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A story from the field

A male volleyball player, 24 years old, playing at the highest regional level comes to you as 
a clinician. He has suffered from periods of pain because of his jumper’s knee for 8 years 
now. There are only 4 weeks left of a long volleyball season. The most important play-
off games are coming up. He currently experiences some pain during offensive spikes 
and after a training or match his pain near the inferior pole of his patella is worst. Despite 
experiencing much pain, he manages to cope with participating in two training sessions 
and one match per week. However, pain hinders him to perform optimally during matches 
and training sessions. He is an important offensive player in the team; he, his coach and his 
team want him to perform during the play-offs to win the championship. He wants you to 
help him with his jumper’s knee.
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1
Introduction

This dissertation investigates the development and management of patellar tendinopathy, 
commonly known as jumper’s knee.1 Tendinopathy is an overuse injury of a tendon that occurs 
in loaded tendons of both the lower and upper limb.2 A tendon is the connection between 
muscle and bone; the patellar tendon is different from most other tendons because it connects 
two osseous structures – the patella and tibia. Therefore, the patellar tendon is also called the 
patellar ligament. The patellar tendon needs to be able to withstand high loads to perform 
(explosive) movements such as jumping.

Patellar tendinopathy is characterised by load related focal pain near the apex of the patella.3 
Tendinopathies more distal in the patellar tendon or at the superior pole of the patella also occur, 
but are far less frequently seen.4 People with patellar tendinopathy mainly experience pain in the 
first 24 hours after (heavy) physical activity. The less severe cases do not experience pain during 
physical activity after warming-up but have pain later that day or the next day. Palpation of the 
tendon insertion at the inferior pole is often painful.

The introduction of this thesis starts with an insight into the impact of patellar tendinopathy, an 
explanation of a healthy tendon and pathophysiology of tendinopathy. Subsequently aetiology, 
imaging and treatment of patellar tendinopathy are described as background of the three specific 
aims of this thesis. The aims are proposed and the outline of the thesis is described last in this 
introduction.

Impact of patellar tendinopathy
A high prevalence of patellar tendinopathy is reported in the literature. Up to 45% of elite volleyball 
and 32% of elite basketball athletes suffer from this injury.5 In recreational athletes the prevalence 
varies from 3-14%. Prevalence of patellar tendinopathy is higher in recreational volleyball, handball 
and basketball athletes than in other sports such as soccer and field hockey.6

Patellar tendinopathy is an injury that is difficult to manage; one-third of the patients with 
patellar tendinopathy presenting to sport medicine clinics are not able to return to sport within 
6 months.7 The impact of this injury on sport and work participation can be substantial. In a 
15 year follow-up study, 53% of athletes with patellar tendinopathy stopped participating in their 
sport because of this injury.8 Up to 50% of patients with patellar tendinopathy with physically 
demanding professions are impaired because of their knee injury. Work is not only affected in 
patients with physically demanding professions, 8% of patients with office jobs are impaired in 
performing their job.9 Inability of a patient with patellar tendinopathy to participate in sports and 
work can negatively affect their quality of life. On top of that, an injury – especially chronic and 
recalcitrant injuries like tendinopathy – can result in an inability to be physically active for a long 
time, thus missing out on all the health benefits of being physically active.10,11 Moreover, an inactive 
lifestyle has links with all kinds of diseases like coronary heart disease, type II diabetes and cancer.12 
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Improving knowledge on development and treatment of injuries like patellar tendinopathy will 
therefore contribute to a healthy ageing population.

Healthy tendon
A normal tendon consists of extracellular matrix and a few cells (tenocytes). Tenocytes are spindle 
shaped and are located between collagen bundles. Collagen is the main component of the 
extracellular matrix. This is predominantly type I collagen, some type III collagen in the endotenon 
and other types are present in smaller quantities in a normal tendon. The collagen fibres are 
tightly packed, minimal intratendinous nerves are present and there is minimal vascularity in 
the tendon. A collagen fibril is the smallest entity of a tendon; fibrils are arranged in collagen 
fibres and fibre bundles surrounded by endotenon. Proteoglycans such as Decorin are important 
for the structure and interconnection of the fibrils. The hierarchical structure of a tendon is 
displayed in Figure 1. The patellar tendon inserts to the patella with a fibrocartilaginous insertion, 
this type of insertion can be characterised into four sections: tendon, uncalcified fibrocartilage, 
calcified fibrocartilage and bone.13,14 A (healthy) tendon can adapt to various forms of physical 
activity through communication of the cells and cell-driven adaptation of the matrix, this is called 
mechanotransduction.15

Pathophysiology
The precise pathophysiology of patellar tendinopathy is still unknown. It is known that pathological 
tendons have proliferation of cells with abnormally rounded nuclei, increased amount of ground 
substance/matrix proteins, disrupted collagen and abnormal ingrowths of vessels and nerves.17 
Many issues surrounding the pathophysiological processes during the development of patellar 
tendinopathy are still unclear. Previously tendinopathy was called tendinitis; a shift in the literature 
took place around the year 2000. As it was found that hardly any inflammation occurs in chronic 
tendinopathies and the tendon is mainly degenerative, several researchers advocated a name 
change to tendinopathy.18,19 Moreover, a chronic overuse injury of the patellar tendon has more 
associations with a tendinosis (degeneration) than a tendinitis (inflammation).

It is hypothesised that tensile loads20 and/or compression21 are responsible for the development 
of tendinopathies. Elastic energy storage during a stretch-shortening cycle in a tendon, for 
example during repetitive jumping, is a high tensile load.22 Compression mainly occurs in 
insertional tendinopathies near the bone-tendon junction.21 A bony prominence at the insertion, 
which serves as a fulcrum for the tendon, may cause this compression. In patellar tendinopathy, 
stress shielding of the affected part of the tendon (often dorsal side of the tendon)23 and/or the 
infrapatellar fatpad24 may also play a role in the development. Pain in patellar tendinopathy is 
also still poorly understood. Different hypotheses about the origin of patellar tendon pain exist; 
tendon pain has physiological as well as pathophysiological characteristics.25

Several researchers have tried to explain the pathophysiology of tendinopathy in a variety of 
models. Although these models have different views and assumptions, they are not mutually 

Van_Ark.indd   12 14-8-2015   16:25:52



Introduction

13

1

exclusive. A few examples of these models are the ‘iceberg’ model of Abate et al,26 that states 
that micro-ruptures and neurogenic inflammation exist before presentation of symptoms of 
tendinopathy; the ‘failed healing’ theory of Fu et al27, that proposes a 3-stage model in which 
multiple factors influence the tendon in 3 stages: injury, failed healing and eventually clinical 
presentation of symptoms;27 and a model by Arnoczky et al20 that emphasises the importance of 
under-stimulation in the development of tendinopathy.

Probably one of the easiest models to apply to clinical practice is the continuum model 
by Cook and Purdam.2 This model describes different phases of tendinopathy as a continuum 
with possible transitions between phases of tendinopathy: reactive, disrepair and degenerative 
(figure 2). A reactive tendinopathy is proposed to be a proliferative response of the cell and 
matrix resulting in a short-term adaptation to overload expressed by a relatively homogeneous 
thickening of the tendon. Tendon disrepair is also described as an attempt for tendon healing: an 
increase in the number of cells, increase in protein production and possibly increased vascularity 
with associated neural ingrowth occurs in this presentation. A separation of collagen and matrix 
disorganisation takes place in a tendon disrepair presentation. In the ‘end stage’ degenerative 
tendinopathy there is little capacity for reversibility. It is characterised by areas of cell death due 
to apoptosis, trauma or tenocyte exhaustion, the matrix has no consistency and may be filled 
with neovascularisation.2 Clinically, tendons can be classified into two presentations: reactive 
tendinopathy and degenerative tendinopathy. In general, reactive tendinopathy has a rapid onset 
and is more common in younger athletes (age 15-25 year). Degenerative tendinopathy is more 
common in athletes with a long history of symptoms who are older (age 30-60 year).

Figure 1. The organisation of tendon structure from collagen fibrils to the entire tendon (reproduced from 

Kannus, 2000 with permission of John Wiley and Sons)16
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Aetiology
Relative overuse of the tendon may cause an imbalance between anabolic and catabolic processes 
in the extracellular matrix of the tendon.28 Many external as well as internal risk factors are linked to 
patellar tendinopathy. Important risk factors are male gender,29 high BMI,30,31 physically demanding 
work,9,32 reduced dorsiflexion range of the ankle,33,34 limited quadriceps and hamstring flexibility35 
and genetic polymorphisms (e.g. COL1A1 and COL5A1).36 Overuse through training volume and 
playing matches seem to be the most important risk factors.29 However, it is still not known what 
the critical tendon load is to develop pathology in the patellar tendon.

Imaging
Ultrasound imaging is often used to confirm the clinical diagnosis of patellar tendinopathy. It is a 
more accurate than MRI to confirm a clinically diagnosed patellar tendinopathy.37 A conventional 
ultrasound image can show anterior-posterior diameter, presence of a hypoechoic area, 
calcifications and peritendinous abnormalities. Doppler ultrasound can image vascularisation 
within the tendon. Although presence of ultrasound abnormalities in the tendon on ultrasound 
increases the risk of developing patellar tendinopathy,38,39 scientific evidence on the relationship 

Figure 2. Continuum model of tendinopathy (Cook & Purdam, 2009 with permission of BMJ Publishing 

Group Ltd)2
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between pain and ultrasound findings is contradictory.40,41 Recently, new imaging techniques such 
as ultrasound tissue characterisation (UTC) have been developed.42 UTC seems to be valuable 
when studying tendon structure; however few studies have been conducted using this imaging 
technique.

Management
Despite increasing attention on patellar tendinopathy in the scientific literature over the last 
decades (61 Pubmed indexed articles on patellar tendinopathy from 1990-2000 and already 254 
from 2010 until 2015), it is still a difficult injury to treat. Therefore, many different treatment options 
are being used in clinical practice.

The in-season management of patellar tendinopathy is more challenging than off-season 
when less patellar tendon loading occurs.43 The treatment modality that has the most support 
in the existing literature is exercise.44 Programs with eccentric exercises are the most studied 
exercise programs. Early studies showed that an eccentric training protocol was promising for 
the treatment of patellar tendinopathy. A review on eccentric training for patellar tendinopathy 
showed that approximately 60% of the patients could return to pre-injury level of sport 
participation.45 However, when an eccentric exercise program is performed without adjustment of 
load (in-season), symptoms might not change or may even get worse.46,47 A lack of improvement of 
symptoms is likely to lead to less adherence to an exercise program and will reduce the chance of 
a successful treatment. To improve the in-season management of patellar tendinopathy, two new 
exercise-based physical therapy modalities for in-season management of patellar tendinopathy 
are proposed (isometric and isotonic exercise therapy). Their effectiveness in-season is still 
unknown and the effectiveness of an isometric exercise program has not been studied at all for 
tendinopathy treatment.

Next to exercise-based treatments, extracorporeal shockwave therapy,48 medication,49 
injections,50 open surgery51 and arthroscopic shaving52 are some of the other treatment options 
that are currently being used. Success rates of these treatments vary and have limited support 
of high quality evidence.53 A semi-invasive treatment option which gained popularity over the 
last decade is injection treatment. This thesis defines Injection treatment as injecting a certain 
volume of liquid in or close to the patellar tendon. Many different types of injection treatment with 
different rationales are currently being used. Effectiveness of injection treatments is still unclear 
and little is known about its combination with exercise based physical therapy.

Aims
New research on patellar tendinopathy is important because of its high prevalence, complex 
aetiology and pathophysiology, impact on activities of daily living and sports, and variable 
treatment results. The general aim of this thesis is to gain more insight in the development and 
management of patellar tendinopathy.
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Specific aims of this thesis are:
1. To determine the effect of loading on patellar tendon structure in athletes;
2. To determine the effect of two new exercise-based physical therapy modalities for in-season 

management of patellar tendinopathy on pain and tendon structure;
3. To determine the role of exercise-based physical therapy and injection in patellar tendinopathy 

treatment.

Thesis outline
The first aim – the effect of loading on tendon structure – is investigated in Chapter 2. A study 
on the response of the adolescent patellar tendon to 5 days of cumulative load during a volleyball 
tournament is presented in this chapter.

Chapter 3 and Chapter 4 investigate the second aim of this thesis. These chapters contain 
two studies determining the effect of two new exercise-based physical therapy modalities for 
in-season management of patellar tendinopathy on pain and tendon structure. In Chapter 3 the 
clinical effects of an isometric and isotonic exercise program are investigated in a randomised 
clinical trial in athletes with patellar tendinopathy who are training and competing during a 
season. Chapter 4 describes a study which investigated if tendon structure on UTC changes in PT 
patients after a 4-week exercise program which decreased pain.

The third aim is investigated in chapters 5 and 6. A systematic review on injection treatments 
to provide an overview of the current literature on injection treatments for patellar tendinopathy 
is presented in Chapter 5. Chapter 6 describes an exercise-based physical therapy program for 
patients with patellar tendinopathy after platelet-rich plasma injection based on evidence and 
best practice. Next to a description of the physical therapy program, the feasibility and first results 
of this exercise program in combination with a platelet-rich plasma injection are described. In the 
general discussion (Chapter 7) results of the studies and their practical implications are discussed 
and recommendations for further research are provided.
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