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Introduction

Aim of this thesis was to gain more insight into the development and treatment of patellar 
tendinopathy. The effect of loading on patellar tendon structure in adolescent volleyball athletes 
was determined in chapter 2. It was found that tendon structure on UTC did not change during 
the course of a 5 day volleyball tournament. Secondary analyses showed that the effect of 
cumulative loading over 5 days may be different for athletes with pre-existing hypoechoic 
abnormalities on ultrasound; a trend was found that athletes with hypoechoic abnormalities at 
the start of the tournament show a decrease in stability of patellar tendon structure on UTC during 
the tournament.

The effect of two new exercise-based physical therapy programs for in-season management 
of patellar tendinopathy on pain and tendon structure was determined in chapters 3 and 4. The 
randomised clinical trial presented in chapter 3 showed that both isometric and isotonic exercise 
programs reduce pain and improve function for patients with patellar tendinopathy while 
in-season. Chapter 4 found that a 4-week exercise program which decreased pain had no effects 
on tendon structure quantified by UTC. Pain reduction and improvement of function were not 
found to be related to tendon structure on UTC after a 4-week exercise program.

In chapter 5 and 6 the role of exercise-based physical therapy and injection in patellar 
tendinopathy treatment was determined. The systematic review in chapter 5 showed that all seven 
different injection treatments showed positive results in the treatment of patellar tendinopathy. 
This has to be interpreted with caution as mainly low quality studies were included in the review. 
It was demonstrated that corticosteroid injections are an exception to the positive results of 
injection treatments; a relapse of symptoms was found in all three randomised controlled trials 
investigating corticosteroid injections. Besides corticosteroid injections, it does not seem to 
matter what is injected in a pathological patellar tendon. Tendons seem to improve with every 
injection, but this may also be a result of the post injection rehabilitation program. One of the other 
findings of the systematic review was that all studies used a post injection exercise program and 
emphasised the importance of such a program for a beneficial outcome of treatment. However, 
the exercise programs were poorly described in the existing literature. Therefore, an evidence 
and best practice based post injection exercise program was described in chapter 6. The exercise 
program was found to be feasible and first results of the combination of a platelet-rich plasma 
injection with this exercise program were mainly positive.

In this general discussion the results of the different studies are discussed in a broader 
perspective. First, the effect of loading on patellar tendon structure is discussed. Second, a 
discussion around ultrasound tissue characterisation is provided followed by a discussion on 
management of patellar tendinopathy. Finally, physical therapy research is discussed and this 
chapter ends with clinical implications, future research suggestions and conclusion of this thesis.
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A story from the field – clinical diagnosis

You start with a thorough interview and examination of the 24 year old volleyball player 
who presents to you. The interview reveals that symptoms began 8 years ago when he 
started to participate in training sessions and games of a higher age group next to his own 
team. Last weeks training intensity has increased in preparation for the upcoming play-
offs. He experienced the same symptoms at the end of last year’s season and was treated 
with extracorporeal shockwave therapy during the last weeks of the season; pain did not 
decrease from this treatment. When he stopped playing after finishing the season, pain 
decreased. He experiences load related focal pain near the apex of the patella. Physical 
examination shows wasting of gastrocnemius and quadriceps muscles. Furthermore, 
palpation of the inferior pole of the patella is painful. A single leg squat on a decline board 
(25⁰) results in a 7 out of 10 pain score on a numeric rating scale. Interview and physical 
examination lead you to the clinical diagnosis of patellar tendinopathy.

Effect of loading on patellar tendon structure
The first aim of this thesis, determining the effect of loading on patellar tendon structure 
in athletes, was investigated in chapter 2. Main conclusion of this chapter was that tendon 
structure of the patellar tendon on UTC does not change during a 5-day volleyball tournament 
in adolescent athletes. This suggests that in general (adolescent) tendons can withstand high 
amounts of load. Several factors in addition to training volume and number of games1 may exist 
that make a person more vulnerable to develop abnormalities in a tendon. Examples of features 
which can increase the chance of developing tendinopathy are: adiposity2, gene composition 
(e.g. COL1A1 and COL5A1)3, reduced dorsiflexion range of the ankle4,5, stiffer landing strategy6,7, 
higher jump capacity8, fluoroquinolone use9 and limited quadriceps and hamstring flexibility10. 
Someone with (a combination of) these features at the time of relatively high tendon loading is 
likely to be prone to develop pathology in the patellar tendon. At a different point in time, the 
same person with changed features may be more or less prone to develop pathology. Chapter 2 
also showed that the presence of hypoechoic abnormalities before loading seems to predispose 
these tendons to developing a more disorganised tendon structure. These participants may 
already have more features that increase the chance of developing abnormalities at baseline. The 
fact that similar loading can lead to different responses of the patellar tendon is corroborated by 
a study investigating ultrasound images of volleyball players before and after a season. This study 
showed that 29% of the participants had a change in tendon abnormality at the end of the season 
compared to the start of the season. 25% developed abnormalities, and tendon abnormalities 
disappeared in 4% of the participants.11 Studies with large numbers of participants are needed 
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to gain further insight in the effects of different individual features in combination with load on 
patellar tendon structure.

Next to in-vivo studies, basic studies have investigated the effects of tendon loading. 
Communication between tendon cells in response to mechanical loading takes place by 
mechanotransduction.12 Studies on protein (precursors) and gene expression in blood or tendon 
tissue after loading showed increased and decreased collagen synthesis with increased and 
decreased loading respectively.13,14 An increase of hydroxyproline, a protein specific for collagen 
synthesis, was demonstrated already six hours after exercise.15 Other in-vitro and ex-vivo studies 
confirm that collagen synthesis increases after mechanical loading of a tendon.13 On the other 
hand, degradation of collagen is also increased after exercise, matrix metalloproteinases (MMPs), 
responsible for degrading ECM proteins, are increased in the Achilles tendon after one hour of 
treadmill running.16 Growth factors, in particular Transforming Growth Factor-β–1 (TGF-β–I) and 
Insulin-like Growth Factor (IGF-I), seem to play an important role in tendon adaptation to loading.13,17 
These in-vitro and ex-vivo studies on loading response of tendons have to be interpreted with 
care, loads applied to a tendon often do not match in-vivo loads and often only a single aspect of 
a tendon is investigated.18 Real-life in-vivo studies such as the ones in this thesis are important to 
understand the effects of genuine tendon loading.

Altogether, the effect of loading of the patellar tendon on tendon structure is multifactorial. 
It seems to be more than just training volume and competition load1 that determines if tendon 
structure is affected after loading. Based on current research it can be stated that in general 
a patellar tendon of adolescent athletes may be able to withstand ‘high tendon load’, such as 
cumulative days of playing matches, before tendon structure is affected. The presence of factors 
such as hypoechoic abnormalities is likely to increase the chance of developing further changes in 
tendon structure. Knowledge of how a patellar tendon responds to load is important to eventually 
prevent development of patellar tendinopathy. Once we know the effects of different types of 
loading of different people in different settings, we may be able to change loads and/or change 
characteristics that negatively affect the patellar tendon. Therefore, more in-vitro, ex-vivo and 
especially in-vivo studies have to be conducted. Larger studies with different populations and 
multiple follow-up measurements on a regular basis are needed to be able to identify a specific 
load detrimental for a specific population.
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A story from the field – imaging

In your specialised tendon clinic you image his patellar tendon with ultrasound tissue 
characterisation. The UTC scan shows a thickened patellar tendon with hypoechoic 
abnormalities. An area of echo-type III near the apex of the patella surrounded by echo-
types I and II is observed. The scan confirms the clinical diagnosis of patellar tendinopathy. 
Based on the characteristics obtained in the interview and examination, you diagnose his 
symptoms as a reactive on degenerative patellar tendinopathy.

Imaging – UTC
Conventional ultrasound is user dependent and relies on subjective interpretation of images (van 
Schie, Klauser).19,20 Handling of the ultrasound probe and machine settings can have consequences 
for the size and presentation of hypoechoic areas. Furthermore, while structure of a tendon is 
obviously a 3-D matter, it can only be captured by 2-D images with conventional ultrasound.19 Part 
of the difficulty of conventional ultrasound is overcome with the introduction of ultrasound tissue 
characterisation (UTC), an ultrasound device specifically designed for tendons. As extensively 
described in chapters 2, 6 and previous publications,19,21,22 UTC uses an ultrasound probe fixed in 
a tracking device to take a transverse image of the tendon every 0.2mm. A 3-dimensional data 
block is created using the transverse images. The UTC imaging software (Stein, the Netherlands) 
compares stability of pixel brightness in the ultrasound data block of one pixel with the pixels 
around that pixel, which allows quantification of tendon structure in 4 echo-types. This cuts out 
some of the subjectivity of someone interpreting ultrasound images.

UTC provides more standardised images than regular ultrasound; features such as standardised 
gain, depth and focus point, and use of stability of brightness over multiple images increase 
repeatability of an ultrasound scan. The 3D ultrasound data block also facilitates the possibility to 
compare the exact location of abnormalities in a tendon. Although still some user dependency 
(e.g. movement artefacts) exists when performing UTC scans, having the ultrasound probe fixed 
in a machine standardises transducer tilt and rotational angle.

Determination of tendon structure with UTC, the primary outcome measure used in two of the 
studies in this thesis, seems valuable in studying and monitoring patellar tendinopathy. UTC has 
been shown to be able to discriminate between symptomatic and asymptomatic Achilles tendons 
in humans.19 It was also found to have a good inter-observer reliability in Achilles tendons19 and 
reliability for the patellar tendon was found to be promising in chapter 2. A link between UTC echo-
types and histopathology of tendons has been established in the superficial digital flexor tendon 
of horses: histopathology of tendon samples was matched to UTC echo-types of the same tendon. 
Echo-type I matches intact and aligned tendon bundles, echo-type II matches less integer and 
waving tendon bundles; echo-type III matches mainly fibrillary tissue; and echo-type IV matches 
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mainly amorphous matrix with loose fibrils, cells or fluid.21 The superficial digital flexor tendon in 
horses is closely related to Achilles tendons of humans.23 Therefore, it can be expected that a link 
with histopathology is present in humans as well. However, to confirm this link further research 
is necessary to investigate if UTC echo-types can indeed be directly linked to histopathological 
changes. It is hypothesised that UTC images can distinguish different phases in the continuum 
model; reactive and degenerative tendons may be discriminated.24 This would have important 
implications for the treatment of patellar tendinopathy. The diagnosis could be specified, making 
a more individually tailored treatment possible. Future research should investigate the relationship 
between UTC image and different presentations (reactive or degenerative phase) of patellar 
tendinopathy.

It is important to take notice of UTC machine settings when interpreting studies using UTC. 
Since UTC has been in development over the last decades, several features of the machine have 
been changed over time. Early studies moved the ultrasound probe manually along the tendon 
instead of using an automated machine.19 Furthermore, the early release of the UTC has a different 
ultrasound probe (SmartProbe 10L5) compared to the current release of the machine (SmartProbe 
12L5-V). The part of the tendon of which the stability of echo pattern is quantified (window size) can 
also be varied. The studies in this thesis used window size 25, which corresponds with a distance of 
4.8mm over which the stability is calculated. A distance of 3.2mm or 1.6 mm can also be used; this 
can potentially influence the results. However, data from chapter 2 were also analysed with these 
different window size settings post-hoc. Although absolute values differed, changes in echo-type 
percentages over time were not different from other window sizes. An ongoing discussion around 
UTC machine settings exists; further research on this subject is necessary to finalise this discussion. 
Meanwhile it is essential that characteristics of UTC scans are always reported when reporting 
research or clinical data.

Technical developments have led to new imaging techniques which have potential value in 
clinical practice. Conventional B-mode ultrasound is currently the most used imaging technique 
for patellar tendinopathy. Besides UTC, several imaging techniques are currently developing to 
improve tendon imaging. An ultrasound technique that is still in its early days is elastography. 
Elastography is based on the strain (displacement) caused by external compression of the 
tendon.20 Elasticity of tendon relative to its environment is displayed as different colours placed 
on top of a B-mode ultrasound image. Preliminary research showed better diagnostic accuracy 
of elastography combined with B-mode ultrasound in Achilles tendinopathy compared to 
only B-mode ultrasound.25 However, elastography has similar limitations (2-D image and user 
dependency) as conventional ultrasound.26 Oher developments in imaging techniques are new 
MRI techniques with use of contrast agents.27 Main limitations are the cost of these imaging 
techniques and limited availability of MRI-scanners. Based on previously mentioned characteristics 
of UTC and its potential to detect small changes in a tendon in response to load28,29, UTC might be 
the best currently available tool to evaluate and monitor tendon structure in response to load, and 
it might increase the importance of imaging of the tendon. More research is needed to further 
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explore the possibilities of UTC and other imaging techniques to improve tendon imaging for 
clinical practice.

A story from the field – management

You start his treatment by educating the patient about the on/off nature of patellar tendon 
pain and the need for gradually building the capacity of the tendon. You explain that the 
pain is related to the load placed on the tendon: when he stops playing volleyball (e.g. off-
season), it is expected that the pain will decrease as well. However, pain is likely to return 
when load is increased in the pre-season. Capacity of the tendon needs to be increased 
by gradually increasing load through exercises; unfortunately treatment of this injury is no 
quick fix. For the final 4 weeks of current season you instruct him to perform an exercise 
program consisting of 4 exercise sessions per week on a leg extension machine (heavy 
weight isotonic/isometric exercises) to decrease pain. Subsequently, capacity of the patellar 
tendon needs to be increased in the off-season. Rehabilitation will be continued with slow 
speed, functional strength exercises. When strength is sufficient, speed is introduced into 
the program, and finally plyometric work is added. The kinetic chain is addressed during 
rehabilitation including muscle wasting of the gastrocnemius muscle. Especially in the 
early phases of return to sport, you indicate 2-3 days of relative rest between volleyball 
sessions.

Management
Management of patellar tendinopathy can be very difficult, a large range of treatment options 
exist with variable success rates.30 An important finding of this thesis was the possibility to 
decrease patellar tendon pain with exercise programs in-season (chapter 3). This is another piece 
of evidence supporting exercise as treatment for patellar tendinopathy. Previous studies have also 
outlined the importance of exercise programs in the treatment of this injury.31,32 Exercise seems to 
be the only treatment modality to positively influence the tendon on cellular level; in-vitro and 
ex-vivo studies have shown33 that mechanical loading positively influences mechanical properties 
of a tendon.13.

Establishing the phase of tendinopathy on the basis of the continuum model may be an 
important first step for the treatment of patellar tendinopathy.34 Clinically it is important to 
distinguish a reactive or degenerative tendinopathy. Recently a reactive on degenerative phase has 
been described as well35; this can be seen in a patient with underlying degenerative tendinopathy 
who overloaded his/her tendon. A patellar tendinopathy in the degenerative phase will need 
a different treatment than a patellar tendinopathy with a reactive component. The following 
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paragraphs provide recommendations for the treatment of patellar tendinopathy based on the 
findings of this thesis (chapters 3-6) and current literature in the light of the continuum model.

Reactive patellar tendinopathy
A 4-week isometric and isotonic exercise program on a leg extension machine decreased pain in 
patellar tendinopathy patients (chapter 3). These programs can be particularly useful in reactive or 
reactive on degenerative tendinopathies, because these phases are characterised by a (sudden) 
increase in pain. Since it is not necessary to withdraw from training or matches during isometric 
and isotonic programs, these interventions may be very useful in the competing athlete. This is 
in contrast to the often studied eccentric exercise protocol of Alfredson,36 that causes symptoms 
to worsen or remain the same in prolonged tendon loading.37,38 Next to isometric or isotonic 
exercises, adjustment of load may be necessary when pain does not diminish. Load adjustment 
can for example be achieved by removing high load session(s) in a training week, or skipping part 
of a session in which repetitive explosive movements are performed.

It is important to realise that the investigated interventions aim to decrease pain in the short 
term. The training effect of muscle and tendon is only small considering the 4-week time period. 
Isotonic or isometric exercises may have a pain management function in-season or during the 
initial weeks after a patient first presents to a clinic. After the acute pain decreases it is necessary 
to continue with appropriate rehabilitation. Exercises solely on a leg extension machine, as in the 
investigated programs, will not be sufficient for continued rehabilitation. Refusing to continue 
with appropriate rehabilitation will likely lead to a continuation or worsening of pain symptoms. 
The following paragraphs will discuss some of the possibilities for appropriate rehabilitation after 
acute pain decreases by means of isotonic or isometric exercises and/or load adjustment.

Targeting deficiencies in the entire kinetic chain of a patient with patellar tendinopathy is an 
essential part of continued rehabilitation. A period with decreased sport activities, such as the off-
season, may be ideal to target these deficiencies. Reducing load in the off-season will likely cause 
symptoms to further decrease because there is simply no provocative load to trigger symptoms. 
Unloading of the tendon causes a reduced capacity of the tendon to withstand loads.18 As in every 
tendinopathy, it is essential that patellar tendinopathy patients are not completely immobilised. 
Immobilisation will lead to further reduction of the quality of tendon tissue.39 The (sudden) increase 
in load at the start of the new season may very well lead to a relapse of symptoms.

Ceasing or diminishing explosive movements which use the stretch-shorten cycle (SSC) in 
the first weeks off-season seems important to provide relative rest to the tendon and prevent 
further cumulative damage. This period is ideal to target strength deficiencies in the entire kinetic 
chain.24,40 Heavy resistance exercises at slow speeds are the preferred exercises in this phase to 
improve capacity of the stretch shorten cycle.24,41,42 When strength of the patient is sufficient, 
rehabilitation should progress to sport specific functional exercises and subsequently to ‘high 
tendon load’ exercise including skipping, running and controlled jumping to increase tendon 
capacity. Finally, more fast contractions should be integrated in the program (more use of SSC). 
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Timing of sessions during the rehabilitation is important. Tendons need time to adapt43,44, days 
between training sessions and timing of training before competition is crucial, 2 or 3 days of 
relative rest may be needed.

As outlined before, the exact way in which exercise-based physical therapy programs reduces 
pain is not known. Indeed, it is still unknown what causes pain in (patellar) tendinopathy. It has 
physiological as well as pathophysiological characteristics.45. Focal pain and pain related to load 
are physiological characteristics of tendon pain, other pathophysiological characteristics are that 
pain has no direct link with abnormalities in the tendon, pain can persist for years and there is no 
inflammation with a clear end point.45 Hypotheses about the origin of pain in tendinopathy are 
both peripheral (e.g. matrix, vascular or tenocyte changes) as well as central (e.g. sensitisation) 
mechanisms.45,46 More knowledge on pain in tendinopathy can lead to application of this 
knowledge in treatments. Therefore, more basic science on pathophysiology and origin of pain in 
tendinopathy is needed to increase knowledge on this subject.

Degenerative patellar tendinopathy
When dealing with an ongoing degenerative patellar tendinopathy, a multi-dimensional treatment 
approach is a good option. An exercise-based physical therapy program may be combined with 
other treatments; one of the options is an injection in the patellar tendon. Since a post injection 
exercise program consists of an adjustment of the load followed by a gradual increase in load, 
one might argue that the achieved results can be ascribed to the exercise program alone. On the 
other hand, in most studies investigating injection treatments, one of the inclusion criteria was 
that previous, often unspecified, conservative treatment was not successful. When choosing an 
injection treatment, it does not seem to matter (except for corticosteroids) what is injected in the 
tendon (chapter 5). Although different types of injection treatment have different rationales such as 
attenuating pain or facilitating regeneration (chapter 5), it might be the penetration of the tendon 
with a needle itself that is effective. Injecting in the tendon may result in an inflammatory reaction 
of the tendon which can be beneficial in a degenerative tendon.47 This might start regeneration 
of collagen in the degenerative area of the tendon. In contrast, as put forward in chapter 4, 
remodelling tendon structure might not be needed for pain reduction during rehabilitation; this 
questions the additional value of an injection into the degenerative area of the tendon. An array 
of injections is available on the market, for example many different kits are on sale to produce 
various forms of platelet-rich plasma. Based on the review in this thesis (chapter 5) choosing a 
far more expensive platelet-rich plasma injection does not seem to have additional benefit over 
other much cheaper injections. This seems to be supported by a randomised controlled trial in the 
Achilles tendon comparing platelet-rich plasma with a saline injection.48

Physical therapy – clinic and research
This thesis contains research on real-life loading of athletes and interventions for patients with 
patellar tendinopathy. Conducting research on athletes and patients in real-life situations comes 
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with limitations. One of the major difficulties of this kind of research is controlling the environment. 
For instance, it is not possible to measure the exact load placed on a tendon over a time period, 
load on a tendon will always be an estimate; for example, based on number of jumps and landings, 
hours participating in sports and/or subjective loading of a participant. Furthermore, restricting 
or imposing behaviour of participants in daily activities and/or sports may be hard, especially in 
longer term interventions; and it can be difficult to do measurements outside a lab setting.

A treatment should be tailored to a specific case; ‘one size does not fit all’49,50. Exercise 
programs and other treatments described in this thesis should thus not be used as a recipe for 
all patients with patellar tendinopathy. Many differences such as phase of tendinopathy (reactive 
or degenerative) and loading history exist between patients. In contrast to the importance of 
an individually tailored treatment for patellar tendinopathy, participants within a study group in 
scientific research receive, by definition, the same treatment to be able to make statements on 
that specific treatment. Clinical practice and scientific research in physical therapy might thus 
seem conflicting. A critic might say ‘why are we doing this clinical physical therapy research? We 
have to treat every patient differently anyway’. However, advantages of real-life clinical studies 
outweigh the limitations involved in conducting such studies. Clinical research in (exercise-based) 
physical therapy is essential to obtain reliable knowledge on application of basic research and 
effects of specific treatments in practice.51 When we do not study and present results on physical 
therapy treatments, treatment in clinical practice will just be based on personal experiences of 
clinicians.52 It is important to obtain a good understanding of the features (e.g. type of exercise, 
weights, duration of a program, etc.) that are important for a successful (patellar tendinopathy) 
treatment. High quality scientific studies are needed for a better treatment and an optimal 
recovery of the patient; this may also contribute to a reduction of healthcare costs. The studies in 
this thesis have a high degree of ‘real-life’ situations and clinical applicability. Due to the nature of 
the studies, translation of this research into clinical practice is fairly easy and contributes to current 
treatment of patellar tendinopathy. Clinical research in (exercise-based) physical therapy should 
be expanded in the future.

A story from the field – results

The volleyball player was able to play with fewer symptoms during the final weeks of the 
play-offs. Partly due to his contribution his team won the championship. His off-season 
rehabilitation should lead to a prevention of recurrence of patellar tendinopathy symptoms 
during the next season. A prevention program in the off-season of the following seasons 
might be needed to prevent return of symptoms in the long term.
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Clinical implications
The following clinical implications of this thesis in a broad perspective can be provided:
• Exposing healthy (adolescent) tendons to consecutive days of loading is in general not 

detrimental for structure of adolescent patellar tendons. Individual risk factors such as presence 
of hypoechoic abnormalities may cause a decrease in patellar tendon structure from the same 
load.

• Heavy load isometric and isotonic exercise programs can contribute to reducing symptoms of 
patellar tendinopathy. A decrease in symptoms after a 4-week exercise program does not have 
a direct link to structural change of a patellar tendon.

• Injection treatments are an option in the multidimensional treatment of patellar tendinopathy. 
Type of injection (except corticosteroid injection) does not seem to matter for outcome of a 
treatment.

• A post injection exercise-based physical therapy program seems to be important when 
choosing for an injection treatment.

Suggestions for future research
More work in the field of patellar tendinopathy is required to ensure a successful treatment and to 
be able to decrease the prevalence of this hard to treat injury. An outline of recommendations for 
future research, some previously mentioned, is provided below:
• To establish the critical load for tendon structure change, effects of loading should be further 

investigated in in-vivo studies. Studies should focus on the effects of acute high bouts of 
loading as well as cumulative loading on tendon structure, with structure measured at regular 
intervals. Tendon structure can be monitored with UTC or other evolving imaging techniques.

• The effects of the same loading on tendon structure in different populations (different set of 
risk factors) with different loading histories should be investigated as well. For example, effects 
of loading on tendon structure of athletic versus inactive individuals. Larger studies are needed 
to determine risk factors for tendon structure change.

• The long term effects of isometric and isotonic exercises on clinical outcomes and tendon 
structure should be investigated in future studies

• Studies that explore the effects of exercise programs on pain and function should be 
prominent in upcoming patellar tendinopathy research. Different characteristics (e.g. type of 
exercises, weights, duration of program and pain during exercises) of exercise programs should 
be further investigated. Next to clinical outcomes, effects of exercise programs on tendon 
structure, tendon dimensions, muscular strength and changes to the central nervous system 
should be further investigated.

• The possibilities of UTC need to be further investigated and used in research to study the 
relation between UTC images and different clinical presentations of patellar tendinopathy.

Van_Ark.indd   114 14-8-2015   16:26:03



General discussion 

115

7

• Special attention should be paid to post injection (exercise) programs when investigating 
injection treatments. Injection treatments for patellar tendinopathy should be further 
investigated in high quality (randomised controlled) studies.

• Basic science to establish the exact pathophysiology and origin of pain in patellar tendinopathy 
is needed to underpin treatments and prevention of this injury.

Conclusion

In general, patellar tendon structure of an adolescent athlete does not seem to be affected during 
cumulative days of loading; the presence of hypoechoic abnormalities in a tendon might result 
in a different tendon response. Exercise-based physical therapy is an important component of 
patellar tendinopathy management; exercises can decrease pain, even when load is not adjusted. 
Athletes with patellar tendinopathy in-season can benefit from isometric or isotonic exercises, 
even though structure is not affected. Injection treatments might be of additional value in the 
multi-dimensional treatment of patellar tendinopathy; it does not seem to matter (corticosteroids 
excepted) what is injected in the tendon. Although it is a utopia to believe that findings of this 
thesis will make patellar tendinopathy treatment easy, it provides important new knowledge for 
its treatment, guidelines for clinical practice and directions for future research.
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Summary

Patellar tendinopathy, commonly known as jumper’s knee, is an overuse injury of the patellar 
tendon with a high prevalence. It is particularly seen in jumping athletes such as volleyball and 
basketball players, and can have a major impact on sports and even work participation. Aetiology 
and pathophysiology of patellar tendinopathy are still not fully elucidated. Management of 
patellar tendinopathy is often challenging; many different treatments with variable outcome 
are currently being used. The general aim of this thesis was to investigate the development and 
management of patellar tendinopathy. Specific aims were: 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; and 3. To determine the role of exercise-based physical therapy and injection in 
patellar tendinopathy treatment.

The first aim of this thesis, determining the effect of patellar tendon loading on tendon 
structure, was investigated in Chapter 2. The patellar tendons of adolescent volleyball athletes 
(aged 16-18) were scanned with ultrasound tissue characterisation (UTC) on every day of a five-
day volleyball tournament in which they participated. Results showed that tendon structure on 
UTC (echo-types I and II) did not change during the course of the tournament. A trend was found 
for athletes with hypoechoic abnormalities at the start of the tournament, showing a decrease in 
patellar tendon structure on UTC during the tournament.

The effects of two new exercise-based physical therapy modalities for in-season management 
of patellar tendinopathy were determined in Chapters 3 and 4 (second aim). Chapter 3 focussed 
on clinical outcome. Volleyball and basketball players with a diagnosed patellar tendinopathy who 
played or trained at least three times per week were included in a randomised clinical trial. They 
were randomised into an isometric or an isotonic exercise program. Both groups performed a 
4-week exercise program with exercises on a leg extension machine four times per week. The 
isometric and isotonic exercise programs were matched for time under tension. Level of pain as 
indicated on a numeric rating scale (NRS) during a single-leg decline squat, a provocative clinical 
test to monitor tendon pain, was the primary outcome measure. A total of eight athletes in the 
isometric group and eleven athletes in the isotonic group completed the exercise program and 
all measurements. Median (interquartile range) NRS pain scores improved significantly over the 
4-week intervention period within the isometric group at 6.3 (5.3-7.0) to 4.0 (2.0-5.0) and within the 
isotonic group at 5.5 (4.0-6.0) to 2.0 (1.0-3.0). There was no significant difference in NRS pain score 
change between the two groups.

The effects of the exercise programs on patellar tendon structure using UTC were studied in 
Chapter 4. Before and after the exercise program, the patellar tendons of the participants were 
scanned with UTC to assess tendon structure and dimensions. Echo-types, anterior-posterior 
thickness and mean cross sectional area did not change after the 4-week exercise program. It can 
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be concluded from Chapters 3 and 4 that, in contrast to previously studied exercise programs, 
both of these exercise programs showed a decrease in pain in-season without adjustment of 
sport activities. A 4-week isometric or isotonic exercise program did not change tendon structure 
or dimensions on UTC, despite a pain decrease and function improvement.

In Chapters 5 and 6 the role of exercise-based physical therapy and injection in patellar 
tendinopathy treatment was determined (third aim). Chapter 5 is a systematic review of the 
literature on injection treatments for patellar tendinopathy. Studies on seven different injection 
treatments were found in the literature search, all with positive results, although this should 
be interpreted with caution as mainly low-quality studies were included in the review. It was 
demonstrated that corticosteroid injections are an exception; a relapse was found in all three 
randomised controlled trials investigating corticosteroid injections. In short, corticosteroid 
injections are detrimental in the treatment of patellar tendinopathy. Other injection treatments 
seem to be quite beneficial irrespective of the type of injection, yet these positive outcomes 
might also be explained by the post-injection rehabilitation program. All studies used a post-
injection exercise program and emphasised the importance of such a program for a beneficial 
outcome of treatment. Contrary to expectations, the exercise programs were only poorly 
described in the existing literature. Chapter 6 does provide an evidence- and best-practice-based 
post-injection exercise program. This program is characterised by a work-up of muscle strength, 
endurance, power and sport-specific function. The effects of a platelet-rich plasma injection in 
combination with this exercise program were investigated in five patellar tendinopathy patients 
(six tendons) who were recalcitrant to previous conservative treatment. The program was found 
to be feasible and first results of the combined platelet-rich plasma injection with this exercise 
program were mostly positive. Five of the six tendons showed an improvement after 26 weeks of 
at least 30 points on the VISA-P (Victorian Institute of Sport Assessment – Patella), a questionnaire 
assessing the severity of pain and function limitation.

Results of the previous chapters are put into a broader perspective in the general discussion 
in Chapter 7. Multiple factors that influence the effect of tendon loading on tendon structure are 
discussed, as is the imaging of tendons with UTC. The management of patellar tendinopathy is 
subsequently reviewed based on the results of this thesis and current insights from the literature. 
Reactive and degenerative tendinopathy are distinguished for purposes of management of 
patellar tendinopathy. The importance of clinical research in exercise-based physical therapy is 
also discussed, and clinical implications and suggestions for future research are proposed. One of 
the main clinical implications of this thesis is that heavy-load isometric and isotonic exercise 
programs can contribute to reducing symptoms of patellar tendinopathy. Corticosteroid injections 
are detrimental in the treatment of patellar tendinopathy, while other injections can be an option 
as part of its multidimensional treatment, however positive outcomes may also be the result of a 
post-injection rehabilitation program.
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Patella tendinopathie, ook wel bekend als jumper’s knee, is een veel voorkomende 
overbelastingsblessure van de kniepees. Het komt met name voor bij springsporters zoals 
volleyballers en basketballers en kan een grote impact hebben op sport- en zelfs werkparticipatie. 
Patella tendinopathie is een blessure die langdurig klachten kan geven en moeilijk te behandelen 
is. Ondanks een toename van onderzoek op gebied van tendinopathieën is het nog steeds niet 
duidelijk hoe een patella tendinopathie ontstaat en wat de beste behandeling ervan is. Het 
algemene doel van dit proefschrift was meer inzicht te krijgen in de ontstaanswijze en behandeling 
van patella tendinopathie. Specifieke doelen waren: 1. Het bepalen van het effect van belasting op 
structuur van de patellapees; 2. Het bepalen van het effect van twee nieuwe fysiotherapeutische 
oefenprogramma’s voor de behandeling van patella tendinopathie op pijn en structuur van de 
pees tijdens een seizoen; en 3. Het bepalen van de rol van fysiotherapeutische oefentherapie en 
injectiebehandelingen op patella tendinopathie.

Het eerste specifieke doel, het bepalen van het effect van belasting op de structuur van de 
patellapees is onderzocht in hoofdstuk 2. De structuur van de patellapees van adolescente 
volleyballers (16-18 jaar) werd tijdens het spelen van een volleybaltoernooi vijf achtereenvolgende 
dagen gemeten met een relatief nieuwe beeldvormende techniek voor pezen, genaamd 
ultrasound tissue characterisation (UTC). Deze studie toonde aan dat structuur van de patellapees 
van adolescente volleyballers gemeten met UTC (echo-types I en II) over het algemeen niet 
verandert gedurende vijf cumulatieve dagen van belasting van de pees. Wanneer er hypo-
echogene zones in de patellapees aanwezig waren voor aanvang van de belasting kan cumulatieve 
belasting over meerdere dagen wel leiden tot een verdere disorganisatie van de structuur van de 
patellapees (trend).

Hoofdstukken 3 en 4 hadden als doel om de effecten van twee fysiotherapeutische 
oefenprogramma’s ter vermindering van pijn tijdens een seizoen te onderzoeken (tweede doel). 
Een gerandomiseerd klinisch onderzoek waarin volleyballers en basketballers met een patella 
tendinopathie tijdens een seizoen deelnamen is beschreven in hoofdstuk 3. De deelnemers 
trainden of speelden ten minste drie keer per week en volgden na randomisatie een isometrisch 
of een isotonisch oefenprogramma. Het oefenprogramma duurde 4 weken waarin 4 keer per week 
oefeningen op een leg extension apparaat werden uitgevoerd. De duur van de spiercontracties 
tijdens de isometrische en isotonische oefeningen was gelijk voor beide de groepen. Pijn op 
een numeric rating scale (NRS) tijdens een single leg decline squat, een provocatieve klinische 
uitkomstmaat om pijn aan de patellapees te monitoren, was de belangrijkste uitkomstmaat. Deze 
nam significant af in zowel de isometrische als isotonische groep. Deelnemers die het isometrische 
programma (n=8) hadden gevolgd, lieten een vermindering van de pijn van 6.3 (5.3-7.0) naar 
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4.0 (2.0-5.0) (mediaan (interquartile range)) zien; de isotonische groep (n = 11) liet een afname van 
5.5 (4.0-6.0) naar 2.0 (1.0-3.0) zien (mediaan (interquartile range)). Er was geen significant verschil in 
pijnafname (NRS) tussen de isometrische en isotonische groep.

De effecten van deze 4 weken durende oefenprogramma’s op afmetingen en structuur van 
de patellapees gemeten met UTC werden onderzocht in hoofdstuk 4. In deze studie werd een 
UTC scan gemaakt voorafgaand en na afloop van het hiervoor beschreven 4 wekende durende 
oefenprogramma om de structuur en omvang van de patellapees te bepalen. Zowel de echo-
types, dikte als gemiddelde oppervlakte van de pees veranderden niet na 4 weken. Uit de 
hoofdstukken 3 en 4 kan worden geconcludeerd dat, in tegenstelling tot eerder onderzochte 
oefenprogramma’s tijdens een seizoen, zowel een isometrisch als isotonisch fysiotherapeutisch 
oefenprogramma van 4 weken de pijn van sporters met een patella tendinopathie tijdens een 
seizoen kan verlichten zonder aanpassing van de sportbelasting. Ondanks een verbetering van 
pijn en functie heeft een 4 weken durend isometrisch of isotonisch oefenprogramma geen 
(direct) effect op de structuur en omvang van de patellapees op UTC.

De rol van fysiotherapeutische oefenprogramma’s en injectiebehandelingen voor patella 
tendinopathie werd onderzocht in hoofdstukken 5 en 6 (derde doel). In hoofdstuk 5 is een 
systematische review van de literatuur over injectie behandelingen beschreven. Deze review 
liet zien dat alle zeven bestudeerde injectiebehandelingen een positief resultaat lieten zien in 
de behandeling van patella tendinopathie. Een voorzichtige interpretatie van deze resultaten is 
echter wel noodzakelijk aangezien voornamelijk studies van een lage kwaliteit beschikbaar waren. 
Een uitzondering op de positieve resultaten is een injectie met corticosteroïden; een terugkeer van 
de symptomen trad op bij alle drie gerandomiseerde en gecontroleerde studies die injecties met 
corticosteroïden onderzochten. Kortom, corticosteroïden injecties geven slechte resultaten in de 
behandeling van patella tendinopathie, de resultaten van andere injecties lijken allemaal positief. 
Deze positieve resultaten kunnen echter ook het resultaat zijn van het revalidatie programma na 
de injectie. Alle studies maakten gebruik van een oefenprogramma na de injectie en ook werd 
het belang van deze oefenprogramma’s benadrukt in diverse studies. In tegenstelling tot wat 
zou mogen worden verwacht, waren de oefenprogramma’s echter zeer beperkt beschreven. 
Om deze reden werd in hoofdstuk 6 een evidence- en best-practice based oefenprogramma 
specifiek voor na een injectiebehandeling van de kniepees beschreven. Dit programma bestaat 
uit een opbouw van spierkracht, uithoudingsvermogen, power en sportspecifieke functie. Naast 
de beschrijving van dit programma, werd een plaatjes-rijk plasma injectie in combinatie met 
dit oefenprogramma getest bij vijf patiënten (6 pezen) met een patella tendinopathie. Eerdere 
conservatieve behandelingen in deze groep patiënten waren niet succesvol. Dit oefenprogramma 
bleek goed uitvoerbaar en de eerste resultaten van een plaatjes-rijk plasma injectie gecombineerd 
met het oefenprogramma waren voornamelijk positief. Vijf van de zes patiënten lieten na een half 
jaar een klinisch relevante verbetering zien van ten minste 30 punten op de VISA-P score, een 
score op een vragenlijst naar ernst van de pijn en functie beperking.
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De resultaten van voorgaande hoofdstukken worden in de algemene discussie in hoofdstuk 7 
in een breder perspectief geplaatst. Er wordt hierin onder andere ingegaan op de verschillende 
factoren die van invloed kunnen zijn op verandering van peesstructuur en de beeldvorming van 
pezen met UTC. Vervolgens wordt de behandeling van patella tendinopathie op basis van de 
resultaten van dit proefschrift en de huidige inzichten in de literatuur behandeld. Hierbij wordt 
onderscheid gemaakt tussen reactieve en degeneratieve patella tendinopathie. Het belang 
van klinische studies in (oefentherapeutische) fysiotherapie wordt hierna besproken. Tot slot 
worden klinische aanbevelingen en suggesties voor vervolgonderzoek gedaan. Een van de 
belangrijke klinische aanbevelingen is dat isometrische en isotonische oefeningen met een zware 
belasting kunnen bijdragen aan de vermindering van symptomen van patella tendinopathie. 
Corticosteroïden injecties zijn nadelig in de behandeling van patella tendinopathie, overige 
injectiebehandelingen kunnen een optie zijn in de multidimensionale behandeling van patella 
tendinopathie waarbij het niet lijkt uit te maken wat er wordt geïnjecteerd. Positieve resultaten 
kunnen echter ook het gevolg zijn van het oefenprogramma na injectie.
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