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Achilles tendinopathy (AT) is one of the most common overuse injuries of the lower extre-
mity, mostly affecting athletes involved in running and jumping.1 The term tendinopathy 
refers to a clinical syndrome, with a triad of pain, swelling and impaired (athletic) perfor-
mance.2 The scope of this thesis is midportion AT, in which symptoms are located 2-7 cm 
proximal to the calcaneal insertion, as opposed to insertional tendinopathy, where symp-
toms are located at the enthesis.3 The midportion of the tendon is the most frequently in-
jured site, accounting for approximately 80% of all cases,4 and it is estimated that one third 
of these cases will develop bilateral symptoms.5 Insertional tendinopathy is less common, 
affecting approximately 20% of the patients with AT.4

The introduction of this thesis will provide insight into basic anatomy and histopathology 
of midportion AT. Additionally, risk factors and epidemiological data of this injury are out-
lined. Finally, as a background for the specific aims of the thesis, an overview of different 
management options is provided, with a focus on conservative interventions.

ANATOMY AND HISTOLOGY OF THE ACHILLES TENDON

The Achilles tendon is the strongest tendon in the human body and plays an important 
role in absorbing the large forces that occur during locomotion and particularly sports.6 It 
is the conjoint tendon of the separate muscles of the triceps surae muscle, distally inser-
ting onto the calcaneus (Figure 1.1). In this way, it is involved in the motion of three joints, 
that is the knee, the talar and the sub-talar joints. Besides being the strongest tendon, the 
Achilles tendon is also one of the longest tendons.7 It measures on average 15 cm, ranging 
from 11 to 26 cm. The thinnest part of the tendon is formed by the midportion, which is 
the part that is poorest vascularised.8 The latter aspect could make it more prone to injury, 
yet this hypothesis has not been strongly scientifically supported.9

Figure 1.1 Lateral view of the Achilles region (reprinted with permission of R. L. Cannon)

The basic unit of the Achilles tendon is formed by collagen fibres that are surrounded by 
a fine sheath of connective tissue, called the endotenon (Figure 1.2). A group of collagen 
fibres forms a primary fibre bundle, and a group of primary fibre bundles in turn forms 
a secondary fibre bundle. Tertiary fibre bundles are composed of a bunch of secondary 
bundles and are considered to make up the tendon, surrounded by the epitenon.10 The 
Achilles tendon has no synovial sheath but it is surrounded by the paratenon, a flexible 
connective tissue that allows for gliding.11

The fibres of the Achilles tendon are not strictly aligned. Instead, as they descend towards 
the calcaneal insertion, they display a twisted structure,12,13 with a degree of torsion that 
may add up to more than 90 degrees.14,15 There seems to be consensus that the direction 
of the twist is anti-clockwise in the right and clockwise in the left Achilles tendon.14 Rese-
arch has also shown that there is differential displacement between the different fibres 
arising from the medial and lateral gastrocnemius, and the soleus muscle.16 

Like other tendons, the Achilles tendon primarily consists of 1) type I collagen fibres, 
predominantly longitudinally aligned and cross-linked to each other; 2) an extracellular 
matrix, consisting of proteoglycans, glycoproteins and glycosaminoglycans; and 3) cells, 
mostly formed by tenocytes that are involved in the synthesis of both collagen fibres and 
the matrix.10,17 Additionally, elastin accounts for 1%-2% of the tendon, and small blood 
vessels run longitudinally through the tendon. 

With its specific structure, the Achilles tendon is uniquely designed for storage and release 
of energy during locomotion and sport.18 It can withstand extreme loads as high as 12 
times the body weight.19,20 However, the distinct structure may also predispose the tendon 
to (overload) injury.

Figure 1.2 Structure of tendon tissue, from Kannus10
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example, the Iceberg theory proposes that physiological adaptations, micro-ruptures and 
neurogenic inflammation may precede the actual symptomatic stage of tendinopathy.23 
A different model is the failed healing model proposed by Fu et al.25 This model suggests 
that tendinopathy can be described as a three-stage process, including (initial) injury, fai-
led healing and eventually clinical presentation.25

These explanatory models provide good comprehension of the pathophysiological pro-
cess of AT, but the clinical usability appears to be limited, as they do not fully address the 
heterogeneity of clinical presentation. In 2009, Cook and Purdam26 developed the conti-
nuum model, which was recently revised.27 The continuum model describes three distinct 
stages of tendinopathy (Figure 1.4). It provides a framework for clinicians to direct their 
treatment. 

The first stage is the reactive stage: acute tensile or compressive overload prompts a 
non-inflammatory cell response of the tendon, typically involving a proliferation and 
rounding of cells as well as increased production of large proteoglycans and glycosami-
noglycans. As these proteoglycans bind water, a short-term homogeneous thickening of 
the tendon occurs, without loss of collagen integrity. The reactive stage is most often seen 
in young athletes and is accompanied by high pain levels and morning stiffness, with the 
tendon being swollen in a fusiform manner.
The second stage, tendon disrepair, describes a response similar to the reactive stage, yet 
with larger and more varied disruption of the matrix. There may also be neural ingrowth 
and hypervascularity. Although the disrepair stage can occur in the chronically overloaded 
tendon in young athletes, it may appear throughout a spectrum of ages. Pain and swelling 
as well as morning stiffness are also characteristic in the disrepair stage, combined with 
collagen disorganisation. 
The end stage of the continuum model is the degenerative stage, in which large-scale 
breakdown of the tendon matrix occurs, areas of cell death become apparent, and in-
growth of neovessels and sensory nerves increases. The degenerative tendon is most com-
mon in the older population, but it may also occur in younger athletes who are exposed to 
chronic overload. The history often comprises repeated periods of tendon pain and stiff-
ness that temporarily resolve when activity levels are decreased, but that flare up once the 
tendon load is increased. Although general thickening may be present, the degenerative 
tendon often shows focal nodular areas.

During the last decades, the concept of overload tendon injury has transformed from an 
inflammatory condition into a failed healing response of the tendon tissue; however, more 
recently there has been a trend towards reversal.28 This is most likely due to advances in 
modern molecular techniques demonstrating the presence of several inflammatory medi-
ators in tendinopathic tendons,29-31 such as increased accumulation of macrophages and 
mast cells29 as well as cytokines and prostaglandins.32 Yet, it should be noted that the pre-
sence of these inflammatory mediators does not mean the presence of inflammation per 

Mechanical load will usually result in synthesis of collagen in the tendon, but research has 
indicated that collagen degradation occurs within the same time period.21 In the first 24-
36 hours after exercise, this results in a net loss of collagen, while a net synthesis of colla-
gen occurs 36-72 hours after exercise (Figure 1.3).17 A myriad of other structural responses 
appears to occur following different types of exercise, but it is currently unknown whether 
these changes are load dependent and either adaptive or maladaptive.22

HISTOPATHOLOGY AND SYMPTOMATOLOGY

Historically, chronic tendon conditions had been recognised as an inflammatory condi-
tion, suggesting the presence of histopathological inflammatory features.23 However, as 
researchers had failed to detect any classic signs of inflammation, in the late 1990s, Maf-
fulli et al.2 proposed to switch from tendonitis towards the term tendinopathy, referring 
to a clinical syndrome of pain, swelling and decreased performance. The term tendinosis 
was used only after histopathological confirmation of tissue changes.3 In a consensus sta-
tement in 2019, a group of well-known worldwide clinical and research tendon experts 
from different disciplines agreed that the term ‘tendinopathy’ indeed should be used to 
describe persistent tendon pain and loss of function in relation to mechanical loading.24 
The use of the term tendinosis could not be recommended, as it is often unclear whether 
tissue changes are physiological (e.g. as a result of ageing) or pathological. 

Several models exist to define tendinopathy.23,25 Although these models describe ten-
dinopathy in general, they also apply to midportion AT. These models roughly assume 
that tendinopathy is a failed healing response of the tendon to (chronic) overload. For 

Figure 1.3 Schematic representation of collagen synthesis and degradation after a bout of exercise, 
from Magnusson et al.17
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INCIDENCE AND RISK FACTORS

Although AT does affect the sedentary, non-athletic population, the injury predominantly 
occurs in sports involving repetitive stretch-shortening cycle activities. An incidence rate 
of 9%-11% has been reported in various running disciplines,34 with the highest incidence 
in long-distance runners according to recent numbers.35 The cumulative lifetime incidence 
in former elite middle- and long-distance runners is estimated at around 52%.36 With these 
numbers, AT accounts for one of the highest proportions of running-related injuries of the 
lower limb.34,37

De Jonge et al.1 investigated the presence of AT in the Dutch general practitioner (GP) 
setting. They found an incidence rate of 1.9 per 1,000 patients, with no clear gender diffe-
rence. The highest incidence was found for patients between 41 and 60 years of age (2.4 
per 1,000 patients), suggesting that AT is more predominant in the adult population. This 
is in accordance with other studies.38,39 

AT can be a long-lasting injury, and it is not unusual for patients to have intermittent symp-
toms for multiple years.40 Recurrence rates tend to be high, with a re-injury rate of up to 
27% in elite male soccer players.41 Symptoms may be invalidating, and in approximately 
5% of the cases, these long-lasting and disabling symptoms force athletes to end their 
career.42 

A plethora of risk factors have been raised in the current literature. Sex,43,44 age,45 adipo-
sitas,46-48 diabetes,49 high cholesterol,50,51 hypertension,49 loss of tendon structure52 and 
rheumatological diseases53 are all considered to be associated with midportion AT. Addi-
tionally, biomechanical factors such as limited ankle dorsiflexion range of motion,54-57 de-
creased plantar flexor strength,54 altered gait kinematics57-61 and altered proximal muscle 
activation60,62 may contribute to development of the injury. Based on aetiological models, 
excessive loads (tensile, compressive or shear forces) are a considered key driver for the 
development of midportion AT,63 with onset of symptoms often being caused by a spike 
in activity levels (e.g. weekly mileage or speed in runners). Indeed, training-related factors 
such as activity levels,64-66 discipline,44 training surfaces66,67 and footwear68 have been iden-
tified as potential risk factors. 

A systematic review on biomedical risk factors for AT demonstrated that in an active po-
pulation, high body mass index (BMI) and adverse lipid profiles may be important biomar-
kers.46 Recently, Van der Vlist et al.69 showed a set of 10 clinical risk factors for AT, of which 
moderate alcohol consumption, use of antibiotics (ofloxacin) and decreased plantar flexor 
strength were considered modifiable factors. 

CLINICAL RELEVANCE OF THE CONTINUUM MODEL

The continuum model is based on accumulating intratendinous adaptations that are a 
result of acute or chronic overload.26 However, pain can occur at any point in the conti-
nuum and is thus not merely linked to severe structural deformities. In the revised model, 
Cook et al.27 suggested that clinically, two pain categories can be distinguished: 1) a first 
reactive presentation of symptoms following acute overload and 2) a reactive tendon on 
a (chronic) degenerative tendon pathology (Figure 1.4). Besides pain, both categories are 
associated with reduced load capacity of the tendon tissue. This means that pain should 
be considered and reduced in both categories, but interventions that target the load capa-
city of the tendon also appear to be crucial. In the early stage of the continuum, adequate 
load reduction and rehabilitation can ‘push the tendon up the continuum’ by normalising 
the tendon structure.27 In the disrepair and mostly the degenerative stage, reversibility 
of the pathophysiological changes is limited. However, research has indicated that these 
changes only occur in certain areas of the tendon, and that these islands of degenerative 
tissue are still surrounded by sufficient healthy tendon tissue.33 By reinforcing this healthy 
load-bearing tissue, the load capacity of the tendon can be restored to levels appropriate 
for both daily and sports activities. Consequently, rehabilitation of late-stage AT should 
focus on restoring load capacity instead of solely modifying symptoms.

se. The role of inflammatory pathways in tendinopathy clearly needs to be further elucida-
ted. Increased knowledge on these histopathological mechanisms can potentially direct 
novel models and resulting treatments.

Figure 1.4 The revised continuum model for tendinopathy, from Cook et al.27
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TREATMENT

Despite the expanding knowledge on pathophysiology and aetiology, optimal treatment 
of midportion AT remains difficult, particularly in competing athletes.82 This is reflected by 
a plethora of different interventions, of which many are poorly supported.83 Electrophysi-
cal modalities, such as extracorporeal shock wave therapy (ESWT)84 and low-level laser 
therapy (LLLT),85 may offer a safe and effective remedy to reduce pain, but their mecha-
nism of action is not fully understood yet. Passive treatments, such as splinting/bracing86,87 
and specific massage techniques,88 seem to have a limited effect. Non-steroidal anti-in-
flammatory drugs (NSAIDs) and corticosteroid injections can have a short-term analgesic 
effect,89 but long term-effectiveness is often limited and evidence has shown adverse ef-
fects of corticosteroids.90-92 Due to the developing knowledge on the pathophysiological 
process of tendinopathy,23,25,26 new injection therapies such as sclerosing injections,93 high 
volume-guided injections94 and platelet-rich-plasma injections95 have emerged. Many stu-
dies investigating these injection therapies have shown marked methodological short-
comings; therefore, the effectiveness of injection therapy is still controversial at best.96,97 
Thus, clinicians should be reluctant with routine use of these interventions as a stand-al-
one treatment for patients with AT.

EXERCISE-BASED INTERVENTIONS

It is generally agreed that exercise therapy for midportion AT should be the first line of ma-
nagement, for a minimum of 3-6 months.80 In the early phase, appropriate load manage-
ment should result in identifying and temporarily reducing provocative loading patterns 
(i.e. volume and type).98 Complete rest is often contraindicated99 and may be detrimental 
to load capacity of the muscle-tendon complex.100 In addition to load management, there 
has been strong evidence for exercise-based interventions within the scientific literature, 
with a bias towards eccentric loading. This bias is mainly based on the research of Stanish 
and Curwin101 and Alfredson et al.,102 who showed that an isolated heavy-load eccentric 
loading programme for the plantar flexors yields significantly reduced pain levels and im-
proved patient-reported function. Throughout the years, their findings have been repea-
tedly confirmed,86,103-106 but the most effective training parameters for eccentric loading 
are still under debate.107,108 Moreover, the results of eccentric loading appear to be less 
satisfying in certain subgroups (e.g. women109 and non-athletic individuals110). This may 
explain why different exercise regimes have originated. For instance, Silbernagel et al.99,111 
proved a loading programme comprising both concentric and eccentric exercises to be 
effective, and more recently, Beyer et al.112 demonstrated positive effects of heavy slow re-
sistance training (HSRT) as a treatment strategy for AT. Thus, various loading programmes 
show improvement in clinical symptoms in individuals with AT, but there is no unequivo-
cal evidence supporting that one loading programme is more effective than the other.113 

Unfortunately, many of the aforementioned risk factors were examined in case-control 
studies with high risk of bias, factors that clearly hamper a firm conclusion on causal rela-
tionships. Moreover, given the multifactorial nature of AT, it is likely that interaction bet-
ween multiple factors occurs.70

DIAGNOSIS

Midportion AT is one of the simpler diagnoses to make; it is generally based on a thorough 
history and clinical examination. Pain at 2-7 cm proximal to the insertion is the cardinal 
symptom, with a close relationship to tendon loading.38 Stiffness during the first steps in 
the morning is also characteristic and can be used as an indicator of tendon recovery.38

Initially, pain may only be present after sports activity (grade 1), but with continued activi-
ty, this can evolve to pain at the beginning of sports activity that disappears with warming 
up (grade 2), and ultimately a continuous pain during rest and sports activity, interfering 
with someone’s regular daily activities (grade 3).71 Pain of midportion AT is predominantly 
localised; radiation to other regions seldomly occurs. Vague symptoms that encompass a 
larger region are suggestive of different or additional pathology.38 The exact pain mecha-
nism is still not fully understood, but scientific evidence suggests that both peripheral72,73 
and central pain mechanisms73,74 play a role.

In addition to historical data, physical examination is used to verify the diagnosis of AT. 
Localised moderate or severe tenderness on palpation appears to be an accurate test,75 
although some authors argue that the clinical value is limited.76 Palpation may also reveal 
a focal swelling at the level of the midportion. Other clinical tests such as the Royal London 
Hospital test and the painful arc sign can be used to verify the diagnosis.77 To evaluate the 
clinical symptoms of AT, the Victorian Institute of Sports Assessment – Achilles (VISA-A) 
questionnaire is generally recommended.78,79 

Load is one of the key drivers of tendinopathy. During clinical examination, a progressive 
loading stimulus is advised for symptom provocation as well as to investigate the load to-
lerance of the muscle-tendon complex. Repetitive heel raises are often sufficient to induce 
pain, but one can continue with double leg hops and single leg hops if symptoms cannot 
be sufficiently provoked.80 

Imaging modalities can be helpful to identify the presence and extent of structural defor-
mities in the tendon, but the link between structural abnormalities and symptoms seems 
weak.39 Therefore, ultrasound and magnetic resonance imaging are not crucial for an ac-
curate diagnosis, although they may be helpful in ruling out differential diagnoses such as 
peritendinitis, medial ankle tendinopathy or posterior ankle impingement.81

Chapter 1 General introduction 1817



Ch
ap

te
r 1

rified in a comparative trial. Chapter 3 describes the study protocol for this RCT. Chapter 
4 focuses on the effects of both loading programmes on clinical symptoms, and Chapter 5 
evaluates the effects on functional performance, such as plantar flexor strength and jump 
height. Because diminished strength of the relatively strong proximal hip muscle groups 
may hypothetically lead to increased Achilles tendon stress, and in this way may be linked 
to midportion AT, we conducted a cross-sectional study to investigate hip muscle strength 
in an athletic sample with AT (Chapter 6). Finally, in Chapter 7, we provide a qualitative 
systematic review that explores the definition and the criteria for successful return to sport 
in the current AT research. In the general discussion (Chapter 8), we interpret our research 
findings, including implications for clinical practice and recommendations for future re-
search.

Expansion of the evidence on the most effective loading programme will guide clinicians 
in choosing the most appropriate programme for their athletes.

Loading programmes are predominantly focused on strengthening the plantar mus-
cle-tendon complex, whilst sports activities also require adequate functional performance 
of the proximal kinetic chain.114 Decreased functional performance of the proximal kinetic 
chain can negatively influence lower extremity alignment, potentially causing a whipping 
action on the (medial aspect) of the Achilles tendon, thereby contributing to midportion 
AT. It can thus be hypothesised that omitting the proximal kinetic chain from exercise pro-
grammes for AT negatively affects the results of these interventions, but this hypothesis 
clearly needs further support. Scientific research unveiling a link between proximal kinetic 
chain dysfunction and AT can be a first indication that exercise-based interventions should 
also incorporate muscle groups of the proximal kinetic chain.

RETURN TO SPORT AFTER MIDPORTION AT

Despite the increasing evidence supporting exercise-based interventions in the treatment 
of midportion AT, successful resumption of sports activities during or at the end of the 
rehabilitation period can still be a challenge for both the athlete and the clinician. This is 
reflected by the relatively high recurrence rates found for this injury41 and may be caused 
by the lack of well-delimited criteria to decide whether an athlete is completely recovered, 
both symptomatically and functionally. A clear description of criteria for the return-to-
sports phase during rehabilitation would be helpful to aid clinicians in guiding athletes in 
this process.

AIMS AND OUTLINE OF THIS THESIS

With this thesis, we aimed to enlarge the knowledge base on conservative treatment of 
midportion AT in athletes, particularly focusing on the most effective loading programme, 
the potential role of the kinetic chain and criteria for return to sport. Our research will aid 
clinicians in choosing an appropriate intervention and evaluating when athletes are suffi-
ciently rehabilitated to resume their previous sports activity levels. 

First, we performed a systematic review to study the current evidence for the effectiveness 
of eccentric loading programmes to treat midportion AT (Chapter 2). Second, we compa-
red two commonly used loading programmes for chronic AT in a randomised controlled 
trial (RCT). We compared the traditional Alfredson isolated eccentric protocol, which is 
most frequently used in clinical practice, to the Silbernagel combined concentric-eccen-
tric protocol, which has also been substantially supported within the literature. Research 
indicates that both programmes yield equivalent results, but to date this has not been ve-
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ABSTRACT

Although eccentric exercise training has shown favorable results in chronic mid-portion 
Achilles tendinopathy (AT), the optimum dosage remains unknown. A systematic review 
of the literature was performed in accordance with the PRISMA guidelines, in order to des-
cribe different exercise protocols and to determine the most effective training parameters. 
An extensive search in MEDLINE, EMBASE, CINAHL, and CENTRAL revealed 14 randomi-
sed and clinical controlled trials. Strong evidence was found for the Alfredson exercise 
protocol. In this 12-week protocol, exercises are performed 3x15 repetitions twice daily, 
both with a straight and bent knee. Exercises are performed at slow speed, and load is 
increased when exercises are without pain. Strong evidence was also found for gradual 
onset of exercises during the first week of the Alfredson programme, but no uniformity 
of protocols exists. Other exercise protocols did achieve similar results, but many studies 
had some methodological shortcomings or lacked a detailed description of their training 
parameters.
Because of the heterogeneity of study populations and outcome measures, and lack of 
reporting of training compliance data, a definitive conclusion regarding the most effective 
training parameters could not be made. Further research comparing the content of diffe-
rent exercise protocols is warranted.

INTRODUCTION

Achilles tendinopathy (AT) is a common injury of the lower extremity, most prevalent in 
middle-aged men (35-45 years of age).1 2 Although AT is often a result of overuse in sports 
involving running and jumping, up to one third of the patients has a sedentary lifestyle.3

Most ATs are localized 2-7 cm proximal to the calcaneal insertion (mid-portion),4 5 which 
may be due to the relative hypovascularity in this region.6 Insertional tendinopathy is 
considered a different entity, with a different injury mechanism,7 and often much more 
recalcitrant to conventional treatment strategies.5 The term tendinopathy was proposed 
by Maffulli et al. in 1998, in order to describe the clinical symptoms of pain, swelling, and 
impaired physical function.8 Although traditionally considered as an inflammatory con-
dition, research on histopathology has indicated that mid-portion AT is rather a result of 
a failed healing response that causes degenerative changes of the tendon.3 9 10 Recently, 
tendinopathy has been described as a continuum, with three different stages (reactive 
tendinopathy, tendon disrepair, and degenerative tendinopathy).10

While tendon degeneration may particularly imply disordering of the normal collagen 
structure, it also concerns vasculo-neural ingrowth from the paratenon into the tendon.11 

12 Pain, as the primary symptom of AT, is considered a consequence of this neovasculariza-
tion and nerve ingrowth.3 13 14 However, besides these local tissue changes, peripheral and 
central nociceptive mechanisms might also be involved.15 Yet, the exact mechanism needs 
to be further clarified.

Conservative treatment is usually the preferred choice in treatment of AT, at least for a 
period of 3-6 months.3 4 16 Although a considerable amount of physiotherapeutic modali-
ties are used, scientific evidence for many of them is limited.17 Recent studies have shown 
evidence for eccentric exercise training (EET) of the lower leg for clinical outcomes such as 
pain, function, and return to work/sport.16 18-20

Many studies on EET in AT are based on the study of Alfredson et al. (1998), in which pa-
tients had to perform an eccentric heel-drop on the affected leg, and use the non-affected 
leg to (concentrically) return to the start position.21 The exercise was performed three sets 
of 15 repetitions, twice daily (3x15 with the knee straight and 3x15 with the knee bent), for 
a period of 12 weeks. Load was increased guided by pain during the exercises. Although 
the authors reported significant decrease of pain and increased plantar flexor strength, 
the protocol that they used was based on clinical experience, and lacks a scientific basis.22 
As a consequence, different training protocols have originated, and the optimum dosage 
for EET remains unclear. Therefore, the aim of this study is to systematically review diffe-
rent EET protocols of the lower leg, and to investigate which training parameters are most 
effective for pain and patient-reported function in patients with mid-portion AT.
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Methodological quality assessment
To assess the methodological quality of the included studies, the PEDro score (www.pe-
dro.org.au) was used, which has been shown to be sufficiently reliable for use in systematic 
reviews.26 The scale consists of 11 criteria, of which the first is not included in the total sco-
re. Each criterion is rated ‘yes’ or ‘no’, and a ‘yes’ should only be awarded when a criterion is 
clearly satisfied. The maximum score that can be given is 10 if all criteria are satisfied. Three 
reviewers (BH, RvC, NE) independently assessed the methodological quality, and discre-
pancies were resolved by discussion until consensus was reached.

Risk of bias
To evaluate whether the results of the included studies are valid, risk of bias was assessed 
using the Cochrane Collaboration’s tool for assessing risk of bias.24

Data extraction
Data extraction was performed by the first reviewer (BH), using a standard extraction form. 
Relevant data included: 1) author and year, 2) study design, 3) study participants, 4) type 
of intervention and training parameters (duration, sets/repetitions, frequency, speed, rate 
of progression, pain allowed during exercises?), 5) outcome measures, 6) results, 7) com-

MATERIALS AND METHODS

A systematic review of the literature was performed in accordance with the PRISMA gui-
delines.23

Literature search
The electronic databases MEDLINE, EMBASE, CINAHL, and Cochrane Central Register for 
Controlled Trials (CENTRAL) were searched for relevant studies from their inception up 
to February 2013. A sensitive search strategy to identify controlled trials was applied,24 
in combination with the following keywords: Achilles tendon, tendinopathy, tendinosis, 
tendinitis, tendon injuries, exercise therapy, eccentric training, concentric training, and re-
sistance training. A detailed description of the MEDLINE search is shown in Appendix 2.1. 
The search strategy was adapted for the other databases.

The electronic search was complemented by reference tracking of the included studies, 
and of four previous systematic reviews on therapeutic interventions for AT,16 18 20 25 to 
make sure that no relevant studies were missed.

Eligibility criteria
Studies were eligible if they were randomised controlled trials (RCTs) or clinical controlled 
trials (CCTs) evaluating the effect of EET for patients with chronic mid-portion AT. At least 
one treatment group should have performed EET as a single intervention. Studies that 
only investigated concentric or combined concentric-eccentric exercise regimes were not 
included.
Subjects had to be over 18 years of age, and the mean duration of symptoms should be ≥ 
3 months. All eligible studies must have been published in peer-reviewed journals. To pre-
vent language bias, no language restrictions were imposed. Reviews, cohort studies, and 
case reports were excluded, as were studies on ruptures of the Achilles tendon. Surgical 
interventions were excluded unless surgery was used as a control intervention to compare 
to EET. A detailed description of the eligibility criteria is given in Table 2.1.

Study selection
After duplicates were removed, three reviewers (BH, RvC, NE) independently screened tit-
les and abstracts for potential eligible studies. If title and abstract suggested that a study 
was eligible, a full text copy of the article was obtained. If no full text was available, the first 
author of the respective study was electronically contacted to retrieve a copy.
Disagreements of study selection between the three reviewers were resolved during a 
consensus meeting. The reviewers were not blinded to authors or journal of publication.

Table 2.1 Inclusion and exclusion criteria for selection of studies

Inclusion

Randomised controlled trials or clinical 

controlled trials

Mid-portion Achilles tendinopathy

Chronic symptoms (mean duration of 

symptoms ≥ 3 months)

Adults (mean age ≥ 18 years)

At least one group performing eccentric 

exercise training of the lower leg  

training as a single intervention

Published in peer-reviewed journal

Exclusion

Prospective cohort studies, retrospective cohort studies,  

case reports/studies

Location of tendinopathy unknown, or insertional  

tendinopathy

Comorbidities such as retrocalcaneal bursitis, superficial 

calcaneal bursitis, Haglund’s syndrome, or rheumatological/

vascular diseases

Studies investigating concentric and/or concentric-eccentric 

exercise training as a single intervention

Studies on ruptured Achilles tendon

Studies on surgery of the Achilles tendon (studies that used 

surgery as a control intervention to training were included)

No outcome data reported for pain or physical function

Review papers without original data

Follow-up studies using previously reported data

Studies without outcome data (e.g. study protocols,  

commentaries, expert opinions)

Animal studies
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RCTs.30-35 37-41 Only five studies (36%) clearly described concealment of allocation.31-35 None 
of the studies did satisfy the criteria regarding blinding of subjects and therapists. Blinding 
of the outcome assessors was satisfied in 43% of the studies.30 32 33 35 36 38 Nine studies (64%) 
mentioned either the use of intention-to-treat data analysis,31-35 or explicitly reported that 
all subjects received the allocated intervention.30 36 37 39

Risk of bias
Results for risk of bias assessment are listed in Table 2.4. Risk of bias regarding the blinding 
of subjects and personnel was high in all studies, which corresponds to the PEDro scores 
for these items. Six studies (43%) had low risk of bias for incomplete outcome data.28 30 33 35-

37 39 In all other studies reasons for attrition were not clearly described or differed between 
groups, resulting in high risk of bias.

Study characteristics
The included studies investigated a total of 794 patients, of which less than 50% (i.e. 389 
patients) received EET as a single intervention. Mean age ranged from 32.5-53.5 years, and 
included patients were both athletes and non-athletes. Table 2.5 provides an overview of 
all relevant study characteristics.
All studies that investigated EET protocols have reported significant improvement for the 
intervention groups, except for the study of Chester et al. (2008), who reported a deteri-
oration in functional activities after their intervention.37

There were three studies that reported data on training compliance.34 35 38 These studies 
reported good compliance (i.e. at least 75% of exercises performed) in 26.7-72% of the 
patients.
Because of the heterogeneity of study populations and outcome measures, statistical poo-
ling of the data was not possible. Therefore, only a qualitative data synthesis was perfor-
med.

Exercise training protocols
Seven studies (50%),21 28 33 35 36 38 39 of which three were high-quality studies,33 35 36 have used 
the exact protocol as described by Alfredson and colleagues. In this protocol, patients per-
formed 3x15 repetitions twice daily, for a period of 12 weeks. Exercises were performed 
with both straight and bent knee, and non-disabling pain was allowed during the exerci-
ses. Load was increased when exercises could be performed without discomfort, but only 
Rompe et al. described the amount of weight that was added (5 kg).33

pliance, and 8) concurrent sport activities. Outcome measures were restricted to pain and 
patient-reported function, as these are important clinical outcomes. If possible, follow-up 
periods were chosen directly after the intervention, so that bias due to other interventions 
or time would be minimized. When data were missing or further information was needed, 
serious efforts were made to contact the corresponding author of the respective study to 
request the required information.

Levels of evidence
Levels of evidence were interpreted using the classification of Van Tulder et al. (Table 2.2).27 
Included studies with a PEDro score of ≥6/10 were considered of high quality, whereas a 
score of 5/10 or lower was considered as low methodological quality.22

RESULTS

Study selection
The process of identifying studies is shown in Figure 2.1. The initial search strategy iden-
tified 179 studies, of which 92 were left after removing duplicates. Based on their title 
and abstract, 72 studies were excluded. After applying inclusion and exclusion criteria for 
full-text versions, 12 studies were left to be included. One study could not be obtained in 
full text despite a request to the authors, and was therefore not included in the review. 
Reference tracking identified two additional studies.21 28

A final search performed in September 2013 revealed one potential new study.29 However, 
this study was excluded as the location of tendinopathy was not described.

Methodological quality assessment
Initial agreement (kappa) between the reviewers concerning methodological quality was 
substantial (κ = 0.723) Table 2.3 shows the methodological quality scores of the inclu-
ded studies after the consensus meeting. Quality assessment yielded six studies (43%) of 
high methodological quality.30-35 Three studies (21%) were CCTs,21 28 36 the remainder were 

Table 2.2 Levels of evidence according to Van Tulder et al.27

Evidence 

Strong 

Moderate 

Limited 

Conflicting 

No evidence from trials

Criteria

Consistent findings in > 2 high quality studies

Consistent findings in multiple lower-quality studies and/or one 

high-quality study

Only one relevant low-quality study

Inconsistent findings among multiple studies

No randomised controlled trials or clinical controlled trials available
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Figure 2.1 Flow chart of the search strategy

# of records identified through database searching: n = 179

MEDLINE: n = 55

EMBASE:  n = 49

CINAHL:  n = 34

CENTRAL:  n = 41

# of records after duplicates removed: n = 92

# of records screened on title/abstract: n = 92

total # of studies included in the review: n = 14

# of full-text articles assessed for eligibility: n = 19

(full text of one study could not be obtained)

# of records excluded on title/abstract screening: n = 72

(e.g. on study design, population, surgical interventions, review 

papers, type of tendinopathy)

# of records excluded on full-text: n = 7

Grounds for exclusion:

• Other exercise training regimes: n = 2

• Follow-up studies of other RCT: n = 2

• Co-interventions in intervention group: n = 3

• Outcome data: n = 1

# of records identified through reference tracking: n = 2

Table 2.3 Methodological quality assessment of the included studies

Criteria

Study (year)a 1b 2 3 4 5 6 7 8 9 10 11 Total 

         
score

Rompe (2007)  + + + + - - + + + + + 8/10

Rompe (2009)  + + + + - - + + + + + 8/10

Yelland (2011) + + + - - - + + + + + 7/10

Knobloch (2007) + + - + - - + + + - + 6/10

Knobloch (2008) + + + + - - - - + + + 6/10

Roos (2004) + + + + - - - - + + + 6/10

Stasinopoulos (2012) + - - + - - + + + + + 6/10

Chester (2008) + + - - - - - + + + + 5/10

De Vos (2007) + + - + - - + + - + - 5/10

Mafi (2001) + + - + - - - + + + - 5/10

Petersen (2007) + + - + - - - + - + + 5/10

Nørregaard (2007) + + - + - - - - - + - 3/10

Fahlström (2003) - - - - - - - + - - + 2/10

Alfredson (1998) - - - - - - - - - - + 1/10

+ indicates that a criterion was satisfied; - indicates that a criterion was not satisfied
1: eligibility criteria described?; 2: random allocation?; 3: allocation concealed?;  
4: group similarity at baseline?; 5: subjects blinded?; 6: therapists blinded?;  
7: outcome assessors blinded?; 8: adequate follow-up?; 9: intention-to-treat analysis?;  
10: between-group comparison?; 11: point measures and measures of variability?
a Studies are listed in descending order of methodological quality
b This criterion is not used in the calculation of the total score

There were two studies (14%),32 34 both of high methodological quality, that used a proto-
col nearly similar to the Alfredson protocol, but with a gradual onset of exercises during 
the first week. In the study of Rompe et al. (2007), patients started with one set of 10 re-
petitions on the first day, and progressed to three sets of 15 repetitions once daily on the 
seventh day.32 From week 2, exercises were performed twice daily, similar to the original 
Alfredson protocol, and load was increased with 5 kg guided by pain. Roos et al. (2004), 
on the other hand, prescribed 1x15 repetitions on the first two days (with extended knee), 
progressing to 2x15 on the third and fourth day, and three sets of 15 repetitions on days 
5-7.34 During weeks 2-12, exercises were performed twice daily, with both extended and 
bent knee. Although they reported that weight was increased during the intervention pe-
riod, these authors did not provide information on the amount of weight that was added.

Besides the aforementioned protocols, several other protocols that used different training 
parameters, were used. Petersen et al. (2007) used a protocol similar to the Alfredson proto-
col,41 but in their study, exercises were performed thrice daily. Furthermore, one study used 
a protocol that consisted of 1x15 repetitions with an extended knee, and 1x15 with a bent 
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in protocols exists. Moderate evidence was found for the different protocols that were 
used in other studies.30 31 37

DISCUSSION

The aim of this study was to systematically review different EET protocols of the lower leg, 
and to investigate which training parameters were most effective for pain and patient-repor-
ted function. Six out of 13 included studies used the protocol that was originally described by 
Alfredson et al. (1998). In the Alfredson protocol patients performed 3x15 repetitions twice 
daily, with both a straight and bent knee. Exercises were performed seven days per week, for 
a period of 12 weeks. Non-disabling pain was allowed during exercises, and once exercises 
could be performed without pain, load was increased by adding weight. However, only one 
study explicitly mentioned the amount of weight that was used (5 kg).33 Furthermore, infor-
mation on the speed at which the exercises should be performed is lacking in all studies. 
Alfredson and colleagues stated that exercises were performed at slow speed,21 but further 
details were not provided. All studies that used the Alfredson protocol found significant im-
provement for both pain and function. Although the outcome measures differed between 
studies, four studies used the Victorian Institute of Sport Assessment – Achilles (VISA-A) sco-
re,33 35 36 38 which is frequently recommended for use in AT research.42 43 These studies reported 
an increase of the VISA-A score following intervention ranging from 37-111%.

Although the Alfredson protocol resulted in significant improvement of pain and function, 
other protocols did achieve similar results. Two studies investigated a protocol that was 
nearly similar to the Alfredson protocol, but with a gradual onset of exercises during the 
first week. In the study of Rompe et al. (2007), patients performed 1x10 repetitions on the 
first day and progressed to 3x15 repetitions once daily on the seventh day.32 From weeks 
2-12 they continued according to the Alfredson programme.

Rompe et al. (2007) did not describe the knee position during the first exercise week. They 
used the VISA-A score as their primary outcome measure, which was also used in the afo-
rementioned studies that used the original Alfredson protocol.33 35 36 38 While Rompe et 
al. (2007) reported an improvement of 49% at 16 week follow-up, the studies that used 
the original Alfredson protocol reported percentages ranging from 37-111%. In the study 
of Roos et al. (2004), gradual onset of exercises started with 1x15 on the first two days, 
progressing to 2x15 on days 3-4 and 3x15 on days 5-7.34 During the first week, exercises 
were performed only with the knee extended, and patients continued with the original 
Alfredson programme from weeks 2-12. Although the authors reported significant impro-
vement following their intervention, comparison to other studies is difficult as they used a 
different outcome measure (Foot and Ankle Outcome Score). Therefore, whether a gradual 
onset of exercises in the first week is of additional value remains unclear, although it might 
prevent muscle soreness in the first week.34

knee.40 If possible, a second and third set were repeated, and once pain decreased, weight 
was added in a backpack (5 kg). In the studies of Knobloch et al.,30 31 both of high methodo-
logical quality, different protocols were used: in one study patients performed 3x15 repeti-
tions once daily,30 while in the other exercises were performed twice daily.31 The position of 
the knee was not described in both studies. Finally, Chester et al. (2008) used a protocol in 
which patients performed up to three sets of 15 repetitions with an extended knee.37 If pain 
and strength allowed, also three sets with a bent knee were performed. In contrast with 
other protocols, Chester et al. (2008) described a 10 s static hold in the lowest position (dorsi-
flexion), before concentrically returning to the starting position with the uninjured leg. Pro-
gression was made by either increasing the number of repetitions or the amount of weight.

Table 2.4 Risk of bias assessment of the included studies

Rompe (2007)  + + - + + ?

Rompe (2009)  + + - + - ?

Yelland (2011) + + - + + ?

Knobloch (2007) ? ? - + + ?

Knobloch (2008) + + - - - ?

Roos (2004) ? ? - + ? ?

Stasinopoulos (2012) - - - + + +

Chester (2008) + ? - - - ?

De Vos (2007) ? ? - + - ?

Mafi (2001) + ? - ? + -

Petersen (2007) + - - ? ? ?

Nørregaard (2007) + ? - - - ?

Fahlström (2003) - - - ? + ?

Alfredson (1998) - - - ? ? ?

+ = low risk of bias; - = high risk of bias; ? = unclear risk of bias
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Levels of evidence
Strong evidence was found for the original Alfredson eccentric protocol from three 
high-quality studies.33 35 36 There was also strong evidence from two high-quality studies to 
support the use of a gradual onset of exercises during the first week,32 34 but no uniformity 
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There were few studies that used different eccentric training protocols. Petersen et al. 
(2007) prescribed the Alfredson eccentric exercises thrice daily in their study,41 and they 
reported significant reduction of pain and improvement of function as measured with the 
visual analog scale and the American Orthopaedic Foot and Ankle Society (AOFAS) score. 
However, the study of Petersen et al. (2007) had some methodological shortcomings (e.g. 
no allocation concealment, assessors not blinded, no intention-to-treat analysis), which 
makes their results prone to possible bias. Furthermore, this was the only study that used 
the AOFAS as an outcome measure, which makes comparison with other protocols diffi-
cult.  Knobloch et al. performed two studies to investigate the effects of eccentric training 
in comparison to either repetitive cryotherapy30 or an Airheel brace.31 Both studies were 
of high methodological quality, but they used different protocols. In one study the re-
searchers used 3x15 with a frequency of once per day, and a 2-s speed for the eccentric 
phase.30 Pain reduction  was approximately 50%, but with a sample of 15 patients, this 
study was relatively underpowered. In their other study, exercises were performed twice 
daily, but the speed at which exercises were performed was not described.31 In the latter 
study, pain reduction was less (33%), but sample size was more adequate (n = 54). For both 
studies, the authors did not describe the knee position during exercises, which makes re-
producibility of their results difficult. Finally, Chester et al. (2008) also used a different 12-
week exercise protocol: the amount of repetitions and sets was adjusted to the subject’s 
ability and pain. Furthermore, they used a 10-s static hold in the lowest position, before 
concentrically returning to the start position. Their results showed no significant differen-
ce in pain compared to therapeutic ultrasound. Interestingly, there was even a decrease 
in functional activities for the EET group compared to baseline scores.  However, given 
the relatively small sample size and methodological shortcomings, conclusions should be 
interpreted with caution.

This review has several limitations. Firstly, we chose to include all relevant studies that 
investigated EET. In this way, studies of poor methodological quality (i.e. PEDro score < 6) 
were also included. Although we might have chosen to include only high methodological 
studies with a PEDro score of ≥ 6/10, we felt that our method would give a more compre-
hensive overview of all protocols that were used. Secondly, one study was not included in 
our review, since it could not be obtained in full text. Information on the exercise regime 
used in this study might have influenced the results of our review. Thirdly, we chose to 
exclude the protocol that was described by Stanish et al. (1986),44 which was used in one 
study.36 Although the authors originally described it as an eccentric exercise protocol, the 
Stanish protocol actually involves both eccentric and concentric muscle contractions.

The results of our study correspond to previous reviews, showing strong evidence for 
EET.16 20 However, these previous studies assessed the effects of eccentric training in gene-
ral, and did not investigate the superiority of any protocol in terms of training parameters. 
In 2009, Meyer et al. (2009) performed a systematic review on the effectiveness of different 
dosages in eccentric exercise protocols.25 Although no definitive recommendation could Ta
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promising results in patellar tendinopathy,50 51 but it has not yet been investigated in AT. 
Future studies should compare different protocols with different training parameters in 
order to determine which protocols are most effective. Uniformity of outcome measures is 
warranted in order to facilitate comparison between different protocols.

Perspectives
The present review aimed to describe several different EET protocols of the lower leg, and 
to investigate which training parameters are most effective for pain and function in pa-
tients with chronic mid-portion AT. Traditionally, the Alfredson protocol has been used 
in many studies, but our review showed that other protocols may achieve similar results.

Although most of the EET protocols have shown beneficial effects, scientific evidence for 
the training parameters that are used is lacking. Additionally, many studies lack detailed 
information on training parameters and training compliance. Because of the heterogenei-
ty in study populations and outcome measures, there is no conclusive evidence regarding 
the most effective protocol. The findings of this study highlight the need for further rese-
arch comparing the content of different eccentric exercise protocols. Furthermore, since 
EET is not beneficial for every patient, it is of interest to compare it to other training regi-
mes, such as concentric-eccentric, isometric, or heavy slow resistance training,

Acknowledgement
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be made, they concluded that there was a trend in favor of a less stringent protocol than 
the Alfredson protocol, but this was not further explained. Their conclusions were based 
on three high-quality RCTs, of which none used the original Alfredson protocol. Two of 
three studies were also included in the current review, and both used a gradual onset of 
exercises.32 34 The third study by Herrington and McCulloch (2007) was excluded because 
subjects in the eccentric training group received deep friction massage, stretching, and 
ultrasound in addition to their training.45 Their protocol consisted of a combination of the 
Alfredson and Stanish programme. Subjects performed three sets of 15 repetitions twice 
daily, with both straight and bent knee. However, instead of adding weight for progressi-
on, initially speed was increased from slow to fast when exercises were without discom-
fort. Once exercises could be performed without discomfort and at fast speed, further pro-
gression was made by adding load. Speed then again was increased from slow to fast. The 
authors reported a significant 51.8% improvement of VISA-A scores in the EET group, but 
sample size was relatively small (n = 13). Furthermore, there are no other studies that have 
used the same protocol.

While EET seems to be an effective treatment modality, it has been stated that up to 24-
45% of the patients do not respond to EET.1 3 This may be due to the fact that success rates 
depend on compliance. Of the three studies that reported compliance data,34 35 38 good 
compliance (i.e. > 75% of the exercises performed) was found in 26-72% of the patients 
who returned their training logs. However, the majority of the included studies did not 
report any data on training compliance, which may have affected their results. Another 
possible underlying reason may be that the stage of tendinopathy as indicated by Cook 
and Purdam (2009) is not considered in many studies.10 For example, if eccentric exercises 
are offered in the reactive stage, this potentially may further aggravate the tendon,10 resul-
ting in unsuccessful treatment. Additionally, it may be of importance for the effectiveness 
of EET if patients are allowed to perform their regular sport activities during the interven-
tion. In our review, six studies reported that patients should perform their regular sport 
activities during the intervention,21 30 31 39-41 whereas two studies allowed pain-free sport 
activities from weeks 4-6.33 38 The other studies did not allow concurrent sport activities, or 
lacked detailed information.

In conclusion, our review could not reveal conclusive evidence regarding the effective-
ness of different training parameters for EET protocols. Because of the heterogeneity in 
study populations and outcome measures, statistical pooling of the data was not possible. 
Furthermore, many studies did not report data on training compliance. Hence, the mag-
nitude of the effects cannot be calculated, and a definitive conclusion is difficult to make. 
A scientific basis for the different training parameters that are used is lacking,22 and no 
consensus exists on the exact histopathological response to EET.46-49 There are no studies 
that have directly compared different EET protocols with different training parameters. 
Furthermore, no studies have compared EET to other exercise regimes, such as concen-
tric EET, isometric training, or heavy slow resistance training (HSRT). The latter has shown 
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SUPPLEMENTARY MATERIAL

Appendix 2.1 Search strategy for MEDLINE (Pubmed)

Population/problem of interest:
# tendinopathy[Mesh]
# tendinopathy[tiab]
# tendinopathies[tiab]
# tendonopathy[tiab]
# tendonopathies[tiab]
# tendinosis[tiab]
# tendinoses[tiab]
# tendonosis[tiab]
# tendonoses[tiab]
# tendinitis[tiab]
# tendonitis[tiab]
# tenosynovitis[Mesh]
# tenosynovitis[tiab]
# paratenonitis[tiab]
# paratendinopathy[tiab]
# paratendinopathies[tiab]
# “soft tissue injuries”[Mesh]
# “soft tissue injuries”[tiab]
# “soft tissue injury”[tiab]
# “tendon injuries”[Mesh]
# “tendon injuries”[tiab]
# “tendon injury”[tiab]
# “neovascularization, pathologic”[Mesh]
# neovascularization[tiab]
# neovascularisation[tiab]

#1  ((((((((((((((((((((((((tendinopathy[Mesh]) OR tendinopathy[tiab]) OR tendinopathies[tiab]) OR tendo-
nopathy[tiab]) OR tendonopathies[tiab]) OR tendinosis[tiab]) OR tendinoses[tiab]) OR tendono-
sis[tiab]) OR tendonoses[tiab]) OR tendinitis[tiab]) OR tendonitis[tiab]) OR tenosynovitis[Mesh]) OR 
tenosynovitis[tiab]) OR paratenonitis[tiab]) OR paratendinopathy[tiab]) OR paratendinopathies[-
tiab]) OR “soft tissue injuries”[Mesh]) OR “soft tissue injuries”[tiab]) OR “soft tissue injury”[tiab]) OR 
“tendon injuries”[Mesh]) OR “tendon injuries”[tiab]) OR “tendon injury”[tiab]) OR “neovascularization, 
pathologic”[Mesh]) OR neovascularization[tiab]) OR neovascularisation[tiab]

 
# “achilles tendon”[Mesh]
# “achilles tendon”[tiab]
# “achilles tendons”[tiab]
# “tendo achilles”[tiab]
# tendoachilles[tiab]
# tendo-achilles[tiab]
# “tendo achillis”[tiab]
# tendo-achillis[tiab]
# tendoachillis[tiab]
# “tendo achilli”[tiab]
# tendo-achilli[tiab]
# tendoachilli[tiab]
# “achilles heel”[tiab]
# heel-tendon[tiab]
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# “calcaneal tendon”[tiab]
# “calcanean tendon”[tiab]
# “calcaneus tendon”[tiab]
# “tendo calcaneus”[tiab]
# achillodynia[tiab]
# “triceps surae”[tiab]
# “calf muscle”[tiab]
# “calf muscles”[tiab]
# “calf musculature”[tiab]
# gastrocnemius[tiab]
# soleus[tiab]
# mid-portion[tiab]
# midportion[tiab]
# “main body”[tiab]
# midsubstance[tiab]

#2  (((((((((((((((((((((((((((“achilles tendon”[Mesh]) OR “achilles tendon”[tiab]) OR “achilles tendons”[tiab]) 
OR “tendo achilles”[tiab]) OR tendoachilles[tiab]) OR tendo-achilles[tiab]) OR “tendo achillis”[tiab]) 
OR tendo-achillis[tiab]) OR tendo-achillis[tiab]) OR “tendo achilli”[tiab]) OR tendo-achilli[tiab]) OR 
tendoachilli[tiab]) OR heel-tendon[tiab]) OR “calcaneal tendon”[tiab]) OR “calcanean tendon”[tiab]) 
OR “calcaneus tendon”[tiab]) OR “tendo calcaneus”[tiab]) OR achillodynia[tiab]) OR “triceps surae”[-
tiab]) OR “calf muscle”[tiab]) OR “calf muscles”[tiab]) OR “calf musculature”[tiab]) OR gastrocnemius[-
tiab]) OR soleus[tiab]) OR mid-portion[tiab]) OR midportion[tiab]) OR “main body”[tiab]) OR midsub-
stance[tiab]

Intervention:
# “exercise therapy”[Mesh]
# “exercise therapy”[tiab]
# “exercise therapies”[tiab]
# exercise[Mesh]
# exercise[tiab]
# exercises[tiab]
# “eccentric training”[tiab]
# “eccentric overload”[tiab]
# “eccentric exercise”[tiab]
# “eccentric exercises”[tiab]
# “concentric training”[tiab]
# “concentric overload”[tiab]
# “concentric exercise”[tiab]
# “concentric exercises”[tiab]
# training[tiab]
# “resistance training”[Mesh]
# “resistance training”[tiab]
# “strength training”[tiab]

#3  (((((((((((((((((“exercise therapy”[Mesh]) OR “exercise therapy”[tiab]) OR “exercise therapies”[tiab]) OR 
exercise[Mesh]) OR exercise[tiab]) OR exercises[tiab]) OR “eccentric training”[tiab]) OR “eccentric over-
load”[tiab]) OR “eccentric exercise”[tiab]) OR “eccentric exercises”[tiab]) OR “concentric training”[tiab]) 
OR “concentric overload”[tiab]) OR “concentric exercise”[tiab]) OR “concentric exercises”[tiab]) OR trai-
ning[tiab]) OR “resistance training”[Mesh]) OR “resistance training”[tiab]) OR “strength training”[tiab]

#4  (((((((((pain[Mesh]) OR pain[tiab]) OR “activities of daily living”[Mesh]) OR activities[tiab]) OR “functi-

onal activities”[tiab]) OR “physical function”[tiab]) OR “physical functioning”[tiab]) OR sports[Mesh]) 
OR sports[tiab]) OR sport[tiab]

Study designs:
# randomized controlled trial[pt]
# controlled clinical trial[pt]
# randomized[tiab]
# placebo[tiab]
# clinical trials as topic[Mesh:noexp]
# randomly[tiab]
# trial[ti]

#5  ((((((randomized controlled trial[pt]) OR controlled clinical trial[pt]) OR randomized[tiab]) OR place-
bo[tiab]) OR clinical trials as topic[Mesh:noexp]) OR randomly[tiab]) OR trial[ti]

#6 animals[mh] NOT humans[mh]
#7 #5 NOT #6

(((#1) AND #2) AND #3) AND #7
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ABSTRACT

Background: Midportion Achilles tendinopathy (AT) is a common overuse injury, usually 
requiring several months of rehabilitation. Exercise therapy of the ankle plantar flexors 
(i.e. tendon loading) is considered crucial during conservative rehabilitation. Alfredson’s 
isolated eccentric and Silbernagel’s combined concentric-eccentric exercise programmes 
have both shown beneficial results, but it is unknown whether any of these programmes 
is superior for use in clinical practice. Therefore, the primary objective of this study is to 
compare the effectiveness of both programmes on clinical symptoms. Secondary objecti-
ves are to compare the effectiveness of both programmes on quality of life and functional 
outcome measures, to investigate the prognostic value of baseline characteristics and to 
investigate differences in cost-effectiveness.

Methods / Design: Eighty-six recreational male athletes (21-65 years of age) with unila-
teral chronic midportion AT (i.e. ≥ 3 months) will be included in this multicenter assessor 
blinded randomised controlled trial. They will be randomly allocated to either a group per-
forming the Alfredson isolated eccentric training programme (n = 43), or a group perfor-
ming the Silbernagel combined concentric-eccentric programme (n = 43). In the Alfredson 
group, participants will perform eccentric heel-drops on their injured side, twice daily for 
12 weeks, whereas in the Silbernagel group, participants perform various concentric-ec-
centric heel-raise exercises, once daily for 12 weeks. Primary outcome measure will be the 
Victorian Institute of Sport Assessment – Achilles (VISA-A) questionnaire. Secondary out-
comes will be a visual analogue scale (VAS) for pain during daily activities and sports, du-
ration of morning stiffness, global perceived effect, the 12-item Short Form Health Survey 
and the Euroqol instrument, and functional performance measured with the heel-raise 
test and the countermovement jump. Additionally, alongside the RCT, a cost-effectiveness 
analysis will be performed. Assessments will be performed at baseline and after 12, 26, 
and 52 weeks.

Discussion: This study is the first to directly compare the Alfredson and the Silbernagel 
exercise programme in a randomised trial. The results can further enlarge the evidence base 
for choosing the most appropriate exercise programme for patients with midportion AT.

BACKGROUND

Midportion Achilles tendinopathy (AT) is a common overuse injury of the lower extremity,1 2 

most prevalent in male athletes who participate in sports that involve running and/or jum-
ping.2-4 When not adequately managed, the injury may cause long term absenteeism of 
sports and daily activities.5 Treatment of midportion AT is initially conservative, usually 
requiring several months, with a plethora of possible treatment options.6 7

Historically, AT is considered as an inflammatory condition, but more recently it has been re-
garded as a failed healing response of the tendon, with minimal inflammatory influence.8 9 In 
2009, Cook and Purdam proposed a model that considers tendinopathy as a continuum, in 
which three somewhat interchangeable stages can be distinguished: 1) reactive tendinopat-
hy, 2) tendon dysrepair, and 3) degenerative tendinopathy.10 According to the authors, these 
stages all require tailored load management and exercise intervention strategies. The model 
was recently revisited,11 but it is still generally agreed that exercise therapy (i.e. tendon loa-
ding) is crucial to promote improvement of symptoms and function.3 9 12

Several exercise programmes have shown favourable results in mid-portion AT, with both 
beneficial effects on pain and function. Recent studies concluded that there is strong evi-
dence for eccentric exercise therapy,6 7 particularly according to the Alfredson eccentric 
exercise programme.13 In the Alfredson programme, the plantar flexor muscle-tendon 
unit is loaded eccentrically by performing heel drops on the injured side, while using the 
non-injured limb to (concentrically) return to the start position.14 A total of 180 repetitions 
is performed daily, and this may be a great time-consuming burden for the patient, po-
tentially compromising compliance and consequently the effectiveness of the program-
me. Although the majority of studies using the Alfredson programme reported significant 
improvements post-intervention,14-17 it should be noted that other studies reported less 
positive effects.18 19 Moreover, a recent study of Stevens & Tan (2014) showed that a less 
stringent “do-as-tolerated” eccentric protocol can lead to equal improvements in pain and 
function compared to the Alfredson protocol,20 which may be advantageous from a pa-
tient perspective. However, as exercises were performed only for a period of six weeks, and 
mid- and long-term follow-up measurements (i.e. > six weeks) were lacking, conclusions 
should be interpreted with caution.

Also, exercise programmes other than isolated eccentric loading showed to be effective in 
AT.21 22 In a recent randomised controlled trial (RCT), Beyer et al.23 found that heavy slow re-
sistance training (HSRT) using gym equipment leads to equally good clinical improvement 
compared with the Alfredson programme. Furthermore, in an earlier systematic review, 
Malliaras et al.24 already concluded that there is equivalent evidence for the Silbernagel 
concentric-eccentric exercise programme, although this conclusion was based on limited 
evidence. Unlike the Alfredson protocol, the Silbernagel protocol also comprises concen-
tric and even plyometric loading of the Achilles tendon.25 26 From a patient perspective, a 
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potential benefit of the Silbernagel programme over the Alfredson programme, may be 
the frequency of the exercises (i.e. only once a day). This may encourage training compli-
ance and consequently can result in better outcomes. Furthermore, a combination of con-
centric and eccentric loading may better restore concentric muscular deficits, as training 
gains are known to be specific to the contraction mode.27

Although both the Alfredson and Silbernagel programme have shown favorable results 
in midportion AT,14 16 17 25 26 28 29 comparison of the results is hampered by heterogeneity of 
study populations.13 24 Insight into whether one of these programmes is superior may lead 
to better results in the management of patients with AT.
This article provides a detailed description of the study design, target population, and 
methods/procedures of a pragmatic multicenter RCT that will investigate differences in ef-
fectiveness between the Alfredson and Silbernagel exercise programme for patients with 
midportion AT.

Study objectives
The primary objective of this study is to compare the effectiveness in terms of symptom 
reduction and function of the Alfredson isolated eccentric exercise programme to the Sil-
bernagel concentric-eccentric exercise programme after 12 months in patients with chro-
nic midportion AT.
Secondary objectives are 1) to investigate differences in effectiveness on global perceived 
effect and quality of life (QOL), 2) to investigate differences in effectiveness on functional 
outcome measures, and 3) to investigate the prognostic value of baseline characteristics. 
Furthermore, alongside this RCT, a cost-effectiveness evaluation between both program-
mes will be performed.

METHODS/DESIGN

Study design and setting
This protocol was developed in accordance with the SPIRIT guidelines,30 and describes 
an assessor blinded multicenter parallel-group RCT, with a one-year follow-up. The study 
will be conducted in two different centers, that is the University Medical Center Utrecht 
(UMCU, department of Rehabilitation, Physical Therapy Science & Sports), Utrecht, The 
Netherlands, and Papendal Sports Medical Center, Arnhem, The Netherlands. Participants 
will be randomised to a group performing either the Alfredson isolated eccentric or the 
Silbernagel combined concentric-eccentric exercise programme. Randomisation will be 
performed using a web-based randomisation system, and allocation will be concealed. 
The investigators who are involved in baseline and follow-up measurements, and data 
analysis will be blinded to group allocation. 

Measurements will be performed at baseline, and after 12, 26, and 52 weeks follow-up 
(see Figure 3.1). The study protocol is in accordance with Declaration of Helsinki, and has 
been approved by the ethics committee of the UMCU (registration number 16-158). The 
protocol was registered with the Dutch Trial Register on 7 January 2016 (NTR5638). Written 
informed consent will be obtained from all participants prior to their participation.

Participant selection
Recreational athletic patients (both male and female) with a clinical diagnosis of unilateral 
midportion AT, characterized by activity-related Achilles tendon pain and swelling at 2 to 
7 cm from the calcaneal insertion,31 are eligible for inclusion if they meet the following 
inclusion criteria: 1) 18-65 years of age, 2) duration of symptoms of at least 3 months, 3) 
participating in sports involving Achilles tendon loading (i.e. sports characterized by wal-
king, running and/or jumping), and 4) able to comply with both exercise programmes.

Participants are excluded in case of: 1) bilateral symptoms, 2) diagnosis of insertional AT, 3) 
washout period of <4 weeks from other treatments for their AT, 4) corticosteroid injections 
in the region of the Achilles tendon in the previous 12 months, 5) other lower limb injuries 
of the affected limb in the previous 12 months, 6) musculoskeletal surgery of the affected 
limb in the previous 12 months, 7) history of Achilles tendon rupture in the affected limb, 
or 8) systemic diseases, such as rheumatoid arthritis or diabetes mellitus.

Sample size calculation
Sample size was calculated based on two high quality RCTs having investigated the Alf-
redson programme and the Silbernagel programme respectively, and using the VISA-A 
questionnaire as their primary outcome measure.16 26 We used the respective change 
(mean ± standard deviation [SD]) in VISA-A scores for the groups that followed the abo-
ve-mentioned exercise programmes:

• Rompe et al.16 (n = 25): VISA-A Δ 22.4±19 for the Alfredson programme
• Silbernagel et al.26 (n = 19): VISA-A Δ 34±17 for the Silbernagel programme

This resulted in an expected effect size of 0.64 between both exercise programmes, with 
an expected VISA-A change score that exceeds the minimal clinically important difference 
of 10 points.23 Using G*Power 3.1, and assuming α two-sided = 0.05 and a power of 0.80, 
a total of 39 participants in each study arm was required. The dropout rate in the abo-
ve-mentioned studies was 4%26 and 9%16 respectively. We chose to take the most conser-
vative dropout rate of 9% into account, resulting in a required amount of 86 in total, that 
is 43 participants in each arm.
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Recruitment and informed consent
Primarily, participants are recruited from the patient population of the two afore menti-
oned centers. Secondary, general practitioners and orthopedic surgeons in the surroun-
dings of Papendal Sports Medical Center (Arnhem, The Netherlands), will be asked to iden-
tify participants.
Eligible participants will be informed about the study by their treating (sports) physician 
or physiotherapist through an information letter, and they will initiate contact with the 
coordinating investigator (BH). Eligibility criteria of these participants will initially be chec-
ked by telephone, and subsequently, if they meet the criteria, an appointment is made for 
baseline assessment. Prior to baseline assessment, eligibility criteria will be confirmed, and 
participants will sign informed consent.

Randomisation procedure
Randomisation will be performed directly after baseline assessment, by an independent 
secretary using a computer-generated random sequence table. Eighty-six envelopes will 
be prepared with a description of the allocated intervention (i.e., Alfredson or Silbernagel 
programme). These envelopes will be sealed, and then shuffled and sequentially numbe-
red. After baseline assessment, the secretary will pick an opaque sealed envelope accor-
ding to the randomisation table. Subsequently, within 1 week participants will be referred 
to one of the supervising physiotherapists, who is informed about the allocated program-
me by the independent secretary. During the first session, participants will receive detai-
led instructions on the allocated exercise programme.

The randomisation code will not be broken until the final follow-up measurement has 
been performed (i.e. participant’s last visit), and data analysis has been completed. Par-
ticipants are instructed not to reveal their group allocation to the investigator during all 
measurement procedures.

Sports physicians, general practitioners,  

orthopedic surgeons, physiotherapists

Baseline assessment and informed consent

Randomisation (n = 86)

Alfredson isolated eccentric exercise therapy; 

12 weeks

Supervising physiotherapy sessions at  

2 and 6 weeks

(n = 43)

Follow-up assessment at 

12, 26 and 52 weeks

Silbernagel combined concentric-eccentric 

exercise therapy; 12 weeks

Supervising physiotherapy sessions at  

2 and 6 weeks

(n = 43)

Follow-up assessment at 

12, 26 and 52 weeks

Patients with unilateral midportion  

Achilles tendinopathy

Eligible if:

 • Aged between 18-65 years

 • Symptoms for ≥ 3 months

 •  Participating in sports that involve  

Achilles tendon loading  

(i.e. running and/or jumping)

Figure 3.1 Flow chart of the study design
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Intervention
One study arm performs the Alfredson isolated eccentric exercise programme,14 which 
comprises 12 weeks of eccentric heel-drops on the injured limb, with the use of the uninju-
red limb to concentrically return to the start position. Exercises are performed twice daily, 
for three sets of 15 repetitions, both with a straight and bent knee (i.e. 180 repetitions each 
day). Non-disabling pain during the exercises is permitted, and load is added gradually in a 
backpack (in steps of 5 kg) when exercises can be performed without pain.

The second study arm performs an exercise programme according to the Silbernagel pro-
tocol.25 26 This programme comprises various concentric and eccentric heel raise exercises, 
which are performed both on two legs and one leg, with three sets of 15 repetitions. The 
duration of the programme is also 12 weeks, and non-disabling pain during the exerci-
ses is also permitted, but contrary to the Alfredson programme, exercises are performed 
only once daily. Progression is made by changing from bipedal to unipedal exercises, by 
progressing from concentric-eccentric to purely eccentric loading, by adding weight in a 
backpack (in steps of 5 kg when pain did not exceed 5 on a 0-10 numerical rating scale), 
and finally by using fast-rebounding and plyometric exercises.

Table 3.1 depicts the key features of both exercise programmes. The timing of the exercise 
as well as the time under tension are not described, as we wanted to replicate the clinical 
prescription of the exercise programmes.

The content of both programmes will be instructed in detail by the supervising physio-
therapists during the first appointment. Participants will perform all exercises from both 
programmes at home. After 2 and 6 weeks of training, an appointment with the supervi-
sing physiotherapist is made to discuss potential difficulties with the exercises and adjust 
load when possible.

During the intervention period, participants are asked to refrain from other treatments 
and from anti-inflammatory medication related to their injury. If they receive other (medi-
cal) treatments after the intervention period, they are asked to register this in a logbook.

Participants in both study arms are advised not to participate in any tendon loading sports 
activities (i.e. walking, running and jumping) during the first 3 weeks of the intervention 
period.23 Subsequently, they are allowed to resume tendon loading sports activities, as 
long as pain does not exceed 50 mm on a 0-100 mm visual analogue scale (VAS), and pain 
subsides within 24 h after the activity.26

Education and monitoring
The research team will organize an information meeting in order to inform the involved 
physiotherapists of the two participating centers about the study procedures, their exact 
role, and the content of the exercise programmes. During this meeting, written informati-
on is also provided. For potential referrers, an information letter will be sent by the coordi-
nating investigator. In this letter, the objectives of the study and a short description of the 
study design are described.
Monitoring of study procedures will be performed by an independent monitor during 
multiple visitations. These include an inspection of the study file for each center prior to 
the start of the study, and a check of the procedures and study files after 1 year and at the 
end of the study.

Outcome measures

Baseline assessment
During baseline assessment – besides the primary, secondary and other outcome measu-
res – demographic and anthropometric characteristics such as age, weight, height, body 
mass index, job type and activity level, sport type and activity level, and referral type are 
recorded using a standardized questionnaire.  Additionally, waist circumference will be re-
corded with a flexible tape measure,32 range of motion for ankle dorsiflexion will be recor-
ded using the weight bearing lunge test,33 and dorsiflexion range of motion of the first me-
tatarsophalangeal joint will be measured with a standard goniometer.34 Body weight and 
sport activity level will also be recorded at T1, T2 and T3, as these variables are thought to 
vary throughout the study period and thus may potentially influence the study outcome.

Table 3.1 Key features of the exercise programmes

Alfredson 

12 weeks 

Twice daily 

2

3x15

Slow isolated eccentric

Non-disabling pain

No pain

Add load (5 kg)

 

Duration of exercise programme  

Frequency of exercises 

Amount of exercises

Sets and repetitions

Exercise mode

Pain tolerated

Progress

Progression

Silbernagel

12 weeks

Once daily

4-5

3x15

Concentric, eccentric, plyometric

Not more than 5 on a 0-10 NRS

Phase 1-2-3

Add load (5 kg)

NRS = numerical rating scale
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Primary outcome measure
The primary outcome for this study will be the difference in VISA-A scores between both 
programmes after 12 months. The VISA-A questionnaire has been shown reliable and valid 
for evaluating clinical severity of symptoms of AT,35 and was recently translated/validated 
in Dutch.36 It consists of eight questions, covering the three domains of pain, and function 
in daily living and sporting activities. Scores range from 0 to 100, where 100 represents a 
perfect function.

Secondary outcome measures
A VAS will be used to evaluate severity of pain during sports and daily activities for the past 
7 days. The VAS is a 100 mm horizontal line with two anchors, where zero represents ‘no 
pain at all’, and 100 represents ‘the most severe pain’. It has been shown to be a valid and 
reliable method for evaluating pain levels.37 

To determine whether participants feel that they have benefited from the intervention, 
global perceived effect (GPE) will be measured with the GPE scale.38 This is a 7-point ordi-
nal scale, ranging from “completely recovered” to “worse than ever”. 

The effect of the exercise programmes on QOL will be assessed with the 12-item Short 
Form Health Survey (SF-12)39 and the Euroqol instrument (EQ-5D)40 during baseline and 
follow-up measurements.

To assess functional performance of the muscle-tendon unit, two different tests with accep-
table reliability (intraclass correlation coefficients 0.78-0.91) will be used. Firstly, participants 
will perform the heel-raise test,41 which is recommended for the evaluation of calf muscle 
endurance in patients with AT.42 Participants are asked to stand on one leg with a straight 
knee, supporting with their fingertips to the wall for balance. They are asked to perform as 
many heel raises as possible, with a straight knee and a frequency of one heel raise every 2 
sec, avoiding forward body sway. The test is terminated when the participant stops, cannot 
keep the frequency, or when the technique is incorrect for two consecutive repetitions. The 
total number of heel raises will be used for data analysis. Secondly, the one-legged counter-
movement jump (CMJ) will be used to evaluate jump height.42 This test has previously been 
used as a functional outcome measure in patients with midportion AT.25 Although jump 
height is determined by many other muscle groups, research has shown that the calf muscle 
complex accounts for an important part of the CMJ movement.43 

The CMJ is performed with the participant in an upright position on a jumping platform 
(Projump, Biometrics, The Netherlands), with the hands placed behind the back. Partici-
pants are asked to quickly bend their knee as much as they want and then immediately 
jump upwards to their maximum height. They are allowed three maximal trials, and the 
best jump height (in cm) is used for data analysis. Pain during the heel raise tests and CMJ 
is recorded on a 0-10 numerical pain rating scale.

Differences in cost-effectiveness between both programmes will be investigated by col-
lecting several variables that are related to direct and indirect (medical) costs during fol-
low-up assessments. These costs include medical consumption (visits to healthcare pro-
viders, supplementary diagnostics such as imaging, additional therapies such as insoles, 
braces, and medication use), and injury related absenteeism from (un)paid work, school, 
and sport.

Other outcome measures
Morning stiffness is common in patients with AT, and is considered a good indicator of ten-
don recovery.3 Participants will rate their morning stiffness (in minutes) in a logbook. This 
logbook is also used to record compliance to the exercise programme. Compliance will 
be calculated by dividing the amount of exercises actually performed by the prescribed 
amount of exercises (i.e., 2x per day for the Alfredson group and 1x/day for the Silbernagel 
group). Subsequently, compliance will be categorized into four categories: poor (< 25%), 
moderate (between 25-50%), good (between 50-75%) and excellent (> 75%).28

Furthermore, participants will record other (medical) treatments and medication use in 
the logbook.

At baseline and follow-up measurements, the isometric strength of the hip extensors, ab-
ductors, and external rotators will be measured using a handheld dynamometer, accor-
ding to previously reported methods.44 Male patients with AT demonstrate diminished 
strength of their hip musculature compared to asymptomatic controls,44 and by evalua-
ting hip muscle strength over the course of this study, we try to investigate whether this is 
a prognostic factor in patients with AT.

Measurements
All measurements will be conducted at baseline (T0), at 12 weeks (i.e. termination of in-
tervention, T1), 26 weeks (T2), and at 52 weeks (T3) follow up, and include both the afore 
mentioned questionnaires and physical examination. Participants can complete the ques-
tionnaires online (secured environment), by using a hyperlink that will be sent to them 
by e-mail. All physical assessments are conducted by the same investigator (BH), who is 
blinded to group allocation. For a detailed overview of all outcome measures collected in 
the course of the study and the respective follow-up times, see Table 3.2.

Statistical analyses
Differences between the Alfredson and Silbernagel group will be analyzed according to 
intention-to-treat (ITT) principle. If necessary, missing data will be imputed using multiple 
imputation. Descriptive statistics will be calculated for all continuous variables, and means 
and SDs will be reported (or median and interquartile range for non-parametric data). For 
nominal and categorical data, proportions will be calculated and reported.
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DISCUSSION

Several studies showed that both Alfredson isolated eccentric and Silbernagel combined 
concentric-eccentric training are beneficial in terms of symptom reduction in midportion 
AT.14 16 17 25 26 However, whether any of these programmes is more effective has yet to be 
determined. This study protocol describes the first RCT directly comparing the effective-
ness of both programmes. We designed a pragmatic study, in which we try to replicate 
how both programmes are described in the clinical setting. By using the VISA-A – a con-
dition-specific validated questionnaire that is widely recommended for use in research 
and clinical practice – as the primary outcome measure, we hope that comparison of our 
results to other studies and clinical practice will be enabled.

Besides the effectiveness on symptom reduction and QOL, our study also compares the 
effectiveness of both programmes on functional performance of the muscle-tendon unit. 
This comparison has not previously been performed, whilst research has shown that func-
tional deficits of the muscle-tendon unit may still persist after one year in patients with AT, 
even though symptoms have fully recovered.45

We will also assess differences in cost-effectiveness in the mid-term and long term. Cost-ef-
fectiveness may be an important parameter for clinical decision making, but to date, rese-
arch investigating cost-effectiveness in AT treatment is scarce.17 We expect no difference 
in direct intervention-related costs, since both programmes are performed at home and 
the amount of supervising physiotherapy sessions is similar, but we are predominantly 
interested in potential differences in indirect costs (e.g. absenteeism of work, school and 
sports) between both programmes.

Recruitment for this trial will be performed in different institutions, that is sports medicine 
clinics, hospitals, and general practices. Therefore, participant characteristics may differ, 
and this potentially could lead to different subgroups of participants. No stratified rando-
misation for referral type is performed, but by including recreational athletes, it is expec-
ted that both study arms will consist of relatively homogeneous groups. Furthermore, we 
try to collect important participant characteristics that may cause potential bias to the 
results of this study. Nonetheless, it should be acknowledged that the participants’ meta-
bolic health is not fully covered, whilst research showed that this may be a confounding 
factor.46

We feel that the pragmatic nature of our study is a strength, as it mimics the clinical set-
ting. Nevertheless, a potential limitation of this pragmatic design that we cannot draw any 
conclusions on the underlying mechanism of possible differences in effectiveness, since 
we have not controlled for many of the potential contributing factors.

Table 3.2 Overview of outcome measures collected in the course of the study

BMI = body mass index; ROM = range of motion; MTPJ = metatarsophalangeal joint; VISA-A = Victorian 
Institute of Sports Assessment – Achilles; VAS = visual analog scale; SF 12 = 12-item short from health 
survey; EQ-5D = Euroqol instrument; CMJ = countermovement jump

  Baseline 12 weeks 26 weeks 52 weeks

Eligibility criteria check X   

Body height X   

Body weight X X X X

BMI X   

Job type & activity level X   

Sport type & activity level X X X X

Referral type X   

Waist circumference X   

Dorsiflexion ROM ankle X   

Dorsiflexion ROM first MTPJ X   

VISA-A score X X X X

VAS for pain during sport and daily activities X X X X

Morning stiffness X X X X

Global perceived effect (7-point scale) X X X X

Quality of life (SF-12 and EQ-5D) X X X X

Functional performance (CMJ and heel raise test) X X  X

Variables related to cost-effectiveness: X X X X

 - Medical consumption

 - Absenteeism from (un)paid work

 - Absenteeism from school

 - Absenteeism from sports activities 

Compliance to exercise programme  X  

Isometric strength of hip musculature X X  X

Baseline comparability of the two groups will be assessed by the Student t-test (parame-
tric data), and non-parametric tests where appropriate. To assess differences in (pseudo)
metric data within and between the groups over time, an analysis of variance (ANOVA) will 
be performed, with post-hoc tests to correct for multiple testing. Multivariate regression 
techniques will be conducted to model the prognostic value of baseline variables on out-
come. The cost-effectiveness will be estimated by calculating the incremental cost-effec-
tiveness ratio: (costs of Silbernagel programme – costs of Alfredson programme) / (health 
benefit of Silbernagel programme – health benefit of Alfredson programme), and will be 
expressed as costs per quality adjusted life year (QALY). 
All analyses will be performed with statistical significance level set at α = 0.05 (two-sided).
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Additionally, our study does not include a study arm performing no exercise intervention. 
Therefore, it remains unknown whether potential improvements are caused by the exerci-
se programmes or by the natural course of the condition. Although it is generally agreed 
that exercise therapy is crucial in the treatment of AT,3 9 12 we acknowledge that the lack of 
a non-exercise (wait-and-see) group is a potential limitation of the study design.

In summary, this multicenter two-arm RCT will compare the effectiveness of the Alfredson 
isolated eccentric to the Silbernagel combined concentric-eccentric programme for tre-
atment of chronic midportion AT. The results of this study will enlarge the evidence base 
on different exercise programmes for AT, and may aid the clinician in choosing the most 
appropriate programme for their patients.
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ABSTRACT

Background: Alfredson isolated eccentric and Silbernagel concentric-eccentric loading 
both showed beneficial effects on clinical symptoms in midportion Achilles tendinopathy 
(AT), but were never directly compared to each other. 

Purpose: To test for differences in clinical effects at one-year follow-up between Alfredson 
and Silbernagel loading in midportion AT. 

Study design: Single-blind randomised controlled trial.

Methods: Forty recreational athletes were allocated to the Alfredson group (AG) or the 
Silbernagel group (SG). Primary outcome was the difference in the Victorian Institute of 
Sports Assessment – Achilles (VISA-A) at one-year follow-up. Secondary, the visual ana-
log scale for pain during daily (VAS-ADL) and sports activities (VAS-sports), the Euroqol 
instrument (EQ-5D), and global perceived effect (GPE) were assessed. Measurements were 
performed at baseline, and 12-week, 26-week, and one-year follow-up. Analysis was per-
formed using a linear mixed regression model with intervention (AG versus SG), time (i.e. 
12, 26 and one year) and intervention-by-time interaction.

Results: The VISA-A score improved from 60.7±17.1 at baseline to 89.4±13.0 at one-year 
follow-up (P < 0.001) and from 59.8±22.2 to 83.2±22.4 (P < 0.001) in the AG and SG respec-
tively.  As the interaction term did not significantly improve the model, we report a treat-
ment effect without interaction term, indicating a constant difference at each follow-up.
The linear mixed model with correction for baseline VISA-A and confounders, revealed 
a non-significant treatment effect (2.4, 95% CI [-8.5, 13.3], P = 0.656). Additionally, after 
adjustment for the respective baseline values and confounders, non-significant treatment 
effects were found for the VAS-ADL (-2.0, 95% CI [-11.3, 7.3], P = 0.665), and VAS-sport (1.3, 
95% CI [-12.8, 15.3], P = 0.858). Subscales of the EQ-5D improved in both groups. After one 
year, significantly more participants in the SG considered themselves improved (GPE: AG: 
50.0%, SG: 77.3%; P = 0.04).

Conclusion: No differences in clinical effects were found between Alfredson and Silber-
nagel loading up to one-year follow-up. Both programmes significantly improved clinical 
symptoms, and given the high adherence rates, offering either of them as home-based 
programme with limited supervision appears an effective treatment strategy for midpor-
tion AT.

INTRODUCTION

In recent decades, loading programmes have become the cornerstone of treatment for 
midportion Achilles tendinopathy (AT), mainly based on the work of Alfredson et al.1 These 
authors showed that recreational runners who performed 12 weeks of eccentric heel-lo-
wering exercises daily demonstrated significantly larger pain reduction compared to a 
group who did not exercise. Although these promising results were not always confirmed 
in later studies,2 3 the effectiveness of the Alfredson programme for treating midportion AT 
in an active population is well-documented within the literature.4 5 

Silbernagel et al. showed that a combination of multiple concentric and eccentric heel-rai-
sing exercises performed once daily for 12 weeks also effectively improved clinical symp-
toms in those with AT.6 7 The Silbernagel programme involved uni and bipedal exercises, 
as well as progression to faster concentric-eccentric exercises and finally plyometrics. In a 
systematic review, Malliaras et al.8 concluded that this Silbernagel programme, yields equi-
valent clinical results compared to the Alfredson eccentric programme. However, their 
conclusion was based on heterogeneous study populations, hampering a firm conclusion 
regarding superiority of any programme. To date, no studies have directly compared both 
loading programmes. Therefore, we aimed to test for differences in clinical effects bet-
ween the Alfredson isolated eccentric and the Silbernagel combined loading programme 
in recreational athletes with midportion AT in a randomised controlled trial with one-year 
follow-up. In line with extant, yet inconclusive research,8 we hypothesized that both pro-
grammes would yield comparable results.

METHODS

Study design
A prospective multicenter two-arm single blind randomised clinical trial (RCT) was con-
ducted in agreement with the CONSORT statement.9 Participants were allocated either 
to the Alfredson isolated eccentric programme (Alfredson group; AG) or the Silbernagel 
concentric-eccentric exercise programme (Silbernagel group; SG). Researchers involved in 
data collection and analysis were blinded to group allocation. Measurements were perfor-
med at baseline and after 12 weeks (T1), 26 weeks (T2), and one year (T3). The study pro-
tocol was prospectively registered in the Dutch trial register (NTR5638) and was approved 
by the research ethics committee of the University Medical Center Utrecht (16-158/M). 
Detailed information on the study design was published earlier.10

Participants
Recreational athletes with chronic (i.e. ≥ 3 months) unilateral midportion AT were eligible 
for inclusion if they were aged between 18-65 years and participated in sports that invol-
ved Achilles tendon loading. Exclusion criteria were 1) bilateral symptoms, 2) insertional 
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AT, 3) washout period of less than four weeks from other treatments,11 4) corticosteroid 
injections in the region of the Achilles tendon in the previous 12 months, 5) other lower 
limb injuries of the affected limb in the previous 12 months, 6) musculoskeletal surgery of 
the affected limb in the previous 12 months, 7) history of Achilles tendon rupture in the 
affected limb, and 8) systemic diseases that could interfere with the rehabilitation (e.g. 
rheumatoid arthritis or diabetes).

The diagnosis of midportion AT was established by one of the researchers (BHa), with over 
12 years of experience in tendon rehabilitation. Diagnosis was based on the following cri-
teria: subjective as well as palpation pain 2-7 cm proximal to the calcaneal insertion,12 pain 
during tendon loading sports activities, swelling and morning stiffness.13 No imaging mo-
dalities were used to assist in establishing the clinical diagnosis.14

An a priori sample size calculation was performed based on the differences on the Victori-
an Institute of Sports Assessment – Achilles (VISA-A) obtained in previous studies.6 15 These 
studies found an average±standard deviation (SD) improvement of 22.4±1915 and 34±176 
points on the VISA-A for the Alfredson and the Silbernagel programme respectively. With 
0.80 power and α (two-sided) = 0.05, and taking a drop-out rate of 9% into account, we 
needed a total of 86 participants to detect a difference of 11.6 points on the VISA-A.

Recruitment and randomisation
A detailed description of our recruitment strategy is given elsewhere.10 Participants were 
primarily recruited through sports physicians and physiotherapists from Sports Medical 
Center Papendal and the University Medical Center Utrecht (both in the Netherlands). To 
enhance enrollment of participants, three Dutch private clinics for physiotherapy were ad-
ded as participating centers (FysioHolland Medicort, Academie Instituut and Van Tonge-
ren Fysiotherapie). After being informed, participants made an appointment with one of 
the researchers (BHa) to check for the diagnosis of midportion AT and the other criteria for 
inclusion in this study. Prior to participation, participants signed informed consent. The-
reafter, baseline assessment was performed, and an independent secretary randomised 
the participants into the AG or the SG by choosing an opaque sealed envelope from a box. 
Envelopes were consecutively numbered according to a computer-generated randomi-
sation table. Within one week after baseline assessment, participants were scheduled for 
an appointment with one of the supervising physiotherapists, who were informed about 
the allocated programme by the secretary. During this appointment, the respective pro-
gramme was explained so that participants could correctly perform the exercises at home. 
Two and six weeks later, an appointment with the same supervising physiotherapist was 
scheduled, with the aim to motivate participants to continue their exercises and adjust the 
programme according to the protocol.

Interventions
In the AG, participants performed 12 weeks of home-based heavy load eccentric heel-lo-
wering exercises on the edge of a stair, using the non-injured limb to concentrically return 
to the starting position.1 Exercises were performed twice daily, for three sets of 15 repeti-
tions with a straight knee, and three sets of 15 repetitions with a bent knee. Pain during 
exercises was allowed, and load was increased by adding weight in a backpack in steps of 
5 kg, once exercises could be performed without pain.
The SG followed 12 weeks of home-based concentric-eccentric loading. Various heel-rai-
sing exercises were performed once daily, with three sets of 15 repetitions for each exerci-
se. Progression was made from bipedal to unipedal exercises, from floor level to the edge 
of a stair, by increasing weight in 5 kg steps, and by increasing speed (plyometrics) in the 
last phase. More detailed description of the programmes are published elsewhere.6

Participants in both study arms were asked to refrain from other treatments during the 
intervention period, yet if they received other treatments, they were requested to register 
this in a logbook. Furthermore, they were asked to register exercise adherence in the log-
book weekly. During the first three weeks of their programme, participants were advised 
not to engage in tendon-loading sports activities, such as running and jumping. After the 
first three weeks, they could resume their sports activities with a pain-monitoring model, 
that is pain during activities should not exceed 5 on a 0-10 numerical rating scale, and 
symptoms should have subsided within 24 h after the respective activity.6 After the inter-
vention, participants were encouraged to continue loading exercises according to their 
allocated programme, but this was not further monitored.

Outcome measures
The primary outcome measure was the valid and reliable Dutch version of the VISA-A,16 
which consists of eight questions, covering the domains of pain, daily activities and sport. 
Scores range from 0-100, with 100 being equivalent to asymptomatic.17

As secondary outcome measures, we included the visual analogue scale (VAS) for pain, on 
which participants could indicate their pain during daily activities (VAS-ADL) and sports 
activities (VAS-sports) during the previous week. VAS scores ranged from 0-100, with 100 
representing maximal pain. Participants also completed the Euroqol instrument (EQ-5D) 
for quality of life18, in which they rated five dimensions of health on a three-point scale (no 
problems, some problems, extreme problems) and a VAS for self-rated health. Lastly, par-
ticipants rated their global perceived effect (GPE) on a 7-point ordinal scale, ranging from 
‘worse than ever’ to ‘completely recovered’.
Demographic data collected at baseline were age, sex, body height/weight, body mass in-
dex (BMI), and duration of symptoms. Additionally, we collected waist circumference with 
a flexible tape measure,19 ankle dorsiflexion range of motion (ROM) of the talocrural joint 
using the weight bearing lunge test,20 and dorsiflexion ROM of the first metatarsophalan-
geal joint using a goniometer (Fysiosupplies, Groningen, The Netherlands).21 A detailed 
description of all measurement procedures was previously published.10 

Chapter 4 Alfredson versus Silbernagel loading in midportion AT: clinical effects 8281



Ch
ap

te
r 4

Statistical analyses
The statistical analysis was performed using SPSS 23.0, based on intention-to-treat princi-
ples. Testing was performed two-sided, with significance level set at α ≤ 0.05.
Patient characteristics were presented as means±SD or numbers (percentage). Statistical 
comparison of baseline characteristics between the groups was not performed in line with 
current recommendations.22

Adherence rate was defined as the proportion of prescribed exercises actually performed 
and was divided into four categories: when < 25%, 25-50%, 50-75%, or >75%  of the exer-
cises was performed, adherence was rated as “poor”, “moderate”, “good”, or “excellent” res-
pectively.23 Between-group difference in adherence rate was analyzed using the Pearson’s 
Χ2-test.
Prior to further analysis, normality was examined, and a graphical representation of obser-
ved mean scores and 95% confidence intervals (CIs) was composed. 

Our primary aim was to test for differences in VISA-A score between the AG and the SG at 
one-year follow-up. Secondary, we assessed differences in the VAS-ADL and VAS-sports 
at one-year follow-up. As our data showed some missing data in the follow-up measure-
ments, we decided to use a linear mixed regression model for analysis of our primary and 
secondary outcomes instead of the repeated measures ANOVA we intended to apply.10 
We included an unstructured residual covariance type (GEE type) to correct for repeated 
measurements within participants. For the main analysis, we used a linear model that in-
cluded intervention (AG versus SG), time (i.e. 12-week, 26-week and one-year follow-up) 
and intervention-by-time interaction. We evaluated the intervention-by-time interaction 
effect for all outcomes and tested these with likelihood ratio tests. In case the interaction 
did not significantly improve the model fit, an additional step was performed in which we 
excluded the interaction from the analysis to test an assumption of a constant difference 
between AG and SG at each follow-up. Validity of the model was assessed using residual 
analyses.24

Regression analyses were performed with the VISA-A, the VAS-ADL, and VAS-sports during 
follow-up as dependent variables. For each analysis, the baseline value of the respective 
outcome was included as covariate. Additionally, sex, age, and duration of symptoms were 
included as covariates, since these were considered potential confounders.25 26

For completeness, we report the results for the initial model (intervention, time and inter-
vention-by-time interaction), the model with correction for baseline, and the model with 
correction for baseline and confounders. Results for each follow-up measurement are pre-
sented as treatment effects (mean [95% CI]) with the AG as reference, based on estimated 
marginal means. Additionally, as the intervention-by-time interaction term did not impro-
ve our model fit, we present a constant treatment effect (95% CI) with the AG as reference, 
corrected for baseline and confounders, but without the intervention-by-time interaction.

For the EQ-5D subscales, the percentage of participants reporting each level of each pro-
blem was calculated for all measurements, and for the EQ-5D VAS score we calculated me-
an±SD for all measurements.27 Differences between the groups for the GPE were assessed 
using Pearson’s Χ2.

RESULTS

Due to a much slower than expected inclusion rate, and the outbreak of COVID-19, we 
decided to terminate enrollment of new participants in April 2020, prior to reaching the 
targeted sample size. Planned follow-up measurements after this date were performed as 
scheduled. From December 2016 to April 2020, a total of 107 potential participants were 
screened for eligibility (Figure 4.1). Of these, forty participants were included and rando-
mised into the AG (n = 18) or the SG (n = 22). Two participants in the AG withdrew from the 
study, one due to lack of time and one for an unknown reason. In the SG, one participant 
decided to withdraw due to aggravation of symptoms after a running race. Data of these 
participants was included in the analyses.

Baseline characteristics of the study sample are presented in Table 4.1. Participants in the 
AG were younger (45 years) than the SG (50 years) and experienced a shorter duration of 
symptoms (9.4 months) than participants in the SG (15.1 months). Furthermore, the AG 
consisted of less runners (5.6%) than the SG (27.3%).
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Table 4.1 Baseline characteristics of study population

BMI = body mass index; ROM = range of motion; TCJ = talocrural joint; MTP1 = first metatarsophalangeal 
joint; VISA-A = Victorian Institute of Sports Assessment – Achilles; VAS = visual analog scale;  
ADL = activities of daily life
a data reported as mean±standard deviation

  Alfredson group Silbernagel group

  (n = 18) (n = 22)

Sex (female) N (%)a 8 (44.4%) 10 (47.6%)

Age (years)a 44.7±9.0 49.9±10.1

Height (cm)a 179.7±8.6 175.4±9.8

Weight (kg)a 84.7±15.6 81.3±15.4

BMI (kg/cm2)a 26.1±3.6 26.3±4.1

Injured limb (%) 12 left (66.7%) 11 left (50.0%)

Duration of symptoms (months)a 9.4±8.2 15.1±24.0

Sport type N (%)

 - Walking 8 (44.4%) 6 (27.3%)

 - Running 1 (5.6%) 6 (27.3%)

 - Ball sports 9 (50.0%) 7 (31.8%)

 - Other sports - 1 (4.5%)

 - No current sport - 2 (9.1%)

Weekly time spent on sport (h)a 4.7±4.7 5.1±3.5

Waist circumference (cm)a 94.3±11.5 94.8±12.6

ROM dorsiflexion TCJ (cm)a

 - Injured limb 12.4±3.0 10.5±2.6

 - Non-injured limb 12.5±3.7 10.1±3.5 

ROM dorsiflexion MTP1 (°)a

 - Injured limb 44.7±14.2 43.1±10.9

 - Non-injured limb 46.2±13.8 43.6±11.2 

VISA-Aa  60.7±17.1 59.8±22.2

VAS-ADLa 28.6±22.1  28.6±31.8

VAS-sportsa 44.8±26.8 46.6±32.6 

Assessed for eligibility (n = 107)

Randomised (n = 40)

Allocated to Alfredson programme (n = 18)

 •  Received allocated  

intervention (n = 17)

 •  Did not receive allocated  

intervention (n = 1)

Lost to follow-up (n = 2):

 • Lack of time: n = 1

 • Unknown reason: n = 1

•  12 weeks:

 Analysed  (n = 18) 

 Excluded from analysis (n = 0)

•  26 weeks

 Analysed (n = 18) 

 Excluded from analysis (n = 0)

•  One year (= primary endpoint)

 Analysed (n = 18) 

 Excluded from analysis (n = 0)

Allocated to Silbernagel programme (n = 22)

 •  Received allocated  

intervention (n = 22)

 •  Did not receive allocated  

intervention (n = 0)

Lost to follow-up (n = 1):

 • Aggravating symptoms: n = 1

•  12 weeks

 Analysed  (n = 22) 

 Excluded from analysis (n = 0)

•  26 weeks

 Analysed (n = 22) 

 Excluded from analysis (n = 0)

•  One year (= primary endpoint)

 Analysed (n = 22) 

 Excluded from analysis (n = 0)

Excluded (n = 67)

 • Not meeting inclusion criteria (n = 32)

 • Meeting exclusion criteria (n = 20)

 • Declined to participate (n = 6)

 • Other reasons (n = 9)

Figure 4.1 Flow chart of the study population throughout the study 

Enrollment

Allocation

Follow-Up

Analysis
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In the AG, one participant was treated once with dry needling and kinesiotape, two parti-
cipants received inlays, and two participants used paracetamol for a period of one week. 
In the SG, one participant received massage of the calf musculature (once weekly for four 
weeks), one participant received heel lifts, one participant was treated once with shockwa-
ve therapy, and three participants used non-steroid anti-inflammatory medication or pa-
racetamol for a short term.

Adherence
Mean adherence rate during the intervention period was 74.1±21.6% in the AG and 
77.3±16.2% in the SG. In the AG, 20% showed “good” and 53% showed “excellent” adhe-
rence. For the SG, these percentages were 40% and 50% respectively. Analysis revealed no 
significant difference in adherence rates between both groups (Χ2 = 4.8, P = 0.197).

Primary outcome measure
In the AG, the VISA-A score improved from 60.7±17.1 at baseline to 89.4±13.0 at one-year 
follow-up (Figure 4.2A; P < 0.001), whereas in the SG, the VISA-A score increased from 
59.8±22.2 to 83.2±22.4 (P < 0.001). Table 4.2 reports the estimated marginal means for 
each follow-up measurement (i.e. 12 weeks, 26 weeks and one year), with correction for 
baseline and confounders and using the intervention-by-time interaction. As the interac-
tion term did not improve the model fit, we report a treatment effect without the interac-
tion term, indicating a constant difference at each follow-up up to one year. Linear mixed 
model analysis without the interaction term showed a non-significant treatment effect 
(2.4, 95% CI [-8.5, 13.3], P = 0.656, Table 4.3) for the AG after correcting for baseline VISA-A 
and confounders.

Secondary outcome measures
The VAS-ADL showed a decrease of 28.6±22.1 at baseline to 5.8±8.3 at one-year follow-up 
for the AG (Figure 4.2B; P = 0.004). In the SG, VAS-ADL decreased from 28.6±31.8 to 9.0±23.0 
(P = 0.004). The estimated marginal means at the different follow-up measurements are 
given in Table 2. After correction for baseline VAS-ADL and confounders, the linear mixed 
model analysis without the group-by-time interaction revealed a constant non-significant 
treatment effect (-2.0, 95% CI [-11.3, 7.3], P = 0.665, Table 4.3). 

In the AG, VAS-sport decreased from 44.8±26.8 at baseline to 13.1±20.2 at one-year fol-
low-up (Figure 4.2C; P = 0.027), whereas in the SG, VAS-sport improved from 46.6±32.6 to 
12.8±24.6 (P = 0.027). Without including the intervention-by-time interaction, a non-sig-
nificant treatment effect (1.3, 95% CI [-12.8, 15.3], P = 0.858, Table 4.3) was found after 
adjustment for baseline VAS-sport and confounders.

Figure 4.2 (A-C) Observed mean scores with 95% confidence intervals of the VISA-A (4.2A), VAS-ADL (4.2B) 
and VAS-sports (4.2C) from baseline to one-year follow-up.

4.2A

4.2C

4.2B
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The results for the EQ-5D are given in Appendix 4.1. In both groups, the percentage of 
participants reporting ‘no problems’ on the domains mobility, usual activities and pain/
discomfort increased between baseline and one year follow-up. In the SG, more than 25% 
of the participants encountered some problems with anxiety/depression at baseline, but 
this percentage decreased from 27.3% to 14.3% at one-year follow-up. In the AG, none of 
the participants reported any problems on anxiety/depression during the study. The EQ-
5D VAS-score changed from 77.2±13.1 at baseline to 77.9±23.4 at one-year follow-up in 
the SG, and from 82.6±8.7 to 81.0±20.3 in the AG, indicating no improvement in self-rated 
health of the participants up to one-year follow-up.

The GPE showed that, at one-year follow-up, 50% of the participants in the AG reported 
“much” or “very much” improvement, whereas this percentage in the SG was 77.3%. This 
difference was statistically significant (Χ2 = 10.3, P = 0.04).

DISCUSSION

In this RCT, we found that both the Alfredson and the Silbernagel programme yield signi-
ficant improvement of clinical symptoms up to one-year follow-up in recreational athletes 
with midportion AT, but no significant differences between both programmes were found. 
QOL and perceived effect also improved in both groups, with significantly more partici-
pants in the SG who considered themselves improved at one-year follow-up in compari-
son with the AG.

Improvement on the VISA-A and the VAS-scores between baseline and one-year fol-
low-up, which was found within both groups, exceeded the minimal clinically important 
difference (MCID) reported for these outcome measures.28-30 These positive clinical results 
are frequently reported for both the Alfredson and the Silbernagel loading programme 
in patients with midportion AT,4 8 with the VISA-A score considered the most relevant 
patient-reported outcome measure.28 For the Silbernagel programme, an increase of 28-
34 points in the VISA-A has been reported,6 whilst increase of the VISA-A score for the 
Alfredson programme ranged between 18-25 points.23 31 32 Baseline VISA-A values in the 
current study were comparable to those reported in other studies,6 32 but at one-year fol-
low-up our results were slightly different from data reported elsewhere. On the one hand,  
improvement of VISA-A score for the SG in the current study (23.7 points) was slightly 
inferior to the 28-34 points found elsewhere.6 On the other hand, improvement for the 
AG obtained in the current study (i.e. increase of 29.3 points on the VISA-A) exceeded the 
results reported in other studies (18-25 points increase of the VISA-A).23 31 32 The precision 
of the estimates found in the current study, may be affected by our small sample size, com-
parison of effect sizes with other studies is therefore complicated. However, we feel that 
some explanations may account for the discrepancies in effect sizes found in other studies. 
Primarily, although load progression in the current study was applied according to the 

Table 4.2 Comparison of primary and secondary outcomes in the Alfredson versus the Silbernagel group

Table 4.3 Treatment effect between the Alfredson and Silbernagel group

CI = confidence interval; VISA-A = Victorian Institute of Sports Assessment – Achilles; 
VAS = visual analogue scale; ADL = activities of daily life
a Baseline measurement of respective outcome, sex, age, and duration of symptoms
b Treatment effects reported with the Alfredson group as reference

CI = confidence interval; VISA-A = Victorian Institute of Sports Assessment – Achilles; 
VAS = visual analogue scale; ADL = activities of daily life
a Baseline measurement of respective outcome, sex, age, and duration of symptoms
b Treatment effects reported with the Alfredson group as reference group

VISA-A score

12 weeks

26 weeks

1 year 

VAS-ADL

12 weeks

26 weeks

1 year 

VAS-sports

12 weeks

26 weeks

1 year

VISA-A score

VAS-ADL 

VAS-sports

2.1 [-12.2, 16.4]

2.2 [-11.4, 15.8]

5.6 [-6.6, 17.9]

-1.3 [-16.9, 14.3]

3.2 [-11.2, 17.7]

-1.3 [-13.2, 10.6]

 

-1.8 [-19.6, 16.1]

-1.9 [-18.5, 14.6]

2.0 [-12.9, 16.9]

2.4 [-8.5, 13.3]

-2.0 [-11.3, 7.3]

1.3 [-12.8, 15.3]

 0.772

0.741

0.360

0.866

0.653

0.825

0.843

0.816

0.789

0.656 

0.665 

0.858

2.1 [-10.7, 14.8]

2.2 [-10.4, 14.8]

5.5 [-6.5, 17.5]

 

-1.6 [-13.2, 10.0]

3.6 [-8.5, 15.6]

-0.8 [-10.7, 9.1]

-1.6 [-19.0, 15.7]

-1.8 [-18.2, 14.6]

2.0 [-12.8, 16.7]

0.741

0.728

0.361

0.784

0.552

0.864

0.849

0.824

0.788

0.9 [-11.9, 13.8]

1.1 [-11.8, 14.0]

4.3 [-8.0, 16.6]

-0.9 [-12.4, 10.6]

4.5 [-8.1, 17.0]

-0.1 [-10.3, 10.1]

 

-0.7 [-18.3, 16.9]

-1.0 [-17.6, 15.7]

2.9 [-12.3, 18.1]

0.885

0.867

0.479

0.874

0.475

0.986

0.936

0.908

0.702

Without correction

Treatment effectb P-value

 (95% CI)

With correction for baseline 

and confoundersa

Treatment effectb P-value

 (95% CI)

With correction

for baseline

Treatment effectb P-value

 (95% CI)

With correction for baseline 

and confoundersa

Treatment effectb P-value

 (95% CI)
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original protocols, we did not exactly monitor the amount of weight that each participant 
added during the course of the exercise programme. Therefore, there may be a discrepan-
cy between the current study and other AT exercise trials in the amount of weight added. 
Secondly, the frequency of supervision in the current study (i.e. three times in 12 weeks) 
differed from the frequency of supervision in the original study using the Silbernagel pro-
gramme (i.e. 12 times in 12 weeks)).7 This may explain why higher VISA-A change scores 
were found in the original Silbernagel study,6 compared with our results. Lastly, differen-
ces in follow-up term may account for differences in effect sizes. Rompe et al. assessed the 
Alfredson programme using a 16-week follow-up, which was different from the follow-up 
terms used in the current study. The change score in VISA-A reported at 16-week follow-up 
in their study was comparable to our findings at 26-week follow-up, but inferior to our 
results at one-year follow-up.31

Our data shows that clinical symptoms continue to improve in the long term, both for the 
AG and SG. This is in accordance with other research, showing improvement of the VISA-A 
score up to five years after following these programmes.33 34 However, despite a continuo-
us improvement over the course of the study, our results illustrate that many participants 
still encountered mild symptoms at one-year. In both groups, the mean VISA-A score at 
one year did not exceed 90 points, which is considered the lower limit for full recovery ac-
cording to some authors.32 Previous research already showed that patients may encounter 
mild symptoms despite rehabilitation,33 34 and in our opinion this is important to discuss 
early in rehabilitation to adequately manage patient expectations.

We could not find a significant difference in clinical improvement between the different 
contraction modes used in our study, and the magnitude of the differences was far below 
the MCIDs reported for the VISA-A and VAS.28-30 This corresponds with other studies com-
paring different loading programmes in AT,8 11 and studies investigating loading program-
mes for other tendinopathies,35-37 and may suggest that contraction mode is not decisive 
for the effect of loading in AT rehabilitation. Yet, as both programmes include eccentric 
contractions, it may also be that eccentric loading is the key for clinical improvement, and 
that adding concentric exercises is of little value. To our knowledge, only one study sho-
wed that Alfredson isolated eccentric loading is superior to concentric loading.38 However, 
in this study many of the involved concentric exercises were non or partial weightbearing. 
Obviously, this is less demanding for the muscle-tendon complex than full weightbearing 
exercises, and therefore, supported by the current findings, we caution against the conclu-
sion that eccentric loading is superior to concentric loading. 

Whilst we could not demonstrate significant differences in terms of clinical improvement 
between the SG and the AG, we found some interesting findings on QOL and perceived 
effect (GPE). In both groups, QOL improved at one-year follow-up, with fewer participants 
reporting problems with mobility, usual activities, and pain in both groups. However, in 
the SG, more problems with anxiety/depression were reported in comparison with the 

AG. Somewhat contrary to the latter findings, the number of participants who considered 
themselves improved after one year (GPE) was significantly larger in the SG than in the AG 
(p = 0.04). This may be explained by the age differences between both groups. Participants 
in the AG were younger, and since age is suggested to be associated with patient expec-
tations,39 it can be hypothesized that participants in the AG had higher expectations and 
consequently were less satisfied with their improvement. However, as the age differences 
were limited, this explanation remains speculative. Although a firm conclusion cannot be 
drawn, our findings may indicate that some aspects of improvement are not fully captured 
by the VISA-A and VAS-scores and that outcome measures evaluating QOL and perceived 
effects should be included in AT intervention studies.

The strength of our study is its pragmatic nature and the clinical applicability of our de-
sign. By solely using home-based exercise interventions with minimal supervision, parti-
cipants were largely self-responsible for their recovery. The clinically relevant results and 
the rather high adherence rates found in both groups (i.e. 74.1% and 77.3%) indicate that 
self-management is an appropriate management strategy for midportion AT, and that 
intensive supervision may not be required. Whilst it can be argued that more frequent 
supervision may have improved the adherence rates and thereby could have yielded su-
perior results.

The main limitation of our trial is that we did not reach our targeted sample size, due to un-
foreseen circumstances and strict exclusion criteria (e.g. regarding duration of symptoms, 
bilateral symptoms and other musculoskeletal injuries). The latter increased homogeneity 
of our study sample, but it also impeded to reach the targeted sample size. Consequently, 
our results are based on less participants than desired. This affects the precision of our esti-
mates and increases the chance of a type II error. Several attempts to increase the inclusion 
rate unfortunately did not sufficiently affect the final sample size.

We did not include imaging modalities to establish the diagnosis of midportion AT, which 
may also be recognized as a limitation of our study. Although imaging is not considered 
necessary for diagnosing AT,14 it could have been useful in establishing the stage of tendi-
nopathy and ruling out other confounding pathology.

Although we emphasize that our conclusions should be interpreted with caution, we feel 
that the observed treatment effects still indicate that there are no relevant differences in 
clinical effects between the included loading programmes. However, future adequately 
powered studies are warranted to validate this statement and to further explore the rele-
vance of contraction mode in rehabilitation of AT.
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Clinical implications
In this study we found that loading according to either the Alfredson and the Silberna-
gel protocol is effective in reducing clinical symptoms. However, our results did not de-
monstrate any difference in effects between both programmes. Although underpowered, 
these findings suggest that contraction mode may not be a relevant factor for the clinical 
effect, and clinicians can confidently use both programmes in the rehabilitation of their 
patients with AT. 

CONCLUSION

Although both effective in terms of improvement of clinical symptoms, we found no dif-
ference in clinical effects between the Alfredson isolated eccentric and the Silbernagel 
combined concentric-eccentric loading programme up to one-year follow-up. Given the 
high adherence rates that were found in this RCT, offering either the Alfredson or the Sil-
bernagel programmes as a home-based programme with limited supervision appears to 
be an effective treatment strategy for midportion AT.
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SUPPLEMENTARY MATERIAL

Appendix 4.1 (A-E) Proportions of participants reporting ‘no problems’, ‘some problems’ or ‘extreme pro-
blems’ on the subscales mobility (A), self-care (B), usual activities (C), pain/discomfort (D), and anxiety/de-
pression (E) of the EQ-5D questionnaire

4.1A
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ABSTRACT

Purpose: To test for differences in effects on functional performance and return to sport 
(RTS) rate at one-year follow-up between the Alfredson and the Silbernagel programme in 
midportion Achilles tendinopathy (AT).

Methods: A randomised clinical trial was performed. Forty recreational athletes were al-
located to the Alfredson (AG, n = 18) or the Silbernagel group (SG, n = 22). At baseline, 
12-week and one-year follow-up, participants performed the heel-raise test for evaluating 
plantar flexor endurance, the single leg countermovement jump (CMJ) to evaluate reac-
tive strength of the plantar flexor complex, and isometric strength measurements of the 
hip abductors, extensors and external rotators. At one-year follow-up we assessed the RTS 
rate. Analysis was performed with a linear mixed model with intervention, time and inter-
vention-by-time interaction.

Results: The intervention-by-time interaction did not improve the model. Hence, we re-
port a treatment effect (AG as reference) without interaction term, indicating a constant 
difference at each follow-up. Plantar flexor endurance significantly improved from base-
line to one-year (AG: 24.2±8.4 to 30.1±10.0 repetitions, SG: 25.4±8.7 to 29.8±10.9), but af-
ter correction for baseline values and confounders, a non-significant treatment effect was 
found (2.7, 95% CI [-0.5, 5.9], P=0.092). Hip external rotator strength significantly improved 
in both groups from baseline to one-year follow-up. Nonetheless, after adjustment for res-
pective baseline measurements and confounders, non-significant treatment effects were 
found for the CMJ (-0.4, 95% CI [-1.6, 0.8], P = 0.481), and all hip muscle strength tests (ex-
tensors: -0.1, 95% CI [-0.4, 0.1], P=0.262; abductors: -0.2, 95% CI [-0.5, 0.1], P=0.195; external 
rotators: -0.1, 95% CI [-0.2, 0.0], P=0.193). After one year, RTS rate in the SG was 80% higher 
than in the AG (68% vs. 38%), but this difference was non-significant (P=0.104).

Conclusion: We found meaningful improvement of plantar flexor endurance and hip ex-
ternal rotator strength up to one-year follow-up after the Alfredson and the Silbernagel 
programme. No significant differences were found between both programmes. Jump 
height and hip extensor en abductor strength did not significantly improve and no dif-
ferences between the groups were found. At one-year follow-up, RTS rate in the SG was 
more than 80% higher.

INTRODUCTION

Midportion Achilles tendinopathy (AT) is one of the most prevalent lower extremity over-
use injuries in sports.1 Although strong evidence for a causal relationship is lacking,2 3 
AT is associated with impaired functional performance of the plantar flexor muscle-ten-
don complex. For example, decreased strength and endurance of the plantar flexors is 
frequently found in patients with AT,4-6 and  research also reports altered plantar flexor 
activation patterns in runners with AT.7 Functional performance deficits in those with AT 
may even extend throughout the proximal lower extremity, with studies demonstrating 
diminished strength and neuromuscular control of the hip musculature compared with 
asymptomatic controls,8-10 and altered stretch-shortening cycle behavior during submaxi-
mal hopping.11 This indicates that functional performance of the entire lower extremity 
may be affected in patients with AT. 

In the last decades, progressive loading of the plantar flexors has become the mainstay 
for treating AT. Traditionally, the Alfredson isolated eccentric loading programme, which 
comprises 12 weeks of the same eccentric heel-lowering exercises performed twice daily, 
is most frequently used, with comprehensive evidence supporting its effect on clinical 
symptoms.12-14 The Silbernagel programme, which involves a combination of various con-
centric-eccentric exercises, is used less often, but has also demonstrated promising results 
in terms of clinical improvement.15 16 

Although both programmes have shown improvement on clinical symptoms, effects on 
functional performance may be less. Silbernagel et al. showed that functional performan-
ce of the lower extremity – evaluated with a test battery including measurements for  
plantar flexor strength and endurance, and various jump tests – was not automatically 
restored following their loading programme, even though symptoms had fully subsided.17 
In our opinion, this highlights the need for incorporating an evaluation of functional per-
formance of the lower extremity in intervention studies on AT, as decreased functional 
performance may put an athlete at risk for re-injury when sports activities are resumed. 
However, research on the effects of both the Alfredson and Silbernagel programme on 
functional performance is scarce,18 and comparison between both programmes is lacking. 
Therefore, the present study aimed to test for differences in effects on functional perfor-
mance between the Alfredson and Silbernagel loading programme in a randomised con-
trolled trial (RCT) with one-year follow-up. 

MATERIALS AND METHODS

Study design and setting
A single-blind RCT was conducted, with the University Medical Center Utrecht and Sports 
Medical Center Papendal as participating centers. Because of an unforeseen slow inclusion 
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rate, three private clinics for physiotherapy (Academie Instituut, FysioHolland Medicort, 
and Van Tongeren Fysiotherapie) were added to facilitate enrollment of participants. A 
detailed description of this RCT can be found in the study protocol.19

Participants were randomised to 12 weeks of eccentric loading according to the original 
Alfredson programme,20 or a combination of concentric and eccentric loading in accor-
dance with the Silbernagel programme.21 22 Exercises from both programmes were perfor-
med at home, but participants had three sessions with a supervising physiotherapist from 
one of the participating centers. The objective of these supervision sessions was adequate 
exercise instruction and adjustment of the exercises according to the protocol when pos-
sible. To ensure uniformity of participant instruction, all supervising physiotherapists were 
given standardized written and oral instructions on the exercise programmes prior to the 
study. Due to the nature of the intervention, both participants and supervising physio-
therapists could not be blinded to the allocated programme. Research staff involved in 
collecting, entering and analyzing the data was not involved in any of the interventions 
and was blinded to group allocation.

The RCT was prospectively registered in the Dutch Trial Register (NTR5638), and the local 
ethical committee of the University Medical Center Utrecht approved the design and in-
formed consent procedure (16-158/M).

Study population
Men and women diagnosed with chronic (i.e ≥ 3 months) unilateral midportion AT, aged 
between 18-65 years, were eligible for inclusion in this RCT if they participated in sports 
involving Achilles tendon loading. The diagnosis of midportion AT was confirmed by the 
main researcher (BHa), based on subjective and palpation pain in the Achilles tendon, 2-7 
cm proximal to the calcaneal insertion,23 swelling, and subjective stiffness during the first 
steps in the morning.24 Potential participants were excluded if they had bilateral symp-
toms, were diagnosed with insertional AT, received other treatments in the last four weeks, 
underwent a corticosteroid injection in the region of the Achilles tendon in the previous 
12 months, suffered from other lower limb injuries or underwent surgery of the affected 
limb in the previous 12 months, had a history of Achilles tendon rupture in the affected 
limb, or had systemic diseases potentially interfering with their recovery (e.g. rheumatoid 
arthritis or diabetes mellitus).

Recruitment and randomisation
Sports medicine physicians, general practitioners, and physiotherapists recruited the par-
ticipants for this study. Participants were initially screened by telephone by the main re-
searcher (BHa) and received an information letter. If they met the eligibility criteria and 
wanted to participate, an appointment for baseline assessment was made with the main 
researcher (BHa). Prior to the baseline assessment, participants signed informed consent. 
After baseline assessment, an independent secretary performed the randomisation by 

choosing an envelope from a box with opaque sealed envelopes, which were consecuti-
vely numbered according to a computer-generated randomisation table. Subsequently, 
participants were scheduled for an intake with one of the supervising physiotherapists 
from the participating centers. Prior to the intake, the secretary who performed the rando-
misation, communicated to the supervising physiotherapist which loading programme 
should be followed. 

Loading programmes
Both loading programmes were performed at home. Participants in the Alfredson group 
(AG) performed 12 weeks of eccentric heel-lowering exercises on the edge of a stair, using 
the non-injured limb to concentrically return to the starting position.20 In the Silbernagel 
group (SG), participants performed 12 weeks of concentric-eccentric loading, divided into 
three phases.21 Details of the programmes are given in Table 5.1.
During the intake, the allocated programme was explained in detail by the supervising 
physiotherapist, so that participants could correctly perform the exercises at home. Two 
and six weeks later, an appointment with the same supervising physiotherapist was sche-
duled to adequately adjust exercises and load according to the protocol. During the 12-
week exercise period, no additional treatments were given. Participants were asked not to 
engage in tendon-loading sports activities during the first three weeks of the programme. 
Thereafter, they were advised to resume sports activities, provided that pain during activi-
ty did not exceed 5 on a 0-10 numerical rating scale, and symptoms subsided within 24 h 
after the respective activity.21 

Table 5.1 Key features of the loading programmes

 Alfredson programme Silbernagel programme

Duration of programme 12 weeks 12 weeks

Frequency of exercises Twice daily Once daily

Number of exercises 2 4-5

Sets and repetitions 3x15 3x15

Contraction mode Slow isolated eccentric Concentric-eccentric, eccentric,  

  quick-rebounding, plyometric

Pain Acceptable if Acceptable if no more than 5 on 

 non-disabling pain a 0-10 numerical rating scale

Criteria for progression When exercises can be No increase of symptoms 

 performed without Phase 1: weeks 1-2

 pain/discomfort Phase 2: weeks 2-5

  Phase 3: weeks 3-12 

Load Add load in steps of 5 kg Add load in steps of 5 kg
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Measurements
Demographic and anthropometric baseline data collected were age, sex, body height/
weight and duration of symptoms. Additionally, several clinical data were collected: waist 
circumference,25 ankle dorsiflexion range of motion using the weight bearing lunge test,26 
and extension range of motion of the first metatarsophalangeal joint measured with a 
goniometer.27 

Outcome assessment was performed at baseline, at 12-week, and at one-year follow-up 
by one researcher (BHa), who was blinded for the allocated treatment. Functional perfor-
mance was assessed with the heel-raise test, the countermovement jump (CMJ), isometric 
strength tests of the hip extensors, abductors and external rotators, and the return to sport 
(RTS) rate. Tests were performed in the same order, always starting with the uninjured limb 
and then the injured limb. Each test was separated by 2 min of rest to minimize variation 
in results due to fatigue. Participants performed no specific warming-up prior to the tests, 
but after verbal instruction of the test procedure, they were allowed 3 to 5 trial repetitions 
to become familiar with the movement. 

Heel-raise test
Endurance of the plantar flexors was measured using the heel-raise test, which is conside-
red a valid and reliable test for this purpose.28 29 Participants were asked to stand on one 
leg, with their fingertips against the wall for balance support. Subsequently, they were 
instructed to perform as many heel-raises as possible (as high as possible for every raise), 
with their knee straight and a frequency of 30 raises per minute. The test was discontinued 
when the participant had to stop due to exhaustion, could not keep the frequency, or 
the technique was incorrect for two consecutive repetitions (e.g. knee flexion).30 The total 
number of correct heel-raises was registered and used for data analysis. 

CMJ
The single-leg CMJ was included to assess reactive strength of the plantar flexor mus-
cle-tendon complex.31 The CMJ was performed with the participant standing on one leg in 
an upright position on a jumping platform (ProJump, Biometrics, The Netherlands).32 The 
hands were placed behind the back, and subsequently, participants were instructed to 
squat down as much as they wanted, and then immediately jump upwards to maximum 
height. For each limb, three trial repetitions were allowed, followed by three consecutive 
test repetitions. Each jump was separated by 30 sec of rest. The highest jump was used for 
data analysis.22 

Isometric strength of the hip abductors, extensors and external rotators
As research has demonstrated strength of the proximal muscle groups of the lower extre-
mity may be decreased in patients with AT, we also included isometric strength measu-
rements of the hip abductors, extensors and external rotators to evaluate functional per-
formance of the proximal lower extremity.33 The hip abductors were measured with the 

participant in side-lying position, the hip extensors were measured in prone position, and 
for the external rotators, participants were sitting on an examination table with their hips 
and knees flexed to 90° and their hands placed behind their back.8 33 For the isometric 
strength tests, two submaximal trial repetitions were allowed, and subsequently, three 
test repetitions were performed, separated by 30 sec of rest. The best repetition for each 
muscle group was used for data analysis.

RTS rate
Besides the physical tests, we evaluated the proportion of participants who were able to 
successfully return to their pre-injury sports level at one-year follow-up (i.e. RTS rate).34 
To this end, participants completed a questionnaire regarding their current sports acti-
vities, i.e. type of sport and time spent (hrs/wk) in the week prior to assessment. We used 
a self-developed ordinal scale to categorize type of sport, based on the theoretical as-
sumption that higher categories would be more demanding in terms of Achilles tendon 
load. The categories were: 1) no present sport activity, 2) cycling or fitness, 3) walking; 4) 
running, and 5) ball sports.

Statistical analyses
Statistical analysis was performed according to intention-to-treat principle, with signifi-
cance level (two-sided) set at P ≤ 0.05, using SPSS 23.0. An a priori sample size calculation 
was performed, with α = 0.05 and 80% power, resulting in a required sample size of 86 par-
ticipants (i.e. 43 in both groups).19 Prior to analysis, strength tests of the hip musculature 
were corrected for body weight by dividing the peak value of the best repetition by the 
body weight at the time of the respective measurement (i.e. N/kg). Furthermore, normality 
of the data was examined, and a graphical representation of observed mean scores and 
95% confidence intervals (CIs) was composed for the outcome measures. Patient charac-
teristics were presented as means±SD or numbers (percentage). We used a paired t-test to 
compare baseline values of the physical tests between the injured and non-injured limb. 
In line with current recommendations, statistical comparison of baseline characteristics 
between the groups was not performed.35 

Due to missing data in follow-up measurements, the heel-raise test, CMJ and the hip mus-
cle strength tests at follow-up were analyzed with a linear mixed model, instead of the 
repeated measures ANOVA that we planned to use.19 The model included an unstructured 
residual covariance (GEE type) to adjust for repeated measurements within the same par-
ticipants.

We initially used a model that included intervention (AG versus SG), time (i.e. 12 and 52 
weeks) and intervention-by-time interaction. Subsequently, the intervention-by-time in-
teraction effect was evaluated and tested with likelihood ratio tests for all outcomes. In 
case the interaction did not significantly improve any model fit, it was excluded from the 
final analysis. Validity of the model was assessed using residual analyses.36
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The heel-raise test, the CMJ, and the strength tests of the hip extensors, abductors and 
external rotators during follow-up were included as dependent variables, and the baseli-
ne value of the respective outcome was included as covariate. Additionally, sex, age, and 
duration of symptoms were included as covariates, since these were considered potential 
confounders.37 38

In agreement with our study aim (i.e. to test for differences in effects on functional per-
formance, with the AG as reference), we present the treatment effect (95% CI) at one-year 
follow-up, with adjustment for baseline and confounders, but without the interventi-
on-by-time interaction. For completeness, we also report the results for all models, i.e. the 
initial model (intervention, time and intervention-by-time interaction), the model with 
correction for baseline, and the model with correction for baseline and confounders. Dif-
ferences between the programmes were reported as differences in the mean with 95% CI 
and corresponding P-values.

To assess whether participants had successfully returned to their previous sports level at 
one- year follow-up, RTS was dichotomized into ‘successful’ or ‘non-successful’. Successful 
RTS was met if participants had returned to the same category or higher compared to 
baseline, and the weekly time spent (h/wk) was similar or higher compared to baseline.34 If 
either type or weekly time spent at one-year follow-up were less than baseline level, it was 
defined as non-successful RTS. Difference in RTS rate between the groups was analyzed 
with the Pearson’s Χ2 test.

RESULTS

Since we encountered difficulty in recruiting sufficient participants, and due to the out-
break of COVID-19, enrollment of participants was terminated in April 2020, before rea-
ching the intended sample size. Planned follow-up measurements after this date were 
performed as scheduled. Between December 2016 and April 2020, a total of 40 partici-
pants were included. Two participants in the AG, and one participant in the SG were lost to 
follow-up (see Figure 5.1). Their data were included in the analysis. 

Baseline characteristics of the study population
Table 5.2 shows the baseline characteristics of the participants. The groups were not 
perfectly balanced, probably due to the small sample size, with differences observed for 
example regarding age, duration of symptoms and type of sport.

For the heel-raise test, the injured limb performed significantly worse compared to the 
non-injured limb in both groups (Table 5.2; AG: P = 0.001; SG: P = 0.002). Performance of 
the injured and non-injured limb on the CMJ and the hip muscle strength tests did not 
significantly differ (Table 5.2).

Assessed for eligibility (n = 107)

Randomised (n = 40)

Allocated to Alfredson programme (n = 18)

 •  Received allocated  

intervention (n = 17)

 •  Did not receive allocated  

intervention (n = 1)

Lost to follow-up (n = 2):

 • Lack of time: n = 1

 • Unknown reason: n = 1

• 12 weeks:

 Analysed  (n = 18)

 Excluded from analysis (n = 0)

• One year (= primary endpoint)

 Analysed (n = 18)

 Excluded from analysis (n = 0)

Allocated to Silbernagel programme (n = 22)

 •  Received allocated  

intervention (n = 22)

 •  Did not receive allocated  

intervention (n = 0)

Lost to follow-up (n = 1):

 • Aggravating symptoms: n = 1

• 12 weeks

 Analysed  (n = 22)

 Excluded from analysis (n = 0)

• One year (= primary endpoint)

 Analysed (n = 22)

 Excluded from analysis (n = 0)

Excluded  (n = 67)

 • Not meeting inclusion criteria (n = 32)

 • Meeting exclusion criteria (n = 20)

 • Declined to participate (n = 6)

 • Other reasons (n = 9)

Figure 5.1 Flow chart of the study population throughout the study

Enrollment

Allocation

Follow-Up

Analysis
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Follow-up measurements
Figure 5.2 graphically shows the observed mean values with 95% CIs of the heel raise test 
(A-B), the CMJ (C-D), and the strength tests of the hip musculature (E-J). Table 5.3 shows 
the treatment effects for each follow-up measurement (AG as reference), unadjusted and 
with adjustment for baseline and confounders.

Heel-raise test
The heel-raise test of the injured limb significantly increased from 24.2±8.4 to 30.1±10.0 
repetitions (Figure 5.2A, P = 0.050) at one-year follow-up in the AG, and from 25.4±8.7 
to 29.8±10.9 repetitions in the SG (P = 0.050). Mixed model analysis without interventi-
on-by-time interaction showed a non-significant treatment effect after correction for ba-
seline heel-raise test and confounders (2.7, 95% CI [-0.5, 5.9], P = 0.092).

CMJ
In the AG, the CMJ of the injured limb showed an average improvement of 0.6 cm from ba-
seline to one-year follow-up (9.8±4.7 cm to 10.4±5.4, P = 0.154). For the SG, improvement 
was 1.6 cm (9.0±4.5 to 10.6±5.2, P = 0.154). After adjustment for baseline CMJ and con-
founders, a non- significant treatment effect was found (-0.4, 95% CI [-1.6, 0.8], P = 0.481).

Isometric strength of the hip abductors, extensors and external rotators
All hip muscle groups of the injured limb showed improved strength at one-year fol-
low-up, but only for the hip external rotators this improvement was statistically significant 
(P = 0.029).
Linear mixed model analysis with correction for baseline strength measurements and 
confounders showed non-significant treatment effects for any of the hip muscle groups 
(extensors: -0.1, 95% CI [-0.4, 0.1], P = 0.262; abductors: -0.2, 95% CI [-0.5, 0.1], P = 0.195; 
external rotators: -0.1, 95% CI [-0.2, 0.0], P = 0.193).

RTS rate
At baseline, the average weekly time spent on sport was 4.7±4.7 h for the AG and 5.1±3.5 
h for the SG. A difference was observed between the groups in the proportion of partici-
pants participating in the different sports categories (particularly for running, see Table 
5.2). At one-year follow-up, the average weekly time spent on sport for the AG was 4.3±5.0 
h and for the SG 5.4±3.1 h. RTS rate in the AG was 37.5%, and 67.7% in the SG. This diffe-
rence was not statistically significant (P = 0.104).

Table 5.2 Baseline characteristics of study population

BMI = body mass index; ROM = range of motion; TCJ = talocrural joint; MTP1 = first metatarsophalangeal 
joint; CMJ = countermovement jump; HHD = hand-held dynamometer
a data reported as mean±standard deviation
b P-values for comparison between the injured and non-injured limb using a paired t-test
c Significant difference between the injured and non-injured limb at P ≤ 0.05 level

Sex (%)

Age (years)a

Height (cm)a

Weight (kg)a

BMI (kg/cm2)a

Injured limb N (%)

Duration of symptoms (months)a

Sport type N (%)

 - No current sport

 - Cycling/fitness

 - Walking

 - Running

 - Ball sports 

Weekly time spent on sport (h)a 

Waist circumference (cm)a 

ROM dorsiflexion TCJ (cm)a

 - Injured limb

 - Non-injured limb 

ROM dorsiflexion MTP1 (°)a

 - Injured limb

 - Non-injured limb 

Heel raise test (count)a

 - Injured limb

 - Non-injured limb 

CMJ (cm)a

 - Injured limb

 - Non-injured limb 

HHD hip extensors (N/kg)a

 - Injured limb

 - Non-injured limb 

HHD hip abductors (N/kg)a

 - Injured limb

 - Non-injured limb 

HHD hip external rotators (N/kg)a

 - Injured limb

 - Non-injured limb

8 female (44.4%) 

44.7±9.0 

179.7±8.6 

84.7±15.6

26.1±3.  

12 left (66.7%) 

9.4±8.2

 

-

-

8 (44.4%)

1 (5.6%)

9 (50.0%)

4.7±4.7 

94.3±11.5

12.4±3.0

12.5±3.7

44.7±14.2

46.2±13.8

24.2±8.4

29.8±8.7

9.8±4.7

10.6±5.5

2.8±0.8

2.8±0.8

3.1±0.9

3.2±0.9

2.1±0.7

2.2±0.6

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

0.797

0.266

0.001c

0.160

0.704

0.955

0.548

10 female (47.6%)

49.9±10.1

175.4±9.8

81.3±15.4

26.3±4.1 

11 left (50.0%)

15.1±24.0

2 (9.1%)

1 (4,5%)

6 (27.3%)

6 (27.3%)

7 (31.8%)

5.1±3.5

94.8±12.6

10.5±2.6

10.1±3.5

43.1±10.9

43.6±11.2

25.4±8.7

29.0±8.0

9.0±4.5

8.8±4.2

2.9±0.9

3.1±1.0

3.1±0.8

3.2±0.8

2.0±0.4

2.0±0.4

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

0.435

0.668

0.002c

0.794

0.066

0.395

0.334

Alfredson group

(n = 18)

Silbernagel group

(n = 22)

P-valueb P-valueb
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Table 5.3 Treatment effects in the injured and non-injured limb between the Alfredson and  
the Silbernagel group

CI = confidence interval; CMJ = countermovement jump; HHD = hand-held dynamometer
a Baseline measurement of respective outcome, sex, age, and duration of symptoms
b Treatment effects are reported as differences in means with the Alfredson group as reference group

0.662

0.638 

0.945

0.763

0.435

0.465 

0.828

0.784 

0.910

0.992 

0.975

0.891 

0.673

0.459 

0.410

0.665

0.790

0.920 

0.866

0.975

2.9 (-0.9, 6.7)

2.8 (-2.0, 7.6)

-0.2 (-1.4, 1.0)

0.2 (-1.5, 1.9)

-0.1 (-0.4, 0.2)

0.3 (-0.2, 0.9)

-0.1 (-0.5, 0.2)

-0.0 (-0.5, 0.4)

-0.1 (-0.2, 0.1)

-0.2 (-0.4, 0.0)

0.4 (-2.9, 3.6)

0.6 (-4.4, 5.6)

-0.8 (-2.1, 0.5)

-0.4 (-1.3, 0.6)

-0.0 (-0.3, 0.2)

0.4 (0.0, 0.7)

-0.0 (-0.4, 0.3)

0.0 (-0.3, 0.4)

-0.1 (-0.3, 0.1)

-0.1 (-0.3, 0.1)

0.127

0.242 

0.737

0.824 

0.502

0.184 

0.451

0.836 

0.226

0.107 

0.822

0.809 

0.203

0.439

0.943

0.039 

0.946

0.899 

0.205

0.359

2.8 (-0.9, 6.5)

2.6 (-1.8, 7.0)

-0.4 (-1.6, 0.8)

-0.1 (-1.7, 1.6)

-0.2 (-0.4, 0.1)

0.3 (-0.3, 0.8)

-0.2 (-0.6, 0.1)

-0.1 (-0.6, 0.3)

-0.1 (-0.2, 0.1)

-0.1 (-0.3, 0.1)

0.0 (-3.3, 3.4)

0.3 (-4.5, 5.1)

-1.1 (-2.3, 0.0)

-0.7 (-1.6, 0.2)

-0.0 (-0.3, 0.2)

0.3 (-0.0, 0.7)

-0.0 (-0.4, 0.3)

-0.0 (-0.4, 0.3)

-0.2 (-0.3, 0.0)

-0.1 (-0.3, 0.1)

0.136

0.241

0.466

0.951

0.255

0.296

0.234

0.504

0.297

0.165

0.978

0.903

0.058

0.111

0.774

0.065

0.849

0.995

0.108

0.210

Without correction

Treatment effectb P-value

 (95% CI)

With correction

for baseline

Treatment effectb P-value

 (95% CI)

Injured limb

With correction for baseline 

and confoundersa

Treatment effectb P-value

 (95% CI)

Heel-raise test (repetitions)

12 weeks

1 year

CMJ (cm)

12 weeks

1 year 

HHD hip extensors (N/kg)

12 week

1 year

HHD hip abductors (N/kg)

12 weeks

1 year 

HHD hip external rotators (N/kg)

12 weeks

1 year 

Heel-raise test (repetitions)

12 weeks

1 year 

CMJ (cm)

12 weeks

1 year 

HHD hip extensors (N/kg)

12 weeks

1 year 

HHD hip abductors (N/kg)

12 weeks

1 year 

HHD hip external rotators (N/kg)

12 weeks

1 year

Non-injured limb

1.3 (-4.7, 7.3)

1.7 (-5.5, 8.9)

0.1 (-2.8, 3.0)

0.5 (-2.9, 4.0)

-0.2 (-0.7, 0.3)

0.3 (-0.5, 1.0)

-0.1 (-0.6, 0.5)

0.1 (-0.6, 0.7)

0.0 (-0.3, 0.4)

-0.0 (-0.3, 0.3)

0.1 (-5.3, 5.5)

0.4 (-5.6, 6.4)

0.6 (-2.2, 3.4)

1.1 (-1.9, 4.1)

-0.2 (-0.8, 0.3)

0.1 (-0.5, 0.8)

-0.1 (-0.6, 0.5)

0.0 (-0.5, 0.5)

-0.0 (-0.4, 0.3)

-0.0 (-0.3, 0.3)

2A. Heel-raise test injured limb

2C. Countermovement jump injured limb

2E.  Isometric strength hip extensors 
injured limb

2B. Heel-raise test non-injured limb

2D.  Countermovement jump 
non-injured limb

2F.  Isometric strength hip extensors 
non-injured limb
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DISCUSSION

This is the first RCT comparing effects on functional performance of the Alfredson and the 
Silbernagel loading programme in midportion AT. In a sample of recreational athletes, we 
found that both programmes significantly improved plantar flexor muscular endurance 
up to one-year follow-up, but without significant differences between the programmes. 
Also, no significant difference between the programmes was found for jump height (CMJ) 
and isometric hip muscle strength. At one-year follow-up, the RTS rate in the SG was con-
siderably higher than in the AG, but this difference was not statistically significant. 

Effects on functional performance of both programmes have previously been investiga-
ted. Alfredson et al. described significantly improved plantar flexor strength immediately 
following their loading programme.20 39 For the Silbernagel programme, research showed 
that clinical improvement is associated with improved endurance of the plantar flexors,22 
improved jump performance,22 and increased calf muscle power,21 but the strength of this 
evidence is moderate at best.15 

As recommended in a recent guideline,16 we included a measure for evaluating plantar 
flexor endurance. According to a recent review, the heel-raise test is an appropriate clinical 
test for this purpose.40 In our study, both groups demonstrated decreased plantar flexor 
endurance in the injured limb compared to the non-injured limb at baseline, whilst Silber-
nagel et al. suggested that the heel-raise test is not capable of revealing a difference bet-
ween the injured and non-injured (or least symptomatic) limb.32 A possible explanation is 
that Silbernagel et al. also included participants with bilateral symptoms,32 whereas we so-
lely included participants with unilateral symptoms. Differences in plantar flexor enduran-
ce are hypothetically more pronounced when the injured limb is compared to an asymp-
tomatic limb instead of the least symptomatic limb, and therefore may be more easily 
detected. At one-year follow-up, we found a meaningful improvement in plantar flexor 
endurance of the injured limb in both groups, which exceeded the smallest detectable 
change (i.e. 3.7 repetitions),41 and to a level superior to that of the non-injured limb. We did 
not find a significant difference between the programmes, although improvement in the 
AG was greater (2.7, 95% CI [-0.5, 5.9], P = 0.092). This may indicate that the Alfredson pro-
gramme is more effective in restoring muscular endurance of the plantar flexors than the 
Silbernagel programme, but this could not be supported with previous research on these 
loading programmes due to discrepancy in outcome measures. A possible explanation 
could be that eccentric contractions result in greater improvement of muscle strength and 
mass than concentric contractions due to the higher loads developed during eccentric 
loading.42 However, since we did not monitor the exact training load in our participants, 
it is unknown whether this explanation applies to the trend seen in our data. Another 
possible explanation may be that the AG exercised twice per day instead of once daily as 
was performed by the SG. Nonetheless, the underpowered nature of our study affects the 
precision of our estimates, and impedes from drawing a firm conclusion on possible dis-

Figure 5.2 (A-J) Observed progression of the heel-raise test, the countermovement jump and the isometric 
strength tests of the hip musculature from baseline to one-year follow-up

2G.  Isometric strength hip abductors 
injured limb

2I.  Isometric strength hip external 
rotators injured limb

2H.  Isometric strength hip abductors 
non-injured limb

2J.  Isometric strength hip external 
rotators non-injured limb
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crepancy in improvement of plantar flexor endurance between both groups. This should 
be subject of future adequately powered research. 

By adding the CMJ, we aimed to investigate the reactive strength of the plantar flexor 
muscle-tendon complex. In contrast to the heel-raise test, we were not able to determine a 
significant improvement of jump height, neither within nor between the groups. In other 
studies, improvement on the CMJ after following the Silbernagel programme was found 
in some,22 but not all patients.21 
The responsiveness to change of the CMJ is thought to be limited.32 This may be explained 
by the inability of CMJ to isolate plantar flexor muscle-tendon function,6 as it also requires 
considerable activity and coordination of muscle groups of the upper leg and hip.43 Hence, 
performance of other (proximal) muscle groups may compensate for the diminished func-
tion of the plantar flexor muscle-tendon complex. Furthermore, although the last phase 
of the Silbernagel programme incorporated quick-rebounding and plyometric exercises, 
most exercises from both programmes encompassed low-velocity heel-raises. It is likely 
that these low-velocity movements have limited translation into improved high-velocity 
movements such as the CMJ, which may explain why we could not detect a significant 
improvement of jump height.

Our findings showed improvement of hip muscle strength from baseline to one-year fol-
low-up in both groups, but only for the external rotators this improvement was significant. 
We previously found weakness in the hip abductors, extensors and external rotators in 
patients with midportion AT, but in this cross-sectional study data were not longitudinally 
assessed.8 To our knowledge, only Sancho et al. performed a longitudinal assessment of 
hip muscle strength in AT.44 They showed improved hip abduction strength after following 
a progressive exercise programme including isometric and isotonic exercises, and a hop-
ping programme including double-leg and single-leg hops. It is reasonable to suggest 
that addition of hopping exercises addresses hip muscle function to a greater extent than 
solely heel-raising exercises as performed in our study. Therefore, improvement of hip 
strength in the current study presumably is the result of increased activity level during the 
study, rather than a specific effect of the loading programmes. For future studies, it would 
be interesting to prospectively investigate the role of hip muscle strength in relation to AT.

Returning to previous sports level is the ultimate goal of rehabilitation and an important 
milestone for many patients.45 Yet, RTS is not regularly included as an outcome measure in 
intervention trials.34 We found a considerably higher RTS rate in the SG than in the AG (i.e. 
68% vs. 38%), but this difference appeared not significant, most probably due to the small 
sample size increasing the chance of a type II error. The imbalance in sport types between 
the groups at baseline may also have affected the RTS rate. Yet, we still feel this is an inte-
resting finding. It may indicate that patients in the SG were better prepared for RTS than 
patients in the AG, possibly because the Silbernagel programme comprises a combinati-
on of different contraction modes, including quick-rebounding and plyometric exercises. 

However, further adequately powered research is warranted to validate our findings and 
further explore potential explanatory mechanisms.

Strengths and limitations
We designed our study considering key methodological issues, such as randomisation, 
concealment of allocation and intention-to-treat analysis, to minimize potential risk of 
bias. Furthermore, by minimizing the supervising sessions, we incorporated an interventi-
on that is inexpensive to implement in clinical practice. 
The underpowered sample size is an important limitation of our study. Unforeseen, we 
struggled to enroll sufficient participants. The outbreak of COVID-19 caused additional dif-
ficulties. Consequently, we decided to terminate recruitment of participants before having 
reached the intended sample size. To accelerate inclusion, we frequently contacted the 
potential referrers to remind them of our study, but it did not result in more participants. 
The limited sample size increases the chance of a type I or II error, and therefore, we emp-
hasize that conclusions should be interpreted with caution.

CONCLUSION

We found that both the Alfredson and the Silbernagel loading programme yield impro-
vement in functional performance of the lower extremity in recreational athletes with AT. 
Our findings show meaningful improvement of plantar flexor muscular endurance up to 
one year follow-up, with a trend towards greater improvement in favor of the Alfredson 
programme. We also found a marked improvement in hip external rotator strength in both 
groups up to one-year follow-up, but not in jump height, and strength of the hip extensors 
and abductors. No significant differences between both programmes were found for jump 
height and hip muscle strength. At one-year follow-up, the Silbernagel programme was 
associated with a more than 80% better RTS rate than de Alfredson programme.
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ABSTRACT 

Objective: Investigating differences in hip muscle strength between athletes with Achil-
les tendinopathy (AT) and asymptomatic controls. 

Design: Cross-sectional case-control study.

Setting: Sports medical center.

Participants: Twelve recreational male athletes with mid-portion AT and twelve matched 
asymptomatic controls.

Outcome measures: Isometric strength of the hip abductors, external rotators, and ex-
tensors was measured using a handheld dynamometer. Functional hip muscle performan-
ce was evaluated with the single-leg squat. The Victorian Institute of Sport Assessment–
Achilles (VISA-A) questionnaire was completed to determine clinical severity of symptoms. 

Results: Compared to controls, participants with AT demonstrated 28.9% less isometric 
hip abduction strength (P = 0.012), 34.2% less hip external rotation strength (P = 0.010), 
and 28.3% less hip extension strength (P = 0.034) in the injured limb. Similar differences 
were found for the non-injured limb (26.7-41.8%; P < 0.03). No significant differences were 
found in functional hip muscle performance between the injured and non-injured limb 
or between the groups, and no significant correlation was found between hip muscle 
strength and VISA-A scores.

Conclusion: Recreational male athletes with chronic mid-portion AT demonstrated bilate-
ral weakness of hip abductors, external rotators, and extensors compared to their asymp-
tomatic counterparts. These findings suggest that hip muscle strength may be important 
in the assessment and rehabilitation of those with AT.

INTRODUCTION

Achilles tendinopathy (AT) is a clinical syndrome of the Achilles tendon, characterized by 
activity-related pain, swelling, and impaired performance.1 2 Most ATs are localized in the 
mid-portion of the tendon.2 3 Incidence of the injury is highest in sports that involve run-
ning and jumping, with the highest prevalence reported in middle-aged men.4 5 Manage-
ment of AT can be difficult,6 7 and the injury may cause long-term limitations in sports 
participation.

Conservative treatment is considered the primary choice, mostly for a period of 3-6 
months.3 8 9 Within this period eccentric calf muscle loading is the most effective treatment 
strategy.9-11 However, it has been stated that in a considerable proportion of patients with 
AT, eccentric loading is not successful and symptoms and impairments persist.12 13

There are multiple reasons why eccentric loading may not be successful. Various etiolo-
gical factors, such as age, foot type, decreased lower extremity flexibility, and (excessive) 
training load can play a role.14-16 It may also be that strengthening of the calf muscle-ten-
don unit alone does not adequately restore lower limb performance, indicating that reha-
bilitation of AT should also focus on restoring the function of the proximal kinetic chain.3 

17 18 This kinetic chain is described as a system of multiple body segments that move in a 
coordinated and sequential manner to optimize position and velocity of the distal seg-
ment.19 Optimal functioning of the kinetic chain is affected by alterations in joint kinema-
tics, muscular balance and neuromuscular control. In this functioning, proximal muscle 
strength is considered to be essential.19 Therefore, dysfunction of the proximal muscle 
groups of the kinetic chain (e.g. hip musculature) could be associated with excessive loa-
ding of the distal parts (e.g. Achilles tendon) during sport activities. However, empirical 
evidence for this hypothesis is lacking.

There is growing evidence that decreased hip muscle strength is associated with sever-
al lower extremity injuries. For example, patients with patellofemoral pain syndrome,20-22 
and posterior tibial tendon dysfunction23 demonstrate decreased isometric hip muscle 
strength compared to non-injured subjects. Decreased strength of the hip abductors and 
external rotators may cause increased femoral adduction and internal rotation and, con-
sequently, lead to excessive knee valgus angles.24 These pathomechanics could potentially 
replace the line of weight bearing on the medial side of the subtalar joint,24 resulting in a 
whipping action of the Achilles tendon due to altered gastrocnemius length and excessive 
foot pronation.25 26 Also, strength deficits of the hip extensors may cause increased com-
pensatory m. triceps surae activity during the landing and push off phase in running.27  In 
summary, diminished strength of the relatively strong proximal hip muscle groups may 
lead to increased Achilles tendon stress and this may be linked to mid-portion AT. To our 
knowledge, a possible association between decreased hip muscle strength and mid-porti-
on AT has not yet been investigated. Therefore, the primary objective of this study was to 
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investigate differences in hip muscle strength between athletes with chronic mid-portion 
AT and matched asymptomatic controls. Secondary aims were to investigate: 1) differen-
ces in functional performance of the hip muscle groups during the single leg squat, 2) 
differences in hip muscle strength and functional performance between the injured and 
non-injured limb, and 3) the association between hip muscle strength and clinical seve-
rity of symptoms of AT. It was hypothesized that participants with mid-portion AT would 
demonstrate decreased strength and functional performance of the hip musculature in 
their injured limb compared to asymptomatic controls and their uninjured limb, and that 
these strength deficits would be positively associated with the severity of their symptoms.

MATERIALS AND METHODS

Study design
A cross-sectional case-control study with two groups was conducted. One group consis-
ted of recreational male athletes with chronic mid-portion AT (AT group), while the other 
consisted of matched asymptomatic controls (control group). Matching was based on age 
(± 5 years), sport type, and current training extent categorized in three groups (i.e. < 3 
h/week, 3-7 h/week, and > 7 h/week). Written informed consent was obtained prior to 
participation. The study protocol was approved by the institutional review board of the 
University Medical Center Utrecht (registration number 14-112).

Study population
Recreational male athletes with chronic mid-portion AT were recruited between February 
and June 2014. Primarily, participants were recruited through direct referrals from sports 
physicians at Papendal Sports Medical Center, Arnhem, The Netherlands, and general 
practitioners in the surrounding region. Additionally, recruitment was performed through 
mailings and advertisements at local sport clubs. Controls were recruited through e-mail/
personal contact with employees at the National Sports Center Papendal, Arnhem, The 
Netherlands and the University Medical Center Utrecht, Utrecht, The Netherlands, and lo-
cal sports clubs.

Potential participants were initially contacted by telephone by the principal investigator 
(PI), in order to determine their eligibility. Participants were eligible for inclusion if they 
were males aged 21-60 years,4 and if they were practicing a sport involving running and/
or jumping. Potential participants were excluded if they had a diagnosis of insertional AT, 
bilateral mid-portion AT, a history of Achilles tendon rupture, if they had a corticosteroid 
injection in the Achilles tendon in the previous 12 months, other injuries of the lower ex-
tremity during the past 12 months, or if they had a neurological or systemic disease. If a 
participant was eligible for inclusion, an appointment was made for physical examination 
at a physiotherapy department. The AT group had a clinical diagnosis of unilateral mid-por-
tion AT (diagnosed by a physician or physiotherapist),2 with a duration of symptoms of  

≥ 3 months. Diagnosis of mid-portion AT was confirmed by the PI using two clinical signs: 
1) subjective self-reported activity-related pain at 2-6 cm proximal to the calcaneal inser-
tion, 2) pain on palpation by the examiner. Interrater reliability of these signs is shown to 
be good (κ = 0.746 and 0.738 respectively),28 and these signs were also used in the control 
group to rule out AT. Subsequently, all measurements were performed by the PI, who was 
not blinded to group status (i.e. AT or control group).

Outcome measures
Characteristics of the participants were collected, including age, height, and body weight. 
Additionally, we collected several variables considered important in the kinetic chain, that 
may also be associated with mid-portion AT. Potential differences in these variables bet-
ween the groups may introduce bias in the interpretation of the results. Ankle dorsiflexion 
range of motion (ROM) was measured with the weight-bearing lunge test,29 and exten-
sion ROM of the first metatarsophalangeal joint (MTP-1) was measured with a standard 
goniometer.30 Hip joint ROM values related to takeoff were recorded for extension and 
internal rotation with a goniometer.31 32 Finally, duration of symptoms (months) and treat-
ment (yes/no) were collected for the AT group, and use of (pain) medication (yes/no) was 
recorded for both groups.

All measurements were performed for the injured limb in the AT group, and for the corres-
ponding limb of the control group. The non-injured limb of participants in the AT group 
was also measured for comparison between the injured and non-injured side.

Isometric strength
Isometric strength was measured with a Microfet 2 hand-held dynamometer (HHD). Thor-
borg and colleagues33 have shown that this is a reliable method for measuring hip muscle 
strength, with intraclass correlation coefficients ranging from 0.74-0.95 and standard error 
of measurement values ranging from 4-11%. For all measurements, participants were as-
ked to give a maximal isometric effort in the test direction (i.e. abduction, external rotati-
on, and extension), and hold for this 5 s (make method), without providing verbal encou-
ragement. Before the actual test, participants performed two submaximal trial repetitions. 
Subsequently, three test repetitions were performed, separated by 30 s of recovery.33 The 
best repetition was used for the data analysis.

Hip abduction strength was measured with the participant in side-lying position on an 
examination table.34 The contralateral leg was flexed ± 30° at the hip and knee, to enhance 
stability and comfort. The test leg was placed in 0° of hip flexion and 10° of hip abduction 
with the knee fully extended. A strap was placed over the iliac crest and attached to the 
underside of the table. The HHD was placed on the lateral side of the femur, 5 cm proximal 
to the lateral femoral condyle; it was secured by a second strap, which was also attached 
to the underside of the table. 
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For strength testing of the external rotators, participants sat on an examination table with 
the hips and knees flexed to 90° and the feet off the ground.21 A strap was used for stabi-
lization of the ipsilateral thigh, and participants placed their arms behind their back. The 
HHD was placed 5 cm proximal to the medial malleolus and was secured by a strap that 
was fixed on the table base.

Hip extensors strength was measured with the participant lying prone on an examination 
table, with the hip in neutral position and the knee flexed to 90°.33 A strap was placed at 
the height of the iliac crest to stabilize the pelvis. The HHD was placed 5 cm proximal to the 
popliteal fossa at the posterior thigh.

Functional performance
As isometric strength measurements only provide insight into isolated muscle function, 
we also included a measure of functional performance of the hip musculature using the 
single-leg squat. This has been shown a reliable method to identify hip muscle dysfuncti-
on.35 The test was performed as described by Crossley et al.35 Participants were measured 
barefoot and in their underwear. They were asked to stand on one leg on a 20-cm box, 
with their arms folded across their chest. Then they had to perform a squat until 60° of 
knee flexion was achieved and then push themselves up again. Squats were performed at 
a rate of approximately one squat per 2 s, and the depth of the squat was determined with 
a goniometer. Prior to the actual test, the procedure and technique were demonstrated by 
the investigator and participants were allowed three trial repetitions. The actual test was 
performed directly after practicing and comprised five consecutive test repetitions. These 
test repetitions were recorded with a video camera, placed about 2 m in front of the par-
ticipant at the height of the participant’s pelvis. Video recordings were stored in a coded 
manner and used for data analysis (i.e. rating of performance).

Rating was performed by the PI using a three-point ordinal scale (“good”, “fair”, and “poor”) 
as recommended by Crossley et al.35 The rating criteria (with the respective requirements 
to fulfill a criterion) were: 

•  overall impression for the five trials (maintaining balance, perturbations,  
depth and speed);

•  posture of the trunk over the pelvis (trunk/thoracic lateral deviation or shift,  
rotation, lateral flexion, forward flexion);

• posture of the pelvis (pelvic shunt or lateral deviation, rotation, pelvic tilt);
• hip joint posture and movement (hip adduction, femoral internal rotation);
•  knee joint posture and movement (apparent knee valgus, knee position  

relative to foot position).

A criterion was satisfied if all requirements for that criterion were met. The performance 
of the single-leg squat was rated as “poor” if a participant did not fulfill at least one cri-

terion for all test repetitions (i.e. not all requirements for any of the criteria were met). 
If a participant met all requirements for one, two, or three criteria for all test repetitions, 
the performance was rated as “fair”. The performance on the single-leg squat was rated as 
“good” when a participant satisfied all requirements for at least 4 out of 5 criteria for all test 
repetitions.

Clinical severity of symptoms
Clinical severity of AT was measured with the Victorian Institute for Sport Assessment–
Achilles (VISA-A) questionnaire, which is a valid and reliable tool covering the domains of 
pain, functioning in daily activity, and sports activity.36 Scores range from 0 to 100, with 
100 indicating a perfect asymptomatic score. The VISA-A score was used to investigate the 
association between hip muscle strength and clinical severity of symptoms.

Data analysis
Sample size was calculated using G*Power 3.1.5,37 assuming 1-β = 0.80 and α (two-sided) = 
0.05. A strength difference of the hip muscles of 28.4-33.8% has been reported in patients 
with posterior tibial tendon dysfunction compared to matched asymptomatic controls.23 
Assuming a strength difference of 28.4%, a minimum of 12 participants per group was 
required.

Data verification was performed by a research assistant who only had access to the en-
crypted data. After data input was verified, normality of the data was checked visually 
with Q-Q plots and statistically using the Shapiro-Wilk test. As data were not normally 
distributed, non-parametric tests were used. Descriptive statistics were calculated for de-
mographic and anthropometric variables, and differences between groups and between 
the injured and non-injured limb were investigated using the Wilcoxon signed rank test.

Before further analysis, peak isometric strength measures were corrected for body 
weight.21 The Wilcoxon signed rank test was used to compare isometric strength of the 
hip abductors, external rotators, and extensors between the AT and control group, and 
for comparison between the injured and non-injured limb among participants in the AT 
group. Differences in functional performance, as measured with the single-leg squat, were 
investigated with the McNemar-Bowker test. Spearman’s rank correlation coefficients 
were used to investigate the association between isometric strength and VISA-A scores. 
Statistical significance was set at α = 0.05.
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RESULTS

Participants
A total of 24 participants (12 in each group) were included (median age AT group = 51.5 
years, interquartile range [IQR] 43-53; median age control group = 49.5 years, IQR 42-53.5). 
There were no significant differences in demographic and anthropometric characteristics 
between the groups, or between the injured and non-injured limb of the AT group (Ta-
ble 6.1, P > 0.05). The AT group had a median duration of symptoms of approximately 18 
months (IQR 9.3-50.8), and the median VISA-A score was 63 (IQR 50-78.8). Seven partici-
pants in the AT group had received (conservative) treatment for their injury. None of the 
participants used (pain) medication at the time of the study.

Isometric strength
The AT group showed significantly less isometric strength in their hip abductors, external 
rotators, and extensors compared with the control group (Table 6.2, P < 0.035). The hig-
hest between-group difference for the injured limb was found for external rotation (34.2%,  
P = 0.010), whereas the differences for hip abduction and extension were smaller (28.9%,  
P = 0.012, and 28.3%, P = 0.034, respectively). Strength differences for the non-injured limb 
compared to the control group were 41.8% (P = 0.003) for the external rotators, 30.5% 
(P = 0.010) for the abductors, and 26.7% (P = 0.023) for the hip extensors. No significant 
differences were found in isometric strength between the injured and non-injured limb in 
the AT group.

Table 6.1 Demographic and anthropometric characteristics of the study population

AT= Achilles tendinopathy; ROM = range of motion; MTP-1 = first metatarsophalangeal joint; 
VISA-A = Victorian Institute of Sport Assessment – Achilles
a P-values for differences between the injured and non-injured limb
b P-values for differences between the AT group and control group
c Data are reported as median (lower bound – upper bound interquartile range)

Age (years)c

Height (cm)c 

Weight (kg)c 

BMI (kg/m2)c

Sport type (N)

 - Running

 - Soccer

 - Volleyball

 - Tennis

Training extent (N)

 - < 3 hours/week

 - 3-7 hours/week 

 - > 7 hours/week 

Sports experience (years)c  

Weight-bearing lunge test (cm)c

MTP-1 extension ROM (°)c

Hip extension ROM (°)c

Hip internal rotation ROM (°)c 

Injured side (left/right) (N)

Duration of symptoms (months)c

VISA-A scorec  

Current treatment (yes/no) (N) 

Use of pain medication (yes/no) (N)

51.5 (43.0-53.0)

189.0 (181.3-192.0)

80.5 (75.0-92.9)

22.7 (21.8-26.8)

9

1

1

1

4

7

1

34.0 (22.5-39.3)

11.3 (8.9-14.5)

49.0 (21.8-60.0)

17.0 (10.5-21.8)

23.0 (15.0-30.0)

4/8

17.5 (9.3-50.8)

63.0 (50.0-78.8)

7/5

0/12

11.5 (10.5-14.1)

43.0 (21.0-62.0)

16.0 (14.0-23.0)

28.0 (18.5-35.8)

0.959

0.283

0.473

0.050

49.5 (42.0-53.5)

181.5 (179.3-185.8)

80.5 (69.5-88.9)

23.7 (21.7-26.2)

9

1

1

1

4

7

1

40.0 (22.5-42.3)

13.3 (9.0-14.4)

53.0 (44.0-57.0)

17.5 (14.0-22.0)

22.0 (20.0-28.8)

0/12

0.529

0.082

0.136

0.754

0.624

0.969

0.582

0.372

0.799

AT group: 

injured side

(n=12)

Control group

(n=12)

AT group: 

non-injured side

(n=12)

P-valuebP-valuea

Functional performance
Functional performance, evaluated with the single-leg squat, showed no significant diffe-
rence between or within the two groups (Table 6.3, P > 0.05 for all comparisons).

Association between isometric strength and clinical severity
No significant correlation was found for any of the isometric strength measurements and 
the VISA-A score, with ρ=0.25, ρ=0.21, and ρ=0.06 for abduction, external rotation, and 
extension, respectively (P > 0.4).
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DISCUSSION

To the best of our knowledge, this is the first study to investigate hip muscle strength in 
male athletes with AT compared with controls. Our results show that recreational male 
athletes with chronic mid-portion AT have significantly less isometric strength in the hip 
abductors, external rotators, and extensors of their injured and non-injured limb compa-
red to their asymptomatic counterparts. When corrected for body weight, these differen-
ces ranged from 26.7-41.8%, which is considerably larger than the measurement error 
found for isometric strength measures using a HHD (i.e. 4-11%).33 We think that this bila-
teral weakness is an interesting finding, which may be a result of an average of 18 months 
of inactivity or involvement of the central nervous system. The latter is in agreement with 
a recent systematic review showing that motor deficits can present bilaterally in unila-
teral lateral epicondylalgia,38 although it should be noted that motor deficits in AT may 
differ from upper limb tendinopathy, as Achilles tendon loading often involves energy 
storage and release in (bilateral) weight-bearing activities, compared to (unilateral) non 
weight-bearing activities for many upper limb tendons.

The strength values that were found in the control group are comparable to hip mus-
cle strength values found in a different study that investigated 253 healthy men with an 
average age of 49 years.39 Hence, if the strength values found in the AT group of our study 
are compared to these normative values, differences seem to be quite similar, which may 
strengthen our findings of decreased hip muscle strength in a population of recreational 
males with AT.  However, as measurement positions differ, this conclusion should be made 
with caution. 

Decreased hip muscle strength found in the AT group is in keeping with findings of pre-
vious studies, in which decreased and delayed electromyographic activity of the gluteus 
medius40 and maximus41 was demonstrated in athletes with AT, indicating altered neuro-
motor control of the hip musculature. Our study demonstrates decreased isometric hip 
muscle strength in patients with AT, which (together with appropriate neuromotor con-
trol) is considered essential for proper kinetic chain function.19 However, isometric strength 
measurements only provide insight into isolated hip muscle function, which differs from 
sport-specific movements. Therefore, we also included a measure of functional perfor-
mance, i.e. the single-leg squat. In this way, we attempted to challenge the neuromotor 
control of the hip musculature. Our results reveal no significant differences in performan-
ce on the single-leg squat between the two groups (or between injured/uninjured limb). 
However, whilst this test is recommended as a measure of hip muscle function,35 the sin-
gle-leg squat also assesses strength and coordination of other muscle groups of the lower 
extremity and trunk. Additionally, it was interesting that only two out of 12 participants in 
the control group were rated as ‘good’, which questions the use of the single-leg squat as 
a functional measure of hip muscle function in our study population.  

Table 6.2  Isometric strength values of hip abductors, external rotators, and extensors  
for participants in the Achilles tendinopathy group and control group

Table 6.3 Performance on the single-leg squat for participants in the Achilles tendinopathy group and  
the control group

AT = Achilles tendinopathy; BW = body weight
a P-values for differences in % BW between the injured and non-injured limb
b P-values for differences in % BW between the AT group and control group
c Data are reported as median (lower bound – upper bound interquartile range)
d Significant difference at the 0.05 level

AT = Achilles tendinopathy
a P-value for difference between the injured and the non-injured limb (McNemar-Bowker test)
b P-value for difference between the AT group injured limb and the control group (McNemar-Bowker test)
c Rating was performed according to Crossley et al.35

Hip 

abductionc

Hip external 

rotationc

Hip 

extensionc

Goodc (n)

Fairc (n)

Poorc (n)

245.1  

(182.3-

289.7)

117.6  

(76.0-

126.6)

127.7  

(84.6-

160.5)

2.66  

(2.29-

3.11)

1.29 

(0.86-

1.55)

1.37 

(1.05-

1.83)

0

4

8

244.0  

(184.7-

288.9)

109.6  

(79.9-

127.1)

133.2 

(87.4-

153.8)

2.60 

(2.31-

3.12)

1.14 

(0.79-

1.68)

1.41 

(1.05-

1.75)

0

7

5

0.875

0.754

0.814

0.180

298.4  

(258.3-

374.2)

136.3  

(129.5-

190.7)

156.6  

(124.7-

207.6)

2

6

4

3.74  

(3.29-

5.03)

1.96  

(1.56-

2.20)

1.91  

(1.51-

2.45)

0.012d

0.010d

0.034d

0.350

AT group: 

injured side

(n = 12)

AT group: 

injured side

(n = 12)

AT group: 

non-injured side

(n = 12)

AT group: 

non-injured side

(n = 12)

Control group

(n = 12)

Control group

(n = 12)

Strength 

values 

(N)

Strength 

values 

(N)

Strength 

values 

(N)

% BW

(N/kg)

% BW

(N/kg)

% BW

(N/kg)

P-valuea

P-valuea

P-valueb

P-valueb
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The use of video analysis during rating according to the criteria of Crossley et al.35 may also 
be a subject of debate, as this only provides a two-dimensional and subjective manner of 
functional hip muscle assessment. Additional resources, such as reflective markers or elec-
tromyographic measurements, might have objectified the rating of functional hip muscle 
performance during single-leg squat. It may be that these more objective rating methods 
would have revealed a difference in functional performance between the groups.

Our results are also consistent with findings in patients with patellofemoral pain syndrome 
and posterior tibial tendon dysfunction, in which isometric strength differences of the hip 
musculature of 21-36% were reported.20 21 23 These strength deficits are associated with 
altered lower extremity kinematics such as increased femoral adduction and internal rota-
tion and, consequently, excessive pronation of the foot.42 These pathomechanics are fre-
quently proposed as a cause of several lower extremity injuries,42 but studies investigating 
lower extremity kinematics in relation to AT are scarce. Kulig et al.43 retrospectively inves-
tigated the take-off phase of the saut de chat in dancers with a history of AT, and found 
significantly greater peak hip adduction and internal rotation angles compared with healt-
hy controls. Additionally, a study in runners demonstrated that subjects with a history of 
AT showed a relatively increased internal rotation of the femur compared to subjects with 
no history of AT.44 It was suggested that this internal rotation may alter gastrocnemius 
length and thereby increase stress on the Achilles tendon. Decreased strength of the hip 
musculature, as demonstrated in the present study, may contribute to altered lower limb 
biomechanics and, consequently, may be associated with AT. Hip muscle strengthening 
may therefore be of added value in the management of patients with chronic AT, but this 
cannot be concluded from our study and is an area of future investigation.

Besides differences in hip muscle strength between athletes with AT and asymptomatic 
controls, this study also aimed to investigate the correlation between strength and the 
severity of symptoms. Our results showed no significant correlation, indicating that the 
isometric strength differences found are not necessarily associated with the severity of 
the injury. However, because our sample size calculation was based on the primary stu-
dy aim, our relatively small sample does not provide sufficient power to accurately prove 
this association. The small sample size also precluded us from assessing the relationship 
between isometric hip muscle strength and hip muscle performance, which would be an 
interesting topic for future research.

A strength of this study is that the two groups were matched on age, sport type, and trai-
ning extent, which are important factors that may introduce strength differences.45 The 
study also has some limitations. First, the cross-sectional design makes it impossible to de-
termine whether the strength differences found are a cause or a consequence of the injury. 
The athletes with AT had a median duration of symptoms of 18 months, and therefore, the 
strength differences observed might also be a result of disuse and altered motor patterns 
rather than a cause of the injury.21 The fact that bilateral weakness was present compared 

with the asymptomatic controls, further questions a causal relationship and might imply 
a compensatory motor deficit through central nervous system involvement.38 Prospective 
research is needed to determine the exact relationship between hip muscle weakness and 
mid-portion AT. A second limitation concerns the fact that the investigator was not blin-
ded to group status during the examination. However, for the isometric strength measu-
rements, the examinator’s influence was minimized by using external straps for fixation of 
the HHD and providing no verbal encouragement. For the rating of the single-leg squat 
the non-blinding may have affected the rating, but since no between-group difference 
was found, possible bias seems to be limited.

CONCLUSION

This study shows that recreational middle-aged male athletes with chronic mid-portion AT 
demonstrate significant weakness in the hip abductors, external rotators, and extensors 
of both limbs compared to matched asymptomatic controls. No difference was found in 
functional hip performance between the two groups. Due to the cross-sectional design of 
this study, it is unknown whether the strength differences are a cause or a consequence of 
the injury, or a combination. Prospective research is needed to determine this relationship. 
Based on our findings, clinicians may consider hip muscle strength in the assessment and 
rehabilitation of middle-aged recreational male athletes with chronic mid-portion AT.
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ABSTRACT

Background: Midportion Achilles tendinopathy (AT) can cause long-term absence from 
sports participation and shows high recurrence rates. It is important that the decision 
to return to sports (RTS) is made carefully, based on sharply delimited criteria. Lack of a 
well-defined definition and criteria hampers the decision to RTS among athletes with AT, 
and impedes comparison of RTS rates between different studies.

Objective: To systematically review the literature for definitions of, and criteria for, RTS in 
AT research.

Study Design: Qualitative systematic review.

Methods: We searched six databases (PubMed, EMBASE, Cochrane, CINAHL, PEDro, Sco-
pus) for articles that reported on the effect of a physiotherapeutic intervention for mid-
portion AT. Article selection was independently performed by two researchers. Qualitative 
content analysis was used to analyze the included studies and extract definitions of, and 
criteria for RTS.

Results: Thirty-five studies were included in the content analysis, showing large variety in 
both the definitions and criteria. Thirty-two studies reported a definition of RTS, but only 
19 studies described criteria for RTS. The content analysis revealed that “reaching pre-in-
jury activity/sports level, with the ability to perform training and matches without limita-
tions”, “absence of pain”, and “recovery” were the main content categories used to define 
RTS. Regarding criteria for RTS, eight different content categories were defined: 1) “level 
of pain”, 2) “level of functional recovery”, 3) “recovery of muscle strength”, 4) “recovery of 
range of motion”, 5) “level of endurance of the involved limb”, 6) “medical advice”, 7) “psy-
chosocial factors”, and 8)” anatomical/physiological properties of the musculotendinous 
complex”. Many criteria were not clearly operationalized and lacked specific information.

Conclusions: This systematic review shows that RTS may be defined according to the 
pre-injury level of sports (including both training and matches), but also with terms rela-
ted to absence of pain and recovery. Multiple criteria for RTS were found, which were all 
related to level of pain, level of functional recovery, muscular strength, range of motion, 
endurance, medical advice, psychosocial factors, or anatomical/physiological properties 
of the Achilles tendon. For most of the criteria we identified, no clear operationalization 
was given, which limits their validity and practical usability. Further research on how RTS 
after midportion AT should be defined, and which criteria should be used, is warranted.

INTRODUCTION

Midportion Achilles tendinopathy (AT) can cause a prolonged absence from sports parti-
cipation and may even be career-ending in up to 5% of the athletes with AT.1 Recurrence 
rates as high as 27% have been reported, particularly in those with short recovery periods 
(0-10 days).2 This might be related to the fact that, although symptoms have fully sub-
sided, deficits in musculotendinous function may still persist in 25% of patients, putting 
the athlete at risk for re-injury.3 Therefore, it is important that a decision on return to sport 
(RTS) is carefully made, based on multiple factors, and involving all relevant stakeholders.4

In a recent systematic review on eccentric training for midportion AT, performed by our 
research group,5 we found that only one-third of the included studies used RTS as an out-
come, with an RTS rate ranging between 10-86% after 12 weeks.6 7 These studies used dif-
ferent definitions (e.g., “return to previous activity level” or “return to full activity”), which 
makes comparison of their RTS rates difficult. In many other AT studies, RTS is not the main 
outcome of the study, or it is not evaluated at all. This results in a lack of clear definition of 
RTS and an absence of well-defined criteria for RTS.

In 2016, a consensus statement on RTS after sports injuries was developed.4 It stated that 
“the definition of each RTS process should, at a minimum, be according to the sport […] 
and the level of participation […] that the athlete aims to return to”.4 Silbernagel and Cros-
sley8 recently proposed a programme aimed at RTS for athletes with midportion AT. Whilst 
this programme provides a useful rationale and progression to RTS, unfortunately, the au-
thors did not explicitly report a single clear definition of RTS, nor the exact criteria that 
should be met.

The lack of a clear definition and well-defined criteria can hamper the decision-making for 
RTS among athletes with AT. Moreover, it impedes comparison of RTS rates between dif-
ferent intervention studies. Therefore, the aim of this review was to systematically analyze 
the current literature for definitions of RTS in AT research, and investigate which criteria for 
RTS are being used.

METHODS

Study design
This systematic review was developed in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and was prospective-
ly registered in the PROSPERO database for systematic reviews (registration number 
CRD42017062518). 
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The purpose of the study was twofold: 1) to synthesize definitions of RTS, where RTS was 
seen a successful endpoint after midportion AT, and 2) to search for criteria used in scien-
tific literature for decision-making to initiate RTS.

Search strategy
A systematic search of the literature from 1998 to July 2017 was conducted in PubMed, 
EMBASE, Cochrane, CINAHL, PEDro and Scopus. The search was limited from 1998 on-
wards based upon the paper from Maffulli et al.9 According to this paper, the terminology 
changed from ‘tendinitis’, considered as a frank inflammation of the tendon, to ‘tendinopa-
thy’, which is a combination of frequently longstanding pain, swelling and impaired per-
formance.9 This paradigm shift has led to changes in the management of tendinopathic in-
juries (i.e., targeted more at reducing symptoms and increasing load capacity rather than 
minimizing inflammation using non-steroid medication and/or injections), and this can 
have consequences for the factors associated with the RTS decision.

The search strategy contained various synonyms for “Achilles tendinopathy”. For “return to 
sport”, we partially adopted a search strategy used in a similar research on return to play 
after hamstring injuries,10 and modified this to fit our study purpose. The final search stra-
tegy can be found in Electronic Supplementary Material Appendix S1.

Eligibility criteria
All retrieved articles were independently screened for eligibility by two authors (BHa, AB). All 
studies investigating the effect of any physiotherapeutic intervention in an adult (≥ 18 years) 
athletic population (i.e. individuals who participate in organized or non-organized sports) 
with midportion AT were eligible for inclusion, if they 1) described a definition of, and/or cri-
teria for, RTS, and 2) were written in English, Dutch or German. There were no restrictions on 
type of study design. Articles that adopted definitions from other studies were excluded, but 
the studies from which the original definition was adopted were screened for eligibility, and 
included when they met our eligibility criteria. Potential articles were further excluded if they 
1) were not available in full-text, despite serious efforts to contact the corresponding author, 
2) described interventions for insertional AT and/or Achilles tendon rupture, 3) investigated 
surgical or other invasive interventions, or 4) were animal studies.

A consensus meeting between the two authors was held to discuss discrepancies in arti-
cle screening and selection. If no consensus could be reached between the two authors, 
a third author (BHu) was asked to make a final decision. Cohen’s kappa was calculated to 
indicate agreement between the two authors. A Cohen’s kappa > 0.61 was considered as 
substantial agreement.

Data extraction
Two authors (BHa, AB) performed the data extraction from the included studies, using a 
standardized extraction form. The following relevant data were extracted: 1) first author, 

2) year of publication, 3) study design, 4) study population, type and level of sport, 5) defi-
nition of the diagnosis of AT, 6) definition of RTS, 7) criteria described for initiation of RTS, 
and 8) recurrence rate and residual symptoms.

Data analysis
We searched for definitions of, as well as criteria for, RTS using a content analysis ap-
proach.11-13 This is a qualitative method, aimed at classifying the written material into iden-
tified categories in three steps.14 The first step of content analysis is open coding.15 Two 
researchers (BHa, AB) independently read through the included studies several times, and 
started to identify provisional labels by making notes in the text indicating text fragments/
aspects related to definitions of, or criteria for, RTS. A consensus meeting was conducted 
to compare the results of this step and discuss potential discrepancies. 

The second step is axial coding; this aims to explore the relationships/associations among 
the provisional labels identified by open coding.15 Both authors (BHa, AB) independently 
performed the axial coding process, and a consensus meeting was held afterwards to dis-
cuss potential discrepancies.

The third step of content analysis is selective coding.15 During this step, the researchers ai-
med to develop overarching content categories that serve as umbrella terms for the labels 
identified during the axial coding phase. In the current review, the selective coding phase 
resulted in an overview of relevant terms that are used to define RTS after midportion AT, 
and the criteria that are used for the RTS decision.

RESULTS

Search results
The initial search yielded 3,862 hits (Figure 7.1). After removal of duplicates, 2,234 potenti-
al articles remained for inclusion. Screening of the titles and abstracts resulted in exclusion 
of another 2,039 articles, leaving 195 articles for full-text assessment. Of these, 10 (5%) 
could not be obtained in full-text, despite repeated attempts to contact the correspon-
ding author by email or through ResearchGate, and despite attempts to purchase a copy. 
One hundred and thirty-four studies were excluded after full-text assessment. No consen-
sus was reached on the eligibility of five articles. After consulting our third author (BHu), 
the studies by Cook et al.16 and Herrington et al.17 were included, while three other studies 
were excluded as they did not provide a definition of, or criteria for RTS. 

Forty-eight articles met our inclusion criteria, but another 13 were excluded as they used a 
definition that was adopted from other studies. The studies containing the original defini-
tion were already included, so this resulted in a total of 35 articles that were included in the 
qualitative content analysis. These 35 studies included ten randomised controlled trials, 
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two non-randomised controlled trials, four pre-post studies, two retrospective cohort stu-
dies, one case series, two case studies, eight narrative reviews, four clinical commentaries, 
one masterclass report and one guideline report.
At this stage, Cohen’s kappa was 0.69, indicating substantial agreement.18

Content analysis

Definition
Of the 35 included studies, 32 (91%) provided one or multiple definitions of RTS for athle-
tes suffering from midportion AT. These definitions were extracted during the open coding 
phase of the content analysis (Table 7.1). During the axial coding phase, several categories 
were formed, which subsequently were grouped into three distinct content categories 
in the selective coding phase. These content categories were: “pre-injury activity/sports 
level, with the ability to perform training and matches without limitations”, “absence of 
pain” and “recovery” (Figure 7.2).

•  Reaching pre-injury activity/sports level, with the ability to perform training and matches 
without limitations

The majority of studies used terminology such as “return to/resume previous activity/
sports level”,7 8 17 19-22  “return to pre-injury activity/sports level”,6 23-26 or “return to the origi-
nal activity/sports level” 27-29 to define RTS. This finding was also reported in the included 
studies as “return to full (sports) activity”,8 21 30-32 “return to full training schedule without 
limitations”,28-33 and “return to competition”.16 23

•  Absence of pain
A few authors described “absence of pain” when defining RTS as follows: “pain-free return 
to activity”,34 “return to running without pain”,35 or “return the patient to the desired level 
of activity without residual pain”.36

•  Recovery
In terms of recovery, terminology used to define RTS included “risk of re-injury” (e.g., “safe 
return to sport while minimizing the risk of recurrent injury”,37 “returning to activity and 
avoiding repeated injury”,38 and “time to recovery”, which was described as “swift return” 38 
or “recovery time should be as short as possible”.36

Records identified through  

initial database search

(n = 3,862)

PubMed: n = 845; EMBASE: n = 1,586; 

CINAHL: n = 267; Cochrane: n = 61;  

PEDro: n = 49; Scopus: n = 1,054

Records after duplicates removed

(n = 2,234)

Records screened

(n = 2,234)

Full-text articles assessed for eligibility

(n = 195)

Studies included in  

qualitative content analysis

(n = 35)

Records excluded
based on title and abstract

(n = 2,039)

Full-text articles excluded

(n = 160) 

 • n = 10: full text not available

 • n = 3: not peer-reviewed

 •  n = 5: language other than 

English, Dutch or German

 •  n = 7: not Achilles  

tendinopathy

 •  n = 119: no definition /  

criteria for return to sport

 •  n = 3: excluded after  

consensus meeting

 •  n = 13: definition/criteria  

adopted from other studies

Additional records identified  

through other sources

(n = 0)

Figure 7.1 Flow chart of the search strategy
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Criteria
Nineteen studies (54%) reported on one or more criteria for RTS after midportion AT (Table 
7.1). Open coding resulted in different tentative labels, which were categorized during the 
axial coding phase. The final selective coding phase resulted in eight content categories 
(Figure 7.3).

• Level of pain
Large variation was seen in the included studies with regards to pain as a criterion for RTS. 
Some studies reported a complete absence of pain as a criterion for RTS, whereas other 
studies accepted a certain level of pain. One study reported that pain during sports acti-
vities should not exceed 30 mm on a 0-100 mm visual analog scale (VAS),22 whilst other 
studies stated that daily activities should be pain-free,35 or with minimal pain (1-2 on a 0-10 
numerical pain rating scale)8 before RTS can be considered.

• Level of functional recovery
Within the included studies, multiple aspects of functional recovery were described as 
criteria for RTS after AT. Nicola and El Shami reported that return to running should not 
be considered until one is able to walk comfortably at 4.0 mph for 10 miles per week,35 
whereas Werd stated that “RTS decisions should be based on “[…] the ability of the athlete 
to perform the necessary skills of the sport without restriction”.38

• Recovery of muscular strength
In multiple studies, recovery of muscular strength was described as a criterion for RTS. 
Silbernagel and Crossley explicitly described that calf muscle weakness should be addres-
sed before RTS,8 but other studies did not explicate the muscle groups that should be 
addressed.
One study reported a limb symmetry index of 90% or more as a guideline for RTS,39 whilst 
another study stated that recovery of strength to a level equal to the contralateral limb 
should be achieved.38 No clear description was given of how muscle strength should be 
assessed.

• Recovery of range of motion
In four studies, range of motion was reported as a RTS criterion for AT, with one study spe-
cifying this as “mobility of the foot and ankle complex”.8 Werd used the contralateral limb 
as reference value (“equal to the contralateral limb”),38 whereas other studies provided a 
more general description, such as “full range of motion”.37

• Level of endurance of the involved limb
Endurance was addressed as a RTS criterion for AT in four of the included studies. Wetke 
et al. stated that jumping and running activities should be ceased until an athlete can per-
form three sets of 20 one-legged heel lifts on the stairs (without increased pain).40

Neither the required level of endurance nor the preferred measurement method were 
clearly specified in the other studies.23 37 41

• Medical advice
Several studies described that rehabilitation or a gradual stepwise training protocol 
should be completed prior to RTS,8 23 38 yet the exact measurement method was not clearly 
described. In the study of Biedert et al.,42 physical examination and specific tests were also 
mentioned as RTS criteria for AT. However, these were not further specified.

• Psychosocial factors
Psychosocial factors as criteria for RTS after AT were mentioned in one study.42 The authors 
described that RTS depends on individual goals and mental aspects, but they did not fu-
rther specify these factors.

• Anatomical/physiological properties of the musculotendinous complex
In three of the included studies, anatomical/physiological properties of the musculoten-
dinous complex, specified as “structural healing”,42 “healing and recovery of the tendon 
tissue”,8 and “proprioceptive control” 41 were reported as criteria for RTS after AT. It was 
not clearly described how these properties were measured, for example, whether imaging 
was used to determine the recovery of tendon tissue.
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e “Pre-injury activity/sports level, with the  
ability to perform training and matches 
without limitations”

“Absence of pain”

“Recovery”

• Return to pre-injury activity/sports level

• Return to full activity

•  Ability to perform pre-injury training  

schedule without limitations

•  Ability to participate in matches and/or 

competition

• Painfree

• Without pain

• Without residual pain

• Safe return to activity/sport

•  Minimizing the risk of re-injury or other 

injuries

• Rapid recovery

• Recovery time as short as possible

Figure 7.2 Axial coding and selective coding of the content analysis for the definition of return to sport 
after midportion Achilles tendinopathy

Axial coding
Final content categories established 

with selective coding
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DISCUSSION

RTS is an important goal for many athletes suffering from midportion AT, and the decision 
to RTS may be influenced by many factors. This qualitative systematic review aimed to des-
cribe how successful RTS after midportion AT is defined, and which criteria are used to sup-
port the RTS decision. Of the 35 studies included in this review, 91% provided a definition, 
and only 54% reported criteria for RTS after AT. We found large variation in definitions and 
criteria for RTS within the different studies. Using a content analysis approach, we aimed to 
discover content categories that serve as umbrella terms for the definition of, and criteria 
for RTS after midportion AT.

Definitions
Our content analysis approach identified three distinct content categories used to defi-
ne successful RTS. Predominantly, we found that “pre-injury activity/sports level, with the 
ability to perform training and matches without limitations” seemed to be an important 
term. We also found that “absence of pain” and “recovery” (minimal risk of re-injury or other 
injuries, and time to recovery) were other important terms used to define RTS after mid-
portion AT.

In a recent consensus statement on RTS after sports injuries in general,4 it was stated that a 
RTS definition should, at a minimum, describe the type of sport and the sports level that is 
pursued. Many studies referred to the pre-injury level of sport of the involved athletes, but 
unfortunately, this level of sport was often not clearly described. Lack of clear description 
impedes comparison of pre-injury to post-injury RTS rates. Therefore, it will be beneficial 
to encourage studies to explicitly define the pre-injury sport and level of participation of 
their athletes. Ideally, this should be rated at baseline, or at least early during the interven-
tion, to minimize recall bias of the participants.

Our results further show that, besides the type and level of sport, other relevant terms are 
also used to define RTS in the current AT literature. These terms were related to symptom 
level, time to recovery and risk of re-injury. This implies that merely returning to a certain 
level of sport is not enough; RTS should also be achieved in a timely manner and with 
minimal risk of re-injury.

Criteria
In total, 54% of the included studies described criteria for the RTS decision, but a large 
variation in these criteria was found. Using content analysis, we were able to define eight 
final content categories: 1) level of pain, 2) level of functional recovery, 3) recovery of mus-
cle strength, 4) recovery of range of motion, 5) level of endurance of the involved limb, 6) 
medical advice, 7) psychosocial factors, and 8) anatomical/physiological properties of the 
musculotendinous complex.

“Level of pain”

“Level of functional recovery”

“Recovery of muscular strength”

“Recovery of range of motion”

“Level of endurance in the 
involved limb”

“Medical advice”

“Psychosocial factors”

“Anatomical/physiological properties 
of the musculotendinous complex”

• No pain during sports activities
• No severe pain
•  Pain not exceeding 5 on a 0-10 visual analog scale
• No increase of pain
• Minimal residual tenderness
•  Minimal pain (1-2 on a 0-10 numerical rating scale) 

with daily activities

•   Capable of completing a full practice
•  Able to walk comfortably at 4 mph for 10 miles
•  Regaining full function
•  Ability to perform and control necessary sports- 

specific skills

•  Recovery of full strength
•  Power
•  No calf muscle weakness
•  No muscle imbalance
•  Strength equal to the contralateral limb
•  Limb symmetry index ≥ 90%

• Recovery of full range of motion
• No altered mobility of foot/ankle
• Range of motion equal to contralateral limb

• Recovery of full endurance
•  Completing three series of 20 one-legged heel lifts  

on the stairs without increased pain
• Adequate endurance

• Completed rehabilitation programme
• Gradual stepwise training programme
• Gradual return to sports-specific function
• Physical examination
• Specific investigations
• Demands of the specific sport

• Individual goals
• Mental aspects
• Confidence

• Proprioceptive control
• Healing and recovery of tendon tissue
• Rates and magnitude of Achilles tendon loads

Figure 7.3 Axial coding and selective coding of the content analysis for criteria used for return to sport 
after midportion Achilles tendinopathy

Axial coding
Final content categories established 

with selective coding

Chapter 7 Return to sport after midportion AT: systematic review 172171



Ch
ap

te
r 7

Many studies described the level of pain as an important criterion for RTS. Seven studies 
stated that “no pain” should be present before RTS after midportion AT,7 19 31 35 37 38 43 44 whe-
reas others used less specific and subjective terms, such as minimal or mild pain/discom-
fort,19 25 31 43 or no severe pain in the tendon.7 19 Silbernagel and Crossley specified that the 
level of pain during daily activities should not exceed 2 on a 0-10 numerical pain scale 
before an athlete is allowed to return to running or jumping activities.8 Beyer et al. also 
quantified the maximum level of pain that was allowed before RTS after AT,22 but they 
specified it as pain during sports activities, and the level was slightly higher than the level 
used by Silbernagel and Crossley (i.e. 30 mm on a 0-100 mm VAS).

There is no doubt that pain is an important symptom of AT, and in particular morning 
pain/stiffness is a hallmark of AT. Morning pain/stiffness is considered as a useful clinical 
indicator of recovery,16 and it has been included as part of the Victorian Institute of Sports 
Assessment – Achilles (VISA-A) questionnaire, which is considered a valid and reliable tool 
to evaluate AT symptoms.45 Remarkably, none of the included studies explicitly described 
(absence of ) morning pain/stiffness as a criterion for RTS. Furthermore, none of the studies 
used questionnaires such as the VISA-A as a criterion for RTS. It may be useful to investigate 
the possible role of the VISA-A in the decision to RTS among athletes with midportion AT, 
and to determine a cutoff score (e.g. ≥ 90 points)46 as a required criterion for this decision.

Although many other criteria to support RTS after AT were described in the 35 included 
studies, it was remarkable that most of these criteria lacked essential information; the re-
levant body part was not described, no information on the preferred measurement me-
thod was given, or clear quantification or cutoff points were lacking. Regarding strength, 
for instance, studies reported information such as “balance of strength and flexibility” 41 
or “when full strength has returned”.37 Only one study explicitly described the relevant 
muscle group (i.e. calf muscle),8 and only the study by Silbernagel et al. reported a limb 
symmetry index of 90%,39 which is often used as a reference for RTS in clinical practice. Fu-
rthermore, the vast majority of studies lacked information on which muscle groups should 
be tested (e.g. calf muscles, or all muscle groups of the lower extremity), what strength 
tests should be performed (e.g. isometric or isokinetic), which deficit between injured and 
uninjured limb is considered acceptable, and how this could be measured. This lack of 
information applied to most of the criteria found in this review. This obviously may result 
in a large variety of measures being used, thereby impeding the clinician’s ability to make 
a well-considered and evidence-based decision on RTS. Additionally, it hampers compari-
son of RTS rates between different interventions for AT. Thus, we strongly encourage that 
studies comprehensively describe their criteria for RTS, and define clear cutoff values if 
possible. Furthermore, it would be of great interest when studies would also report the 
time to RTS, as this is of much importance for clinicians and other stakeholders involved 
in RTS decision-making.

Comparison with other findings
To our knowledge, this is the first systematic review investigating definitions and criteria 
for RTS in athletes with midportion AT, which limits the comparison with other findings. 
In the consensus statement on RTS after sports injuries, published by Ardern et al.,4 RTS 
was described as a process using three elements: 1) return to participation, 2) return to 
sport, and 3) return to performance. We believe that this categorization of relevant ele-
ments has some advantages compared to our findings regarding the definition of RTS. We 
found “pre-injury level of activity/sports, with the ability to perform training and matches 
without limitations”to be an important term for defining successful RTS in our review, but 
this appears to refer to the end stage of a rehabilitation process. Using the proposed ap-
proach by Ardern et al.,4 RTS is viewed more as a continuum, and this suggests that earlier 
in the process of rehabilitation, athletes may be active in their sport, albeit at a lower level 
and less intensity.

The consensus statement of Arden et al. further suggested that the rate of RTS after AT 
varies between 10-86% after 12 weeks of treatment.4 The authors blame the variety of 
activity levels for the large variation in RTS rates. At present, we think that the lack of an un-
ambiguous definition may also be responsible for this large variation; if studies interpret 
RTS differently, this poses difficulty in comparing the success rates for RTS.

Our review attempted to synthesize RTS after temporarily ceasing sports activities. This 
was in line with the findings of several studies, which reported that up to 72% of athle-
tes with AT need to cease their sports activities due to ongoing symptoms.29 32 However, 
research has demonstrated that completely ceasing sports activities may not be neces-
sary. This point of view was based on a randomised controlled trial comparing two groups 
suffering from midportion AT.47 The first group was allowed to engage in sports activities 
during the first six weeks of rehabilitation, using a pain-monitoring model. They were in-
structed that pain during sports activities should not exceed 5 on a 0-10 VAS, and that pain 
and stiffness in the Achilles tendon was not allowed to increase from week to week. The 
comparison group did not participate in Achilles tendon-loading sport for six weeks. As 
clinical improvement between both groups did not significantly differ, the authors conclu-
ded that continuing sports activities during rehabilitation using a pain-monitoring model 
is justified.47 Although continuing sports activities using a pain-monitoring model may 
have advantages over temporary interruption (e.g. retaining tendon loading capacity and 
a positive effect on general health and psychological wellbeing), this decision should be 
made on an individual basis and consider factors such as level of symptoms and psycho-
logical factors.48

In a recent review of RTS after a rupture of the Achilles tendon,49 the authors concluded 
that 80% (range 18.6 to 100%) of athletes returned to sport approximately six months 
after the injury. However, interestingly, both rate and time differed between the included 
studies that clearly described definitions and measures of return to play, and those stu-
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dies that did not provide a description of how RTS was assessed.49 These findings are in 
line with our results, namely, that there was a large variation in how RTS is defined, and 
many studies did not provide sufficient information on the type of measures that should 
be used to support the RTS decision. Therefore, we strongly advise both clinicians and re-
searchers to achieve consensus, not only on a uniform definition for RTS after AT, but also 
to define what measures (physical tests, performance tests, questionnaires, psychological 
factors, imaging) should be included in order to make the RTS decision process more effi-
cient and successful. As many criteria are interrelated, it would be worthwhile to consider 
grouping them together for clinical purpose. In future research, this may be addressed by 
performing a Delphi consensus strategy, similar to what was recently done for RTS after 
hamstring injuries.50

Strengths and limitations
A strength of this review is that it was conducted in accordance with the PRISMA guideli-
nes, which enhances its methodological quality. Additionally, we made no restrictions on 
study design in our selection criteria. Whilst this may also be regarded as a limitation of 
the study, we feel that this decision maximized the chance of finding relevant literature on 
RTS after AT.

Our study also has some limitations that need to be addressed. First, a considerable pro-
portion of studies (n = 10) could not be obtained in full text, despite serious efforts to 
contact the corresponding author of these studies (email, ResearchGate) to obtain a copy. 
These studies may have used different definitions and/or criteria for RTS, which could ob-
viously have influenced our results. Secondly, although we did not place limitations on 
study design, we only included studies investigating the effects of physiotherapeutic in-
terventions. Therefore, we do not know whether studies on medication, injection or ope-
rative treatments used different definitions and/or criteria.

CONCLUSION

This qualitative systematic review revealed a large variation within AT research in how RTS 
is defined and which criteria should be used to support the RTS decision. This limits the 
clinician’s ability to make a well-considered RTS decision, and also hampers the compari-
son of RTS rates in different intervention studies. Using a content analysis approach, this 
systematic review showed that RTS may be defined according to the pre-injury level of 
sports (including both training and matches), but also with terms related to absence of 
pain and recovery. 

Currently, RTS decisions for midportion AT seem to be based on multiple criteria, which are 
all related to level of pain, level of functional recovery, muscular strength, range of motion, 
endurance, medical advice, psychosocial factors, and anatomical/physiological properties 
of the Achilles tendon. It was remarkable that, for most of the criteria we identified, no 
clear operationalization was given, which limits their practical usability. Therefore, there is 
an urgent need for future research aiming to reach consensus on how RTS after midporti-
on AT should be defined, and what criteria should be used to support the decision on RTS.
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Despite a plethora of treatment options, successful treatment of midportion Achilles ten-
dinopathy (AT) remains a challenge for both the clinician and the athlete. With our studies 
on the most effective loading programme, exploration of a possible role of the kinetic 
chain and defining successful return to sport (RTS) with well-defined criteria, we aimed to 
enlarge the evidence base for conservative treatment of midportion AT. In this way, this 
thesis aids clinicians in making an informed decision about adequate treatment strategies, 
helping them to obtain optimal treatment outcomes in their athletes with AT.
In this chapter, we discuss the main findings of this thesis as well as the limitations of our 
studies, and we provide recommendations for clinical practice and future research.

THE MOST EFFECTIVE LOADING PROGRAMME

Although the difference in effectiveness of loading compared to other treatments is some-
what ambiguous, it is considered an inexpensive therapy that can be easily implemented.1 
Furthermore, loading promotes self-efficacy during rehabilitation. Therefore, national and 
international guidelines recommend to commence treatment of AT with a loading inter-
vention for at least 3 months2 3 before considering other interventions, such as shockwa-
ve or injection therapy.4-6 Nonetheless, the most effective loading programme remains 
elusive.7 8 Identifying the most effective programme will help clinicians to offer a tailored 
treatment strategy to their patients instead of applying a one-size-fits-all approach for 
midportion AT.9

Based on the strong evidence for the effectiveness of eccentric loading of the plantar 
flexors found in previous studies,5 10 we first conducted a systematic review (Chapter 2) 
focusing on this contraction mode. We found strong evidence for the original Alfredson 
programme, but our results also suggest that a gradual increase in exercises during the 
first week can be considered. The latter may be attractive to patients because it can pre-
vent severe muscle soreness, which may affect exercise adherence. With the narrow scope 
of our review (i.e. eccentric loading), we did not include loading programmes using dif-
ferent contraction modes, although it has been suggested that these may yield equiva-
lent effects.8 Heterogeneity of outcome measures and study populations of the included 
studies in our review impeded us from performing a meta-analysis. Consequently, it was 
not possible to establish a precise treatment effect (effect size) for the different eccentric 
protocols, a fact that hampers comparison with published results of other loading inter-
ventions. Moreover, we were not able to determine the added value of loading against a 
natural course of AT, as only one included study compared eccentric loading (i.e. the Alf-
redson programme) to a wait-and-see approach.11 Yet, based on the results of two recent 
meta-analyses, it can be assumed that exercise is superior to a wait-and-see approach after 
3 months.1 12

Only one study included in our review compared the traditional Alfredson programme 
to a loading programme using concentric contractions.13 The authors concluded that the 
Alfredson programme was superior, but in my opinion this conclusion is somewhat pre-
mature. There were some methodological shortcomings, such as the study design and a 
short follow-up term. Furthermore, Mafi et al.13 included non-weight-bearing exercises in 
the concentric programme. It is likely that this approach generates inferior results when 
compared to full weight-bearing eccentric exercises.

In a randomised controlled trial (RCT) published after our review, Beyer et al.14 demonstra-
ted that heavy slow resistance training (HSRT), a combination of concentric and eccentric 
exercises performed on fitness equipment, showed equal beneficial clinical effects com-
pared with the Alfredson programme in a population of physically active patients with 
midportion AT. Similar results were found in other tendinopathies, such as patellar and 
rotator cuff tendinopathy.15-17 These findings challenge the superiority of eccentric loading 
over other contraction modes. This view is strengthened by previous research showing 
no discrepancy between concentric and eccentric loading in terms of tendon cellular res-
ponse, even when the load for the eccentric exercises was set at 120% compared with 
the concentric exercises,18 and similar expression of collagen after both concentric and 
eccentric loading.19

To further unravel the most effective loading programme, we conducted a single-blind 
RCT that compared eccentric loading according to the Alfredson protocol with a combina-
tion of concentric and eccentric loading according to the Silbernagel protocol (Chapters 
3, 4 and 5). Our RCT showed that both loading programmes yield beneficial effects, with 
significant improvement in symptoms and quality of life and increased lower extremity 
functional performance, but without a significant difference between the programmes.

As the training parameters proposed by Alfredson and colleagues are rather strict (e.g. 
exercising twice daily) and the programme offers limited variety, they may raise substan-
tial issues regarding exercise adherence during the 12-week training period.20 Indeed, stu-
dies that included adherence as an outcome only found good adherence (i.e. at least 75% 
of the prescribed exercises performed) in 27%-72% of the participants.20-22 We expected 
that the Silbernagel programme, with a greater variety of exercises that should be per-
formed only once daily, would demonstrate a higher adherence rate. Yet, interestingly, 
the adherence rate for Alfredson programme in our RCT was higher (74%) than found in 
other studies, and it was not inferior to the adherence rate for the Silbernagel programme 
(77%). The lack of a difference in the adherence rate supports that both programmes are 
well tolerated in a clinical setting. More specifically, as patients received only three instruc-
tion sessions by a physiotherapist, and they were largely self-responsible for completing 
the entire programme, the rather high adherence rates may even suggest that intensive 
supervision by a physiotherapist may not be required. In my clinical experience, patients 
are sometimes supervised on a weekly basis throughout the entire programme, but our 
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data suggest that is redundant. This is obviously beneficial from an economic perspective, 
given the increased spending on health care costs in the Netherlands.23

Our RCT used a multicentre approach, but we did not apply a stratification by centre. Two 
participating centres were sports medical centres, while the others were private clinics 
for physiotherapy. The patients seeking help from a sports physician may have a different 
profile – for example regarding activity level, origin and stage of the symptoms and treat-
ment history – and this may have introduced systematic differences in the study popula-
tion. Whilst these centre effects can potentially bias our study results, we did not consider 
them in our statistical analysis. Additionally, we refrained from an exploratory analysis of 
prognostic factors that predict the effectiveness of the loading interventions included in 
our RCT. Such an exploration could have facilitated clinicians in estimating a priori which 
programme will be the most effective based on specific characteristics of their athletes. 
Yet, our sample size was too small to allow for an appropriate multivariate analysis that 
reached sufficient statistical power. The limited sample size also impeded us from perfor-
ming the cost-effectiveness analysis, which we intended to use.

Altogether, our research and previous studies indicate that the contraction mode may not 
be a key factor for the effectiveness of a loading programme. Other training parameters may 
be of more interest, but the ones that confer the greatest benefit are currently unknown. 

Load intensity, volume (number of repetitions or sets), repetition duration (i.e. time under 
tension), frequency, the range of motion of the exercises, the rest period between each 
session and the duration of the entire programme are considered relevant characteristics 
to describe an exercise programme.24 Of these, according to Bohm et al.,25 high load in-
tensity and prolonged time under tension are the most effective for an adaptive response 
of the tendon. This may be explained by the fact that higher loads and prolonged time 
during which these loads are imposed on the tendon (i.e. time under tension) produce 
a higher degree of tendon strain, resulting in tendon adaptation,26 as well as increased 
tendon stiffness.27 28 However, loads resulting in cyclic strains that are too large can result 
in tendon maladaptation.29 The dosage that creates an optimal adaptive response may be 
influenced in tendinopathic tendons29 and is equivocal. 

A recent feasibility study by Hasani and colleagues30 specifically investigated load inten-
sity and time under tension in a sample of male patients with midportion AT. The partici-
pants were randomised into four groups that performed a plantar flexor strengthening 
programme with different load intensity and repetition duration: 6 repetition maximum 
(RM) for 6 s, 6 RM for 2 s, 18 RM for 6 s and 18 RM for 2 s. All groups showed a clinically 
relevant improvement on the Victorian Institute of Sports Assessment – Achilles (VISA-A) 
score, with the largest improvement reported for the group using low load and high time 
under tension (i.e. 18 RM for 6 s). Yet, given that this was a feasibility study, and the results 
were not statistically tested, a firm conclusion cannot be made.

Besides load intensity and time under tension, Bohm et al.25 also concluded that the inter-
vention duration can be a significant factor for tendon adaptation. Longer durations (i.e. > 
12 weeks) were found to be more effective than shorter durations, probably due to greater 
improvement in tendon stiffness. Therefore, in my opinion, it is worthwhile to consider 
primarily load intensity, repetition duration and duration of the intervention as important 
loading principles when designing or prescribing loading interventions. 

SELECTING AN APPROPRIATE PROGRAMME

According to the revisited continuum model, clinicians should distinguish the reactive and 
degenerative stages and a reactive-on-degenerative stage, which is a hybrid of reactive 
and degenerative pathology.31 The reactive and reactive-on-degenerative stages are par-
ticularly characterised by a sudden onset of (severe) pain, cell proliferation and a fusiform 
swelling of the tendon.32 Adequate load management is probably the first step to settle 
the reactive tendon and requires adaptation of provocative loads in terms of frequency, 
intensity, timing and type.6 33 Subsequently, clinicians need to choose a loading program-
me that uses appropriate training parameters. This can be a delicate balance between mi-
nimising symptoms, avoiding overload of the tendon and a rapid return to full activity. 
There is no proven reason to advise against isolated eccentric loading in the reactive stage, 
but eccentric contractions may impose high peak loads on the tendon tissue, conceivably 
due to specific force fluctuations that occur.34 These peak loads may not be desirable in a 
highly irritated tendon and may even cause symptoms to worsen.35 Furthermore, in our 
clinical experience, it can be hard to convince patients that already have severe symptoms 
to perform painful exercises, a fact that may support not using heavy-load isolated eccen-
tric loading in the reactive stage. Based on the findings of our RCT, a gradually progressed 
combination of concentric-eccentric contractions (i.e. the Silbernagel programme) may 
yield clinical effects comparable with eccentric loading. The Silbernagel programme may 
be more appropriate in the reactive stage because it uses a more gradual increase in the 
load (e.g. bilateral exercises on the floor level), thereby reducing the chance of overload 
and better allowing symptoms to settle. This also applies to the HSRT programme, which 
uses a gradual increase in the load and was found to be equally effective compared with 
eccentric loading.14 Isometric loading is another option that can be considered in reactive 
AT. Isometric contractions do not involve any energy storage and release of the Achilles 
tendon and are therefore a safe option in this stage. They have been shown to result in 
immediate pain relief,36-38 but as not all studies have shown good effects in AT,39 40 this fac-
tor should be weighed for each individual. Moreover, the focus on quick pain relief may 
detract from the message that tendinopathy rehabilitation usually takes several months,41 
a factor that can possibly increase the chance of re-injury.
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The degenerative stage is more common in older athletes and there is often less irritability 
of the tendon than in the reactive stage. Hence, isometric loading appears less relevant 
in the degenerative stage because immediate pain relief is less urgent. Optimising load 
tolerance of the tendon and restoring kinetic chain deficits can be considered the main 
goal of treatment and, in my view, this approach requires isotonic loading exercises that 
more closely resemble functional movements. Based on the current evidence, there is no 
reason to recommend one programme over another. The common features of the diffe-
rent loading programmes that predominantly seem to determine the clinical success are 
a gradual increase to a high load intensity, the usage of a pain-monitoring model, prolon-
ged time under tension and a minimum training period of 12 weeks.25 42 In my opinion, it 
is probably more important to implement these loading principles adequately rather than 
to prescribe the different loading programmes as a general recipe.

LOADING ALGORITHM

Whilst identifying one loading protocol that is appropriate for all patients is impossible, it 
seems useful to design a treatment algorithm that considers relevant criteria for selecting 
a loading intervention or loading principles. Although this could not be derived from our 
research, I would like to propose the algorithm given in Figure 8.1.

First, load intensity should be adjusted to the load tolerance of the tendon tissue, which is 
predominantly determined by the stage of tendinopathy. Second, patient characteristics, 
such as gender, age, body mass index (BMI) and athletic status, can direct the choice for 
a specific programme, as specific programmes tend to be less effective in certain sub-
groups. For example, with regard to eccentric loading, Knobloch et al.43 demonstrated that 
it is more effective in male than in female patients. Furthermore, Sayana et al.44 45 showed 
that athletic patients tend to have better results with eccentric loading than non-athletic 
patients. Conversely, eccentric loading was less effective in-season,35 whilst slow-paced 
isotonic concentric-eccentric and isometric loading showed equally beneficial effects.38 
Hence, the choice for a specific loading programme may depend on whether an athlete 
is in-season.

Recent evidence suggests that compression between the Achilles tendon and the planta-
ris tendon during dorsiflexion occurs in some patients with AT, and this compression may 
have a role in the cause and the perseverance of their symptoms.46 47 Therefore, in athletes 
in whom plantaris tendon involvement is suspected, adjusting the dorsiflexion angle du-
ring loading exercises should be considered, to prevent compressive forces between the 
Achilles and plantaris tendons. In this subgroup, I would advise to select a programme 
that initially involves less dorsiflexion during the exercises (like Phase 1 of the Silbernagel 
programme), or to temporarily adjust the dorsiflexion angle of the included exercises.

Lastly, other factors, such as patient preferences, motivation, time and previous experi-
ence with loading programmes need to be considered. For example, the Alfredson and 
Silbernagel programmes appear to be more appropriate for patients who prefer home-ba-
sed rehabilitation, whilst patients who do not want to exercise daily and already exercise 
in a fitness centre on a regular basis may prefer the HSRT programme. Furthermore, pa-
tients that have tried one programme without satisfying results may still benefit from a 
different approach. 

It should be emphasised that the proposed treatment algorithm is mainly based on clini-
cal experience and lacks a broad scientific basis. The order of the criteria included in the 
algorithm is based on clinical reasoning, and different choices can be made. The develop-
ment of an evidence-based treatment algorithm specifically designed for loading inter-
ventions for midportion AT clearly needs further investigation, which will be discussed in 
the future research section.
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 ROLE OF THE KINETIC CHAIN IN AT

Suboptimal functional performance of the lower extremity (e.g. hip and pelvic region) is 
thought to be a risk factor for various lower extremity injuries.48-52 Furthermore, research 
has shown that optimising lower extremity function is an effective strategy for treating 
symptoms for some lower limb pathologies.53 54 For midportion AT, the evidence for a link 
between injury (i.e. AT) and diminished functional performance of the lower extremity is 
less extensive.55 

In our RCT (Chapters 3, 4 and 5), we included several tests to assess functional perfor-
mance of the lower limb. Our findings showed improved plantar flexor endurance in both 
programmes. Interestingly, we found that baseline differences between the injured and 
non-injured limb were completely resolved at 1-year follow-up. This is a remarkable fin-
ding, as previous research showed that functional deficits in the injured limb persisted 
after 1 year, despite full symptomatic recovery.56 Nonetheless, it may be that comparison 
to the non-injured limb is inconvenient. In a group of athletes with midportion AT (N = 39), 
O’Neill et al.57 demonstrated significant weakness of the plantar flexors, particularly in the 
soleus, in both the injured and non-injured limb compared with asymptomatic controls. 
Therefore, to draw a more robust conclusion on recovery of plantar flexor endurance in 
our RCT, comparison with matched healthy controls would have been more appropriate, 
but this endeavour would have required the inclusion of an additional study arm.

We also found that hip external rotator strength increased during the 1-year follow-up 
period. Improved hip external rotator strength can potentially improve disturbed lower 
limb kinematics such as increased internal rotation of the knee, which is seen in patients 
with AT,58 but we did not specifically assess the latter in our RCT.

Contrary to improvement in hip strength and plantar flexor endurance, we found no im-
provement in jump height (Chapter 5). This may be explained by the limited responsi-
veness of the countermovement jump, which we used to assess jump height. Inclusion 
of the drop countermovement jump or hopping might have been more opportune, as 
responsiveness of these tests was more promising.59 Another explanation for the lack of 
improvement in jump height may be that, besides strength, jumping also requires other 
neuromuscular aspects, such as intermuscular coordination, peak power and rate of force 
development.60 It is likely that these aspects are not sufficiently challenged with a loading 
programme solely targeted at the plantar flexors, irrespective of the contraction mode 
being used. Therefore, in my opinion, adequate rehabilitation of athletes with midpor-
tion AT should combine a specific plantar flexor loading programme with kinetic chain 
and gradually progressed sport-specific exercises, such as skipping, jumping and sprin-
ting, as soon as symptoms allow. Incorporation of these exercises challenges the neuro-
muscular system of the entire kinetic chain, with greater chances of improving functional 
stretch-shortening-cycle tasks and better preparation for the RTS phase.6 Sancho et al.61 

Diagnosis of midportion  

Achilles tendinopathy

Reactive component,  

or mainly degenerative?

Consider relevant patient  

characteristics and preferences

Symptoms improving?

Establish the stage  

of tendinopathy

Adequate load management, 

choose adequate loading  

programme/principles and start 

with gradual tendon loading as 

tolerated

• Gender

• Athletic status

• Age

• Rehabilitation in-season?

•  Suspicious of plantaris tendon  

involvement?

•  Time, motivation, patient’s  

preference, previous experience

Load management adequate?

Re-assessment

Consider additional  

treatment options and/or 

further investigation

Continue loading  

Consider the key loading principles:
•  Gradual increase to high load  

intensity
• Prolonged time under tension
• Minimum of 12 weeks

Figure 8.1 Algorithm for selecting an appropriate loading intervention for athletes with midportion AT

YesNo

Chapter 8 General discussion 190189



Ch
ap

te
r 8

investigated the effectiveness of such an approach in a recent feasibility study among 15 
recreational runners with AT. The authors demonstrated that combining heel-raising exer-
cises with a progressive hopping programme improved symptoms, plantar flexor and hip 
abductor strength as well as performance on a hopping test. 

In a cross-sectional study, we specifically investigated hip muscle function in a sample of ath-
letic patients with midportion AT (Chapter 6). Our findings indicated considerable bilateral 
weakness of the hip extensors, abductors and external rotators, ranging from 28% to 34% 
compared with matched controls. Although the sample size and the cross-sectional nature 
of our study hinder us from drawing a conclusion on a causal relationship, our findings may 
justify that clinicians perform a specific assessment of hip muscle function in athletes with 
AT. We used a hand-held dynamometer, which is an easy and reliable method, but this solely 
provides insight into the level of isometric strength of an isolated muscle group instead of 
integral hip muscle function during (sport-specific) movement. Therefore, when symptoms 
allow, I would advocate the addition of a more functional evaluation of hip muscle perfor-
mance, for example by using single leg balance and various hop tests.62

When profound strength deficits are found, several open and closed kinetic chain exerci-
ses can be offered at an early stage of the rehabilitation, particularly using positions that 
involve minimal energy storage and release of the Achilles tendon (e.g. single leg bridge, 
side-lying hip abduction, single-leg squat).63 64 Once symptoms have settled and the load 
capacity of the tendon has improved, as previously discussed, kinetic chain exercises that 
involve higher levels of energy-storage-and-release, such as hopping, skipping, running 
and jumping) should be implemented.65

RTS AFTER MIDPORTION AT

The most important question an athlete will have during rehabilitation, irrespective of the 
treatment chosen, is probably when he/she will be able to resume previous sports activi-
ties. RTS is the ultimate goal of rehabilitation and can be considered the most demanding 
functional task for the Achilles tendon. Inadequate rehabilitation and forcing athletes to 
RTS prior to full recovery may put them at risk for re-injury. In athletes with AT, recurrence 
rates up to 27% have been published, with a higher re-injury rate (31%) reported after a 
short recovery period (0-10 days).66 

An unambiguous definition of successful RTS, based on well-defined criteria, can help cli-
nicians to determine when their athlete is ready to fully resume their sport. Furthermore, it 
promotes homogeneous evaluation of (end-stage) functional performance in interventi-
on studies, enabling aggregated quantitative analysis of intervention effects.
In a qualitative systematic review (Chapter 7), we found that a definition of successful 
RTS should be described around different aspects, that is, unrestricted participation at the 

pre-injury sports level, absence of pain, time and minimal risk of re-injury. Yet, we were 
not able to synthesise an unambiguous definition from the literature, and this issue needs 
further investigation.

According to the consensus statement of Ardern et al.,67 RTS can be considered a conti-
nuum with three important elements: return to participation, RTS and return to perfor-
mance. The definition we synthesised in our review indicates the end stage of rehabilitati-
on, equivalent to the return to performance stage of the RTS continuum of Ardern et al.67 
However, ideally this end stage is preceded by rehabilitation stages in which the tendon 
is gradually exposed to an increasing dosage of load by partial resumption of training and 
matches, and with careful monitoring of the response to the increased load.6 The studies 
included in our review did not elaborate on these different stages. Hence, the clinical use 
of the definition found in our review may be hampered. It would be useful to reach a mul-
tidisciplinary consensus on an unambiguous definition that can be easily implemented in 
both research and clinical practice. This can probably be achieved with a Delphi consen-
sus strategy, in which both health professionals and researchers are interrogated on this 
topic.68 The advantage of a Delphi method is that it is anonymous69 and that it combines 
the opinions of different experts whilst avoiding bias through status, dominant personali-
ty and institutional role.70

The most common criterion considered in RTS after AT is the level of pain; activities are 
often resumed once symptoms have fully subsided. However, given that full symptomatic 
recovery does not ensure full functional recovery,6 56 the RTS decision should also involve 
other factors.
Our review showed a variety of criteria used to support the RTS decision. Besides the level 
of pain, these criteria were related to functional recovery, strength, endurance, range of 
motion, medical advice, psychosocial factors and tendon tissue properties. 

According to the Strategic Assessment of Risk and Risk Tolerance (StARRT) framework deve-
loped by Shrier (see Figure 8.2),71 most of the criteria found in our review can be considered 
medical factors that can help to appraise the athlete’s (tissue) health status. Yet, assessment 
of medical factors forms only one part of the risk assessment.71 Evaluation of sports risk 
modifiers (Step 2) and decision modifiers (Step 3) is also necessary to obtain a complete 
picture of the athlete. Sports risk modifiers relate to the characteristics of the sports acti-
vity (e.g. frequency, intensity, timing and type) and how they expose the injured Achilles 
tendon to stress. For example, a 5-km recreational runner (twice weekly) will experience dif-
ferent tendon loads compared with an elite sprinter (multiple sessions per day). In Step 3, 
the clinician considers the risk of re-injury against other factors that affect the overall health 
and wellbeing of the athlete. In this step, contextual factors, such as performance goals (e.g. 
participation in the coming Olympics) or financial agreements between the athlete and the 
sponsor(s) may ultimately change the balance of the RTS decision that was based on Steps 1 
and 2. Our review did not provide information on criteria that relate to these last two steps. 
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Since the publication of our review, a group of international health care professionals with 
broad experience in tendinopathy, together with a group of patients, has developed a 
consensus statement regarding core outcome domains for treatment of tendinopathy, by 
using a Delphi consensus strategy.72 The recommended domains were 1) patient rating of 
the condition, 2) participation in activities, 3) pain on activity, 4) function, 5) psychological 
factors, 6) physical function capacity, 7) disability, 8) quality of life and 9) pain over a spe-
cified time. Interestingly, the consensus statement did not include domains such as range 
of motion, clinical examination and tendon structure, which were considered relevant fac-
tors in the studies we included in our review.
The consensus statement on core outcome domains was a first step towards a set of 
validated outcome measures. However, to date, such a set of outcome measures with 
well-defined cut-off values is lacking, which is in line with the findings of our review. Until 
consensus is reached, clinicians should use several outcome measures to support their 
decision-making, although I acknowledge that not all outcome domains may be covered 
and the demanded scores for the RTS decision are mostly lacking.

The VISA-A score is probably the most convenient questionnaire to assess the patient’s 
rating of their condition, based on its adequate psychometric properties.73 74 According 
to previous research, a score of ≥ 90 points on the VISA-A is considered full recovery75 and 
may therefore be sufficient for RTS. 

Regarding physical function capacity, several aspects of lower limb functional performan-
ce can be evaluated by the test battery developed by Silbernagel et al.59; it was found 
to be reliable and includes measures of plantar flexor muscle function (i.e. strength and 
endurance) and assessment of energy-storage-and-release activities such as jumping and 
hopping. A limb symmetry index (i.e. the ratio between the injured and the non-injured 
limb, defined as a percentage) > 90% is considered normal for this test battery,59 but as 
previously mentioned, it is questionable whether the uninjured limb is appropriate for 
comparison. Plantar flexor strength and endurance can also be assessed using isokinetic 
dynamometry, but this requires expensive equipment.74 

Psychological factors have gained increased attention in AT in recent years.76 77 Based on 
the limited evidence available, the Tampa Scale of Kinesiophobia may be used to assess 
fear of pain with movement, which is not uncommon in patients with AT.30 Additionally, in 
our RCT (Chapter 4), we used the Euroqol instrument (EQ-5D) to evaluate quality of life. 
Although we did not establish the psychometric properties of the EQ-5D in athletes with 
AT, we found that several athletes experienced problems with quality of life. Other ques-
tionnaires may be available, but the EQ-5D offers a compact assessment of this domain 
and is easy to implement in a clinical setting. To the best of my knowledge, no data are 
available on which scores should be obtained before RTS after midportion AT.

CLINICAL IMPLICATIONS

The aim of this thesis was to enlarge the evidence base for conservative treatment of mid-
portion AT in athletes. Based on our research, the following advice for clinical practice can 
be given.

•  When clinicians prefer to prescribe an isolated eccentric loading programme to their ath-
letes, the original Alfredson programme is the most effective protocol. Using a gradual 
onset of exercises during the first week does not alter the effectiveness, but it may pre-
vent severe muscle soreness in the plantar flexors.

•  Both the Alfredson and the Silbernagel loading programmes yield significant improve-
ment in symptoms during a 1-year follow-up period, and these effects tend to be similar 
between the programmes. Based on these findings, the state-of-the-art treatment ap-
proach using eccentric loading according to the Alfredson programme within recreatio-
nal athletes with midportion AT should be questioned, and the relevance of the contrac-
tion mode in the rehabilitation of AT may be challenged.

Figure 8.2 Strategic Assessment of Risk and Risk Tolerance (StARTT) framework for return to play  
decision by Shrier71
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•  Plantar flexor endurance can be restored to the level of the non-injured limb at 1-year 
follow-up after following a loading programme according to the Alfredson or the Silber-
nagel protocol.

•  When prescribed as home-based exercise programmes with minimal supervision from 
a physiotherapist, the Alfredson and Silbernagel programmes show similar good adhe-
rence rates. As most participants showed clinically relevant improvement with minimal 
supervision, standard intensive supervision of recreational athletes with midportion AT 
can be questioned.

•  Clinicians should be aware that impaired functional performance of the lower extremity, 
such as pronounced strength deficits of the hip muscle groups, may be present in recrea-
tional athletic patients with AT. Both the Alfredson and Silbernagel loading programmes 
improve aspects of functional performance of the lower limb (i.e. plantar flexor enduran-
ce and hip external rotator strength), but translation into functional tasks appears limited.

•  Successful RTS in AT is achieved when an athlete is able to participate in training and 
matches at the pre-injury level without restrictions and with minimal risk of re-injury.

•  Clinicians who aim to assess whether athletes are ready to RTS should consider assess-
ment on the domains of symptoms (pain), functional performance, psychosocial health 
and medical advice. Unfortunately, because the current evidence lacks information on 
outcome measures and cut-off values, a set of uniform and well-defined criteria cannot 
be recommended.

FUTURE PERSPECTIVES

Several aspects of the conservative treatment of midportion AT have been discussed in 
this thesis. However, various questions are still unanswered and new questions have emer-
ged. I feel that the following topics should be further uncovered in future research.

Loading interventions
There remains uncertainty on which loading programme or loading principles confer 
the best effects. Adequately powered prospective clinical trials comparing training pa-
rameters, such as load magnitude, repetition duration and duration of the programme, 
are needed to obtain insight into optimal dose-response relationships. These studies 
should specify their population (reactive/degenerative tendinopathy) and include outco-
me measures that aid in understanding the underlying mechanism of action (e.g. tendon 
adaptation, or neuromuscular or psychological improvement).

The proposed treatment algorithm in this thesis was a first step towards a clinical tool that 
can help clinicians in selecting an appropriate programme based on specific characteris-
tics of their athletes instead of providing one-size-fits-all care. A Delphi study can hope-
fully yield consensus among tendon experts on relevant predictors that should be imple-
mented in an algorithm, which would then require validation.

Functional performance
Well-designed and adequately powered prospective cohort studies are needed to inves-
tigate the link between decreased functional performance of the lower leg and AT. When 
measures of functional performance, such as decreased plantar flexor strength, impaired 
hip muscle function or impaired jumping/hopping performance, are found to be risk fac-
tors for midportion AT, this can be used to design adequate preventive training program-
mes. Based on the current state of knowledge, we also advise that a clinical trial comparing 
a plantar flexor loading programme with a similar programme supplemented with exer-
cises of proximal muscle groups and gradually progressed SSC exercises is performed in 
the future.

RTS
The lack of an unambiguous definition of RTS in midportion AT hampers the comparability 
of different interventions. Thus, there is a strong need for an unambiguous definition as 
well as for set of validated outcome measures that help to determine when an athlete is 
ready to fully resume sports activities. A Delphi study will hopefully yield consensus on a 
definition as well as a set of well-defined criteria among a group of tendon experts (rese-
archers and health care professionals). Subsequently, an adequately powered validation 
study needs to be conducted to verify whether these outcome measures can indeed pre-
dict a safe RTS after midportion AT.

Although this thesis can contribute substantially to the knowledge on loading program-
mes, hip muscle dysfunction and return to sport in athletes with midportion AT, clinicians 
should acknowledge that successful treatment can still be a challenge. Future steps are 
needed to expand knowledge on predictors that can be used for choosing an appropriate 
treatment strategy and selecting appropriate outcome measures. This will help clinicians 
to obtain optimal treatment results for their athletes with midportion AT.
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SUMMARY

Midportion Achilles tendinopathy is one of the most prevalent overuse injuries of the lo-
wer extremity, with the highest incidence reported in athletes who participate in sports 
involving running and/or jumping. Symptoms can persist for years and may result in seve-
re limitations of sports participation. Whilst knowledge on pathophysiology and aetiology 
has increased, these areas still need to be further elucidated. As a consequence, many 
different treatment options have emerged, but treatment often remains a challenge.
The aim of this thesis was to enlarge the evidence base on conservative treatment of mid-
portion Achilles tendinopathy. More specifically, the studies reported in this thesis aimed 
to investigate the most effective loading programme, explore the potential role of hip 
muscle dysfunction and investigate the definition of, and criteria for return to sport (RTS). 
In Chapter 1, we provide an overview of the current knowledge regarding anatomy, pa-
thophysiology, risk factors and different treatment options for midportion Achilles tendi-
nopathy.

During the last decades, there has been an increasing interest in the use of loading in-
terventions for midportion Achilles tendinopathy, with a strong bias towards eccentric 
loading. Despite the common beneficial effects of this intervention, the optimum dosage 
remained unclear. In Chapter 2, we performed a systematic literature review. Several elec-
tronic databases were explored to identity the most effective eccentric loading protocol 
and to describe the associated training parameters. The Physiotherapy Evidence Database 
(PEDro) score was used to assess methodological quality of the included studies and to in-
terpret the level of evidence. Based on 14 randomized and clinical controlled trials, strong 
evidence was found for the original Alfredson programme, in which eccentric heel-lowe-
ring exercises are performed at slow pace, for 3 sets of 15 repetitions, twice daily, and 
both with a straight and bent knee. Strong evidence was also found for a gradual onset of 
exercises during the first week of the Alfredson programme, but no specific protocol could 
be recommended. Additionally, our results showed that other eccentric loading protocols 
may achieve similar results, but many studies showed methodological limitations or lac-
ked a detailed description of their training parameters. Therefore, no definitive conclusion 
could be made regarding the most effective training parameters.

Whilst eccentric loading became the mainstay of treatment for midportion Achilles ten-
dinopathy, the rationale for isolating the eccentric phase remained controversial. Conse-
quently, loading programmes using different contraction modes, such as the Silberna-
gel combined concentric-eccentric loading programme, have emerged. To compare the 
effectiveness of the Alfredson programme with the Silbernagel programme, the design 
of a randomised controlled trial was set out in Chapter 3 (study protocol). Recreational 
athletes, 18-65 years of age, with chronic unilateral tendinopathy 2-7 cm above the Achil-
les insertion were included. They were randomised into two groups performing either 12 
weeks of home-based loading exercises according to the Alfredson or according to the Sil-

bernagel programme. The primary outcome measure was the Victorian Institute of Sports 
Assessment – Achilles (VISA-A) at one-year follow-up. Secondary outcome measures were 
visual analogue scores for pain during daily activities (VAS-ADL) and sport (VAS-sport), 
quality of life (EQ-5D), and global perceived effect. Furthermore, several functional out-
come measures were assessed. Plantar flexor endurance was assessed with the heel-rai-
se test, jump height was assessed using the single-leg countermovement jump, and we 
evaluated hip muscle strength with a handheld dynamometer. Furthermore, the RTS rate 
was evaluated. Measurements were performed at baseline, and at 12 weeks, 26 weeks and 
one-year follow-up. Analysis was performed using a linear mixed model analysis including 
intervention (Alfredson group as reference), time and intervention by time-interaction, 
and with adjustment for baseline values and confounders (i.e. gender, age and duration 
of symptoms).

Chapter 4 focuses on the clinical outcomes. A total of 40 recreational athletes were rando-
mised into the Alfredson group (n = 18) and the Silbernagel group (n = 22). Mean VISA-A 
score significantly improved in both the Alfredson group (60.7±17.1 to 89.4±13.0) and the 
Silbernagel group (59.8±22.2 to 83.2±22.4), but after correction for baseline VISA-A score 
and confounders, no significant difference between the groups was found (2.4, 95% CI 
[-8.5, 13.3], P = 0.656). Pain scores also significantly improved within both groups (VAS-
ADL: 28.6±22.1 to 5.8±8.3 in the Alfredson group, and 28.6±31.8 to 9.0±23.0 in the Sil-
bernagel group; VAS-sport: 44.8±26.8 to 13.1±20.2 in the Alfredson group, and 46.6±32.6 
to 12.8±24.6 in the Silbernagel group). Yet, after adjustment for the respective baseline 
values and confounders, no significant differences were found between the groups (VAS-
ADL: -2.0, 95% CI [-11.3, 7.3], P = 0.665, and VAS-sport: 1.3, 95% CI [-12.8, 15.3], P = 0.858). 
Subscales of the EQ-5D improved in both groups, but in the Silbernagel group, significant-
ly more participants considered themselves improved at one-year follow-up (77% versus 
50%). We found that both programmes showed rather high adherence rates (Alfredson 
group: 74%, Silbernagel group: 77%), indicating that intensive supervision by a health pro-
fessional may not be necessary. 

Chapter 5 focuses on functional outcomes. At one-year follow-up, we found significant 
improvement of plantar flexor endurance and hip external rotator strength of the injured 
limb in both groups, but after correction for baseline values and confounders, no signifi-
cant differences were detected between the groups (heel-raise test: 2.7, 95% CI [-0.5, 5.9], 
P = 0.092, hip external rotator strength: -0.1, 95% CI [-0.2, 0.0], P = 0.193). Regarding jump 
height and strength of the hip abductors and extensors, we found no significant improve-
ment within both groups, and also, after correction for baseline values and confounders, 
no significant differences between the groups were found. The RTS rate at one-year fol-
low-up was 80% higher in the group that performed the Silbernagel programme.
It was concluded that both the Alfredson and Silbernagel programme yield significant 
improvement in clinical symptoms and functional performance during the one-year fol-
low-up period, and that these effects tend to be similar between both programmes. Given 
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the beneficial effects and high adherence rates, both programmes are considered an ef-
fective treatment strategy for mid-portion Achilles tendinopathy. Based on these findings, 
the relevance of contraction mode in rehabilitation of Achilles tendinopathy may be ques-
tioned.

In line with other loading programmes, the Alfredson and Silbernagel programme merely 
involve plantar flexor strengthening exercises, whilst functional performance of the enti-
re lower extremity may be affected. In the cross-sectional study presented in Chapter 6, 
we aimed to investigate whether recreational athletes with unilateral midportion Achilles 
tendinopathy demonstrate strength differences in the proximal hip muscle groups com-
pared with asymptomatic controls, who were matched on age, sport type and current trai-
ning extent. In a sample of 12 athletes, we performed isometric strength measurements 
of the hip abductors, extensors and external rotators using a handheld dynamometer, and 
we evaluated the single leg squat for functional performance of the hip muscle groups. 
Additionally, participants completed the VISA-A questionnaire to record the severity of 
their symptoms. Compared with the control group, the Achilles tendinopathy group de-
monstrated significantly less isometric hip abduction (29%), hip extension (28%), and hip 
external rotation strength (34%) in their injured limb. Similar differences were found for 
the non-injured limb (27% to 42%). No significant differences were found in functional hip 
muscle performance between the injured and non-injured limb or between the Achilles 
tendinopathy and the control group. Furthermore, the diminished hip muscle strength 
was not significantly correlated with the VISA-A score.
Although the cross-sectional nature of the study impedes from drawing a firm conclusion, 
these findings illustrate that pronounced bilateral strength deficits of the proximal hip 
muscle groups may be present in athletes with unilateral midportion Achilles tendinopa-
thy.

The ultimate rehabilitation goal of athletes with midportion Achilles tendinopathy is to re-
sume their sports activities as quickly as possible. However, it remains unclear how succes-
sful RTS should be defined and which criteria should be used for the RTS decision-making. 
In the qualitative systematic review described in Chapter 7, we aimed to systematically 
synthesize the available literature for definitions of, and criteria for RTS. A qualitative con-
tent analysis was used to analyze the included studies and extract relevant definitions and 
criteria. Thirty-five studies were included in the content analysis, showing large variety in 
both the definitions and criteria. The main themes for defining successful RTS after mid-
portion Achilles tendinopathy were ‘reaching pre-injury activity/sports level, with the abi-
lity to perform training and matches without limitations’, ‘absence of pain’ and ‘recovery’. 
Regarding criteria for RTS, ‘level of pain’, ‘level of functional recovery’, ‘recovery of muscle 
strength’, ‘recovery of range of motion’, ‘level of endurance of the involved limb’, ‘medical 
advice’, ‘psychosocial factors’, and ‘anatomical/physiological properties of the musculoten-
dinous complex’ were identified as the main themes. Unfortunately, the literature lacked 
specific outcome measures and well-defined cut-off values.

In conclusion, this systematic review showed that, in the current scientific literature, RTS 
after midportion Achilles tendinopathy is defined according to the pre-injury level of 
sports (including both training and matches), but also with terms related to the absence 
of pain and recovery. However, based on the findings of this review, no definitive conclusi-
on could be made regarding either an unambiguous definition of RTS or a set of validated 
outcome measures. Therefore, further research on this topic is definitely needed.

In Chapter 8 the main findings of this thesis are put in a broader perspective, and we 
reflect on the results and limitations of our studies. Implications for clinical practice are 
provided, and recommendations are made for future research. New studies on midporti-
on Achilles tendinopathy should investigate the relevance of various training parameters 
within loading programmes, and explore the underlying mechanisms of action. Additio-
nally, consensus should be reached on determinants that need to be considered when 
selecting an appropriate loading intervention. The potential relation between midporti-
on Achilles tendinopathy and decreased functional performance of the lower extremity 
should be further explored, and results may be implemented in rehabilitation as well as in 
prevention programmes. Lastly, studies to reach consensus on an unambiguous definition 
of RTS and on a set of validated outcome measures to assist in RTS decision making should 
be conducted. This future research should enhance the effectiveness of rehabilitation of 
athletes with midportion Achilles tendinopathy.
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NEDERLANDSE SAMENVATTING
(Summary in Dutch)

Midportion achilles tendinopathie is één van de meest voorkomende overbelastingslet-
sels van de onderste extremiteit. De hoogste incidentie wordt gerapporteerd bij hardlo-
pen en sprongsporten. De blessure kan gepaard gaan met langdurige klachten en kan 
leiden tot grote problemen in sportparticipatie. Ondanks een toename van kennis over de 
pathofysiologie en etiologie van midportion achilles tendinopathie, is er nog steeds veel 
onduidelijk. Het gevolg hiervan is dat er in de laatste decennia verschillende behandelvor-
men zijn ontwikkeld. Desondanks blijft het inzetten van de meest optimale behandeling 
van achilles tendinopathie nog steeds een uitdaging voor zorgverleners.
Het overkoepelende doel van dit proefschrift was het vergroten van de kennis over con-
servatieve behandeling van midportion achilles tendinopathie. Specifieke doelstellingen 
van de studies in dit proefschrift waren het onderzoek naar het meest effectieve oefenpro-
gramma en naar een mogelijke betrokkenheid van verminderde functie van de heupmus-
culatuur bij deze aandoening. Daarnaast werd bestudeerd hoe, op basis van de weten-
schappelijke literatuur, terugkeer naar sport wordt gedefinieerd en welke criteria daarvoor 
worden gebruikt. Hoofdstuk 1 geeft een overzicht van de anatomie, pathofysiologie, ri-
sicofactoren en verschillende behandelvormen voor midportion achilles tendinopathie. 

De laatste decennia is midportion achilles tendinopathie veelvuldig behandeld met oe-
fentherapie. De voorkeur ging daarbij duidelijk uit naar excentrische oefentherapie. On-
danks het feit dat excentrische oefentherapie over het algemeen positieve effecten liet 
zien, bleef het onduidelijk wat het meest optimale protocol was. 
In Hoofdstuk 2 wordt een systematisch literatuuronderzoek beschreven. Verschillen-
de elektronische databases werden doorzocht naar het meest effectieve protocol voor 
excentrische oefentherapie en de meest effectieve trainingsparameters. Om de metho-
dologische kwaliteit van de geïncludeerde studies te bepalen en de bewijskracht vast te 
stellen werd de Physiotherapy Evidence Database (PEDro) score gebruikt. Gebaseerd op 
14 geïncludeerde gerandomiseerde en quasi-gerandomiseerde studies werd sterke be-
wijskracht gevonden voor het originele excentrische oefenprogramma zoals beschreven 
door Alfredson. Dit programma bestaat uit langzaam uitgevoerde excentrische kuitoefe-
ningen, welke tweemaal per dag worden uitgevoerd voor 3 series van 15 herhalingen, met 
zowel een gestrekte als gebogen knie. Er werd ook sterke bewijskracht gevonden voor een 
graduele opbouw van de excentrische kuitoefeningen gedurende de eerste week van het 
Alfredson programma, maar er kon geen aanbeveling worden gedaan voor een specifiek 
protocol. De resultaten toonden daarnaast aan dat andere programma’s mogelijk even ef-
fectief zijn. Echter, de geïncludeerde studies waren van matige methodologische kwaliteit 
en gedetailleerde beschrijvingen van de trainingsparameters ontbraken. Dientengevolge 
kon geen conclusie worden getrokken met betrekking tot de meest effectieve trainings-
parameters voor excentrische oefentherapie bij midportion achilles tendinopathie. 

Hoewel excentrische oefentherapie werd gezien als de gouden standaard voor behande-
ling van midportion achilles tendinopathie, bleef de gedachte om te kiezen voor enkel de 
excentrische component controversieel. Hierdoor maakten oefenprogramma’s zoals het 
programma van Silbernagel, dat bestaat uit zowel concentrische als excentrische oefe-
ningen, hun opwachting. Teneinde de effectiviteit van het Alfredson en het Silbernagel 
programma te vergelijken, werd een gerandomiseerd gecontroleerd klinisch onderzoek 
uitgevoerd. De opzet van deze gerandomiseerde studie is beschreven in Hoofdstuk 3 
(studie protocol). Recreatieve sporters tussen de 18 en 65 jaar, met een chronische unila-
terale tendinopathie 2-7 cm boven de insertie van de achillespees op de calcaneus wer-
den geïncludeerd. Zij werden verdeeld over 2 groepen, die gedurende 12 weken thuis 
het oefenprogramma van Alfredson of Silbernagel uitvoerden. De primaire uitkomstmaat 
was de Victiorian Institute of Sports Assessment – Achilles (VISA-A) vragenlijst na 1 jaar 
follow-up. Secundaire uitkomstmaten waren visueel analoge pijnscores tijdens dagelijk-
se activiteiten (VAS-ADL) en tijdens sport (VAS-sport), kwaliteit van leven (EQ-5D) en de 
globaal ervaren effectscore. Daarnaast werden verschillende functionele uitkomstmaten 
gemeten. Het krachtuithoudingsvermogen van de plantairflexoren werd geëvalueerd met 
de heel-raise test, de éénbenige countermovement jump werd gebruikt voor het meten 
van spronghoogte, en kracht van de heupmusculatuur werd gemeten met behulp van 
een handheld dynamometer. Daarnaast werd terugkeer naar sport geëvalueerd. Metin-
gen werden uitgevoerd op baseline, en na 12 weken, 26 weken en 1 jaar follow-up. Analy-
ses werden uitgevoerd door middel van een linear mixed model analyse, met interventie 
(Alfredson groep als referentie), tijd en de interactie tussen interventie en tijd. Er werd 
gecorrigeerd voor baseline waarden en confounders (geslacht, leeftijd en duur van de 
symptomen).

De resultaten van de klinische uitkomstmaten zijn beschreven in Hoofdstuk 4. In totaal 
werden 40 recreatieve sporters gerandomiseerd, verdeeld over de Alfredson groep (n = 
18) en de Silbernagel groep (n = 22). De VISA-A score toonde een significante verbetering 
in zowel de Alfredson groep (van 60,7±17,1 naar 89,4±13,0) als de Silbernagel groep (van 
59,8±22,2 naar 83,2±22,4). Echter, na correctie voor baseline scores en confounders werd 
er geen significant verschil tussen beide groepen gevonden (2,4; 95% BHI [-8,5; 13,3], P = 
0,656). Pijnscores verbeterden ook significant in beide groepen (VAS-ADL: van 28,6±22,1 
naar 5,8±8,3 in de Alfredson groep, en van 28,6±31,8 naar 9,0±23,0 in de Silbernagel 
groep; VAS-sport: van 44,8±26,8 naar 13,1±20,2 in de Alfredson groep, en van 46,6±32,6 
naar 12,8±24,6 in de Silbernagel groep). Echter, na correctie voor de respectievelijke base-
line waarden en confounders, werden geen significante verschillen gevonden tussen de 
groepen (VAS-ADL: -2,0; 95% BHI [-11,3; 7,3], P = 0,665, and VAS-sport: 1,3; 95% BHI [-12,8; 
15,3], P = 0,858). De subschalen van de EQ-5D verbeterden in beide groepen, maar signifi-
cant meer deelnemers uit de Silbernagel groep ervaarden verbetering na 1 jaar follow-up 
(77% tegenover 50%). De adherentie voor beide oefenprogramma’s was hoog (Alfredson 
groep: 74%, Silbernagel groep: 77%), hetgeen suggereert dat intensieve begeleiding door 
een zorgprofessional mogelijk niet strikt noodzakelijk is.
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In Hoofdstuk 5 worden de resultaten met betrekking tot de functionele uitkomstmaten 
beschreven. Na 1 jaar follow-up werd in het aangedane been zowel een significante toe-
name van het krachtuithoudingsvermogen van de plantairflexoren als van de kracht van 
de exorotatoren van de heup gevonden in beide groepen. Echter, na correctie voor base-
line waarden en confounders, was er geen sprake van een significant verschil tussen de 
twee groepen (heel-raise test: 2,7 herhalingen; 95% BHI [-0,5; 5,9], P = 0,092, kracht van de 
exorotatoren: -0,1 N/kg; 95% BHI [-0,2; 0,0], P = 0,193). De spronghoogte en kracht van de 
abductoren en extensoren van de heup toonden geen significante verbeteringen in beide 
groepen. Na correctie voor baseline waarden en confounders was er eveneens geen spra-
ke van een significant verschil tussen beide groepen. Het percentage terugkeer naar sport 
bleek na 1 jaar follow-up in de Silbernagel groep 80% hoger dan in de Alfredson groep.
Op basis van deze gerandomiseerde gecontroleerde studie werd geconcludeerd dat 
oefentherapie uitgevoerd volgens het Alfredson- dan wel volgens het Silbernagel pro-
gramma, beide resulteren in significante verbeteringen van klinische symptomen en 
functionele uitkomstmaten tot 1 jaar follow-up. De effecten lijken gelijk te zijn voor beide 
programma’s. Gegeven deze gunstige effecten en de hoge adherentie kunnen beide pro-
gramma’s beschouwd worden als een effectieve interventie voor de behandeling van mid-
portion achilles tendinopathie. Gebaseerd op deze bevindingen kan het belang van het 
type contractie in de revalidatie van achilles tendinopathie in twijfel worden getrokken.

In overeenstemming met andere programma’s bestaan zowel het Alfredson- als het Silber-
nagel programma enkel uit oefeningen voor de plantairflexoren, hoewel bij midportion 
achilles tendinopathie de functie van de gehele onderste extremiteit kan zijn aangedaan. 
Derhalve was het doel van de cross-sectionele studie zoals beschreven in Hoofdstuk 6 
om de krachtsverschillen in de proximale heupmusculatuur te bestuderen tussen recre-
atieve sporters met een unilaterale midportion achilles tendinopathie en asymptoma-
tische controle proefpersonen, die werden gematcht op leeftijd, type sport en huidige 
trainingsomvang. In een steekproef van 12 sporters werden isometrische krachttests van 
de abductoren, extensoren en exorotatoren van de heup uitgevoerd met behulp van een 
handheld dynamometer. Tevens voerden proefpersonen de éénbenige squat uit als een 
meer functionele prestatietest van de heupmusculatuur. Deelnemers vulden daarnaast 
de VISA-A vragenlijst in om de ernst van hun symptomen te meten. In vergelijking met de 
controlegroep hadden deelnemers met achilles tendinopathie significant minder kracht 
in hun heupabductoren (29%), -extensoren (28%) en -exorotatoren (34%) in hun aange-
dane zijde. Vergelijkbare verschillen werden gevonden voor de niet-aangedane zijde (27-
42%). Er werden geen significante verschillen gevonden in de uitvoering van de éénbeni-
ge squat, noch tussen de aangedane en niet-aangedane zijde, noch tussen de deelnemers 
met achilles tendinopathie en de controlegroep. Bovendien bleek er geen significante 
correlatie tussen de verminderde heupspierkracht en de VISA-A score te bestaan.
Hoewel op basis van het cross-sectionele design geen harde conclusies kunnen worden 
getrokken, laten deze bevindingen zien dat sporters met een unilaterale midportion achil-
les tendinopathie forse krachtsvermindering van hun heupmusculatuur kunnen hebben 

in zowel de aangedane als niet-aangedane zijde.
Het ultieme doel van sporters met een achilles tendinopathie is het zo snel mogelijk her-
vatten van hun sportactiviteiten. Desondanks blijft het onduidelijk hoe succesvolle te-
rugkeer naar sport moet worden gedefinieerd en welke criteria moeten worden gebruikt 
om de besluitvorming rondom terugkeer naar sport te ondersteunen. De kwalitatieve 
systematische literatuurstudie beschreven in Hoofdstuk 7 had als doel om op systema-
tische wijze binnen de beschikbare wetenschappelijke literatuur te zoeken naar definities 
van terugkeer naar sport en criteria die werden gebruikt voor de besluitvorming rond-
om terugkeer naar sport. De geïncludeerde studies werden geanalyseerd met behulp 
van een content analyse, waarbij relevante definities en criteria werden geëxtraheerd. In 
totaal werden 35 studies geïncludeerd in deze content analyse. Deze studies lieten een 
grote variatie zien in zowel de gebruikte definities als criteria. De belangrijkste thema’s 
voor het definiëren van terugkeer naar sport na midportion achilles tendinopathie waren 
‘het bereiken van het sport-/activiteitenniveau van vóór de blessure, met de mogelijkheid 
om zonder beperkingen deel te nemen aan trainingen en wedstrijden’, ‘afwezigheid van 
pijn’ en ‘herstel’. Met betrekking tot criteria voor het ondersteunen van de besluitvorming 
rondom terugkeer naar sport bleken ‘pijnniveau’, niveau van functioneel herstel’, ‘herstel 
van spierkracht’, herstel van range of motion’, ‘uithoudingsvermogen van het aangedane 
been’, ‘medisch advies’, psychosociale factoren’ en ‘anatomische/fysiologische eigenschap-
pen van het spier-pees-complex’ de belangrijkste thema’s. Helaas werden in de geïnclu-
deerde studies geen specifieke uitkomstmaten en concrete afkapwaarden geformuleerd.
Samengevat toonde dit systematische literatuuronderzoek aan dat, binnen de huidige 
wetenschappelijke literatuur, terugkeer naar sport na midportion achilles tendinopathie 
wordt gedefinieerd in termen van het sportniveau van vóór de blessure (zowel met be-
trekking tot trainingen als wedstrijden). Aspecten gerelateerd aan de afwezigheid van 
pijn en herstel werden tevens gebruikt voor de definitie. Echter, op basis van de bevin-
dingen van dit literatuuronderzoek kon geen ondubbelzinnige definitie worden gegeven 
van terugkeer naar sport na een midportion achilles tendinopathie, noch kon een set van 
gevalideerde uitkomstmaten worden opgesteld. Daarom is verder onderzoek naar dit on-
derwerp noodzakelijk.

In Hoofdstuk 8 worden de belangrijkste bevindingen van dit proefschrift in een breder 
perspectief geplaatst en wordt gereflecteerd op de resultaten en beperkingen van de uit-
gevoerde studies. Daarnaast worden praktische implicaties besproken en aanbevelingen 
voor toekomstig onderzoek gedaan. Toekomstige studies naar midportion achilles tendi-
nopathie zullen zich moeten richten op het onderzoeken van verschillende trainingspa-
rameters van oefenprogramma’s en het bestuderen van onderliggende werkingsmecha-
nismen hieromtrent. Daarnaast zou consensus met betrekking tot aspecten die moeten 
worden overwogen bij het selecteren van een passend oefenprogramma de behandeling 
van deze blessure positief kunnen beïnvloeden. De potentiële relatie tussen midportion 
achilles tendinopathie en verminderde functionele prestaties van de onderste extremi-
teit dienen verder te worden onderzocht, en de resultaten van dit onderzoek kunnen 
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vervolgens worden geïmplementeerd in zowel revalidatie- als in preventieprogramma’s. 
Tot slot zouden studies zich moeten toeleggen op het bereiken van consensus omtrent 
een ondubbelzinnige definitie van terugkeer naar sport na een midportion achilles ten-
dinopathie en over een set gevalideerde uitkomstmaten die gebruikt kunnen worden bij 
de besluitvorming rondom terugkeer naar sport. Met deze toekomstige studies zal de ef-
fectiviteit van de revalidatie van sporters met midportion achilles tendinopathie verder 
kunnen worden verbeterd.
 

Appendices Nederlandse samenvatting 216215



APPENDICES
Summary

Nederlandse samenvatting

Dankwoord

About the author
   Curriculum vitae
   PhD portfolio summary
   List of publications



A
pp

en
di

ce
s

DANKWOORD 

Het zit erop. Zes leerzame en uitdagende jaren, waaraan nu een einde komt. De reis begon 
vanuit een passie voor het vak fysiotherapie, maar ook vanuit een innerlijke zoektocht 
naar een nieuwe uitdaging. Nu, aan het einde van deze bijzondere reis, is het tijd om terug 
te kijken en mijn dank uit te spreken.
Voor een aantal zal dit hoofdstuk ook het enige hoofdstuk zijn dat ze lezen. Dat is helemaal 
niet erg, want het geeft een mooi beeld van hoe het boekje tot stand is gekomen en welke 
(belangrijke) rol heel veel mensen daarbij hebben gespeeld. Soms overigens zonder dat 
ze dat zelf wisten.

Allereerst mijn promotor Frank Backx. Beste Frank, heel veel dank dat je mij de moge-
lijkheid hebt gegeven om te kunnen promoveren! Er was geen bestaande onderzoekslijn 
waar ik met mijn interesse voor achillespezen kon aanhaken. Dat bleek geen belemme-
ring, omdat jij geloofde in dit project, en je hard hebt gemaakt om mijn onderzoek een 
plek te geven binnen de afdeling Revalidatie, Fysiotherapiewetenschap en Sport. Dank 
ook voor jouw klinische expertise, het werven van deelnemers voor het onderzoek, de 
ondersteuning gedurende het traject en je uitgebreide netwerk waarvan ik gebruik heb 
mogen maken.

Mijn co-promotoren. Allereerst Bionka Huisstede. Beste Bionka, wij maakten kennis tij-
dens mijn afstudeeronderzoek. Je bracht daar een belangrijke inhoudelijke bijdrage die 
ervoor zorgde dat dit onderzoek een succes werd. Daar bleek ook een klik tussen ons: we 
zaten op veel onderwerpen op één lijn en je daagde me uit om verder te denken. Ik ben 
heel blij dat je daarna één van mijn co-promotoren wilde zijn. Dank dat je altijd bereikbaar 
was, op goede en minder goede momenten. Maar ook voor de inspiratie die je bood, voor 
je kritisch zoeken naar verbeterpunten en voor je onderzoeks- en levenservaring. Met veel 
plezier kijk ik ook terug op onze – vaak lange – telefoongesprekken over de stand van 
zaken, over analyses, over levenswijsheden en over gezondheid.

En natuurlijk mijn andere co-promotor, Robert van Cingel. Beste Robert, bij jou startte ik 
in 2006 mijn loopbaan als fysiotherapeut. Ik was direct onder de indruk van jouw kennis 
op musculoskeletaal gebied, maar zeker ook van jouw visie over hoe je (top)sportmedi-
sche zorg neerzet en laat groeien. En van je hartelijke lach die regelmatig door de gangen 
van SMCP schalde. Samen bespraken we in 2013 de mogelijkheid om een pees spreekuur 
op te zetten tussen sportarts en fysiotherapeut. Hoewel we meenden voldoende kennis 
en ervaring te hebben op dit onderwerp, leek het ons goed om toch nog een analyse te 
doen van de beschikbare evidentie. Eigenlijk is dat gesprek de basis geweest voor dit hele 
traject en het voelde voor mij dan ook meer dan logisch om jou als co-promotor te vragen. 
Ik ben je enorm dankbaar dat je daarvoor beschikbaar was! In al mijn jaren bij SMCP heb 
ik veel van je geleerd, vakinhoudelijk, maar zeker ook als mens: scherp, nuchter en met 
veel humor. Je was erg begaan met mijn ontwikkeling, bleef me uitdagen en stond voor 

me klaar als dat nodig was. Ook nadat ik afscheid heb genomen van de fysiotherapie en 
SMCP ben je – weliswaar op iets meer afstand – betrokken gebleven. Ik hoop dat we af en 
toe nog een lekker bakkie kunnen blijven doen op Papendal. Voor mij ben je een baas uit 
duizenden; bedankt daarvoor! 

Hilco van Elten. Beste Hilco, jij kwam erbij in een latere fase, om te helpen met de analyses 
van de RCT. Het was boeiend om dit samen te doen met een collega uit een geheel ander 
vakgebied. Dank voor jouw kritische houding, waarbij je steeds weer de “waarom vraag” 
stelde.

Dank ook aan de co-auteurs van de verschillende artikelen: Dirk-Wouter Smits, Anke van 
den Broek en Peter Zuithoff. Jullie bijdrage, hoewel totaal verschillend, is essentieel ge-
weest voor de publicatie van deze studies!

Alle sportartsen en fysiotherapeuten van de deelnemende centra voor de RCT. In het bij-
zonder Wout van der Meulen, Gijs Lentjes en Maarten van der Worp. En aan alle deel-
nemers van de verschillende onderzoeken. Zonder jullie was dit onderzoek nooit gelukt.

Uiteraard gaat mijn dank ook uit naar de leden van de beoordelingscommissie: prof. dr. 
De Wit, prof. dr. Van Laar, prof. dr. Veenhof, prof. dr. Koes en prof. dr. Zwerver. Dank 
voor het lezen en beoordelen van mijn proefschrift.

Alle oud collega’s van Sport Medisch Centrum Papendal (SMCP), en een aantal in het 
bijzonder. Diederik, dank voor het samen opzetten van het achillespeespreekuur en het 
zoeken van de samenwerking met orthopedie. En natuurlijk voor jouw inbreng bij de wer-
ving van patiënten. Marieke, Britt, Floor, Anique en Rolf, wat ben ik jullie ook dankbaar 
voor jullie hulp met het werven en behandelen van patiënten. Sander, Luc, dank voor jul-
lie humor en relativeringsvermogen. Marsha, bedankt voor de kantoordagen bij SMCP. In-
houdelijk discussiëren over allerlei onderwerpen, maar vooral ook heel veel lachen. Dank 
voor alle tips vanuit je eigen promotie en je humor! Beate, ik ken geen fysiotherapeut met 
meer kennis en bevlogenheid dan jij. Bedankt voor alle jaren samenwerken en innoveren, 
maar ook voor al je klinische kennis op het gebied van tendinopathie. Het was heerlijk om 
te kunnen sparren. Ik ben heel benieuwd hoe jouw PhD reis gaat zijn. Laten we onze pizza 
afspraak snel gaan plannen! En natuurlijk Madelin, zoals beloofd ook jouw ‘one minute of 
fame’! Bedankt voor jouw hulp bij de randomisatie en het communiceren met de deelne-
mende fysiotherapeuten. Soms zou ik willen dat ik maar een fractie van jouw punctualiteit 
en structuur had geërfd… Fantastisch dat jij beschikbaar was voor dit project, dat volledig 
buiten jouw eigen werkzaamheden lag. En natuurlijk alle die andere collega’s: dank voor 
de jarenlange samenwerking, jullie begrip en nieuwsgierigheid.

Oud collega’s van ONVZ. Anneke, Jeroen, Joost, Martijn, Rob, Mieke, Marijn, Thomas, 
Sander, Vivian, dank voor de mooie periode in Houten, de samenwerking met jullie was 
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super en gaf energie! Paul, vanaf het moment dat ik naar CEM kwam, was het genieten. 
Hard werken, maar vooral ook veel lachen. Dank voor je mooie speech bij mijn afscheid, 
onze rondjes golf blijven we erin houden! Sam, ook jij bedankt voor de fantastische sa-
menwerking en onze ‘zeikuurtjes’. Nu dit project klaar is, kan ik gaan trainen om jou wat 
gemakkelijker bij te kunnen houden op de racefiets. En zeker ook dank aan Bart, wij waren 
op elkaar aangewezen om de key accounts van ONVZ te bedienen. Vanaf minuut 1 was er 
een klik, die veel verder ging dan collega zijn. Ik heb genoten van de mooie ideeën en het 
brainstormen, van ‘s avonds bellen over presentaties, van af en toe even onze frustraties 
bespreken, maar vooral ook van samen bij jou in Amersfoort werken. Fijn dat jij ook zo 
geïnteresseerd was in mijn promotie. Met collega’s zoals jij voelt werk nooit als werk! Dank 
daarvoor.

Collega’s van Allegro Medical. De laatste loodjes heb ik afgerond toen ik bij Allegro was 
gestart. Fijn om in zo’n warm team terecht te komen, en dank voor jullie oprechte interesse 
in dit project!

Sander, pas in de eindfase van onze studie werd ons contact wat intensiever, allebei zaten 
we toen in een roerige privésituatie. Mooi dat we daarna beide terecht kwamen als promo-
vendus bij RF&S. Onze gezamenlijke vrijdagen bij het UMC waren spaarzaam, overigens 
geheel door mijn schuld. In de laatste fase van onze trajecten namen deze gezamenlijke 
momenten toe, en wat was het bijzonder om jouw verdediging te kunnen bijwonen, wel-
iswaar vanaf een afstand. Ik kijk met heel veel plezier terug op onze gezamenlijke vrijdag-
ochtenden, met het vaste broodje kroket tijdens de lunch! Maar ook op onze spaarzame, 
maar mooie momenten daarna. Ik vind het dan ook heel bijzonder dat je paranimf wil 
zijn tijdens mijn verdediging! Ik hoop dat we in de toekomst nog regelmatig tijd kunnen 
vinden voor een kroketje of een borrel!

Eefje en Jaap, wat is het fijn om jullie als “buren” te hebben. Dank voor jullie interesse, voor 
alle gezellige middagen en voor al die fijne dagen in Frankrijk, Loosdrecht en Noordwijk. 
Hopelijk volgen er daarvan nog een hoop!

Petra, jou wil ik ook graag bedanken. Voor je mooie levenshouding, voor je oprechte in-
teresse in mijn onderzoek en voor al je adviezen op carrièregebied. Dat we met jullie nog 
maar veel borrels, boottochtjes en vakanties mogen meemaken!

Jort en Helène, wat goed is, komt snel, dat is op ons wel van toepassing geloof ik. Wat 
mooi dat we elkaar zijn tegengekomen en wat bijzonder hoe snel deze vriendschap is 
gegroeid. Wat heb ik genoten van onze borrels, etentjes en vakantie in Zeeland afgelopen 
jaren. En Jort, wat ben ik ongelooflijk blij dat jij paranimf wil zijn, heel bijzonder! Dank voor 
jullie vriendschap, laten we met elkaar nog veel mooie en gezellige momenten beleven.

Died en Staart, jullie wil ik ook graag bedanken. Staart, wat superfijn dat je wilde helpen 
bij het vormgeven van mijn boekje, ik had me geen betere hulp kunnen wensen! En Died, 
dank voor onze vriendschap, hockeypotjes, onze mooie wandelingen, boekentips en het 
sparren over werk. Heerlijk om met jou serieuze dingen af te wisselen met humor, houden 
we er zeker in.

Mannen van de Orde van Goud. Lins, Mich, Joppie, Jur, Stein, Toine, Ber, Feikie en Har! 
Wat begon als een studenten hockeyteam is intussen uitgegroeid tot iets heel bijzonders. 
Talloze sub-clubjes hebben we inmiddels opgericht, blije en verdrietige momenten ge-
deeld, mooie borrels, diners, en natuurlijk de OvG weekenden. Vaak heb ik activiteiten 
overgeslagen om weer achter de laptop te kruipen, dat is de komende periode in ieder 
geval geen excuus meer… Laten we dit nog lang volhouden met elkaar jongens! En Ste-
vie en Ruud, voor jullie nog een bijzonder plekje. We zien elkaar veel te weinig. Maar hoe 
lang we elkaar ook niet zien, het is gewoon altijd goed. Ik geniet onwijs van de etentjes 
met elkaar en de oprechte steun en interesse vanuit jullie. Dank voor jullie vriendschap!

Mijn schoonfamilie. 
Abel en Fieke, dank dat jullie er voor ons zijn en dat we op jullie kunnen bouwen. Fijn ook 
dat jullie steeds geïnteresseerd bleven. Hopelijk komt er bij ons nu meer ruimte om spon-
taan even naar het zuiden te rijden, want ik geniet heel erg van de momenten bij jullie 
in Erp! Steef en Has, Nadia en Lo, ook jullie bedankt, het is fijn om zo’n schoonfamilie te 
hebben. En natuurlijk Sophie en Ro, extra dank voor die ontelbare keren dat onze kids bij 
jullie konden zijn. Ook die uren heb ik af en toe kunnen gebruiken om te schrijven!

Mijn familie.
Lieve Linsy en Tom, wat heb ik het goed getroffen met jullie als “koude kant”, dank jullie 
wel! Ik hoop dat we elkaar wat vaker gaan zien nu er vanuit mijn kant meer tijd komt.

Lieve Jaap en Hanneke. Dank jullie wel, gewoon omdat jullie er zijn. Jullie staan voor me 
klaar, altijd en overal. We denken over zoveel dingen hetzelfde en kunnen om precies de-
zelfde dingen in de lach schieten. Vooral de weekendjes weg moeten we erin houden. Ik 
ben trots op jullie en hou van jullie!

Lieve mama, jij hebt voor een belangrijk deel gezorgd voor wie ik nu ben. Je hebt me mijn 
eigen pad laten kiezen. Daarnaast heb je me geleerd kritisch te kijken en door te zetten, 
eigenschappen die me veel hebben gebracht in de afgelopen jaren. We hebben het vaak 
over mijn promotie gehad en ik kon vooral ook bij je terecht als het even wat minder liep. 
Dankjewel! En natuurlijk voor het ontelbaar aantal keer oppassen, ook al weet ik dat dat 
nooit een straf voor je is geweest! Ik hou van je!

Lieve pa, wat had ik graag gewild dat jij dit traject had kunnen meemaken en dat je erbij 
had kunnen zijn tijdens de verdediging. Ik weet zeker dat datzelfde geldt voor jou! Bij alles 
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wat ik deed stond je achter me, of het nou een goed of een slecht idee was. Je leerde me 
dat geluk vaak zit in de kleine dingen, maar ook om niet teveel beren op de weg te zien. 
Je moet immers pas nadenken over een oplossing als er een probleem is. Ik mis je pannen 
soep, de dinsdagen in Utrecht, onze telefoontjes, je luisterende oor en het kunnen relati-
veren van alles wanneer ik je had gesproken. Wat had ik graag gewild dat je Tijne, Ole en 
Belle ook al jouw levenswijsheden had kunnen meegeven. Ik hou van je!

En tot slot natuurlijk mijn lieve vrouw en kinderen.
Lieve Tijne, Ole en Belle, eindelijk is papa’s boekje af. Helaas voor jullie is het niet echt een 
voorleesboek geworden. Ik hou van jullie en ben ongelooflijk trots op alles wat jullie doen. 
Ik geniet er elke dag van dat jullie er zijn, en hoe jullie ieder op je eigen manier de wereld 
leren kennen. Nu het boekje klaar is, hoef ik niet meer ‘s avonds op de computer te werken 
en hebben we hopelijk nog meer tijd om samen leuke dingen te gaan doen.

En dan als laatste Verine. Lieverd, eigenlijk is het onmogelijk om dit in een stukje tekst 
te stoppen. Bedankt! Voor alles wat je voor mij betekent en doet! We hebben samen al 
heel veel meegemaakt, en samen komen we daar steeds weer bovenop. Jouw vermogen 
om altijd positief naar dingen te blijven kijken, is daarin het belangrijkste recept. Jij was 
er geen groot voorstander van dat ik aan dit traject zou beginnen, mede ook vanwege 
de periode waarin we toen zaten. Dit project heeft inderdaad veel impact gehad op ons 
leven in de afgelopen tijd, en ik realiseer me dat ik daardoor niet altijd écht aanwezig was. 
Ik kan achteraf dus zeggen dat je gelijk had, maar ik ben je des te meer dankbaar dat je mij 
toch de mogelijkheid hebt gegund om dit af te ronden. En vooral ook dat je me steunde 
op de momenten dat ik het even niet meer zag zitten. Het boekje is nu af, en dat zal heel 
veel tijd en rust gaan geven voor ons. Wat heb ik zin om nog meer samen met jou en onze 
lieverds te zijn; thuis, op Kampong, lekker op het terras, een weekendje weg, of heerlijk in 
Frankrijk. Ik hou van je en kijk ernaar uit om vanaf nu samen nog meer te gaan genieten 
van alle mooie dingen om ons heen!
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