWWKH
short-term improvement as seen in previous studies might have been related to the
corticosteroids. The previous randomised controlled trial evaluating the high-volume
injection supports this hypothesis, since short-term outcome exceeded the long-term
outcome. This is a typical course after treatment with a corticosteroid injection.40 In
studies that did not use corticosteroids in the injection mixture, comparable results
to ours were seen at 12-24 weeks.15 19 31 The clinical improvement in symptoms of
Achilles tendinopathy for both treatment arms in our study is similar to that reported
LQDUHFHQWPHWDDQDO\VLVHYDOXDWLQJWKHHHFWLYHQHVVRIWUHDWPHQWXVLQJKHDY\ORDG
eccentric calf muscle exercise therapy and in a comparable population included at
our research centre in which standalone exercise was provided.28 417KHGLHUHQFHLQ
WKHIRUPRIH[HUFLVHSURJUDPPHVLVQRWOLNHO\WRKDYHLQȵXHQFHGWKHUHVXOWVEHFDXVH
no evidence suggests that one form of exercise training is superior to another.42
ΖPSURYHPHQWFRXOGDGGLWLRQDOO\EHH[SODLQHGE\WKHSODFHERHHFWSDWLHQWHGXFDWLRQ
ORDGPDQDJHPHQWDQGWKHFOLQLFDOFRXUVHRIWKHGLVRUGHU2XUȴQGLQJVLQGLFDWHWKDW
DQH[HUFLVHSURJUDPPHSDWLHQWHGXFDWLRQDQGORDGPDQDJHPHQWDUHVWLOOEHQHȴFLDO
in patients with no previous improvement during calf muscle exercise training. We
would therefore advice all patients to continue an exercise programme as the basis
of their treatment.

7

Strengths and limitations of this study
The strength of our study is that we performed this randomised clinical trial according
to the current consolidated standards of reporting trials (CONSORT) guideline. The
patients, outcome assessor, and statistician were all blinded to the intervention, and
only one participant was lost to follow-up. Despite our robust research design, our
study also has some methodological limitations. Firstly, it was not feasible to blind
the doctor who performed the injection procedure at baseline. As this doctor was
not involved in the treatment allocation (randomisation), follow-up of participants,
RUGDWDDQDO\VLVWKLVSUREDEO\GLGQRWLQȵXHQFHVWXG\RXWFRPHV6HFRQGO\WKHODFN
of a group that only performed an exercise programme (without injection) might
be regarded as limitation. We do not know whether the improvement of symptoms
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over time in both groups is a consequence of the exercise programme, a promoted
KHDOLQJ UHVSRQVH DIWHU WKH LQMHFWLRQ SURFHGXUH D SODFHER HHFW IURP WKH LQMHFWLRQ
procedure, or represents the clinical course of Achilles tendinopathy. Thirdly, a highYROXPHLQMHFWLRQLVDWHFKQLFDOO\GHPDQGLQJDQGVSHFLȴFSURFHGXUH$VLQJOHVSRUWV
medicine doctor with extensive experience in injection procedures performed the
interventions. Test sessions were carried out before the start of the study according to
instructions provided by experts in high-volume injections.14 Intratendinous Doppler
ȵRZGLVDSSHDUHGLQRIWKHSDWLHQWVLQWKHKLJKYROXPHLQMHFWLRQJURXSFRPSDUHG
to 30% in the placebo group, indicating success with the high-volume injection.

Conclusion
In patients with a chronic midportion Achilles tendinopathy, a high-volume injection
ZLWKRXWFRUWLFRVWHURLGVGLGQRWUHVXOWLQDEHQHȴFLDOHHFWLQDGGLWLRQWRDQH[HUFLVH
SURJUDPPH2QWKHEDVLVRIWKHVHȴQGLQJVZHFDQQRWUHFRPPHQGWKHXVHRIDKLJK
volume injection in this patient group.
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Abstract
Background: Neovascularisation and accompanying nerve structures are considered
to play a role in the symptoms of patients with chronic midportion Achilles
tendinopathy (AT). High-volume injections (HVIs) are a novel treatment option, which
VSHFLȴFDOO\WDUJHWWKLVQHRYDVFXODULVDWLRQ
Objective: 7R HYDOXDWH ZKHWKHU D +9Ζ GHFUHDVHV XOWUDVRQRJUDSKLF 'RSSOHU ȵRZ LQ
patients with chronic midportion AT.
Methods: A double-blind, randomised, placebo-controlled clinical trial. We included
patients with clinically diagnosed chronic midportion AT and ultrasonographic
'RSSOHU ȵRZ 3DWLHQWV UHFHLYHG HLWKHU D +9Ζ  P/  RU D SODFHER LQMHFWLRQ  P/ 
and performed a 24-week exercise program. Primary outcome was the surface
DUHDTXDQWLȴFDWLRQ 6$4 VFRUH  RIWKH'RSSOHUȵRZGXULQJDZHHNIROORZXS
SHULRG6HFRQGDU\RXWFRPHZDVWKHDVVRFLDWLRQEHWZHHQ6$4VFRUHVDQGV\PSWRPV
9LFWRULDQΖQVWLWXWHRI6SRUWV$VVHVVPHQWȂ$FKLOOHV>9Ζ6$$@ 2XWFRPHVZHUHPHDVXUHG
before, directly after, and one hour after the injection and at 2, 6, 12, and 24 weeks.
Results: We included 62 patients, 30 were randomised to the HVI-group and 32 to
WKHSODFHERJURXS7KHUHZDVQRVLJQLȴFDQWEHWZHHQJURXSGLHUHQFHLQWKHFRXUVH
RIWKH6$4VFRUH6$4VFRUHVGLGQRWGLHUEHWZHHQJURXSVGLUHFWO\SRVWLQMHFWLRQ
&ΖWR &KDQJHLQ6$4VFRUHZDVQRWFRUUHODWHGZLWKWKHFKDQJHLQ
9Ζ6$$VFRUH S  
Conclusion:$+9ΖGRHVQRWDHFW'RSSOHUȵRZLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ
$77KLVȴQGLQJFKDOOHQJHVWKHWKHRUHWLFDOEDVLVRID+9Ζ
Trial registration: NCT02996409
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Introduction
Achilles tendinopathy (AT) is common in the general population,1 with the highest
incidence in runners.2 AT is diagnosed clinically and characterised by a triad of local
pain, swelling, and an impaired load-bearing capacity.3 Ultrasonographic features of
chronic AT are presence of focal tendon thickening, hypoechoic areas, and Doppler
ȵRZ LQ WKH SHULWHQGLQRXV DQGRU LQWUDWHQGLQRXV DUHD4 'RSSOHU ȵRZ LQGLFDWHV WKH
formation of new blood vessels (neovascularisation) and is observed in 55-100% of
the patients with AT.5-9 Histopathological research demonstrated it is accompanied by
redundant sympathetic and sensory nerves.10 These nerves are hypothesised to be
responsible for pain in AT patients.9
High-volume injections (HVIs) are a novel treatment option for patients with AT,
which aims to obliterate the neovascularisation and sensory nerves. This is done
by mechanically stripping the Achilles tendon from the fat pad.11 Previous studies (3
FDVHVHULHVDQGRQHUDQGRPLVHGFOLQLFDOWULDO 5&7 RQHHFWLYHQHVVRI+9ΖVKRZHG
promising results 3-52 weeks follow-up.11-14 Our recently performed large RCT,
KRZHYHU VKRZHG QR HHFW RQ SDWLHQWUHSRUWHG RXWFRPHV DW ZHHNV IROORZXS
7KHHHFWLYHQHVVRID+9ΖLVFXUUHQWO\WRSLFRIGHEDWH156LQFHWKHHHFWRID+9ΖRQ
'RSSOHUȵRZLVODUJHO\XQNQRZQZHIXUWKHUH[SORUHGWKHPHFKDQLVWLFHHFWRID+9Ζ
as part of our RCT.
2XUSULPDU\DLPZDVWRGHWHUPLQHWKHHHFWRID+9ΖRQWKHGHJUHHRIXOWUDVRQRJUDSKLF
'RSSOHU ȵRZ GXULQJ  ZHHNV LQ SDWLHQWV ZLWK FKURQLF PLGSRUWLRQ $FKLOOHV
tendinopathy. Secondary aims were to evaluate (1) the correlation between the
EDVHOLQHTXDQWLȴHG'RSSOHUȵRZDQGWKHFKDQJHLQV\PSWRPVDQG  WKHDVVRFLDWLRQ
EHWZHHQWKHFKDQJHLQTXDQWLȴHG'RSSOHUȵRZDQGWKHFKDQJHLQV\PSWRPVGXULQJ
follow-up.

8

Methods
Study design
This study was part of a double-blind, randomised, placebo-controlled clinical trial which
LQYHVWLJDWHVWKHHHFWLYHQHVVRIDKLJKYROXPHLQMHFWLRQLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ
$FKLOOHV WHQGLQRSDWK\ &OLQLFDO7ULDOVJRY ΖGHQWLȴHU 1&7  7KH SURWRFRO RI WKH
study was approved by the regional medical ethical committee (registration number 14100). All patients provided written informed consent before inclusion.

Setting and patients
Study announcement took place via letters, social media, presentations, and a
study website. When patients were potentially eligible for inclusion, they received
151
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detailed information about the study and were screened by the researcher (AV). If
patients were presumed to be eligible, a sports medicine physician (RO) at a large
district general hospital (Haaglanden Medical Centre, the Netherlands) evaluated
the eligibility criteria. Main inclusion criteria were 1) clinical diagnosis of chronic
midportion Achilles tendinopathy for at least 2 months (localised Achilles tendon
pain on palpation and swelling 2-7 cm proximal to its calcaneal insertion), 2) nonresponse to a calf-muscle exercise program for at least 6 weeks, 3) aged 18-70,
DQG   SUHVHQFH RI SHULWHQGLQRXVLQWUDWHQGLQRXV 'RSSOHU ȵRZ RQ 3RZHU 'RSSOHU
Ultrasonography (PDUS) examination. Main exclusion criteria were 1) suspicion of
other musculoskeletal disorders, 2) previous Achilles tendon rupture or surgery, and
3) inability to complete an exercise program. All inclusion and exclusion criteria are
presented in the trial register. In patients with bilateral symptoms, only the most
symptomatic tendon was included in the study.

Procedures
$UHVHDUFKHU $9 SUHSDUHGȴYHV\ULQJHVRIP/ WRWDOP/ (DFKV\ULQJHFRQVLVWHG
of 8 mL sodium chloride solution (saline) and 2 mL 1% lidocaine (B. Braun, Melsungen,
Germany). Ultrasonography was performed before and directly after the injection,
using a Pro Focus Type 2202 (BK Medical, Herlev, Denmark) with a 5-12 MHz linear
probe (Type 8811).

Randomisation
$V WKH DFWLYLW\ OHYHO RI SDWLHQWV FRXOG DHFW WKH SULPDU\ RXWFRPH RI WKH +$7VWXG\
9LFWRULDQ ΖQVWLWXWH RI 6SRUW $VVHVVPHQW Ȃ $FKLOOHV 9Ζ6$$  SDWLHQWV ZHUH VWUDWLȴHG
based on the ankle-activity score (AAS).16 3DWLHQWV ZLWK DQ $$6 ȱ ZHUH ODEHOOHG DV
VHGHQWDU\DQGSDWLHQWVZLWKDQ$$6ȲZHUHODEHOOHGDVDFWLYH17
Patients were randomised with a 1:1 allocation ratio, using a computer-generated
randomisation list with block randomisation with variable block size (4-10).

Intervention
+LJK9ROXPHΖQMHFWLRQ +9ΖLQWHUYHQWLRQJURXS
Patients were placed in prone position on the examination table and were not able
to see which injection they received. A sports medicine physician (RO) determined
WKHDUHDZLWKPD[LPXP'RSSOHUȵRZXVLQJ3'867KHQHHGOH JDXJHDQGPP
ORQJ  ZDV ȴ[HG WR D FP FRQQHFWLQJ WXEH 7KH RWKHU VLGH RI WKH FRQQHFWLQJ WXEH
was attached to the syringe using Luer taper (Argon MC, Frisco, USA). The needle was
placed under ultrasound guidance in the area between the Achilles tendon and the
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Kagers’ fat pad, at the most thickened part of the tendon. A total of 50 mL solution
was injected medial, lateral, proximal, and distal from this part. This procedure is
corresponding to the description in previous literature.11
After the injection, patients were requested to rest on the examination table for 5-7
minutes. The syringes were collected in an opaque box to ensure blinding of the
patient. Patients were recommended to avoid sport activities for 24 hours after the
injection.

3ODFHERΖQMHFWLRQ SODFHERJURXS
The procedure of the placebo injection was similar to the HVI. The needle was placed
in the same areas, the syringes were switched four times and this procedure had the
same duration to ensure blinding of the patients. The only dissimilarity between both
procedures was that patients in the placebo-group received an injection with a total
volume of only 2 mL.

Exercise program
All patients performed a 24-week gradually progressive exercise program consisting
of calf muscle exercises and gradual return to sport based on an existing protocol.18 19
7KLVGDLO\H[HUFLVHSURJUDPFRQVLVWHGRIGLHUHQWSKDVHVLVRPHWULFH[HUFLVHVLVRWRQLF
exercises, and eccentric exercises. Patients who were active in sports subsequently
performed plyometric exercises and return to sport exercises. If patients were able
to perform the exercises with only limited symptoms for one week, they were advised
to go to the next phase. The researcher instructed the exercises to the patients at
baseline and written information and videos were provided.15

8

Power Doppler Ultrasonography (PDUS)
PDUS of the Achilles tendon was performed before and directly after the injection
procedure, and at 2, 6, 12, and 24 weeks follow-up. A subgroup of 20 patients
additionally underwent PDUS examination one hour after the injection procedure,
WRLQYHVWLJDWHWKHGLUHFWHHFWRID+9Ζ$EOLQGHGUHVHDUFKHU $9 SHUIRUPHG3'86
examinations before the injection and after 2, 6, 12, and 24 weeks. The sports medicine
physician (RO) performed the PDUS post-injection and a blinded research student (JV)
performed the PDUS one hour after the injection. All were extensively trained (> 20
training hours). Prior to every PDUS examination, patients had to climb two stairs
to arrive at the examination room followed by 10 minutes of rest to complete their
questionnaires. No other instructions about activity prior to the appointments were
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provided. Patients were scanned in prone position on the examination table with
ORRVHKDQJLQJVOLJKWO\SDVVLYHO\GRUVLȵH[HGIHHWRYHUWKHHGJHRIWKHWDEOHWRHQVXUH
a neutral ankle angle. The most painful part of the Achilles tendon was scanned.
Pressure of the probe was minimalised to prevent occlusion of blood vessels.6 We
XVHG WKH IROORZLQJ SUHGHȴQHG VHWWLQJV IRU 3'86 PHFKDQLFDO LQGH[  WKHUPDO
index 1.2, pulse repetition frequency 1.0 kHz and gain 50.20 The size of the colour
box was standardised for every patient at 4.6 cm2 (depth 1.7 cm; width 2.7 cm). The
upper bound of the colour box was put on the dorsal side of the Achilles tendon. The
VRQRJUDSKHUGHWHUPLQHGWKHORFDWLRQRIPD[LPXP'RSSOHUȵRZLQDSHUSHQGLFXODU
view and recorded 20 seconds.

Outcome measures
3ULPDU\2XWFRPH
7KH6XUIDFHDUHDTXDQWLȴFDWLRQ 6$4 RIWKH'RSSOHUȵRZZDVWKHSULPDU\RXWFRPH
RI WKLV VWXG\ 7KH 6$4 KDV D JRRG LQWHUREVHUYHU UHOLDELOLW\20 To determine the
6$4VFRUHUHFRUGHG3'86ZHUHHYDOXDWHGLQVWHSVRIVHFRQGVXVLQJ.LQRYHD
(Bordeaux, France) to select three frames with visually the maximum degree of
'RSSOHU ȵRZ $ UHVHDUFKHU $9  HYDOXDWHG WKH TXDOLW\ RI WKH UHFRUGHG 3'86 ΖI WKH
QRLVH RQ WKH UHFRUGHG 3'86 ZDV PRUH WKDQ KDOI RI WKH PD[LPXP 'RSSOHU ȵRZ LQ
WKHFRORXUER[WKH6$4VFRUHZDVQRWUHSUHVHQWDWLYHDQGWKHUHVHDUFKHUH[FOXGHG
the recorded PDUS for further analysis. We used ImageJ version K 1.45 (National
Institutes of Health, Bethesda, MD) for analysis. First, the area outside the colour box
was cleared. Subsequently, the colour threshold was used to transform the colour
SL[HOV RI WKH 'RSSOHU ȵRZ LQWR ZKLWH SL[HOV KXH  VDWXUDWLRQ  EULJKWQHVV
 :HGHWHUPLQHGWKH6$4VFRUHE\GLYLGLQJWKHQXPEHURIZKLWHSL[HOVE\WKHWRWDO
number of pixels in the colour box. We selected the frame with maximum Doppler
ȵRZIRUDQDO\VLV

6HFRQGDU\2XWFRPH
Our secondary outcomes were the validated VISA-A questionnaire (0-100) 21 and the
visual analogue scale (VAS (0-100)) during a provocation test (VAS 10-hop-score).
These were assessed at baseline and at 2, 6, 12, and 24 weeks. Patients completed
the VISA-A questionnaire prior to their PDUS measurement and the VAS 10-hop-score
afterwards (but prior to communicating the results of the PDUS). Patients performed
WHQKRSVRQWKHLUDHFWHGOLPEDQGVXEVHTXHQWO\WKHLU9$6VFRUHZDVQRWHGXVLQJD
VAS ruler with slider.
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Statistical Analysis
All analyses were performed on an intention-to-treat basis using SPSS version 25.0
(IBM Corporation, Armonk, NY) by a blinded researcher (CO). The sample size was
EDVHGRQWKHSULPDU\RXWFRPH 9Ζ6$$VFRUH RIRXU5&7 Q SHULQWHUYHQWLRQDUP 
As the ultrasound machine was not available for the entire duration of the study,
we were not able to include the last 18 of the 80 patients for this part of the study.
We refrained from post-hoc power analysis as this is discouraged.22 Between-group
GLHUHQFHVIRUWKHSULPDU\RXWFRPHZHUHHYDOXDWHGXVLQJDJHQHUDOL]HGHVWLPDWLQJ
HTXDWLRQV *(( PRGHO7RWHVWZKHWKHUWKHWLPHFRXUVHRIWKH6$4VFRUHZDVGLHUHQW
between both groups we added the interaction term ‘treatment group*time point’.
:HDGMXVWHGWKHPRGHOIRUVHYHUDOSUHGHȴQHGEDVHOLQHYDULDEOHV DJHJHQGHU%0Ζ
ASS, baseline VISA-A, and duration of symptoms). We performed a generalized linear
model and a multivariate regression analysis to investigate the association between
WKHFKDQJHLQV\PSWRPVDQGWKHEDVHOLQH'RSSOHUȵRZRUWKHFKDQJHLQ'RSSOHUȵRZ
$GMXVWPHQWVZHUHPDGHIRUYDULDEOHVLQȵXHQFLQJWKHRXWFRPHZLWKD3YDOXH
5HVXOWVZLWKD3YDOXHZHUHFRQVLGHUHGVWDWLVWLFDOO\VLJQLȴFDQW

Results
After screening 185 potentially eligible patients between December 2016 and January
2019, we included 62 consecutive patients for this part of the study (Figure 1). Of
these, 30 patients received the HVI (intervention group) and 32 patients received the
SODFHERLQMHFWLRQ SODFHERJURXS 7ZHQW\ȴYH3'86PHDVXUHPHQWV  FRXOGQRW
be performed during the 24-week follow-up period for varying reasons (Figure 1).
We excluded 18 of the 62 (29%) PDUS measurements directly post-injection when
analysing the data, because of extensive noise during those measurements (HVIgroup: 7 and placebo-group: 11). Table 1 shows the baseline patient characteristics.

8

155

Chapter 8

Figure 1. Flowchart demonstrating the Flow of Patients Through the Study.
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Table 1. Baseline characteristics of the study population.
Characteristics

HVI-group (n=30)

Placebo-group (n=32)

$JHPHGLDQ Ζ45 \

50 (44-52)

50 (45-56)

Sex, male, n (%)

12 (40.0)

17 (53.1)

'XUDWLRQRIV\PSWRPVPHGLDQ Ζ45 ZN

60 (34-99)

70 (43-150)

10 (33.3)
9 (30)
11 (36.7)

13 (40.6)
10 (31.3)
9 (28.1)

Activity †, n (%)
Active in sports
Sedentary

24 (80)
6 (20)

27 (84)
5 (16)

%0ΖPHGLDQ Ζ45 NJP2

25.3 (22.7-29.8)

26.0 (24.3-29.9)

Baseline VISA-A score, mean (SD)

44.9 (15.2)

43.8 (15.5)

%DVHOLQH6$4VFRUH  PHGLDQ Ζ45

3.5 (1.8-6.6)

4.1 (2.2-8.0)

$HFWHGVLGHQ 
Left
Right
Bilateral

Presented data was the raw data, before calculation of the estimated means.
$EEUHYLDWLRQV +9Ζ KLJKYROXPH LQMHFWLRQ Ζ45 LQWHUTXDUWLOH UDQJH %0Ζ ERG\ PDVV LQGH[ 9Ζ6$$ 9LFWRULDQ
ΖQVWLWXWHRI6SRUWV$VVHVVPHQW$FKLOOHV6'VWDQGDUGGHYLDWLRQ6$4VFRUHVXUIDFHDUHDTXDQWLȴFDWLRQVFRUH
y, years; wk, weeks.
†

3DWLHQWV ZHUH ODEHOOHG DV ȆVSRUWVȇ LI WKHLU DQNOHDFWLYLW\ VFRUH $$6  ZDV Ȳ SDWLHQWV ZLWK DQ $$6 ȱ ZHUH

labelled as ‘sedentary’.

Primary outcome
7KHHVWLPDWHGPHDQ6$4VFRUHGHFUHDVHGVLJQLȴFDQWO\GLUHFWO\SRVWLQMHFWLRQLQERWK
groups (Figure 2). One hour after the injection procedure, estimated means in both
groups increased to values exceeding baseline values. Over the following 24 weeks
of follow-up, values return to the baseline values. During the follow-up period of 24
ZHHNVWKHUHZHUHQRVLJQLȴFDQWGLHUHQFHVDWDOOWLPHSRLQWV

8

Secondary outcomes
%DVHOLQH'RSSOHUȵRZDQGSDWLHQWUHSRUWHGRXWFRPH
The estimated mean VISA-A scores improved from 44.3 to 64.8 (p<0.01) and the
estimated mean VAS 10-hop-scores improved from 41.5 to 15.7 (p<0.01) over the
ZHHN IROORZXS SHULRG $IWHU DGMXVWPHQW IRU UHOHYDQW SUHGLFWRUV DJH S  
WKHUHZDVQRDVVRFLDWLRQEHWZHHQEDVHOLQH'RSSOHUȵRZDQGWKHFRXUVHRIWKH9Ζ6$$
VFRUH ſ >&ΖWR@S  RUWKHFRXUVHRIWKH9$6KRSVFRUH
GXULQJWKHVWXG\ ſ >&ΖWR@S  
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Figure 2.7KHFRXUVHVRIWKHHVWLPDWHGPHDQ6$4VFRUH

$EEUHYLDWLRQV+9ΖKLJKYROXPHLQMHFWLRQ6$4VFRUHVXUIDFHDUHDTXDQWLȴFDWLRQVFRUH&ΖFRQȴGHQFHLQWHUYDO

&KDQJHLQ'RSSOHUȵRZDQGSDWLHQWUHSRUWHGRXWFRPH
7KHUH ZDV QR FRUUHODWLRQ EHWZHHQ WKH FKDQJH LQ 'RSSOHU ȵRZ DQG WKH FKDQJH LQ
9Ζ6$$VFRUH ſ >&ΖWR@S  DQGWKHFKDQJHLQ9$6KRS
VFRUH ſ >&ΖWR@S  DVGHPRQVWUDWHGLQ)LJXUH
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Figure 3.7KHFRXUVHVRIWKHHVWLPDWHGPHDQ9Ζ6$$VFRUHV9$6KRSVFRUHVDQG6$4VFRUH

$EEUHYLDWLRQV9Ζ6$$9LFWRULDQΖQVWLWXWHRI6SRUWV$VVHVVPHQW$FKLOOHV9$6YLVXDODQDORJXHSDLQVFDOH6$4
VFRUHVXUIDFHDUHDTXDQWLȴFDWLRQVFRUH352SDWLHQWUHSRUWHGRXWFRPH
The VISA-A score ranges from 0 to 100 in which a lower score indicates a higher symptom severity. The VASscore ranges from 0 to 100, with 0 indicating no pain and 100 maximum pain. For a better interpretation of
WKLVȴJXUHWKH9$6KRSVFRUHVDUHSUHVHQWHGDVȂ9$6KRSVFRUH$QLQFUHDVHLQ9Ζ6$$VFRUHRU
100-VAS 10-hop-score can be interpreted as a symptom improvement.
7KHFKDQJHLQ9Ζ6$$VFRUHIURPEDVHOLQHWRZHHNVZDVQRWLQȵXHQFHGE\DJH S  VH[ S  %0Ζ
S  GXUDWLRQRIV\PSWRPV S  RUEDVHOLQH9Ζ6$$VFRUH S  7KHFKDQJHLQ9$6KRSVFRUH
IURPEDVHOLQHWRZHHNVIROORZXSZDVLQȵXHQFHGE\DJH S  DQGEDVHOLQH9Ζ6$$VFRUH S  6H[
S  %0Ζ S  DQGGXUDWLRQRIV\PSWRPV S  GLGQRWDHFWWKHFKDQJHLQ9$6KRSVFRUH

8

Discussion
We demonstrated in our double-blind, randomised, placebo-controlled clinical trial
WKDWDKLJKYROXPHLQMHFWLRQGRHVQRWUHGXFH'RSSOHUȵRZLQSDWLHQWVZLWKFKURQLF
PLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\$OVRWKHDPRXQWRI'RSSOHUȵRZDWEDVHOLQHLVQRW
associated with the course of patient-reported outcomes and there is no correlation
EHWZHHQWKHFKDQJHLQ'RSSOHUȵRZDQGWKHFKDQJHLQSDWLHQWUHSRUWHGRXWFRPHV
7KHVH ȴQGLQJV DUH FOLQLFDOO\ UHOHYDQW DV KLJKYROXPH LQMHFWLRQV +9ΖV  DUH D QRYHO
treatment option in patients with chronic AT that do not respond to usual care.11 After
publishing the clinical results of our recently conducted RCT15 WKHUH LV FRQȵLFWLQJ
HYLGHQFHIRUWKHHHFWLYHQHVVRI+9ΖVRQSDWLHQWUHSRUWHGRXWFRPHV14 23 24 Therefore,
LWLVLPSRUWDQWWREHWWHUXQGHUVWDQGWKHPHFKDQLVWLFHHFWVRI+9ΖVZKLFKFRXOGKHOS
explaining these discrepancies from clinical studies.
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In our RCT, we did not detect a change in improvement of clinical outcomes and
DPRXQW RI 'RSSOHU ȵRZ 2QH K\SRWKHVLV PLJKW EH WKDW WKH LQMHFWLRQ SURFHGXUH
IDLOHG +RZHYHU ZH QRWLFHG D VLJQLȴFDQW VKRUWWHUP UHGXFLQJ HHFW RI WKH +9Ζ RQ
'RSSOHUȵRZZKLFKSURYHVWKDWWKHLQMHFWLRQSURFHGXUHZDVWHFKQLFDOO\VXFFHVVIXO
7KLVZDVQRWGLHUHQWWRSODFHERZKLFKLPSOLFDWHVWKDWDVPDOOYROXPHDOUHDG\FDQ
KDYHORFDOHHFWVRQQHRYDVFXODULVDWLRQRUGLVDSSHDUDQFHLVDUHVXOWRILQDFWLYLW\ΖQ
the other RCT, corticosteroids were added to the injection mixture. The addition of
FRUWLFRVWHURLGV FRXOG H[SODLQ WKH SURPLVLQJ VKRUWWHUP FOLQLFDO HHFWV DQG UDLVHV
WKHTXHVWLRQZKHWKHUFRUWLFRVWHURLGVDHFWWKHQHRYDVFXODULVDWLRQΖQDFDVHVHULHV
FRUWLFRVWHURLGV ZHUH DGGHG WR WKH +9Ζ PL[WXUH DQG D VLJQLȴFDQW GHFUHDVH RI 
point in neovascularisation grade between baseline and 3-week follow-up using the
PRGLȴHGVHPLTXDQWLWDWLYHKEHUJVFRUH  ZDVGHVFULEHG12 One RCT also reported
D GHFUHDVH LQ PRGLȴHG KEHUJ VFRUH RI DSSUR[LPDWHO\  SRLQWV LQ WKH +9ΖJURXS
(including corticosteroids) and 0.5 points in the placebo-group after 6 to 24 weeks
follow-up.147KHUHGXFWLRQLQ'RSSOHUȵRZZDVODUJHULQWKH+9ΖJURXSFRPSDUHGWR
placebo, but no statistical analysis were performed.14 So adding corticosteroids to the
+9ΖPL[WXUHPLJKWGHFUHDVH'RSSOHUȵRZ$OWKRXJKWKHGLHUHQFHEHWZHHQRXUVWXG\
DQG WKH SUHYLRXV VWXGLHV LV WKDW ZH DVVHVVHG 'RSSOHU ȵRZ ZLWK DQ REVHUYHU ZKR
was blinded to the allocated intervention and clinical status of participants. Another
LPSRUWDQWGLHUHQFHEHWZHHQWKHVHVWXGLHVLVWKDWZHXVHGWKHUHOLDEOHTXDQWLWDWLYH
VXUIDFH DUHD TXDQWLȴFDWLRQ 6$4  PHWKRG LQVWHDG RI WKH PRGLȴHG KEHUJ VFRUH
which overcomes limitations of this semiquantitative scoring systems.20
:HDUHWKHȴUVWWRLQYHVWLJDWHWKHFRUUHODWLRQEHWZHHQWKHEDVHOLQH'RSSOHUȵRZWKH
FKDQJHLQ'RSSOHUȵRZXVLQJDTXDQWLWDWLYHPHDVXUHPHQWDQGWKHFKDQJHLQSDWLHQW
UHSRUWHGRXWFRPH:HGLGQRWGHWHFWDQ\FRUUHODWLRQEHWZHHQEDVHOLQH'RSSOHUȵRZ
RUFKDQJHLQ'RSSOHUȵRZDQGERWKWKH9Ζ6$$TXHVWLRQQDLUHDQGWKH9$6KRS
VFRUH7KH9Ζ6$$VFRUHUHȵHFWVV\PSWRPFKDQJHVRYHUWKHSUHFHGLQJZHHNZKLOHD
9$6KRSVFRUHUHȵHFWVWKHDFWXDOLUULWDELOLW\RIWKHWHQGRQDWDVSHFLȴFPRPHQW
2XU ȴQGLQJV DUH LQ OLQH ZLWK IRXU SUHYLRXV VWXGLHV XVLQJ WKH VHPLTXDQWLWDWLYH
PRGLȴHG KEHUJ VFRUH5-7 25 Therefore, we do not recommend the use of Doppler
ȵRZPHDVXUHPHQWVZLWKWKHDLPWRSUHGLFWWKHV\PSWRPFRXUVHRUDVDPHDVXUHIRU
recovery for patients with chronic midportion AT.

Strengths and limitations
7KLV LV FXUUHQWO\ WKH ODUJHVW 5&7 LQYHVWLJDWLQJ WKH HHFW RI D +9Ζ RQ 'RSSOHU ȵRZ
LQ SDWLHQWV ZLWK $7 :H XVHG D UHOLDEOH TXDQWLWDWLYH 6$4 PHWKRG WR GHWHUPLQH WKH
degree of neovascularisation instead of a semiquantitative grading system.20 Despite
our robust design, there were some limitations. First, we could not include 18 of the
PDUS measurements directly post-injection as there was a lot of noise present which
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OLPLWHGDQDO\VHV7KLVZDVLQFRQWUDVWWRWKHVHPLTXDQWLWDWLYHUHVXOWVRI'RSSOHUȵRZLQ
RXU5&7ZKLFKVKRZHGDVLJQLȴFDQWGLHUHQFHLQ'RSSOHUȵRZEHWZHHQERWKJURXSV
XVLQJWKHPRGLȴHGKEHUJVFRUH15 Since this discrepancy in results and the need to
H[FOXGH3'86PHDVXUHPHQWVZHTXHU\ZKHWKHU6$4LVWKHEHVWPHWKRGWRHYDOXDWH
WKH DPRXQW RI 'RSSOHU ȵRZ GLUHFWO\ SRVWLQMHFWLRQ 6HFRQG WKH VSRUWV PHGLFLQH
physician who performed the PDUS directly after the injection was not blinded for the
allocated intervention. As he was not involved in the follow-up measurements and
GDWDDQDO\VHVLWLVXQOLNHO\WKDWWKLVLQȵXHQFHGRXUUHVXOWV

Conclusion
It is hypothesised that a HVI mechanically destructs the neovascularisation, but
WKHDEVHQFHRIDVLJQLȴFDQWORZHU'RSSOHUȵRZDWDQ\IROORZXSSRLQWLQRXUVWXG\
indicates this is not the case. As we also previously demonstrated that there is no
DGGLWLRQDOHHFWRQSDWLHQWUHSRUWHGRXWFRPHIROORZLQJD+9ΖFRPSDUHGWRDSODFHER
injection, we highly question the use of HVI in patients with chronic midportion AT.
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Since the year 2000 there is an exponential increase in publications regarding Achilles
tendinopathy; currently more than a hundred studies each year are being published.
Knowledge is increasing rapidly, however, literature is often inconclusive, and many
questions remain unanswered. The general aim of this thesis was to evaluate risk
IDFWRUVWRVWXG\LPDJLQJZLWKDIRFXVRQ'RSSOHUȵRZDQGDQDO\VHWUHDWPHQWRSWLRQV
in patients with Achilles tendinopathy.

Risk factors
7KH LGHQWLȴFDWLRQ RI ULVN IDFWRUV IRU $FKLOOHV WHQGLQRSDWK\ LV RI JUHDW LPSRUWDQFH
DV EDVLV IRU IXWXUH SULPDU\ SUHYHQWLRQ DQG WUHDWPHQW VWUDWHJLHV :H LGHQWLȴHG WKH
following nine risk factors for Achilles tendinopathy in our systematic review: a history
of a lower limb injury, season of training, calf muscle strength, gait analysis parameters,
PRGHUDWH DOFRKRO XVH ȵXRURTXLQRORQH DQWLELRWLF WUHDWPHQW DQG VXERSWLPDO UHQDO
IXQFWLRQLQDVSHFLȴFKHDUWWUDQVSODQWSRSXODWLRQ1-6 High-quality prospective cohort
studies investigating risk factors were unfortunately missing and most studies
investigated a non-representative young population (median age 21 years), thereby
resulting only in limited evidence for all risk factors.
An important risk factor for Achilles tendinopathy seemed to be a history of a lower
limb injury, with an odds ratio of 4 in a single study.3 In this study, 146 participants (2.1%)
developed Achilles tendinopathy during a one year follow-up period in a population
of 7,113 participants with a history of lower limb injury. In the 70,790 participants
with no history of lower limb tendinopathy, only 304 participants (0.4%) developed
symptoms. The relationship between the time that one has been asymptomatic, and
the risk of developing Achilles tendinopathy has not been reported in this study for the
group with a history of lower-limb injury. Most likely the risk for recurrent symptoms
will be highest in patients that recently became asymptomatic. Unfortunately, this
ULVNIDFWRULVQRWPRGLȴDEOHDQGFDQQRWVHUYHLQIXWXUHSULPDU\SUHYHQWLYHVWUDWHJLHV
Based on our results, we would advise patients that are at risk to develop Achilles
tendinopathy to: (1) reduce the use of alcohol to a maximum of 7 units per week for
PHQDQGXQLWVIRUZRPHQ  DYRLGWKHXVHRIRȵR[DFLQLIDOWHUQDWLYHVDUHDYDLODEOH
DQG  LPSURYHSODQWDUȵH[RUVWUHQJWKE\SHUIRUPLQJVWUHQJWKHQLQJH[HUFLVHVRIWKH
calf muscles.1 3 6
:KHWKHU WKHVH SUHYHQWLYH LQWHUYHQWLRQV DUH HHFWLYH IRU $FKLOOHV WHQGLQRSDWK\ LV
uncertain. Of our advices, only strengthening exercises of the calf muscles as preventive
strategy have been investigated.7 7KHUH ZDV QR SUHYHQWLYH HHFW ZKHQ SHUIRUPLQJ
these exercises in a group of professional soccer players. The discrepancy between
WKHULVNIDFWRUDQGWKHSUHYHQWLYHHHFWFRXOGEHH[SODLQHGE\WKHORZFRPSOLDQFH
(only 2 sessions per week were performed) and that no additional weights were used
during the performance of the exercises.8 Exercises were also performed in-season,
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ZKHUHDV LW FRXOG EH K\SRWKHVLVHG WKDW VWUHQJWKHQLQJ H[HUFLVHV DUH PRUH HHFWLYH
when performed in the pre-season to gradually increase musculoskeletal load.
We demonstrated in our systematic review that there is currently no evidence for
an association between physical activity level and Achilles tendinopathy. However,
previous risk factor studies measured the absolute load and sudden changes in
load could be more important. Recent studies in team sports and endurance sports
showed that the overall injury rate is increased when there are rapid increases in
training load.9 10 This has been analysed using the acute:chronic workload ratio. In this
ratio, the ‘acute’ training load is the load of a certain week (e.g. kilometres per week
in runners), which is divided by the ‘chronic’ load (e.g. average kilometres per week in
the previous four weeks). When the training load is almost equal every week, the ratio
LVDSSUR[LPDWHO\$QDFXWHFKURQLFZRUNORDGUDWLRRIȲLQFUHDVHVWKHLQMXU\ULVNLQ
the following week.9 10:HUHFRPPHQGIXWXUHULVNIDFWRUUHVHDUFKLQWKLVȴHOGWRIRFXV
on changes in load, rather than the absolute load at one moment in time. Besides,
physical activity level could have been measured not accurately enough to detect
associations, as previous studies investigated hours of training or training distance
as risk factor. The recent introduction of wearables in sports and tracking apps could
prove useful in future studies. Parameters such as speed, cadence, step length,
number of accelerations, and number of high-intensity sprints should be included
when analysing change in physical activity level.
Training season and gait analysis parameters have both only been investigated in one
relatively small cohort study.2 4 Also, in both studies several important confounders
could have been present. In the study analysing gait parameters the gait pattern
ZDV GHWHUPLQHG EDUHIRRW ZKHUHDV UXQQLQJ VKRHV DUH OLNHO\ WR LQȵXHQFH WKH JDLW
SDWWHUQ)XUWKHUPRUHWZRVWXGLHVLQYHVWLJDWLQJWKHSUHYHQWLYHHHFWRIVKRHRUWKRVHV
did not demonstrate a risk reduction for developing Achilles tendinopathy.11 12 It
should, however, be noted that the number of cases (resp. 2 and 12 cases) in these
studies were too low as 20-50 cases are necessary to detect moderate to strong
associations.13 In the study investigating training season as risk factor, temperature
and type of surface when training could have been important confounders for this
risk factor. As a result, both risk factors do not result in clinical implications.

9

2YHUZHLJKWLVJHQHUDOO\GHȴQHGE\FOLQLFDOH[SHUWVDVLPSRUWDQWULVNIDFWRUIRU$FKLOOHV
tendinopathy. The hypothesis for the relationship between body weight and Achilles
tendinopathy is primarily based on an increase in absolute tendon load, but also
on increased cytokine levels (Prostaglandin E2, tumour necrosis factor-alfa and
/HXNRWULHQH% WKDWKDYHEHHQGHPRQVWUDWHGWRFDXVHDORZJUDGHLQȵDPPDWLRQ14
15
ΖQWHUHVWLQJO\ZHGLGQRWȴQGHYLGHQFHWKDWRYHUZHLJKWLVDVVRFLDWHGZLWK$FKLOOHV
tendinopathy.1-4 16 17 We cannot exclude a relationship, as the majority of the
studies investigated an adolescent population in which overweight is less common.
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Therefore, cohort studies are warranted in more heterogeneous populations. These
studies should include the fat percentage as outcome measure. BMI that is most
often investigated could be considered inaccurate in athletes, as an increased muscle
mass could also lead to an increased BMI.18

Imaging; a focus on neovascularisation and its role in pain sensation
'RSSOHU ȵRZ QHRYDVFXODULVDWLRQ  DURXQG DQG ZLWKLQ WKH WHQGRQ LV D FKDUDFWHULVWLF
feature in patients with longstanding symptoms of Achilles tendinopathy.19-23 Nerve
structures present alongside the neovascularisation suggest that the tendon tissue
will be more susceptible for stimuli such as nociceptive pain. The amount of Doppler
ȵRZ KDYH EHHQ GHWHUPLQHG LQ SUHYLRXV VWXGLHV XVLQJ WKH PRGLȴHG KEHUJ VFRUH
ZKLFKH[FHHGHGWKHUHOLDELOLW\RIWKHRULJLQDOKEHUJVFRUH247KLVPRGLȴHGKEHUJ
score is a semi-quantitative scoring system, which runs from 0-4+ (higher scores
LQGLFDWH PRUH HYLGHQW 'RSSOHU ȵRZ 20 25 26 Inter-observer reliability varies from
moderate to almost perfect, however, important disadvantages have been described
DVWKHVFRULQJV\VWHPLQQRWDEOHWRGLVWLQJXLVKKLJKHUDPRXQWVRI'RSSOHUȵRZ FHLOLQJ
HHFW  DQG LV OHVV VHQVLWLYH WR GHWHFW FKDQJHV24 26-29 As a result, novel quantitative
scoring systems were warranted.
:H LQYHVWLJDWHG ZKHWKHU WKH TXDQWLȴFDWLRQ RI FRORXUHG SL[HOV RI WKH 'RSSOHU ȵRZ
is reliable. In this method, the percentage of colour pixels is determined within the
Achilles tendon and/or the peritendinous region. This is called the surface area
TXDQWLȴFDWLRQ 6$4  PHWKRG ZKLFK ZDV ȴUVW LQWURGXFHG E\ %RHVHQ HW DO30 31 The
reliability had, however, not been tested before commencement of our study. We
GHPRQVWUDWHGWKDWWKH6$4PHWKRGLVDUHOLDEOHPHDVXUHPHQWWRROLQDSDWLHQWJURXS
with longstanding symptoms of midportion Achilles tendinopathy (ICC 0.81). Reliability
LVDVJRRGDVWKDWRIWKHPRGLȴHGKEHUJVFRUHEXWLWFOHDUO\RYHUFRPHVWKHFHLOLQJ
HHFW RI WKH PRGLȴHG KEHUJ VFRUH E\ GLHUHQWLDWLRQ EHWZHHQ KLJK DPRXQWV RI
'RSSOHUȵRZ7KLVLVDSUHUHTXLVLWHIRULWVDSSOLFDWLRQLQIXWXUHUHVHDUFK24 26 29

Treatment modalities
A myriad of treatment modalities for Achilles tendinopathy have been investigated
the last decades, including wait-and-see, exercise therapy, injections, shockwave
WKHUDS\RUWKRVLVPHGLFDWLRQDQGVXUJHU\7RFRPSDUHWKHHHFWLYHQHVVRIGLHUHQW
treatment modalities, it is important to have knowledge of the minimal clinically
LPSRUWDQWGLHUHQFH 0&Ζ' RIDQRXWFRPHPHDVXUHΖQRXUUDQGRPLVHGFOLQLFDOWULDO
we used the generally accepted Victorian Institute of Sports Assessment-Achilles
9Ζ6$$  TXHVWLRQQDLUH WR DVVHVV WKH HHFWLYHQHVV RI WKH WUHDWPHQW32 33 Previous
research in patients with midportion Achilles tendinopathy showed a very wide
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range of 6.5 to 25 points for the MCID of the VISA-A.34-37 These studies used a purely
VWDWLVWLFDODSSURDFKWRGHWHUPLQHWKH0&Ζ'WKHUHE\ODFNLQJDOLQNZLWKWKHGLHUHQFH
that is clinical meaningful according to patients.
We determined the MCID in the population of the randomised clinical trial, in which
patients were asked to rate the improvement/worsening of their symptoms using a
global assessment scale.35 Using this scale, we were able to determine the MCID using
an anchor-based approach. This approach connects the subjective assessment of the
patient to a numerical score such as the VISA-A score.38 Previous studies most often
used a distribution-based approach to determine the MCID, which lacks a clinical
relevance for the patient as subjective assessments such as the global assessment
scale are not included in this approach. We demonstrated that the MCID for the
VISA-A score was 14 points in patients with longstanding symptoms of midportion
Achilles tendinopathy after three months of conservative treatment or 7 points after
six months of conservative treatment. Our sample size to determine the MCID for
WKH9Ζ6$$VFRUHZDVWKHODUJHVWWRGDWHDQGZHZHUHWKHȴUVWVWXG\WRGLHUHQWLDWH
EHWZHHQGLHUHQWWLPHSRLQWV7KHUHZDVKRZHYHUDODUJHGLHUHQFHRIWKH0&Ζ'IRU
the VISA-A score at 3 and 6 months (14 points at 3 months, 7 points at 6 months).
This could be explained by recall bias; patients could have remembered symptoms
to be worse than they actually were with subjective improvement as a consequence.
Interpretation of data using the MCID should, therefore, always be done with caution.
Almost all studies included in our systematic review and network meta-analysis
investigated a population with midportion Achilles tendinopathy; there is a lack of
studies investigating a population with insertional Achilles tendinopathy. The most
VWULNLQJ ȴQGLQJ ZDV WKDW QRQH RI WKH FXUUHQW UDQGRPLVHG FOLQLFDO WULDOV ZDV DW ORZ
ULVN RI ELDV DQG WKH HHFWLYHQHVV RI WKH WUHDWPHQWV VKRZHG ODUJH XQFHUWDLQWLHV
LQ WKHLU HVWLPDWHV 7KH PDLQ ȴQGLQJ ZDV WKDW DFWLYH WUHDWPHQWV VHHPHG WR KDYH
SDWLHQWLPSRUWDQWEHQHȴWVDWPRQWKIROORZXSFRPSDUHGWRDZDLWDQGVHHSROLF\
All treatment modalities showed superiority to wait- and-see treatment, with most
studies exceeding the MCID of 14 points. In other words, it is better to do something
than do nothing. It should be noted that wait-and-see treatment has only been
investigated in a single trial and data is, therefore, not robust. Also, the wait-and-see
approach is questionable as an appointment with an orthopaedic surgeon was made
ZLWKGLVFXVVLRQRIWUDLQLQJPRGLȴFDWLRQVLPSOHPHQWDWLRQRIVWUHWFKLQJH[HUFLVHVDQG
ergonomic advices.39 We feel, however, that based on current evidence it would not
be ethical to include a pure wait-and-see approach as treatment arm in future trials.

9

%XWZKDWLVWKHPRVWHHFWLYHWUHDWPHQWLIKHDOWKFDUHSURIHVVLRQDOVZDQWWRDFWLYHO\
WUHDW $FKLOOHV WHQGLQRSDWK\" 7ZR FODVVHV VKRZHG VXSHULRULW\ LQ RXU QHWZRUN PHWD
analysis: Acupuncture therapy and shockwave therapy combined with exercise
therapy.40 41 These results were, however, based on two small trials (64 and 68 included
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patients respectively) that were both at high risk of bias. We feel that there is too
PXFKXQFHUWDLQW\WRH[SOLFLWO\VXSSRUWWKHVHDVWUHDWPHQWVRIȴUVWFKRLFH$VDOODFWLYH
WUHDWPHQWV KDG RYHUODSSLQJ FRPSDUDWLYH HHFWV ZH FRQFOXGHG WKDW WKHUH ZDV QR
HYLGHQFHRIDFOLQLFDOO\UHOHYDQWGLHUHQFHLQHHFWLYHQHVVEHWZHHQWKHGLHUHQWDFWLYH
treatments at 3-month and 12-month follow-up. Shared decision making should play
an important role when managing a patient with Achilles tendinopathy, considering
WKH VDIHW\ SURȴOH WUHDWPHQW DYDLODELOLW\ DQG FRVWV ΖQ WKH DEVHQFH RI FRQYLQFLQJ
HYLGHQFH WR VXSSRUW D VSHFLȴF WUHDWPHQW PRGDOLW\ ZH IDYRXU FDOIPXVFOH H[HUFLVH
WKHUDS\ DV WUHDWPHQW RI ȴUVW FKRLFH ([HUFLVH WKHUDS\ LV VXJJHVWHG WR EH FKHDS LV
available everywhere and has a low risk of harm.42 43 Exercise therapy in general is
UHFRPPHQGHG DV QR VSHFLȴF W\SH RI H[HUFLVH WKHUDS\ KDV VKRZQ VXSHULRULW\ RYHU
one another in the available trials.447KHHHFWLYHQHVVRIPRVWDFWLYHWUHDWPHQWVLQWKH
ORQJWHUP EH\RQGPRQWKV LVXQFHUWDLQ$WPRQWKVZHGLGQRWȴQGDGLHUHQFH
between exercise therapy, injection therapies, and combined therapies. Also, our
recommendations focus on patients with longstanding (>3 months) symptoms of
midportion Achilles tendinopathy, as literature in patients with short living symptoms
(<6 weeks) and insertional tendinopathy is extremely limited.45
Most available treatments in the network meta-analysis, such as injection therapies,
exercise therapy, and surgery, are focusing on restoring the structure of the Achilles
tendon. It has, however, been demonstrated that improvements in pain and function
were not associated with improvements in tendon structure.46 As a result, novel
treatment modalities have been introduced with the aim to intervene on other
aspects of the pathophysiological model in Achilles tendinopathy. An example of such
a treatment option in midportion Achilles tendinopathy is the high-volume injection.
As stated earlier, the aim of this injection technique is to obliterate the peri- and
intratendinous neovascularisation and adjacent nerve structures that are present in
Achilles tendinopathy through a high mechanical pressure.47 48 This is expected to
DHFW ORFDO SDLQ SURFHVVLQJ 7KH WHFKQLTXH KDV EHFRPH LQFUHDVLQJO\ SRSXODU DIWHU
several case-series demonstrated a clinically relevant improvement in symptoms at
both short-term and intermediate-term follow-up period.47 49 50 A recent blinded RCT
ZLWKVPDOOVDPSOHVL]H 1 SHULQWHUYHQWLRQJURXS FRQȴUPHGWKHVHȴQGLQJVEXW
robust evidence was still missing.51&RQWUDU\WRSUHYLRXVȴQGLQJVZHGHPRQVWUDWHGLQ
our patient and assessor-blinded, placebo-controlled randomised clinical trial that a
KLJKYROXPHLQMHFWLRQLVQRWHHFWLYHIRUV\PSWRPUHGXFWLRQLQDGGLWLRQWRXVXDOFDUH
for patients with chronic midportion Achilles tendinopathy.
$ FUXFLDO GLHUHQFH EHWZHHQ RXU WULDO DQG SUHYLRXV VWXGLHV LV WKDW ZH GLG QRW XVH
corticosteroids in our injection mixture. We excluded corticosteroids as these do
WKHRUHWLFDOO\QRWDHFWWKHPHFKDQLFDOHHFWRIWKHKLJKYROXPHLQMHFWLRQ$OVRWKHUH
is an increased risk of Achilles tendon ruptures following a corticosteroid injection
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DQGFRUWLFRVWHURLGVDUHNQRZQWRKDYHGHWULPHQWDOORQJWHUPHHFWV52-54 Most likely
SUHYLRXVVWXGLHVGLGQRWGHPRQVWUDWHWKHHHFWLYHQHVVRIWKHKLJKYROXPHLQMHFWLRQ
SURFHGXUHEXWLQVWHDGWKH\GHPRQVWUDWHGDSDLQUHGXFLQJVKRUWWHUPHHFWFDXVHG
by the corticosteroids in the injection mixture. In the previous randomised clinical
trial short-term outcome exceeded the intermediate-term outcome, which is a typical
course following a corticosteroid injection.51 52 $OVR RXU XOWUDVRQRJUDSKLF ȴQGLQJV
demonstrated that the degree of neovascularisation already returned to pre-injection
OHYHOVRQO\RQHKRXUDIWHUWKHLQMHFWLRQSURFHGXUH7KLVPDNHVDPHFKDQLFDOHHFWRI
the high-volume injection itself unlikely.
Patients in both the high-volume injection group and the placebo group of the
UDQGRPLVHGFOLQLFDOWULDOGHPRQVWUDWHGVLJQLȴFDQWLPSURYHPHQWVLQSDLQDQGIXQFWLRQ
over a 24-week follow-up period. The improvement in VISA-A score was approximately
20 points at 24 weeks follow-up, which is comparable with previous results in heavyload eccentric calf muscle exercise therapy as standalone treatment.42 Therefore,
we advise all patients to continue exercise therapy as basis of their treatment.
Patient education and load management could additionally play an important role
in the improvement of symptoms over time, as these are usually incorporated
in all investigated treatment options. This has also been the case in our study. To
date, patient education and load management has not been studied as standalone
treatment and should, therefore, be considered an addition to the exercise therapy.
:H DOVR XVHG WKH 6$4 PHWKRG WR H[SORUH WKH PHFKDQLFDO HHFW RI D KLJK
volume injection. The aim of this injection technique is to obliterate the peri- and
intratendinous neovascularisation and adjacent nerve structures that are present in
Achilles tendinopathy through a high mechanical pressure.47 Directly following both
LQMHFWLRQ SURFHGXUHV LQ RXU VWXG\ 'RSSOHU ȵRZ GHFUHDVHG IURP  WR  LQ
patients receiving a high-volume injection and from 5.4% to 2.0% in the placebo group
ZLWKQRVLJQLȴFDQWGLHUHQFHEHWZHHQERWKVWXG\JURXSV EHWZHHQJURXSGLHUHQFH
1.9%, 95% CI -1.2 to 4.9%). Interestingly, one hour after the injection procedure the
DPRXQWRI'RSSOHUȵRZUHWXUQHG WRSUHLQMHFWLRQOHYHOVLQERWKVWXG\JURXSV7KLV
strongly suggests an absence of mechanical destruction of neovascularisation as
D UHVXOW RI D KLJKYROXPH LQMHFWLRQ 7KH GHFUHDVH LQ 'RSSOHU ȵRZ GLUHFWO\ DIWHU WKH
intervention is more likely explained by inactivity during the injection procedure, as
DFWLYLW\ KDV EHHQ IRXQG WR LQȵXHQFH 'RSSOHU ȵRZ31 From 2 to 24 weeks follow-up,
WKHUHZDVQRVLJQLȴFDQWFKDQJHLQ'RSSOHUȵRZLQERWKVWXG\JURXS7KLVLVLQOLQHZLWK
WZRSUHYLRXVVWXGLHVLQZKLFKQRFOLQLFDOO\UHOHYDQWGLHUHQFHZDVSUHVHQWGXULQJD
to 24 week follow-up period following a high-volume injection.51 55 Both studies used
WKHPRGLȴHGKEHUJVFRUHDVRXWFRPHPHDVXUH

9

7KH DVVRFLDWLRQ EHWZHHQ 'RSSOHU ȵRZ DQG SDWLHQW UHSRUWHG RXWFRPHV HJ 9Ζ6$$
VFRUH ZDVRILQWHUHVWLQWKHODVWGHFDGH3UHYLRXVVWXGLHVPHDVXULQJ'RSSOHUȵRZXVLQJ
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WKH PRGLȴHG KEHUJ VFRUH GHPRQVWUDWHG WKDW D GHFUHDVH LQ 'RSSOHU ȵRZ ZDV QRW
associated with an improvement in the patient reported VISA-A score.19 25 Despite our
VXUIDFH DUHD TXDQWLȴFDWLRQ RYHUFRPLQJ OLPLWDWLRQV RI WKH PRGLȴHG KEHUJ VFRUH DQ
DVVRFLDWLRQEHWZHHQ'RSSOHUȵRZDQGSDWLHQWUHSRUWHGRXWFRPHZDVVWLOODEVHQW:H
DOVRGHPRQVWUDWHGWKDWTXDQWLȴHG'RSSOHUȵRZLVQRSURJQRVWLFLQGLFDWRURIUHFRYHU\
which is in line with two previous studies applying semiquantitative measures.20 23 This
further questions the clinical importance of neovascularisation in tendinopathy.
Pain processing is of increasing interest in tendinopathy. As stated earlier, the severity
of tendon disorganisation is not directly related to the degree of pain.56 57 Peripheral
pain due to local tissue damage of the Achilles tendon is, therefore, considered not
to be the only driver of pain sensation. Central pain processing has been found
to be altered in patients with Achilles tendinopathy, causing pathophysiological
pain (central sensitisation).58-60 This could explain why some patients with Achilles
tendinopathy do not respond to most treatments that are tissue-based. Isometric
exercises of several muscle groups (e.g., quadriceps muscles) have been found to
LQȵXHQFH FHQWUDO SDLQ SURFHVVLQJ61 62 Since 2015, isometric exercises gained a lot
of attention after one study demonstrated a large and meaningful decrease in pain
score following isometric exercises of the quadriceps femoris in patients with patellar
tendinopathy.63 Despite this being the only study and the very small sample size of
only 6 participants, isometric exercises were implemented rapidly for immediate
pain relief. Subsequently, results were quickly extrapolated to other tendinopathies
such as Achilles tendinopathy. We demonstrated that neither isometric exercises nor
isotonic exercises provided immediate pain relief in patients with chronic midportion
Achilles tendinopathy. Recent studies in patients with lateral elbow tendinopathy,
plantar fasciopathy, and patellar tendinopathy also reported no meaningful change
in pain scores after the performance of isometric exercise.63-65 Thereby, there seems
to be no longer any ground to assume that isometric exercises provide immediate
pain relief. Both isometric and isotonic exercises were well tolerated in our study and
could still be considered a starting point for exercise therapy.

Future perspectives
6HYHUDODVSHFWVLQWKHȴHOGRI$FKLOOHVWHQGLQRSDWK\KDYHEHHQH[WHQVLYHO\GLVFXVVHG
in this thesis, yet some questions remain unanswered and new questions arose. We
feel that future research should focus on the following topics:
General perspectives
2QHRIWKHPDLQSUREOHPVLQWKHȴHOGRI$FKLOOHVWHQGLQRSDWK\LVWKHODFNRIFRQVHQVXV
regarding core outcome measures. There is currently an international consensus
to agree on these outcome measures. These results will, hopefully, improve
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comparability of future trials. Furthermore, several subtypes of Achilles tendinopathy
based on location of the symptoms (insertional/midportion Achilles tendinopathy)
and duration of symptoms (reactive/chronic Achilles tendinopathy) are often not
taken into account when designed trials. Future trials should specify their population
to include a homogeneous population.

5LVNIDFWRUV
More adequately powered and designed prospective cohort studies are needed to
LQYHVWLJDWHULVNIDFWRUVIRU$FKLOOHVWHQGLQRSDWK\:HZRXOGVSHFLȴFDOO\UHFRPPHQG
LQYHVWLJDWLQJFKDQJHVLQWUDLQLQJORDG HJDFXWHFKURQLFZRUNORDGUDWLR SODQWDUȵH[RU
strength, and fat percentage as potential risk factors for Achilles tendinopathy. These
potential risk factors should be investigated in a heterogeneous population in which
Achilles tendinopathy is most common (mean age 40-60 years old). These future risk
factors could be used for designing preventive strategies.

ΖPDJLQJDIRFXVRQQHRYDVFXODULVDWLRQDQGLWVUROHLQSDLQVHQVDWLRQ
:HIHHOWKDWWKHVXUIDFHDUHDTXDQWLȴFDWLRQPHWKRGLVDGHTXDWHDQGUHOLDEOHWRGHWHFW
'RSSOHUȵRZLQ$FKLOOHVWHQGLQRSDWK\:HDGYLVHIXWXUHWULDOVWRXVHWKLVPHWKRGWR
HYDOXDWH 'RSSOHU ȵRZ LQ $FKLOOHV WHQGLQRSDWK\ HVSHFLDOO\ ZKHQ WUHDWPHQW RSWLRQV
target neovascularisation in Achilles tendinopathy.

7UHDWPHQWPRGDOLWLHV
First, there remains uncertainty in the treatment modality that should be advised
DV ȴUVW OLQH WKHUDS\ LQ SDWLHQWV ZLWK $FKLOOHV WHQGLQRSDWK\ 0RVW FOLQLFLDQV IHHO WKH
urge to actively treat the disorder, however patient education and load management
have never been examined as sole treatments. Also, research in insertional Achilles
tendinopathy and patients with recent symptoms (<6 weeks) of Achilles tendinopathy
is extremely limited. Especially research in patients with recent symptoms is warranted,
as this could potentially contribute to prevent chronic symptoms in patients with
Achilles tendinopathy. Future studies should be adequately powered and designed,
using outcome measures from the current consensus procedure as described in the
general future perspectives. As our systematic review and network meta-analyses has
a ‘living’ design, we will update the analyses and publish the results when there are
LPSRUWDQW FKDQJHV WKDW DHFW FOLQLFDO FDUH )XWXUH UHVHDUFK FRXOG SURYLGH LQVLJKWV
to individualise treatment in patients with Achilles tendinopathy. Therefore, large
VWXGLHVDUHQHFHVVDU\WRLQYHVWLJDWHIDFWRUVWKDWLQȵXHQFHWUHDWPHQWHHFWLYHQHVV
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The general aim of this thesis was to evaluate risk factors, imaging, and treatment
options in patients with Achilles tendinopathy. In Chapter 1 an overview of the current
literature has been given including risk factors to develop Achilles tendinopathy,
LPDJLQJZLWKDIRFXVRQXOWUDVRQRJUDSKLF'RSSOHUȵRZDQGWKHDYDLODEOHWUHDWPHQW
options for Achilles tendinopathy.

Risk factors
In Chapter 2 we performed a systematic literature review to identify risk factors for
Achilles tendinopathy. Unfortunately, there appeared to be a lack of high-quality
SURVSHFWLYH VWXGLHV WKDW LGHQWLȴHG WKHVH SRWHQWLDO ULVN IDFWRUV :H IRXQG OLPLWHG
evidence for nine risk factors for Achilles tendinopathy: a history of lower limb
injury, season of training, calf muscle strength, gait analysis parameters, moderate
DOFRKROXVHȵXRURTXLQRORQHDQWLELRWLFWUHDWPHQWDQGVXERSWLPDOUHQDOIXQFWLRQLQD
VSHFLȴFKHDUWWUDQVSODQWSRSXODWLRQ$VDUHVXOWZHIHHOKHDOWKFDUHSURYLGHUVFRXOG
advice all patients to: (1) reduce the use of alcohol to less than 7 units per week for
PHQ DQG OHVV WKDQ  XQLWV IRU ZRPHQ   DYRLG WKH XVH RI RȵR[DFLQ LI DOWHUQDWLYHV
DUH DYDLODEOH DQG   LPSURYH SODQWDU ȵH[RU VWUHQJWK E\ SHUIRUPLQJ VWUHQJWKHQLQJ
H[HUFLVHVRIWKHFDOIPXVFOHV0RUHKLJKTXDOLW\UHVHDUFKLQWKLVȴHOGLVZDUUDQWHGDV
PRGLȴDEOHGHWHUPLQDQWVFRXOGSURYHXVHIXOIRUSUHYHQWLRQDQGWUHDWPHQWRI$FKLOOHV
tendinopathy.

Imaging; a focus on neovascularisation and its role in pain
sensation
Neovascularisation, one of the features during ultrasonography in patients with
Achilles tendinopathy, is of increasing interest in this patient group. Most often the
QHRYDVFXODULVDWLRQ LV HYDOXDWHG XVLQJ WKH PRGLȴHG KEHUJ VFRUH KRZHYHU WKLV
score has several limitations in a research setting. In Chapter 3 we evaluated the
LQWHUREVHUYHU UHOLDELOLW\ RI D UHODWLYHO\ QRYHO VXUIDFH DUHD TXDQWLȴFDWLRQ PHWKRG
7ZR REVHUYHUV H[DPLQHG WKH GHJUHH RI 'RSSOHU ȵRZ LQGHSHQGHQWO\ GXULQJ D
VLQJOHFRQVXOWDWLRQ%RWKWKHPRVWIUHTXHQWO\XVHGPRGLȴHGKEHUJVFRUH DVHPL
TXDQWLWDWLYHVFRUH DQGWKHVXUIDFHDUHDTXDQWLȴFDWLRQPHWKRG DTXDQWLWDWLYHVFRUH 
were determined. We included 28 consecutive patients with chronic midportion
$FKLOOHVWHQGLQRSDWK\:HGHPRQVWUDWHGWKDWRXUVXUIDFHDUHDTXDQWLȴFDWLRQPHWKRG
KDV D JRRG UHOLDELOLW\ WR HYDOXDWH WKH GHJUHH RI 'RSSOHU ȵRZ LQ WKLV SDWLHQW JURXS
:KHQ FRPSDUHG WR WKH PRGLȴHG KEHUJ VFRUH WKH VXUIDFH DUHD TXDQWLȴFDWLRQ
PHWKRGLVDIXOO\TXDQWLWDWLYHVFRUHDWOHDVWDVUHOLDEOHDVWKHPRGLȴHGKEHUJVFRUH
DQGLWRYHUFRPHVWKHFHLOLQJHHFWRIWKHPRGLȴHGKEHUJVFRUHE\GLHUHQWLDWLQJ
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KLJK DPRXQWV RI 'RSSOHU ȵRZ :H DGYLVH XVLQJ WKLV TXDQWLWDWLYH PHDVXUHPHQW IRU
UHVHDUFKSXUSRVHVWRGHWHUPLQHWKHGHJUHHRI'RSSOHUȵRZLQSDWLHQWVZLWKFKURQLF
midportion Achilles tendinopathy.

Treatment
7UHDWPHQW HHFWLYHQHVV IRU SDWLHQWV ZLWK $FKLOOHV WHQGLQRSDWK\ LV FXUUHQWO\ PRVW
RIWHQHYDOXDWHGXVLQJWKHYDOLGDWHGDQGGLVHDVHVSHFLȴF9LFWRULDQΖQVWLWXWHRI6SRUWV
Assessment-Achilles (VISA-A) questionnaire. The VISA-A questionnaire evaluates
Achilles tendon pain, function, and activity level. There was, however, much uncertainty
regarding the change in VISA-A score that is clinically meaningful for patients and at
what VISA-A score patients consider symptoms to be acceptable. In Chapter 4 we
GHWHUPLQHGWKHPLQLPDOFOLQLFDOO\LPSRUWDQWGLHUHQFH 0&Ζ' DQGSDWLHQWDFFHSWDEOH
symptom state (PASS) of the VISA-A score in patients with chronic midportion
Achilles tendinopathy. This study was part of the randomised clinical trial in which
WKHHHFWLYHQHVVRIDKLJKYROXPHLQMHFWLRQZDVHYDOXDWHG:HGHPRQVWUDWHGWKDWD
FKDQJHLQ9Ζ6$$VFRUHRISRLQWVUHȵHFWVDPHDQLQJIXOFKDQJHDIWHUZHHNVRI
conservative treatment. Patients consider symptoms to be acceptable from a VISA-A
score of 60 points and above. This is important information for designing future
VWXGLHVLQWKLVȴHOG
In Chapter 5ZHHYDOXDWHGWKHFRPSDUDWLYHHHFWLYHQHVVRIDOODYDLODEOHWUHDWPHQWV
for Achilles tendinopathy in a living systematic review with network-meta-analysis.
:H LQFOXGHG  UDQGRPLVHG FOLQLFDO WULDOV LQ ZKLFK  GLHUHQW WUHDWPHQWV ZHUH
investigated. None of the trials was of low risk of bias, most had a short follow-up
period of less than 6 months and there was large uncertainty in the comparative
estimates. Active treatments seemed to be superior to a wait-and-see policy in
patients with midportion Achilles tendinopathy at 3 months follow-up. There was no
PLQLPDO FOLQLFDOO\ LPSRUWDQW GLHUHQFH EHWZHHQ WKH GLHUHQW DFWLYH WUHDWPHQWV DW
3- and 12-months follow-up. We advise clinicians to start with calf-muscle exercise
therapy as initial treatment, as this is easy to prescribe in clinical practice, is widely
DYDLODEOHDQGLVUHJDUGHGDVVDIHDQGFKHDS(YLGHQFHIRUWUHDWPHQWHHFWLYHQHVVLQ
insertional Achilles tendinopathy is very limited, thereby limiting conclusions for this
subgroup. We will update this living systematic review regularly, which allows for a
contemporary evidence synthesis for clinical practice.

10

Novel treatments for Achilles tendinopathy are being introduced continuously, but
RIWHQVFLHQWLȴFHYLGHQFHIRUWKHVHWUHDWPHQWVLVPLVVLQJΖQChapter 6, 91 patients
were TXDVLUDQGRPLVHG WR SHUIRUP HLWKHU LVRPHWULF H[HUFLVHV SODQWDUȵH[HG RU
GRUVLȵH[HG DQNOH SRVLWLRQ  LVRWRQLF H[HUFLVHV RU UHVW ZLWK WKH DLP WR HYDOXDWH WKH
LPPHGLDWH DQDOJHVLF HHFW RI LVRPHWULF H[HUFLVHV :H GHPRQVWUDWHG WKDW QHLWKHU
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LVRPHWULF H[HUFLVHV QRU LVRWRQLF H[HUFLVHV UHVXOW LQ DQ LPPHGLDWH DQDOJHVLF HHFW
in these population of patients with chronic midportion Achilles tendinopathy. As a
result, we do not recommend the performance of isometric exercises with the aim to
provide immediate pain relief.
Another very promising treatment seemed to be the novel high-volume injection,
which aims to obliterate the neovascularisation that is frequently observed in Achilles
tendinopathy. In Chapter 7 we investigated whether a high-volume injection improves
FOLQLFDO RXWFRPH LQ DGGLWLRQ WR XVXDO FDUH :H SHUIRUPHG D VWUDWLȴHG SDWLHQW DQG
assessor-blinded, placebo-controlled randomised clinical trial, in which we included
80 patients with chronic midportion Achilles tendinopathy. All patients performed
a calf-muscle exercise program for 24 weeks (usual care) and were randomised to
receive either a 50 ml high-volume injection or a 2 ml placebo injection. The injection
mixture consisted of saline and lidocaine for both injections. We demonstrated that
DKLJKYROXPHLQMHFWLRQGRHVQRWSURYLGHDEHQHȴFLDOHHFWLQDGGLWLRQWRXVXDOFDUH
in patients with chronic midportion Achilles tendinopathy, as no between-group
GLHUHQFHVZHUHSUHVHQW%DVHGRQWKLV5&7ZHGRQRWUHFRPPHQGDKLJKYROXPH
as treatment in patients with chronic midportion Achilles tendinopathy.
7KH VXUIDFH DUHD TXDQWLȴFDWLRQ PHWKRG ZDV VXEVHTXHQWO\ XVHG WR H[SORUH WKH
mechanism of a high-volume injection. In Chapter 8 we evaluated the ultrasonographic
RXWFRPHPHDVXUHVRIWKHUDQGRPLVHGFOLQLFDOWULDOLQZKLFKWKHHHFWLYHQHVVRIWKH
high-volume injection was evaluated in patients with chronic midportion Achilles
WHQGLQRSDWK\ :H GHPRQVWUDWHG WKDW 'RSSOHU ȵRZ ZDV QRW UHGXFHG DW VKRUW RU
intermediate term follow-up following a high-volume injection, when compared to a
SODFHERLQMHFWLRQ$VLJQLȴFDQWGHFUHDVHZDVSUHVHQWGLUHFWO\DIWHUWKHKLJKYROXPH
injection procedure; however, this is most likely explained by inactivity as a similar
GHFUHDVHZDVVHHQIROORZLQJDSODFHERLQMHFWLRQ)XUWKHUPRUH'RSSOHUȵRZUHWXUQHG
to pre-injection levels one hour after the high-volume injection procedure. These
ȴQGLQJV FKDOOHQJH D PHFKDQLFDO HHFW RI D KLJKYROXPH LQMHFWLRQ $GGLWLRQDOO\ ZH
GHPRQVWUDWHGWKDW  EDVHOLQH'RSSOHUȵRZLVQRWDSURJQRVWLFLQGLFDWRUIRUSDWLHQW
UHSRUWHGRXWFRPHDQGWKDW  FKDQJHVLQ'RSSOHUȵRZGRQRWSUHGLFWWKHFRXUVHRI
symptoms over time.
In Chapter 9 the main results of this thesis are described in relation to each other and
WKHFXUUHQWVFLHQWLȴFOLWHUDWXUH5HFRPPHQGDWLRQIRUIXWXUHUHVHDUFKDUHSUHVHQWHG
to further improve knowledge of Achilles tendinopathy.

184

10

185

186

Appendices
Nederlandse samenvatting
Dankwoord
Curriculum Vitae
PhD portfolio summary
List of publications

187

Appendices

Nederlandse samenvatting
De achillespees is de grootste en sterkste pees van het menselijk lichaam, desondanks
is een overbelasting blessure van de achillespees (achilles tendinopathie) een
veelvoorkomende blessure. Het komt met name voor bij sporten waarbij er sprake is
van hardloopbelasting, zoals hardlopen en voetbal. Bij recreatieve hardlopers heeft
ongeveer 1 op de 12 hardlopers klachten van een achilles tendinopathie. Naarmate
de sportbelasting verhoogd wordt neemt het risico verder toe; bij professionele
hardlopers ontwikkelt zelfs de helft van de hardlopers achilles tendinopathie
gedurende hun carrière. Ongeveer 1/3e van de patiënten is echter niet sportief
DFWLHI KLHUELM VSHOHQ ZDDUVFKLMQOLMN DQGHUH IDFWRUHQ ]RDOV JHQHWLVFK SURȴHO HQ
lichaamssamenstelling een rol.
Klachten bestaan voornamelijk uit pijn die optreedt bij belasting in het gebied van
de achillespees. Daarnaast kan er sprake zijn van stijfheid van de achillespees in de
ochtend, pijn bij aanraking van de achillespees en een zwelling van de achillespees.
Klachten kunnen voorkomen in het middengedeelte van de achillespees (midportion
achilles tendinopathie) of aan de aanhechting van de achillespees op het hielbeen
(insertie achilles tendinopathie). Herstel duurt in veel gevallen lang en is hierdoor vaak
frustrerend voor zowel de patiënt als de zorgverlener. Dit wordt mede veroorzaakt
doordat onbekend is welke behandeling het beste werkt, waardoor vaak meerdere
behandelingen achter elkaar uitgevoerd worden door patiënten.
Het doel van dit proefschrift is om een bijdrage te leveren aan de kennis op het gebied
van risicofactoren op het ontwikkelen van achilles tendinopathie, beeldvorming en
behandelopties bij patiënten met achilles tendinopathie.
In hoofdstuk 1 is een overzicht gegeven van de huidige literatuur op het gebied van
achilles tendinopathie met de focus op risicofactoren, beeldvorming met de focus op
HFKRJUDȴHHQEHKDQGHORSWLHV
Risicofactoren
In hoofdstuk 2 is een systematisch literatuuronderzoek uitgevoerd voor het
LGHQWLȴFHUHQ YDQ ULVLFRIDFWRUHQ YRRU KHW RQWVWDDQ YDQ HHQ DFKLOOHV WHQGLQRSDWKLH
Op dit gebied was er sprake van afwezigheid van studies van hoge kwaliteit. We
vonden beperkt bewijs voor negen risicofactoren voor het ontstaan van achilles
tendinopathie: 1) Een eerder doorgemaakte tendinopathie van de onderste
extremiteit, 2) trainen in de winterperiode, 3) een verminderde spierkracht van de
kuitspieren, 4) een meer laterale voetafwikkeling, 5) een afgenomen voorwaartse
progressie tijdens de propulsie fase bij een loopanalyse, 6) alcoholgebruik, 7) het
JHEUXLNYDQȵXRURTXLQRORQHQDQWLELRWLFD KHWDDQWDOZHNHQGDWGLWJHEUXLNWZRUGW
HQ HHQYHUPLQGHUGHQLHUIXQFWLHVSHFLȴHNELMSDWLQWHQGLHHHQKDUWWUDQVSODQWDWLH
hebben ondergaan. Op basis van deze bevindingen raden wij aan dat zorgverleners
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patiënten dienen te adviseren om: 1) het gebruik van alcohol te reduceren tot minder
dan 7 eenheden per week voor mannen en minder dan 4 eenheden voor vrouwen,
  KHW JHEUXLN YDQ RȵR[DFLQH ȵXRURTXLQRORQHDQWLELRWLFXP  WH YHUPLMGHQ LQGLHQ
alternatieven beschikbaar zijn en 3) de spierkracht van de kuitspieren te verbeteren
door krachtoefeningen uit te voeren. Aanvullend hoogkwalitatief onderzoek naar
risicofactoren is zeer gewenst, omdat beïnvloedbare risicofactoren een bijdrage
kunnen leveren aan het voorkomen van en de behandeling van achilles tendinopathie.
Beeldvorming; een focus op neovascularisatie en de rol in pijnbeleving
Vaatnieuwvorming, in medische taal neovascularisatie genoemd, is één van de
EHYLQGLQJHQWLMGHQVHFKRJUDȴVFKRQGHU]RHNELMSDWLQWHQPHWDFKLOOHVWHQGLQRSDWKLH
De mate van neovascularisatie wordt van oudsher uitgedrukt in categorieën van de
locatie en ernst van de neovascularisatie. Dit wordt gedaan middels de zogenaamde
JHPRGLȴFHHUGHKEHUJVFRUHΖQhoofdstuk 3 hebben wij eerst de betrouwbaarheid
YDQ GH UHODWLHI QLHXZH RSSHUYODNWH NZDQWLȴFDWLH PHWKRGH EHRRUGHHOG GLH JHEUXLNW
kan worden om een score te hangen aan deze stromingen. Twee onderzoekers
KHEEHQ YRRU GH]H VWXGLH GH PDWH YDQ 'RSSOHU ȵRZ RQDIKDQNHOLMN EHRRUGHHOG
WLMGHQVHHQ]HOIGHDIVSUDDNYDQHHQSDWLQW=RZHOGHJHPRGLȴFHHUGHKEHUJVFRUH
(een semi-kwantitatieve schaal) die meestal gebruikt wordt in wetenschappelijk
RQGHU]RHNRP'RSSOHUȵRZWHEHRRUGHOHQHQGHRSSHUYODNWHNZDQWLȴFDWLHPHWKRGH
(kwantitatieve schaal) zijn verkregen. Er werden 28 patiënten met langdurige klachten
van midportion achilles tendinopathie geïncludeerd. Wij hebben aangetoond dat de
RSSHUYODNWH NZDQWLȴFDWLH PHWKRGH HHQ JRHGH EHWURXZEDDUKHLG KHHIW RP GH PDWH
YDQ 'RSSOHU ȵRZ WH HYDOXHUHQ LQ GH]H SDWLQWHQJURHS :DQQHHU GH]H PHWKRGH
YHUJHOHNHQ ZRUGW PHW GH JHPRGLȴFHHUGH KEHUJ VFRUH GLH WRW RS KHGHQ PHHVWDO
gebruikt werd, is deze methode minstens zo betrouwbaar en beter in staat te
GLHUHQWLUHQELMDDQZH]LJKHLGYDQKRJHZDDUGHVYDQ'RSSOHUȵRZ:LMDGYLVHUHQRP
GHRSSHUYODNWHNZDQWLȴFDWLHPHWKRGHWHJHEUXLNHQELMWRHNRPVWLJZHWHQVFKDSSHOLMN
RQGHU]RHNZDDULQGHPDWHYDQ'RSSOHUȵRZEHSDDOGPRHWZRUGHQELMSDWLQWHQPHW
langdurige klachten van midportion achilles tendinopathie.
Behandeling
(HFWLYLWHLW YDQ EHKDQGHOLQJHQ YRRU SDWLQWHQ PHW DFKLOOHV WHQGLQRSDWKLH ZRUGW
LQ GH PHHVWH JHYDOOHQ EHRRUGHHOG PLGGHOV GH JHYDOLGHHUGH HQ ]LHNWHVSHFLȴHNH
Victorian Institute of Sports Assessment-Achilles (VISA-A) vragenlijst. Deze VISA-A
vragenlijst evalueert pijnklachten van de achillespees, functie van de achillespees en
activiteitenniveau. Hieruit volgt een score, waarbij een score van 100 een volledig
JH]RQGHVSRUWHUUHȵHFWHHUWPHWHHQDIQDPHYDQGHVFRUHELMWRHQHPHQGHNODFKWHQ
Er was echter veel onzekerheid welke verandering in VISA-A score klinisch relevant
is voor patiënten en bij welke VISA-A score patiënten hun symptomen acceptabel
vinden. In hoofdstuk 4 hebben we het minimaal klinisch relevant verschil en het
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niveau waarop patiënten hun symptomen acceptabel vinden bepaald bij patiënten
met langdurige klachten van midportion achilles tendinopathie. Dit onderzoek was
RQGHUGHHOYDQHHQJHUDQGRPLVHHUGHNOLQLVFKHVWXGLHZDDULQGHHHFWLYLWHLWYDQHHQ
hoog-volume injectie is beoordeeld. We hebben aangetoond dat een verandering
in VISA-A score van 14 punten klinisch relevant is na 12 weken conservatieve
behandeling. Klachten zijn acceptabel voor patiënten vanaf een VISA-A score van 60
punten. Dit is belangrijke informatie voor het opzetten van toekomstig onderzoek bij
patiënten met achilles tendinopathie.
In hoofdstuk 5LVHHQJURWHLQWHUQDWLRQDOHVWXGLHEHVFKUHYHQZDDULQGHHHFWLYLWHLW
van alle behandelopties voor achilles tendinopathie vergeleken zijn. Dit is gedaan
middels een systematisch literatuuronderzoek en een zogenaamde netwerk metaanalyse. In dit onderzoek zijn 29 gerandomiseerde klinische studies geïncludeerd,
waarin in totaal 42 verschillende behandelopties onderzocht zijn. Geen van de
studies had een laag risico op bias (vooringenomenheid), de meeste studies
volgden patiënten voor een korte duur op (minder dan 6 maanden) en er was veel
onzekerheid in de puntschattingen in de netwerk meta-analyse. Na 3 maanden leken
DFWLHYHEHKDQGHORSWLHVHHFWLHYHUWH]LMQGDQHHQRYHUZHJHQGDIZDFKWHQGEHOHLGELM
patiënten met midportion achilles tendinopathie. Er was geen sprake van een klinisch
relevant verschil tussen de verschillende actieve behandelopties na respectievelijk 3
en 6 maanden behandeling. Wij adviseren zorgverleners daarom om te starten met
oefentherapie van de kuitspieren als initiële behandeling, omdat dit gemakkelijk voor
te schrijven is in de kliniek, breed beschikbaar is en veilig en goedkoop wordt geacht.
:HWHQVFKDSSHOLMNEHZLMVYRRUGHHHFWLYLWHLWYDQEHKDQGHORSWLHVYRRULQVHUWLHDFKLOOHV
tendinopathie is uiterst beperkt, waardoor er geen conclusies kunnen worden gedaan
voor deze groep patiënten. Dit onderzoek zal regelmatig een update krijgen bij het
verschijnen van nieuwe relevante literatuur, om daarmee te zorgen voor handvaten
voor zorgverleners.
Nieuwe behandelopties worden regelmatig geïntroduceerd en toegepast, echter veelal
ontbreekt wetenschappelijk bewijs voor het toepassen van deze behandelopties. In
hoofdstuk 6 zijn 91 patiënten willekeurig verdeeld in 4 groepen: (1) isometrische
RHIHQWKHUDSLH PHW GH YRHW LQ SODQWDLUȵH[LH RIZHO VWUHNNHQ YDQ GH HQNHO  
LVRPHWULVFKHRHIHQWKHUDSLHPHWGHYRHWLQGRUVLȵH[LHRIZHOQDDUERYHQEXLJHQYDQ
de enkel, (3) isotonische oefentherapie en (4) rust. Het doel van dit onderzoek was of
GHYHUVFKLOOHQGHYRUPHQYDQVSLHUDFWLYDWLHHHQGLUHFWSLMQUHGXFHUHQGHHFWKHEEHQ
bij patiënten met langdurige klachten van een midportion achilles tendinopathie.
In deze studie hebben wij aangetoond dat zowel isometrische alsook isotonische
RHIHQLQJHQ QLHW ]RUJHQ YRRU HHQ GLUHFW SLMQ UHGXFHUHQG HHFW LQ GH]H SRSXODWLH
Daarop ontraden wij de uitvoering van isometrische oefeningen met het doel om
pijnklachten direct te doen verminderen, bijv. voorafgaand aan een training.
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Een andere veelbelovende nieuwe behandeloptie leek een hoog-volume injectie te
zijn. Het doel van deze injectietechniek is het wegdrukken van de vaatnieuwvorming
dat veelal gezien wordt bij patiënten met achilles tendinopathie. Het idee is dat de
nieuwgevormde zenuwtakken die zich vormen naast de nieuwe bloedvaten een
belangrijke rol spelen bij het langdurig aanwezig blijven van pijnklachten bij patiënten
met achilles tendinopathie. In hoofdstuk 7 is onderzocht of het toepassen van een
hoog-volume injectie naast de standaard behandeling zorgt voor een verbetering van
de klachten. De gedachte van een hoog-volume injectie is dus dat het vaatnieuwvorming
en nieuwgevormde zenuwtakken rondom de achillespees wegdrukt. Het exacte
mechanisme wat er rondom een hoog-volume kan worden waargenomen was echter
QRJ QLHW HHUGHU RQGHU]RFKW 'LW NDQ JHGDDQ ZRUGHQ GRRU PLGGHOV HFKRJUDȴH WH
NLMNHQQDDU]RJHQDDPGH'RSSOHUȵRZZDDUELMVWURPLQJHQ ELMYYDQEORHG NXQQHQ
worden gevisualiseerd middels kleuren. Wij hebben een dubbelblinde, placebogecontroleerde gerandomiseerde klinische studie uitgevoerd, waarin 80 patiënten
met langdurige klachten van midportion achilles tendinopathie geïncludeerd zijn.
Alle patiënten voerden gedurende 24 weken opbouwende krachtoefeningen van de
kuitspieren uit (standaard behandeling) en werden geloot om ofwel een hoog-volume
injectie (50 ml) te ontvangen ofwel een placebo injectie (2 ml). Bij de placebo injectie
werd verwacht dat dit niet zou zorgen voor het wegdrukken van de bloedvaten en
daarmee geen toegevoegde waarde zou hebben. De injectievloeistof bestond uit
een zoutoplossing en een pijnstiller voor beide injecties. In dit onderzoek hebben
wij aangetoond dat een hoog-volume injectie geen toegevoegde waarde heeft naast
de standaard behandeling bij patiënten met langdurige klachten van een midportion
achilles tendinopathie. Op basis van deze resultaten raden wij het gebruik van de
hoog-volume injectie af als behandeling voor patiënten met midportion achilles
tendinopathie.
9HUYROJHQVLVGHRSSHUYODNWHNZDQWLȴFDWLHPHWKRGHJHEUXLNWRPKHWPHFKDQLVPHYDQ
de hoog-volume injectie verder te onderzoeken. In hoofdstuk 8]LMQGHHFKRJUDȴVFKH
uitkomstmaten gepresenteerd van de gerandomiseerde klinische studie waarin de
HHFWLYLWHLWYDQHHQKRRJYROXPHLQMHFWLHELMSDWLQWHQPHWODQJGXULJHNODFKWHQYDQ
een midportion achilles tendinopathie is onderzocht. Wij hebben aangetoond dat
'RSSOHUȵRZQLHWDIQDPURQGRPGHKRRJYROXPHLQMHFWLHHQELMFRQWUROHDIVSUDNHQ
na 2-24 weken in vergelijking met de placebo behandeling. Er was sprake van een
VLJQLȴFDQWH DIQDPH YDQ GH 'RSSOHU ȵRZ GLUHFW QD GH KRRJYROXPH LQMHFWLH HFKWHU
eenzelfde afname werd gezien in de placebo groep. Hierdoor wordt deze afname
meest waarschijnlijk verklaard door inactiviteit en niet door de hoog-volume injectie
]HOI 'DDUQDDVW ZDV GH KRHYHHOKHLG 'RSSOHU ȵRZ ««Q XXU QD GH LQMHFWLH DOZHHU
terug op het niveau van voor de injectie. De bevindingen in deze studie maken een
PHFKDQLVFKHHFWYDQGHKRRJYROXPHLQMHFWLHRQZDDUVFKLMQOLMN'DDUQDDVWKHEEHQ
ZLMLQGH]HVWXGLHDDQJHWRRQG  GDWGH'RSSOHUȵRZELMDDQYDQJYDQGHVWXGLHQLHW
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de prognose van de patiënt-gerapporteerde uitkomstmaat beïnvloed en (2) dat de
PDWHYDQYHUDQGHULQJLQ'RSSOHUȵRZKHWEHORRSYDQNODFKWHQQLHWEH±QYORHG
In hoofdstuk 9 worden de resultaten uit het proefschrift beschreven in relatie tot
elkaar en de huidige wetenschappelijke literatuur. Er worden daarnaast aanbevelingen
gedaan voor toekomstig onderzoek om de kennis over achilles tendinopathie verder
te vergroten.
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Curriculum vitae
Aart Cornelis (Arco) van der Vlist werd geboren op 8 april
1992 te Schoonhoven. Tussen 2005 en 2008 doorliep hij
het Gymnasium aan het Coornhert te Gouda, om vervolgens
dichter bij huis het VWO af te ronden aan het Schoonhovens
College te Schoonhoven. Hierna startte hij aan de studie
Geneeskunde aan de Universiteit van Rotterdam, waar hij
in 2013 zijn Bachelor diploma behaalde. In het kader van
Master Geneeskunde werd er gedurende 12 maanden bij
afdeling Sportgeneeskunde van het Haaglanden MC te
Leidschendam gewerkt aan een afstudeeronderzoek en
het oudste coschap Sportgeneeskunde. In september 2016
werd de master Geneeskunde behaald.
In september 2016 werd hij door dr. Robert-Jan de Vos, drs. Peter van Veldhoven
en prof. Dr. Jan Verhaar aangesteld als promovendus bij de afdeling Orthopedie en
Sportgeneeskunde van het Erasmus MC. Dit promotietraject bestond primair uit de
XLWYRHULQJ YDQ HHQ JHUDQGRPLVHHUGH VWXGLH ZDDULQ GH HHFWLYLWHLW YDQ HHQ KRRJ
volume injectie als behandeling voor patiënten met een langdurige achillespees
blessure werd onderzocht. De studie is praktisch uitgevoerd bij de afdeling
Sportgeneeskunde van het Haaglanden MC, waardoor een intensieve samenwerking
op wetenschappelijk gebied tussen het Erasmus MC en het Haaglanden MC is blijven
bestaan. Samen met voorzitter dr. Robert-Jan de Vos heeft hij als deelnemer en
coördinator opgetreden in de werkgroep voor de multidisciplinaire richtlijn Achilles
tendinopathie.
Arco van der Vlist is sinds 2013 samen met Milea Janne Mea Timbergen, waarmee hij
sinds 2015 samenwoont in Rotterdam. Zij zijn in oktober 2019 getrouwd. Momenteel
is hij werkzaam als arts-assistent spoedeisende hulp In het Albert Schweitzer
ziekenhuis te Dordrecht. Aansluitend zal gesolliciteerd worden voor de opleiding
Huisartsgeneeskunde.
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PhD portfolio summary
Summary of PhD training and teaching
Personal details
Name

Arco C van der Vlist

Department

Dept. Of Orthopedic
Surgery and Sports
Medicine

PhD period

2016 - 2021

Promotor

Prof. J.A.N. Verhaar

Supervisor

Dr. R.J. de Vos

Courses: General

Year

ECTS*

Endnote (Medical Library, Erasmus MC)

2016

0.25

Systematic Literature search strategies I, II, and III (Medical
Library, Erasmus MC)

2016

0.75

Basiscursus Regelgeving en Organisatie van Klinische Trials
(Examenbureau Medisch-Wetenschappelijk Onderzoeker,
Amersfoort)

2016

1.5

Biomedical English writing (Medical Library, Erasmus MC)

2017

1.5

Research integrity (Erasmus MC)

2018

0.3

Evidence based richtlijnontwikkeling (Kennisinstituut, Utrecht)

2018

0.5

Courses: Statistics (NIHES, Erasmus MC)

Year

ECTS*

Topics in Meta-analysis

2018

0.7

CCO2 Biostatistical Methods I: Basic Principles

2018

5

Courses: Teaching skills

Year

ECTS*

Course ‘Coaching Medical Students’ (Erasmus MC)

2017

0.2

Course ‘Individuele begeleiding’ (Erasmus MC)

2017

0.2

Course ‘Teach the teacher I’ (Erasmus MC)

0.6
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(Inter)national podium presentations

Year

ECTS*

7KHHHFWLYHQHVVRIDKLJKYROXPHLQMHFWLRQDVWUHDWPHQWIRU
patients with chronic midportion Achilles tendinopathy:
A Randomised Clinical Trial
Haaglanden MC science day, The Hague, The Netherlands

2016

1

7KHHHFWLYHQHVVRIDKLJKYROXPHLQMHFWLRQDVWUHDWPHQWIRU
patients with chronic midportion Achilles tendinopathy: A
Randomised Clinical Trial
Erasmus MC science day, Rotterdam, The Netherlands

2017

1

Risk factors for Achilles tendinopathy: A systematic review
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands

2017

1

ΖVDVXUIDFHDUHDTXDQWLȴFDWLRQPHWKRGPRUHUHOLDEOHWR
GHWHUPLQHQHRYDVFXODUL]DWLRQLQ$FKLOOHVWHQGLQRSDWK\"
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands

2017

1

Neovascularization in patients with Achilles tendinopathy: Is
VXUIDFHDUHDTXDQWLȴFDWLRQDUHOLDEOHPHWKRG"
ΖQWHUQDWLRQDO6FLHQWLȴF7HQGLQRSDWK\6\PSRVLXP*URQLQJHQ7KH
Netherlands

2018

1

'RLVRPHWULFH[HUFLVHVSURYLGHVDQLPPHGLDWHDQDOJHVLFHHFWLQ 2018
SDWLHQWZLWKPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\"
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands

1

7KHLQȵXHQFHRIQHXURSDWKLFSDLQRQWKHHHFWLYHQHVVRI
conservative treatment in patients with chronic midportion
Achilles tendinopathy
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands

2018

1

High-volume injections in Achilles tendinopathy: An overview
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands
Award for best oral presentation

2019

1

ΖVDKLJKYROXPHLQMHFWLRQHHFWLYHDVWUHDWPHQWIRUSDWLHQWVZLWK 2019
FKURQLFPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\"$5DQGRPLVHG&OLQLFDO
Trial
Haaglanden MC science day, The Hague, The Netherlands
Incentive award for best oral presentation

1

Isometric exercises do not provide immediate pain relief in
Achilles tendinopathy: A quasi-randomised clinical trial
Scandinavian Sports Medicine Congress, Copenhagen, Denmark

1

2020

ΖVDKLJKYROXPHLQMHFWLRQHHFWLYHDVWUHDWPHQWIRUSDWLHQWVZLWK 2020
FKURQLFPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\"$5DQGRPLVHG&OLQLFDO
Trial
Scandinavian Sports Medicine Congress, Copenhagen, Denmark

1

Teaching activities and student supervision

Year

ECTS*

6XSHUYLVLQJPHGLFDOEDFKHORUVWXGHQWVȂ5LVNIDFWRUVLQ$FKLOOHV

2016-2017

1

tendinopathy: A systematic review
Supervising master-student Jasper Veen - Ultrasound Doppler
2017
ȵRZLQSDWLHQWVZLWKFKURQLFPLGSRUWLRQ$FKLOOHVWHQGLQRSDWK\ΖV
VXUIDFHDUHDTXDQWLȴFDWLRQDUHOLDEOHPHWKRG"

3

7HDFKLQJDVVLVWDQWȆPLFURVFRSLFERQHSDWKRORJ\ȇIRUȴUVW\HDU
medical students (annually)

2017-2018

0.5

Teaching ‘study design’ and ‘writing tips’ for minor students
(annually)

2017-2018

0.5

Teaching minor students ‘the role of ultrasonography in
tendinopathy’ and ‘musculoskeletal disorders’ (annually)

2017-2018

1

Coaching medical bachelor students (7 students)

2017-2019

3

Supervising master-student Claire van Oosten - Do high-volume 2019
LQMHFWLRQVDHFWWKHXOWUDVRQRJUDSKLFQHRYDVFXODULVDWLRQLQ
FKURQLF$FKLOOHVWHQGLQRSDWK\"$UDQGRPLVHGSODFHERFRQWUROOHG
clinical trial

3

Supervising resident Sports Medicine Christiaan Schwellengrebel 2020
'RUXQQHUVZLWK$FKLOOHVWHQGLQRSDWK\KDYHGLHUHQWSK\VLFDO
WHVWUHVXOWVFRPSDUHGWRDV\PSWRPDWLFUXQQHUV"

3

Total workload in ECTS*

37.5

Awards

Year

Award for best oral presentation
High-volume injections in Achilles tendinopathy: An overview
Nederlandse Vereniging voor Sportgeneeskunde (NVS) Annual
meeting, Ermelo, The Netherlands

2019

Incentive award for best oral presentation
ΖVDKLJKYROXPHLQMHFWLRQHHFWLYHDVWUHDWPHQWIRUSDWLHQWVZLWK
chronic midportion Achilles tendinopathy? A Randomised Clinical
Trial
Haaglanden MC science day, The Hague, The Netherlands

2019
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Organizing activities

Year

Co-organizing Sportrefereeravond
Dept. of Orthopedic Surgery and Sports Medicine, Erasmus MC
(annually)

2017-2018

Co-organizing Academic Centre of Excellence (ACE) meetings
ACE Bone and Joint in Motion, Erasmus MC (monthly)

2017-2019

Co-organizing Science day
Dept. of Orthopedic Surgery and Sports Medicine, Erasmus MC

2019

&RRUJDQL]LQJ7RXUGH5RWWHUGDP ȴUVWDLGLQF\FOLQJ
Rotterdam, The Netherlands

2019 - Now

2WKHUVFLHQWLȴFDFWLYLWLHV

Year

Member and coordinator in the working group for the
development of the guideline Achilles tendinopathy (Federatie
Medisch Specialisten, Utrecht)

2018 - Now

Reviewer for British Journal of Sports Medicine

2018 - Now

Reviewer for Sport en Geneeskunde

2019 - Now

Reviewer for Journal of Ultrasound in Medicine

2019 - Now

Journal of Sport and Health Science

2020 - Now

* ECTS (European Credit Transfer and Accumulation System) credits: a standardized measure for workload in
higher education across the European Union. One ECTS comprises 28 hours.
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