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INTRODUCTION
Patellar tendinopathy (PT) is an overuse injury of the patellar tendon that affects 
mostly jumping athletes, like volleyball and basketball players.1 2 Load is thought 
to be a major patho-aetiological component, modulated by an interaction with 
intrinsic and extrinsic factors.3-5 The clinical presentation of PT is localised pain, 
most commonly at the inferior pole of the patella.6 This tendon pain is associated 
with tendon loading in a dose-dependent manner, with increasing load leading 
to increasing pain.3 The functional limitations as a result of PT can be severe and 
are not solely limited to sports.7 8 At the moment, complete recovery cannot be 
warranted despite numerous  treatment options.9  As a result, symptoms of PT are  
often long-lasting and can persist even after termination of an athletic career.7 
Several changes in tendon structure are observed in tendinopathy in imaging 
or microscopic studies of tendons (e.g. thicker tendons, changed number and 
shape of tenocytes, change in collagen fibres and ultimately presence of neo- 
neurovascularisation).3 10 11 These changes can appear in different combinations 
and degrees of severity3 10 12 but are only weakly related to pain.13-15 Although pain  
is the most defining symptom in PT, its exact causes are unknown. It seems that 
peripheral and central mechanisms, in addition to local tissue changes, play a role  
in tendon pain.12

 
PREVENTION
Overuse injuries – like PT –  are at least as impairing for athletic performance as 
acute injuries,1 but have not received wide attention in the sports injury prevention 
literature.16 17 More research into preventative measures for PT is therefore  
definitely necessary.17 

Van Mechelen designed a ‘sequence of prevention’ model for the  
development of preventative measures for sports injuries.18 This sequence consists 
of four steps (Figure 1). In the first step, the problem must be identified thoroughly 
in terms of incidence and severity; in step 2, the mechanisms and factors that are 
associated with the injury have to be determined; in the third step, the information 
from the second step can be used to develop preventative measures to reduce  
future risk and/or severity of the injury. After that, the first step should be  
repeated to evaluate the effect of the preventative measures (step 4).
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influence the risk of sustaining injuries, predisposing the
athlete to injury, and are therefore by definition risk factors.
In addition, external factors such as shoe traction and floor
friction may modify injury risk, making the athlete even
more susceptible to injury. It is the presence of both internal
and external risk factors that renders the athlete susceptible
to injury, but the mere presence of these risk factors is not
sufficient to produce injury. The sum of these risk factors and
the interaction between them ‘‘prepares’’ the athlete for an
injury to occur in a given situation. Meeuwisse describes the
inciting event as the final link in the chain that causes an
injury, and such events are regarded as necessary causes. He
also states that such an inciting event is usually directly
associated with the onset of injury.
As an example, Olsen et al17 recently showed that there is

an increased risk of ACL injuries on high friction floors in
handball, but for female players only. This indicates that
there is an interaction between sex (internal risk factor) and
floor friction (external risk factor) in injury risk, which
suggests that there may be a difference in the characteristics
of the inciting event between sexes, as well. Perhaps there are
differences between male and female players in how they cut
and land, which puts the female knee in a vulnerable
situation when shoe-floor friction is high. In fact, Hewett
et al18 recently showed, in a prospective cohort study, that
valgus loading predicted ACL injury in a group of 205 female
athletes participating in soccer, basketball, and volleyball.
These examples illustrate the need to use a model that
accounts for all of these factors at the same time, and not
only examine the biomechanics associated with injury or the
individual or external risk factors in isolation.

DESCRIBING THE INCITING EVENT: THE
BIOMECHANICAL PERSPECTIVE
Therefore a precise description of the inciting event is a key
component to understanding the causes of any particular
injury type in sports. The term ‘‘injury mechanism’’ is widely
used in medical literature to describe the inciting event in
biomechanical terms, but its meaning is not well defined.
Whiting and Zernicke19 defined this term as ‘‘the funda-
mental physical process responsible for a given action,
reaction or result’’. In another biomechanical perspective,
injury is ‘‘equivalent to the failure of a machine or
structure’’.20

In a basic biomechanical model that takes tissue properties
as well as load characteristics into account, injury results
from a transfer of energy to the tissue.20 21 The mechanical
properties of human tissue, such as stiffness (stress–strain
relation) and ultimate strength, govern how the body
responds to physical loads. They differ for each tissue and
are dependent on the nature and type of load, its rate, the
frequency of load repetition, the magnitude of energy
transfer, and intrinsic factors such as age, sex, and physical
condition. In this model, it is the relation between load and
load tolerance that determines the injury outcome of an
event. The key point to consider with regard to biomechanical
factors is that they must explain how the event either
resulted in a mechanical load in excess of that tolerated
under normal circumstances or reduced the tolerance levels
to a point at which a normal mechanical load cannot be
tolerated.21

When comparing the biomechanical model with
Meeuwisse’s epidemiological model, load and load tolerance
can be influenced in different ways by the main elements of
the epidemiological model: internal risk factors, external risk
factors, and the incident event. Although all of the three
elements influence load, load tolerance is mainly determined
by the internal risk factors. For instance, important determi-
nants for load tolerance, such as the material properties and
size of a ligament, are influenced by age, sex, body size, and
training background. The same factors can also influence
load—for example, a large male footballer generates higher
ligament loads than a small female gymnast performing the
same task. External risk factors also influence load; protective
equipment such as a helmets attenuate loads, whereas
training on a hard surface increases load. In the same way,
the inciting event clearly determines the load.
McIntosh21 has recently described a more complex bio-

mechanically focused model of injury causation to account
for additional factors that may influence the interplay
between load and load tolerance (positively or negatively),
such as behaviour/attitudes, training, skills, equipment,
coaching, other competitors, and the environment. One of

3. Introducing a
preventive measure

4. Assessing its
effectiveness by
repeating step 1

2. Establishing the
aetiology and
mechanisms of
sports injuries

1. Establishing the
extent of the injury

problem:
• Incidence
• Severity   

Figure 1 Four step sequence of injury prevention research.
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Figure 1: The sequence of prevention proposed by van Mechelen (1992) (reproduced from 
Sports Medicine, van Mechelen et al, 14, 82-99, 1992 with permission from Springer)

Establishing the extent of injury – step 1
To gain proper insight into the extent of the injury, the incidence as well as the  
severity of the injury should be established. Considering the long duration of an 
overuse injury like PT, determining the incidence – new cases during a specific  
period of exposure – would underestimate the problem. A more appropriate  
measure for overuse injuries is determining the prevalence: the proportion of 
athletes having the injury at any point in time.19 For PT, the prevalence among elite 
volleyball and basketball players is found to be as high as 44 and 32%; among non-
elite players these percentages were 14 and 12 respectively.1 2 Lower percentages 
are found among non-elite track and field (5%), field hockey (5%) and soccer  
players (3%). 

To determine the severity of the injury, van Mechelen described six criteria:  
1) nature of the sports injury, 2) duration and nature of the treatment, 3) sporting 
time lost, 4) working time lost, 5) permanent damage and 6) costs. Analysing these 
six criteria provide insight into the severity of the sports injury. These six criteria in 
PT will be discussed subsequently.
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PT is a tendon injury with a pathogenesis that is not completely clear20 and a 
largely unknown pain mechanism,12 so it should not be very surprising that this  
injury is difficult to treat. There are numerous treatment options available 
nowadays, but it seems that the number of options are inversely proportional to 
their effectiveness.21 The most commonly used conservative treatment is eccentric 
exercise on a 25° decline board. Although several studies show positive outcomes 
for this type of exercise training,22 Bahr and colleagues (2006) found that after 12  
months only 55% of the athletes who performed eccentric exercise training  
returned to their normal playing level.23 Another conservative treatment that is 
used in practice is extracorporeal shockwave therapy, but its effectiveness is 
inconclusive.9 When patients are non-responsive to these conservative treatments, 
injection therapies or surgery are the remaining options. While steroid injections  
do not demonstrate good results in the long term, several other injections  
(platelet-rich plasma, autologous blood) seem promising, but before incorporating 
them into practice more high-quality studies are necessary.24 Ultimately surgery is 
the final option in most cases, when other treatments fail to reduce symptoms. But 
even surgery is no guarantee for recovery.9 23 In conclusion, no definite treatment  
is available at the moment.9

As is typical in overuse injuries, most athletes with PT remain active in sports 
despite their pain.16 19 For this reason, sporting time lost, the third criterion of van 
Mechelen, is not a suitable measure for PT. Measures based on functional level  
should be used instead to determine the severity of sports overuse injuries.19 This 
has never been studied in PT though, and creates a gap in the knowledge about PT 
severity. In addition, the impact of PT on work has barely been studied. It seems  
that PT patients do not quit their job because of the injury,7 but similar to what is 
suggested for sports, the effect of PT would be felt predominantly on the  
performance level.25 These are the only known studies about the impact of PT on 
work. The first aim of this thesis is therefore to investigate the impact of PT on  
sports and work performance.

One of the last criteria van Mechelen described is the permanent damage 
resulting from the injury. It is known that PT is generally long-lasting. In a  
population of elite athletes with current PT symptoms, the mean duration of 
symptoms was 32 months.1 Ultimately, more than half of the participants with PT 
had to retire early from sports because of the knee problem and reported having 
residual knee pain during daily activities even years after having ended their  
athletic career.7 This indicates that PT is an impairing injury whose long-lasting  
effects are not exclusively limited to sports participation.

The last criterion concerns the costs that are involved in PT. The total amount 
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depends on the direct costs of medical treatment (e.g. physiotherapy, shockwave 
treatments, surgery), as well as on the indirect costs of reduced productivity at 
work.18 The latter – even more than the direct costs of medical treatment – is found 
to be a major injury-related expense.26

Establishing aetiology and mechanisms – step 2
Investigating the causes of the injury – by identifying risk factors and injury  
mechanisms – is the important second step of the sequence. At the moment,  
mechanical strain theory is one of the theories used to explain tendon injury 
mechanisms. In this theory a failed healing response due to repeated heavy loading  
is the cause of micro-injuries in the tendon.27 Inadequate recovery will lead to 
tenocyte cell death, which will result in reduction of collagen synthesis and 
decreased recovery capacity. This may cause decreased mechanical properties of 
the tendon and an increased risk for injury.27 Not every person responds similarly 
to physical activity and overloading or is equally likely to develop PT. As in many 
injuries, the aetiology of PT is multifactorial, resulting from an complex interaction 
between intrinsic and extrinsic risk factors plus an inciting event.5 In overuse  
injuries this inciting event is usually not one single event – it could be a period of 
repetitive intensive training. The multifactorial nature of PT makes identification of 
specific risk factors difficult. In a systematic review published in 2011 some 
evidence was found for the association of several factors with PT, including male 
sex, overweight, decreased quadriceps flexibility and strength, and high maximal 
jump performance.28 These authors did stress that the evidence for the identified 
factors was limited and that more high-quality research was needed.28 Prospective 
cohort studies are powerful for identifying factors associated with the  
development of an injury.29 In elite young volleyball players there is one  
prospective cohort study known to have investigated risk factors for PT,30 but this 
type of studies that include recreational athletes are lacking thus far. The second 
aim of this thesis is therefore to investigate risk factors for the development of PT 
prospectively, in elite as well as non-elite jumping athletes.   

Introducing preventative measures – step 3
A recent review17 shows only two existing studies about intervention programs for 
the prevention of PT. One of the studies investigated asymptomatic participants 
with patellar tendon abnormalities, showing that eccentric training and stretching 
resulted in a positive effect on tendon structure but increased the risk for PT.31 
The other study investigated the effect of a soccer-specific balance training on 
the prevention of PT.32 This training with 24 female soccer players resulted in a  
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significant reduction in PT incidence. A dose-effect relationship was found,  
meaning that the PT incidence was inversely related to the number of balance 
training sessions.32 Even though this intervention program seemed to be effective 
in decreasing PT incidence, the exact cause of this positive effect remains  
unknown. With only limited available evidence on risk factors and injury  
mechanisms, it is hard to introduce preventive measures.5 It is therefore very 
important that more research into PT risk factors and injury mechanisms is  
conducted before intervention programs are developed. 

Assessing effectiveness by repeating steps 1 through 4
As the exact causes of PT are so far unknown, and only two prevention programs 
have been investigated, it is too early to think about the fourth step – evaluating  
the effectiveness of intervention programs by reassessing the extent of the injury 
(step 1). For a successful implementation of future intervention programs large 
efforts should be made to translate the results into practice, as leaving it up to the 
sports population to fully adopt research findings is a difficult task.33 It is therefore 
crucial to consider the implementation context, with its possible motivators for and 
barriers against accepting changes.29

CONTINUED SPORTS PARTICIPATION WITH PT
In overuse injuries symptoms tend to appear gradually and are mostly activity-
related. For instance, in the first stages of PT pain is present solely after sports  
(stage 1), or disappears after warming up and returns after exercising (stage 2).13 
These characteristics are probably the cause that most athletes remain active in 
sports despite the presence of pain.16 Several cross-sectional studies show that it is 
very common to participate in sports despite pain and reduced function resulting 
from an overuse injury.19 34-36 As symptoms increase athletes may be forced to  
adapt their training, for example by diminishing the jumping load. Another  
measure often used in PT to prolong participation and keep the sports  
performance as maximal as possible is applying a patellar strap or sports tape. Such 
orthoses are very commonly used by athletes trying to minimise pain during sports. 
However, similarly to what is seen with suggested preventive measures based on 
little or no evidence,29 these orthoses are used without any evidence about their 
effectiveness. It is unknown whether the use of a patellar strap or sports tape during 
sports results in pain reduction. This led to the third goal of this thesis – to investigate 
the effect of the use of a patellar strap and sports tape on pain in PT.  

Furthermore, knowledge of the underlying working mechanism of an orthosis 
is very relevant but currently unknown. There are a few theories on the working 
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mechanisms of using a patellar strap or sports tape. One is that an orthosis can 
improve proprioception, as was found in patellofemoral pain syndrome.37 
Proprioception is ‘the perception of movement and position of body segments in 
relation to each other without the aid of vision’.38 If proprioception is improved by 
wearing a strap or tape, this might not only be important for PT patients but also 
have implications for injury and reinjury prevention, as it serves to protect passive 
joint restraints from excessive strain.39 The effect of the use of a patellar strap on  
the knee joint proprioception will therefore also be investigated in this thesis.

AIMS
The scope of this thesis is to gain insight into the severity and aetiology of PT, the 
first steps towards PT prevention, and to study the effectiveness of orthoses used  
by athletes with patellar tendinopathy during sports. The first specific aim of this 
thesis is to investigate the consequences of having patellar tendinopathy on work  
and sports performance. The second aim is to identify risk factors for the  
development of patellar tendinopathy. The third aim is to study the effect of the 
use of orthoses on pain and knee joint proprioception in athletes with patellar 
tendinopathy.

OUTLINE
The first aim of this thesis is investigated in Chapter 2, which describes a study 
about the impact of PT on sports and work performance. Chapter 3 concerns a 
prospective cohort study investigating the second aim of this thesis – risk factors 
for the development of PT. The third aim of the thesis was investigated in Chapters 
4, 5, 6 and 7. Chapter 4 describes the design of a study about the effectiveness of a 
patellar strap and sports tape on pain in PT, and Chapter 5 presents the results of 
this randomised controlled trial. Chapter 6 and Chapter 7 describe the effect of the 
use of a patellar strap on the knee joint proprioception of healthy athletes and PT 
patients. Chapter 8 is the general discussion of the results of the studies from this 
thesis and includes recommendations for future research.  
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ABSTRACT
Background/aim: Greater insight into sports and work performance of athletes  
with patellar tendinopathy (PT) will help establish the severity of this common 
overuse injury of the patellar tendon. Primary aim of this exploratory study is to 
investigate the impact of PT on sports and work performance among athletes with 
PT. Secondary aim is to explore which personal, sports-related and work-related 
factors are associated with decreased work and sports performance.
Methods: Participants in this survey were 77 active athletes with PT (50 males; 
average age 28.1±8.2 years; VISA-P 56.4±12.3). Sports performance, work ability 
and work productivity were assessed using the Oslo Sports Trauma Research  
Center (OSTRC) overuse injury questionnaire, the single-item Work Ability Index 
(WAI) and the QQ quantity questionnaire respectively.
Results: Reduced sports performance was reported by 55% of the participants;  
16% reported reduced work ability and 36% decreased work productivity, with 23% 
and 58% respectively for physically demanding work. More symptoms of PT (lower 
VISA-P score), more problems during sports (higher OSTRC score) and having 
physically demanding work were associated with decreased work performance. A 
lower VISA-P score was associated with decreased sports performance. 
Conclusions: This study shows that the impact of PT on sports and work  
performance is substantial. The impact of PT on physically demanding work is 
particularly large. The results from this study add to the knowledge about the 
severity of PT and stress the importance of developing preventive measures for  
this sports injury.
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INTRODUCTION
Patellar tendinopathy (PT) is a painful overuse injury of the patellar tendon. The  
pain that characterises this chronic injury is activity-related and is often located  
just below the patella, proximally in the tendon. High prevalence rates are found 
especially in jumping athletes.1 Despite the numerous treatment options currently 
available,2 treatment outcomes remain variable and none of them guarantee  
complete recovery. As a result, the complaints tend to be long-lasting.3 The 
development of preventive measures is therefore extremely important. In order 
to prevent injuries, according to the ‘sequence of prevention’ described by van 
Mechelen et al. (1992) the extent of the problem should be unravelled first, not  
only in terms of frequency – incidence or prevalence – but also in terms of  
severity.4 5 

Important factors for determining the severity of sports injuries include  
‘sporting time lost’ and ‘working time lost’.4 As was discussed in several studies,5 6 

sporting time lost is probably not an accurate measure to gain insight into the  
severity of overuse injuries like PT, as symptoms or functional limitations arise 
gradually and most athletes continue doing sports despite their symptoms,  
especially early on. When the problem worsens, athletes are forced to adapt their 
training and often seek medical assistance. Only after a period of failed attempts at 
injury management will athletes quit sports participation.6 Hence only the more 
severe and longer-standing problems resulting in inability to participate in sports 
would be captured measuring sporting time lost. Assessing functional level or 
limitations in performance are more suitable ways to determine injury severity.5

Similar to what was found in sports, measuring working time lost (absence) 
would not be sufficient to gain insight into the impact of PT on work. The effect of 
PT on work is scarcely investigated; one study found that patients with PT do not 
change or quit jobs because of their knee problem,3 but another study found that 
PT can influence work performance negatively.7 The latter study found among 18- 
35-year-old basketball and volleyball players that especially people with heavy, 
physically demanding work indicated being impaired in their job performance (in 
sports-related work 50% and in non-sports-related work 27%). Also the productivity 
at work seemed lower.7 

Gaining more insight into sports performance (the limitations during sports) 
and work performance levels (the limitations during work) of athletes with PT will 
help establish the severity and related impact of this common injury. The primary 
aim of this exploratory study is therefore to investigate the impact of PT on sports 
performance and work performance in athletes with PT. The secondary aim is to 
explore which personal characteristics, sports-related factors and work-related 
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factors are associated with decreased work and sports performance.

METHODS
Study population and design
This survey was conducted between February 2013 and June 2015, and was 
administered among participants of two studies on the effectiveness of a patellar 
strap for PT (ethical approval METc 2012/378 and METc 2014/528).8 Informed  
consent was obtained from all individual participants included in the study. 
Athletes between the ages of 18 and 50 who were clinically diagnosed with patellar 
tendinopathy by an experienced sports clinician were invited to take the survey.  
Only active athletes who had current symptoms in one or both knees over three 
months and a Victorian Institute of Sport Assessment Patella (VISA-P) score below  
80 9 10 were included. Patients with chronic joint diseases or signs or symptoms of 
other knee pathologies were excluded. 

Questionnaires
Using the questionnaires, information was obtained about athletes’ 1) baseline 
characteristics, 2) sports performance and 3) work performance.

1) Baseline characteristics
Personal characteristics were obtained through a baseline questionnaire.  
Questions about the type of sport(s) athletes were involved in, the duration of  
their sports performance, training volume and level of participation were also 
included. Finally, participants were asked about the duration of their symptoms (in 
months).

2) Sports performance
The Dutch translation (as used in the study by Pluim et. al, 201511) of the Oslo  
Sports Trauma Research Centre (OSTRC) overuse injury questionnaire of Clarsen et 
al. (2013) was used to evaluate the impact of PT on the ability to participate in  
sports. The OSTRC overuse injury questionnaire has good internal consistency 
(Cronbach’s alpha of 0.91)6 12 and is considered valid.13 The questionnaire consists  
of four items asking questions about sports performance related to the knee 
problems in the previous period. The first item assesses difficulties when  
participating in sports, the second asks about reductions in training volume, 
the third the extent to which the performance is affected, and the fourth 
how much knee pain was present during sports. The sports performance 
ranges from 0 (no difficulties) to 100 (maximum level of difficulties 
during sports).6 Clarsen et al. considered an injury to be substantial when  
moderate or severe reductions in training volume (item 2) or sports performance 
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(item 3) were documented or when there was complete inability to participate.13  
In this study we use these criteria described by Clarsen to classify participants  
as having low or high sports performance. Participants were classified as having  
low sports performance when the criteria for a substantial injury were met. 
In addition, athletes were asked how many days they were unable to (fully)  
participate in sports in the preceding week. 

3) Work performance
Participants were asked if they had a paid job, for how many hours, and if the job 
was physically demanding, mentally demanding or mixed (both physically and  
mentally demanding). In addition, the single-item work ability index (WAI)14 15 was 
included, comparing current work ability with lifetime best work ability. The single-
item WAI can be used as a simple indicator of self-assessed work ability14 and has  
a very strong association with the seven-item WAI questionnaire, which in turn 
relates well with clinically assessed factors.16 The score on the single-item WAI  
ranges from 0 (not able to work) to 10 (work ability at its best). A score <8 is  
considered as low working ability, a score ≥8 is considered as high working ability.17  
The Quantity and Quality (QQ) questionnaire18 was used to gain insight into the 
quantity and quality of work the participants experienced. Participants were  
asked to rate their current quantity and quality of work compared to what it would be 
like if they had no symptoms of PT. The score ranges from 1 (no  
productivity/quality of work) to 10 (full productivity/optimal quality). Participants 
with a score <10 are considered to have decreased productivity and/or quality of 
work. The QQ questionnaire relates well with the objective work output.19

Analysis
Participants were included when all questionnaires were filled out in their entirety. 
The results were presented as frequencies, means and standard deviations, except 
for PT duration and hours of work per week (median and interquartile range) 
because of skewness of the data. A univariate logistic regression analysis was used 
to investigate which characteristics were possible predictors for low work ability, 
decreased productivity and low sports performance. Since the PT duration and 
the hours of work per week were skewed, these variables were categorised before 
including them in the regression. Data were analysed using SPSS Statistics version 22. 
The level of significance was set at p < 0.05.
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RESULTS
Of the 120 participants who filled out the questionnaires, 77 were included in the 
analysis. Seventeen participants were excluded because one or more questionnaires 
were missing. Additionally, 26 participants without a job (of which 24 students)  
were excluded. Participant characteristics are shown in Table 1. 

Table 1: Descriptive statistics of the participants
N 77
Personal characteristics

Age (years) 28.1 (8.2)
Gender (male/female) 50 / 27

BMIa (kg/m2) 23.8 (2.9)
Injury-related factors

Knee PT (left/right/both) 18 / 22 /37
VISA-P (0-100) 56.4 (12.3)

PT duration (months) 18.0 (28.0)
Sports-related factors

Playing level (recreational/regional/national/international)b 32 / 29 / 15 / 1
Sport (hours per week)b 4.5 (2.2)

Work-related factors
Type of work (physical/ mental/ mixed) 26 / 35 / 16

Working hours per week 32.0 (27.5)

Displayed values are frequencies and means (SD), except for PT duration and working hours 
per week (median and interquartile range). aBody Mass Index, bprimary sports.

Sports performance
Table 2 shows the distribution of scores on the OSTRC overuse injury  
questionnaire. The median number of days that participants were unable to do 
sports the preceding week was 0 (IQR 1.3). Forty-two out of 77 participants (54.5%) 
were classified as having low sports performance.
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Table 2: Frequency distribution on the Oslo Sports Trauma Centre (OSTRC) overuse injury 
questionnaire 

n (%)
Total 77 (100)
Participation

Full participation without knee problems 4 (5.2)
Full participation, but with knee problems 45 (58.2)

Reduced participation due to knee problems  22 (28.6)
Can not participate due to knee problems 6 (7.8)

Volume of training
No reduction 29 (37.7)

To a minor extent 23 (29.9)
To a moderate extent 9 (11.7)

To a major extent 13 (16.9)
Can not participate at all 3 (3.9)

Performance
No effect 7 (9.1)

To a minor extent 28 (36.4)
To a moderate extent 13 (16.9)

To a major extent 25 (32.5)
Can not participate at all 4 (5.2)

Symptoms
No pain 3 (3.9)

Mild pain 31 (40.3)
Moderate pain 28 (36.4)

Severe pain 15 (19.5)

Mean (SD)a 45.1 (23.2)

Work performance
Table 3 shows the distribution of the score on the single-item WAI and the QQ 
questionnaire. Twelve participants (16.0%) had a score below 8 on the single-
item WAI (range 3-7), 28 participants (36.4%) had decreased work productivity 
(QQ Quantity <10) due to their knee problems and 22 participants (28.6%) had a 
QQ quality scale <10. As the quantity and quality scales of the QQ were strongly 
correlated (Spearman’s Rho r=0.66), only the results from the QQ quantity scale will 
be presented in further detail.

a A score of 0 on the OSTRC overuse injury questionnaire indicates optimal sports  
performance, 100 indicates no sports performance
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Table 3: Frequency distribution on WAI and QQ Quantity
Score WAI QQ Quantity

n (%) n (%)
0 0 (0) -
1 0 (0) 0 (0)
2 0 (0) 0 (0)
3 0 (0) 0 (0)
4 1 (1.3) 0 (0)
5 1 (1.3) 1 (1.3)
6 1 (1.3) 3 (3.9)
7 9 (11.7) 6 (7.8)
8 16 (20.8) 4 (5.2)
9 22 (28.6) 14 (18.2)

10 27 (35.1) 49 (63.6)

Total 77 77

Mean (SD) 8.8 (1.3) 9.3 (1.2)

Of the 26 participants who had physically demanding work, 23.1% had a WAI 
score below 8 and 57.7% had a decreased QQ quantity score. In the group of 35  
participants who performed mentally demanding work these percentages were  
8.6% for WAI and 20.0% for QQ quantity. Of the participants who did mixed work 
(n=16), 18.8% scored below 8 on the WAI, and 37.5% had a decreased QQ quantity 
score.    

Factors associated with decreased work and sports performance
Table 4 presents participants’ characteristics of the work ability (WAI), work 
productivity (QQ quantity) and sports performance (OSTRC overuse injury 
questionnaire), split into high and low for the WAI and OSTRC and into decreased 
and normal for QQ quantity. 

Table 5 presents the results from the logistic regression analysis. In terms of 
personal characteristics no associations were found for decreased work or sports 
performance. In the injury-related factors, a lower VISA-P score (indicating 
more symptoms) increased the odds of having low work ability and low sports 
performance. In the sports-related factors, a higher score on the OSTRC overuse 
injury questionnaire (more problems during sports) was found to be significantly 
associated with low work ability. In the work-related factors, physically demanding 
work resulted in significantly higher odds of having decreased work productivity  
than for mentally demanding work. 
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Table 4: Characteristics of participants with decreased and good work and sports performance 

Low work 
ability
(n=12)

High work 
ability
(n=65)

Decreased 
productivity 
(n=28)

Normal 
productivity 
(n=49)

Low sports 
performance 
(n=42)

High sports 
performance 
(n=35)

Personal characteristics
Gender 

Male 6 (50) 44 (68) 17 (61) 33 (67) 28 (67) 22 (63)
Female 6 (50) 21 (32) 11 (39) 16 (33) 14 (33) 13 (37)

Age 27.5 (10.2) 28.2 (7.9) 27.6 (8.5) 28.3 (8.2) 28.3 (8.9) 27.8 (7.5)
Length in m 1.8 (0.1) 1.8 (0.1) 1.8 (0.1) 1.8 (0.1) 1.8 (0.1) 1.8 (0.1)
Weight in kg 78.8 (13.8) 80.7 (11.4) 79.3 (15.5) 81.0 (9.1) 80.7 (13.8) 80.1 (9.0)
BMIa 23.8 (2.7) 23.8 (3.0) 23.8 (3.3) 23.8 (2.7) 24.0 (3.4) 23.4 (2.2)

Injury-related factors
Knee PT 
Left 2 (17) 16 (25) 3 (11) 15 (31) 10 (24) 8 (23)

Right 3 (25) 19 (29) 9 (32) 13 (27) 12 (29) 10 (29)
Both 7 (58) 30 (46) 16 (57) 21 (43) 20 (48) 17 (49)

VISA-P (0-100) 47.8 (13.8) 58.0 (11.4) 53.7 (12.1) 58.0 (12.2) 53.2 (12.3) 60.3 (11.3)
PT duration (months) 27.5 (34.3) 17.0 (27.5) 18.0 (28.5) 16.0 (27.5) 15.5 (24.4) 24.0 (36.0)

Sports-related factors
Playing levelb

Recreational 4 (33) 28 (43) 11 (39) 21 (43) 21 (50) 11 (31)
Regional 4 (33) 25 (39) 11 (39) 18 (37) 15 (36) 14 (40)
National 4 (33) 11 (17) 6 (21) 9 (18) 6 (14) 9 (25)

International 0 (0) 1 (2) 0 (0) 1 (2) 0 (0) 1 (3)
Sport (hrs per week)b 5.4 (2.8) 4.3 (2.1) 4.5 (2.5) 4.5 (2.1) 4.1 (2.3) 4.9 (2.2)
Total hrs sport week 7.6 (3.6) 6.0 (2.9) 6.8 (3.5) 6.0 (2.8) 5.7 (2.8) 6.9 (3.2)
OSTRC score (100-0) 59.7 (22.0) 42.4 (22.5) 50.7 (22.3) 41.9 (23.2) - -

Work-related factors
Type of work

Mental 3 (25) 32 (49) 7 (25) 28 (57) 18 (43) 17 (49)
Mixed 3 (25) 13 (20) 6 (21) 10 (20) 7 (17) 9 (26)

Physical 6 (50) 20 (31) 15 (54) 11 (22) 17 (41) 9 (26)
Hrs per week 34.5 (34.3) 32.0 (27.0) 32.0 (25.8) 32.0 (28.0) 32.0 (26.0) 32.0 (28.0)
WAI (0-10) - - 7.9 (1.2) 9.2 (1.1) 8.6 (1.4) 8.9 (1.0)
QQ quantity (1-10) 7.8 (1.0) 8.5 (0.9) - - 9.2 (1.2) 9.3 (1.3)

Displayed values are frequencies (percentage) and means (SD), except for PT duration and 
hours per week (median and interquartile range). a Body Mass Index, b Primary sports.
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Table 5: Results from the univariate logistic regression analysis for reduced WAI, QQ quantity 
and having low sports performance.  

Work ability  
Ref = low 

Productivity
Ref = decreased 

Sports performance 
Ref = low

OR 95% CI OR 95% CI OR 95% CI

Personal characteristics 
Gender  (ref = male)

Female 2.1 0.6-7.3 0.7 0.3-2.0 0.8 0.3-2.2
Age 1.0 0.9-1.1 1.0 0.9-1.0 1.0 1.0-1.1
Length in m 0.0 0.0-20.1 0.0 0.0-5.7 0.1 0.0-17.1
Weight in kg 1.0 0.9-1.0 1.0 0.9-1.0 1.0 1.0-1.0
BMIa 1.0 0.8-1.2 1.0 0.9-1.2 1.1 0.9-1.3

Injury-related factors
Knee PT (ref=unilateral)

Bilateral 1.6 0.5-5.7 1.8 0.7-4.5 1.0 0.4-2.4
VISA-P (0-100) (10 pnt increase) 0.5* 0.3-0.9 0.7 0.5-1.1 0.6* 0.4-0.9
PT duration (ref=<6 months, 
n=10)

6-12 months, n=21 1.3 0.1-14.9 0.4 0.1-2.0 0.6 0.1-3.6
12-24 months, n=25 0.7 0.1-8.5 0.5 0.1-2.7 0.4 0.1-2.6

>24 months, n=32 2.0 0.2-19.6 0.7 0.1-3.4 0.2 0.0-1.4

Sports-related factors
Playing level (ref=recreational)

Regional 1.1 0.3-5.0 1.2 0.4-3.6 0.6 0.2-1.6
National 2.5 0.5-12.0 1.3 0.4-4.8 0.3 0.1-1.3

International - - - - - -
Sport (hrs per week)b 1.2 0.9-1.6 1.0 0.8-1.2 0.8 0.7-1.0
Total hrs sport week 1.2 1.0-1.4 1.1 0.9-1.3 0.9 0.7-1.0
OSTRC (100-0) (10 pnts 
increase)

1.4* 1.1-1.9 1.2 1.0-1.5 - -

Work-related factors
Type of work (ref=mental)

Mixed 2.5 0.4-13.8 2.4 0.6-8.9 0.7 0.2-2.4
Physical 3.2 0.7-14.3 5.5 ** 1.8-17.0 1.8 0.6-5.1

Hrs per week (ref=<16 hours, 
n=31)

16-32 hours, n=17 0.4 0.0-3.7 1.1 0.3-4.3 2.3 0.6-9.0
32-40 hours, n=29 0.6 0.1-2.8 1.0 0.3-2.9 1.2 0.4-3.4

>40 hours, n=11 2.0 0.4-10.4 1.2 0.3-5.3 1.0 0.2-4.2
WAI (0-10) - - 0.4 ** 0.2-0.6 0.8 0.6-1.2
QQ quantity (1-10) 0.4** 0.2-0.6 - - 1.0 0.7-1.4

a Body Mass Index, b Primary sports. Significant predictor of decreased work ability
productivity at work or for decreased sports performance *p<0.05, ** p<0.01.
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DISCUSSION
The primary aim of this study was to investigate the impact of PT on sports and 
work performance. The impact on both sports and work performance is found to 
be substantial with 55% of the PT athletes having decreased sports performance, 
16% having decreased work ability and 36% having decreased productivity.  
Especially considering that the athletes in this study were active and relatively  
young. The secondary aim was to explore which factors were associated with 
decreased work and sports performance. The most evident result was that having  
PT is related to decreased work productivity in athletes with heavy physical 
demanding work. 

Sports performance
The OSTRC overuse injury questionnaire, used in this study to measure sports 
performance, shows that almost all athletes experience problems during athletic 
performance while as expected the time loss as a result of PT is low. More than 
half of the participating athletes had a decreased sports performance – moderate 
or severe reductions in training volume or sports performance, or complete  
inability to participate in training or competition.12 The OSTRC overuse injury 
questionnaire is designed to monitor the severity of overuse injuries in a select 
group of athletes and not in a specific injured population, as was done in the  
current study.6 To our knowledge, no severity scores are known for other overuse 
injuries. As a result, the impact of PT cannot (yet) be compared to the  
consequences of other overuse injuries in sports. 

Work ability 
Since a reduced work ability has proven to predict long-term sickness absence, 
decreased work performance, productivity loss, more healthcare use and early exit 
from work, it is important to assess the concept of work ability.14 20-22 A large  
Finnish health survey showed that in an average working population of 30-64-year-
olds, 8% of the women and 7% of the men reported having limited work ability 
(measured using WAI); for physically demanding work these percentages were 13% 
and 10% respectively.17 In this average working population the decreased work  
ability is a lot smaller than what was found in the current study for active athletes  
with PT (16% among the total population and 23% among those with physical 
demanding work). This may indicate that PT has a negative influence on work ability.  
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Work productivity
Assessing the impact on productivity at work is particularly interesting because the 
majority of the costs related to an injury are caused by lost productivity while being 
at work.23 The current findings demonstrate an even larger impact of PT on work 
productivity than was found in the 18-35-year-old basketball and volleyball players 
of van der Worp et al.7 In the present study work productivity decreased in 36% of 
the participants, whereas in  the study of van der Worp et al (2011) only 8% had 
decreased work productivity. This could be due to some differences in populations, 
but the most plausible explanation for this difference is that the current study uses 
more sensitive measurement instruments to assess work productivity. Our 
participants had to choose between 10 answer options (0 (no work productivity) –  
10 (optimal work productivity)) compared to the study of van der Worp et al.7  
which had a binary response option (‘yes’ and ‘no’). It is likely that those athletes 
wouldn’t have answered ‘yes’ when experiencing small reductions in productivity, 
but the current study did measure these small reductions. 

Surprisingly, hardly any data about work performance in other tendinopathies 
are available. In patients with upper extremity disorders seeking medical advice 
(29% epicondylitis medialis and lateralis, 28% rotator cuff tendinitis or  
impingement syndrome), 56% had reduced productivity at work.24 It seems logical 
for upper extremity pain to result in a larger decrease in productivity compared to 
a knee injury, as the upper extremities are involved in all types of work (mental, 
physical and mixed). Among workers with mild-to-moderate knee osteoarthritis 
with an average age of 53, 40% reported experiencing productivity loss due to knee 
symptoms compared to a regular working day.23 This is comparable with the results 
of our younger population of athletes with PT (36% with decreased work 
productivity). A study by Meerding et al. (2005) showed that 5-12% of industrial  
and construction workers had reduced work productivity as a result of health 
problems.19 Given the high physical demands of industrial and construction work, a 
comparison with our participants who had physically demanding work is  
reasonable Almost 58% of the athletes with PT who had physically demanding  
work had decreased work productivity. It can therefore be concluded that PT  
certainly has an effect on work productivity, especially when physically demanding 
work is involved, and as a result the financial effect will be considerable. 

Associated factors with decreased work and sports performance
The second aim of this study was to investigate which factors were associated with 
decreased work and sports performance. Having more symptoms (lower VISA-P 
score) was the sole determining factor found for having low sports performance – 
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this is a common-sense association which may also have been enhanced by the fact 
that sports performance is part of the VISA-P questionnaire (40 out of 100  
points).10 As already demonstrated by van der Worp et al.,7  type of work is clearly 
related to the impact of PT on work performance. This is not surprising, given that 
a negative association is found between physical work and productivity at work,23 

and because PT is an overuse injury with mainly activity-related symptoms,  
logically symptoms will be present foremost in physically demanding work. In 
agreement with previous studies, having more symptoms was found to be related 
to decreased work ability.23 25 The finding that a higher OSTRC score (indicating  
more limitations during sports) increased the odds for having decreased work  
ability demonstrates a relationship between work and sports performance. Nine 
patients with low sports performance also had a low WAI score (data not shown); 
the other 33 patients only had low sports performance. This indicates that most 
of the time having low sports performance is not accompanied by decreased work 
ability, whereas in most cases (9 out of 12, 75%) having decreased work ability is 
also associated with decreased sports performance. Those nine patients who  
scored low on both aspects – and not solely on sports performance – seem to have 
more symptoms (VISA-P 47±15 compared to 55±11), a longer duration of  
symptoms (median 24±105 months compared to 15±17 months), more hours of 
sports a week (7±4 hours compared to 5±2 hours) and more physically demanding 
work (56% physical, 33% mental, 11% mixed compared to 36% physical, 46%  
mental and 18% mixed), although this is not statistically significant.    

Limitations  
There are some limitations in this study that should be kept in mind. The first  
limitation has to do with the relatively small sample size and generalizability of the 
population. The number of participants with low work ability was small (n=12), 
therefore no multiple regression analysis could be performed because of a lack of 
power. It might also be that the athletes included in this study are not entirely 
representative. Our PT population consisted of athletes still actively playing; while 
those who were no longer participating in sports were excluded. This has most 
probably led to an underestimation, indicating that the actual impact of PT on sports 
and work participation is even larger than reported in the present study. Our study 
population furthermore included many students who had side jobs, resulting in a 
relatively low average age and a rather large group that worked for less than 16 hours. 

A second limitation is related to the questionnaires used. The QQ quantity 
questionnaire and the OSTRC overuse injury questionnaire specifically asked if one 
experienced limitations in work or sports because of symptoms of PT, therefore 
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these results represent the consequences of PT on work productivity and sports 
performance experienced by the athlete. The single-item WAI, which compares  
one’s current work ability with the lifetime best, is associated with several factors 
(e.g. high work demands, lack of autonomy, lack of leisure-time physical activity, 
obesity, older age),26 but as not all these associated factors were measured and 
therefore could not be included in the analysis, the obtained work ability results 
may be influenced by factors other than PT. Finally, since this study has a cross-
sectional design, the causality of the factors associated with decreased sports and 
work performance cannot be established. 

Recommendations 
A specific recommendation for future studies is to also include inactive athletes  
with PT in addition to active athletes who are still participating in sports. By  
analysing the total PT population, better insight into the actual impact of this injury 
on work (and sports) performance can be obtained. It might furthermore be 
interesting to exclude students with side jobs or to analyse this group separately. 
The questionnaires we used are monitoring instruments, important in identifying 
whether there is a problem and its extent. It would be certainly interesting to 
investigate in future research the exact underlying cause of decreased sports and 
work performance in addition. As the current study shows that the impact on both 
sports and work participation is considerable, this stresses even more the need for 
additional research into the development of effective preventive measures for PT.

Conclusion
The present study shows that the severity and the related impact of the sports  
injury of patellar tendinopathy on sports as well as on work performance is  
substantial, especially considering that solely actively playing athletes with PT 
were included. The impact of PT on work is particularly large among those who do 
physically demanding work. It is important to do more research into the impact of 
PT on both the sports and the work performance domains. The results of this study 
already provide more knowledge about the severity of PT, which is an important 
yardstick towards the development of preventive measures for this injury.
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ABSTRACT
Patellar tendinopathy (PT) is a common overuse injury of the patellar tendon in 
jumping athletes. In a recent large cross-sectional study from 2008 several factors 
were identified that may be associated with the etiology of PT. However, because  
of the study design no conclusions could be drawn about causal relations. The 
primary aim of the current study is to investigate whether the factors identified in 
the previous 2008 study can also be prospectively recognized as predictors of 
symptomatic PT in 2011. 926 Dutch elite and non-elite basketball and volleyball 
players from the previous study were invited again to complete an online survey 
about knee complaints and risk factors for PT in 2011. The logistic regression 
included 385 athletes of which 51 (13%) developed PT since 2008. Male gender (OR 
2.0 95%CI 1.1-3.5) was found to be a risk factor for developing PT. No sports 
related variables could be identified to increase the risk of developing PT, but some  
evidence was found for performing heavy physically demanding work, like being a 
nurse or a physical education teacher (OR 2.3 95%CI 0.9–6.3). These findings  
indicate that, when considering preventive measures, it is important to take into 
account the total tendon load. 
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INTRODUCTION
Patellar tendinopathy (PT) is a painful, chronic overuse injury of the patellar  
tendon,1 often seen in sports that require a lot of jumping and landing. The  
prevalence of PT in these sports is high, among both elite and recreational  
athletes.2 3 Because of this high prevalence and because effective treatments are 
lacking at the moment,4 it is important to identify risk factors for PT so that these  
can be used for prevention. 

Many intrinsic and extrinsic factors are described in the literature as possible 
risk factors for PT, such as stiff landing technique, high jump performance, large  
waist girth, male gender and high training volume,5-14 yet most of these studies  
include a relatively small group of athletes who are elite players, making it hard to 
generalize results to a larger population. Van der Worp et al. (2012)14 were the first 
to study a large group (> 2300) of elite and non-elite volleyball and basketball  
players and identified a number of factors – a younger age, playing at national 
level, being male and playing volleyball (compared to basketball) – that may be 
associated with the etiology of PT. However, because of the cross-sectional design 
no conclusions could be drawn about causal relationships. In order to investigate 
whether the identified factors can also be prospectively recognized to predict the 
onset of symptomatic PT a few years later, participants who participated in that  
study were contacted after three years. 

The first aim of the current study is to investigate what athlete characteristics, 
sports related factors, injury related factors and occupational factors, identified in 
2008, can be predictors of symptomatic PT in 2011. Because Kettunen et al (2003) 
found that the majority of the participants with PT had to quit sports as a result of 
the knee problems,15 it is also interesting to investigate if a similar effect of PT on  
the sports participation can be found in the athletes in the current study. So, the 
second aim is to determine the impact of symptomatic PT on sports participation. 

METHODS
Study population and design
This is a prospective cohort study and an extension of the cross-sectional study of  
van der Worp et al. (2012). Between May and June 2008, 2363 basketball and 
volleyball players between 18 and 35 years of age from the Dutch Basketball 
Association (NBB) and Dutch Volleyball Association (NEVOBO) completed an online 
survey. 2224 athletes were included in the 2008 study. Only asymptomatic athletes 
who were willing to participate a second time were invited for the second survey. 
754 participants were not invited because they had current or previous symptoms 
of PT and 544 athletes were not willing to participate again. So, in 2011 another 
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invitation was sent to a total of 926 asymptomatic respondents. All participants 
gave their informed consent. Local ethics committee judged the present study and 
concluded that it does not fall under the scope of the Medical Research Involving 
Human Subjects Act (WMO) (an official statement was obtained, reference number 
M14.154033). 

Survey
The 2008 and 2011 surveys included questions about respondent characteristics, 
sports participation and knee injuries. In the 2008 survey, questions about 
participants’ occupation were also included, like what the current job title is and 
how often participants performed activities such as squatting, kneeling, lifting or 
jumping. Diagnosis of PT was based on a self-administered pain map. Participants 
were classified as having PT when they indicated having pain at the inferior pole of 
the patella (Figure 1, photo E) and/or a physician or physical therapist had  
diagnosed the knee problems as PT. Current, as well as PT symptoms in the past 
three years (since the 2008 survey), were registered as PT. More detailed  
information about the survey and the pain map can be found in previous studies.14 16 

Analysis
The reported occupations were classified as previously described16 by two experts 
into four categories: 1) mentally demanding work, 2) light physical work/mixed  
work, 3) heavy physical work and 4) student/other.17 In the heavy physical work 
category sports related occupations (physical education teachers, professional 
basketball/volleyball players) as well as non-sports related occupations (a.o.  
nurses, construction workers, and food & beverage workers) were included. After  
data collection there were missing values for eleven continuous variables in the 
database of 2008 and for two variables in the database of 2011. Waist and hip 
circumference in 2008 was excluded from analysis because of a high percentage 
(51%) of missing values. The percentages of missing values for all other variables 
ranged from 0% to 10%. Multiple imputation was performed as described 
previously.14 Simple logistic regression was performed on the entire population in 
2011 with the Enter method using patellar tendinopathy (YES/NO) as the  
dependent variable, and all the other variables in 2008 as independent variables. 
Multiple logistic regression was performed on the variables with a p-value smaller 
than 0.20 in the univariate analysis. Because of multicolinearity with gender, height 
and weight were not included in the analysis. Additional analyses were performed  
for volleyball and basketball players separately. IBM SPSS statistics version 20.0 
was used for the analyses. A p-value <0.10 was considered a trend and p<0.05 was 
defined as statistically significant. 
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Figure 1: map that was used to identify the location of the pain. Participants were asked to 
select one picture that matches the location of the pain the best. A) pain on the medial side 
of the knee B) pain on the lateral side of the knee C) pain on the backside of the knee D)  
pain around and behind the patella E) pain of the patella tendon (under the patella) F) pain 
above the patella.

RESULTS
Of the 385 participants who completed the questionnaire in 2011 (response rate 
42%), 13% (n = 51) reported having developed PT since 2008 (63% was diagnosed  
by a physician or physical therapist, 37% was self-reported). 17 athletes had  
bilateral PT. The incidence was higher in men than in women (18.3% versus 10.3%, 
chi2 = 5.019, p = 0.025). Respondents’ characteristics can be found in Table 1. 
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Total group 
Table 2 shows the results from the simple and multiple logistic regression 
analyses. For the simple logistic regression analysis, increased odds ratios 
(ORs) were found for gender, height and weight. A trend towards a significant 
OR was found for playing surface ‘respondent does not know’ (p<0.10).  
For the multiple logistic regression analysis a trend toward significance for gender 
and performing heavy, physically demanding work was observed. 

Volleyball and basketball population 
In the volleyball population, increased odds were found for gender, height and  
weight in the simple logistic regression analysis (table 2). Also significant ORs were 
found for playing surface ‘respondent does not know’ and jumping at work. A 
trend (p<0.10) was found in the simple logistic regression analysis for years playing 
volleyball and performing heavy physical work. In the multiple regression analysis, 
significant ORs were found for gender and for playing surface ‘respondent does not 
know’. A trend toward significance in the multiple logistic regression analysis was 
found for years playing volleyball.

In the basketball population a trend towards significance was found in the 
simple logistic regression analysis for BMI and years playing basketball. No increased 
ORs were found in the multiple regression analysis as can be seen in table 2.   
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Table 2: Results of the sim
ple and m

ultiple logistic regression. 
Total group

Volleyball 
Basketball

Simple 
Multiple

Simple  
Multiple

Simple 
Multiple

OR
95%

CI
OR

95%
CI

OR
95%

CI
OR

95%
C I

OR
95%

CI
OR

95%
CI

General characteristics
Gender (male/female) (ref = female)

2.0**
1.1–3.5

1.8*
1.0-3.4

2.6**
1.3-5.2

2.6**
1.3-5.3

0.8
0.2-2.7

Age 
1.0

0.9–1.0
1.0

0.9-1.0
1.0

0.8-1.2
Height (5 cm increase)

1.2**
1.0–1.4

1.3**
1.1-1.5

1.0
0.8-1.4

W
eight (5 kg increase)

1.2**
1.0–1.3

1.2**
1.0-1.4

1.2
0.9-1.5

BMI
1.1

1.0–1.2
1.0

0.9–1.2
1.2*

1.0-1.5
1.2

0.9-1.5
Sports participation

Sports (VO/BA) (ref = basketball)
1.0

0.5–2.0
Playing level (regl/nat)(ref = regional)

0.2
0.0–1.9

0.2
0.0–1.6

0.4
0.1-3.3

0.0
-

Years playing basketball/volleyball
1.0

0.9–1.0
0.9*

0.9-1.0
0.9*

0.9-1.0
1.1*

1.0-1.3
1.1

1.0-1.3
Training hrs per week (5-hour increase)

0.6
0.0–7.1

1.2
0.1-27.8

0.1
0.0-10.4

Playing surface (ref = vinyl, rubber)
wood/ cork/ parquet

0.8
0.3–1.9

0.9
0.4–2.2

1.1
0.4-2.9

1.0
0.4-2.7

0.3
0.0-3.0

concrete
2.7

0.2–31.0
6.1

0.4–86.7
0.0

-
0.0

-
6.3

0.4-110.3
respondent does not know

0.4*
0.2–1.0

0.5
0.2–1.2

0.3**
0.1-0.9

0.4**
0.1-1.0

1.4
0.3-7.6

Training increase (yes/no) (ref = no)
0.7

0.3–1.3
0.6

0.3-1.4
0.8

0.2-3.0
Other sports (ref = no)

1.5
0.8–2.6

1.2
0.6-2.4

2.6
0.8-9.3

1.6
0.1-23.1

Hours other sports 
1.3

0.9–2.0
1.2

0.8–1.8
1.2

0.8-1.9
1.8

0.8-4.0
1.4

0.2-9.3
W

ork-related
Profession (ref = mental work)

light physical work/mixed work
1.0

0.4–2.6
1.0

0.4–2.5
1.5

0.5-4.2
1.4

0.5-4.1
0.3

0.0-2.8
heavy physical work

2.0
0.8–5.3

2.3*
0.9–6.3

2.6*
0.9-7.8

1.9
0.5-6.8

1.0
0.1-10.2

student, other
1.4

0.7–2.7
1.5

0.8–3.1
1.7

0.8-3.8
1.4

0.6-3.3
0.7

0.2-3.2
Squatting at work (yes/no) (ref = no)

0.9
0.5–1.6

1.0
0.5-1.9

0.7
0.2-2.5

Kneeling at work (yes/no) (ref = no)
1.0

0.5–1.8
1.1

0.6-2.2
0.6

0.6-2.5
Lifting at work (yes/no) (ref = no)

0.8
0.4–1.4

0.7
0.4-1.4

1.1
0.3-3.7

Jumping at work (yes/no) (ref = no)
1.6

0.7–3.5
2.4**

1.0-5.5
2.1

0.8-5.4
0.0

-

BA: Basketball, VO
: volleyball * p< 0.10; **p<0.05
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Sports participation
Table 3 displays the sports participation of athletes with and without PT in 2011. 
Participants who developed PT play volleyball or basketball as often as non-injured 
participants and do not switch or quit sports more often, as similar percentages are 
found in both groups. A slightly higher percentage of participants without PT play 
volleyball or basketball at the national (elite) level and they tend to train more  
hours per week, yet neither difference reaches statistical significance.

Table 3: Sports participation of participants with and without patellar tendinopathy in 2011.

PT (n = 51) Without PT 
(n = 334)

Test statistica 
(df)

p-value

Primary sports: 0.32 (3) 0.96
Volleyball 32 (63%) 219 (66%)

Basketball 11 (21%) 64 (19%)
Other sports 5 (10%) 35 (10%)

No sports 3 (6%) 16 (5%)
Playing level VO or BA: 1.23 (2) 0.54

Regional 41 (95%) 255 (90%)
National 2 (5%) 28 (10%)

Hours playing primary sport 4.7 ± 5.1 5.8 ± 7.8 1.02 (383) 0.31
aChi-square test for all variables except hours playing primary sport (independent samples t-test)

DISCUSSION
This is the first prospective cohort study investigating a large group of both non- 
elite and elite volleyball and basketball players to determine risk factors for PT. 
Thirteen percent of the athletes developed symptomatic PT. The most important 
factors that were identified in the current study for developing PT were male 
gender and performing heavy physically demanding work (and jumping at work in  
the volleyball population). Some evidence was found for a higher BMI as a  
predictor in the basketball population. 

The finding that male gender is an important risk factor of PT is in accordance 
with several other studies.2 13 14 18 The higher body mass and height that were 
observed in the PT group (total group and volleyball population) seems to be 
associated with the finding that males develop PT more often: the increased ORs 
disappeared when the analysis was performed for men and women separately (not 
shown). It is not completely clear why men are more susceptible of developing PT. 
One explanation could be that because women have lower force generating  
capacity in the quadriceps, the patellar tendon is exposed to lower forces 
and therefore less likely overloaded.19 It is also suggested that hormones 
play a role: estrogen may have a protective function on tendons in women.20 
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This finding is however contradicted by other studies showing that estrogen can 
inhibit the exercise induced collagen synthesis what results in a lower rate of tendon 
tissue repair.21 22 

It has been shown that performing heavy, physically demanding work in 
combination with participating in jumping sports increases the risk for developing 
PT.16 These results were confirmed by the current study: a trend was found in the 
multiple regression analysis in the total group and in the simple regression analysis  
for the volleyball population. Since the number of training hours did not differ  
between participants with and without PT, this could indicate that athletes who 
developed PT are exposed to a higher total load of the tendon. Just like in the  
previous study, no increased odds were found for the specific knee-loading 
movements of squatting, kneeling, lifting and jumping in the total group. In the 
volleyball population, increased odds were found for the participants who jumped 
at work in the simple regression analysis, however not in the multiple regression 
analysis. Nevertheless, type of occupation (whether or not involving jumping)  
might play a role in the etiology of PT and should thus be considered in PT  
prevention efforts next to sports-related factors. 

Even though several studies identified higher BMI as a risk factor for PT,10 11 in 
neither the current nor its predecessor study it could be identified as such. Only in 
the small basketball population a trend was found. Age was not identified as a risk 
factor of PT in the current study, in contrast with our 2008 study, that found a 
decreasing risk with age. Another study demonstrated an increasing risk with age, 
especially above 30.23 However, other studies6 24 did not find an association between 
age and PT either, indicating that the relationship between age and the origin of PT 
is not clear. 

Several sports-related risk factors that were identified in the 2008 study, such 
as playing volleyball (compared to playing basketball), playing on concrete, having  
a high training volume and playing national level, could not be identified in the 
current study. Only for playing surface ‘respondent does not know’ increased odds 
were found in the total group and the volleyball population. One could argue that 
wood / cork / parquet (one answer option in the survey) and concrete are the most 
easily to identify, what would suggest that the majority of the athletes who answered 
‘I don’t know’ would have played on vinyl or rubber (both separate answer options  
in the survey). However, since the reference category is vinyl / rubber it is striking 
that the odds are lower in the ‘respondent does not know’ group. So it is hard  
to draw conclusion from this finding. 

Further, the number of players who practiced on concrete or played on a national 
level in this study was very low. This could explain the ORs for both variables not 
increasing as much as expected. The absence of evidence for national playing level 
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as a predictor for PT in the current study might also be a result of the design of the 
study. Athletes who were diagnosed with PT in 2008 were not invited for the second 
survey - this were relatively more elite athletes14 - so the elite athletes participating 
in the survey of 2011 could be the ‘survivers’ who were not susceptible of getting PT. 
This could also explain why the percentage of athletes playing at the national level 
was larger in the asymptomatic group compared to symptomatic PT group (although 
not significant). Finally, other sports-related factors that cannot be measured with an 
online survey can have more predictive power, for example maximal jumping height,6 
or landing strategy.12 The found trend for years of playing volleyball or basketball 
as a predictor in both sports populations seems to be a coincidence. Especially 
because the results were conflicting: in volleyball shorter sports participation while 
in basketball longer sports participation was found to be related to the development 
of PT. No arguments were found to fund this finding. 

The second aim of this study was to investigate the impact of PT on sports 
participation. The current study showed that similar percentages of individuals,  
with and without PT, switched sports three years later (10%) or quit sports  
completely (5%). This differs from the findings of Kettunen et al. (2002), who found 
that 53% of the participants with PT had to quit their athletic career because of 
knee problems, in contrast to 7% of the controls.15 An important difference with  
the Kettunen study was that the majority of their participants were active athletes 
who practiced a lot (more than nine hours a week), and a second important 
difference was the longer follow-up period (15 compared to three years). Based on 
this, it seems that longer duration of symptomatic PT and a higher training volume 
influence the decision of athletes with PT to end their athletic career. In the  
current study the reasons to switch or quit sports are unknown. 

What specifically causes a tendon to be painful is complex and is not yet fully 
understood. It seems that peripheral and central mechanisms in addition to local 
tissue changes play a role in tendon pain, as was discussed in a recent review.25  
Over a volleyball season tendon abnormality and pain can develop or resolve 
independently of the increase in load.26 Because we only included participants with 
symptomatic PT, it is possible that some participants who were not classified as 
having PT do in fact have patellar tendon abnormalities.

A limitation of the current study could be the responder bias. One might  
expect that athletes who developed symptomatic PT were more motivated to fill in 
the survey a second time. Considering the incidence of symptomatic PT (13%) in  
this study compared to the incidence of 18% in elite volleyball players in four years 
found by Visnes and Bahr13 - with a similar percentage of male participants, but 
all elite players in contrast to 7% elite players in the current study -, a responder 
bias indeed seems to have emerged. However, as the aim of this study was to find 
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factors that could predict the development of PT and not to find the incidence of 
symptomatic PT in volleyball and basketball players, the particular incidence found in 
this study does not affect the results. 

In the current study the response rate was relatively high (42%) compared to 
the 2008 study, but the absolute number of respondents was considerably lower 
than in 2008, leading to less power to identify risk factors. This could have caused, 
specifically in the small basketball population, that only trends could be identified. 
Moreover, it was impossible to study more subgroups, such as the different  
positions in the field. Another important limitation is the use of a pain map to 
diagnose PT. Because part (37%) of the participants were classified based only 
on the pain map, this diagnosis could be incorrect. However, as van der Worp et 
al (2012) already discussed, the self administrated pain map seems to be a useful 
and reliable way to diagnose PT in large groups of subjects. A sample of 45 subjects  
who were classified as having PT based on the pain map, visited an experienced  
sport medicine physician and only one of them appeared to be misdiagnosed. 
However, no information is available about the number of athletes who in fact  
have PT, but were not classified as such based on the pain map. 

PERSPECTIVES
PT is a common, impairing and sometimes hard to manage injury in jumping  
athletes 4 15 making it very important to develop injury prevention programs. In this 
survey-based prospective cohort study being male was found to be a strong  
predictor for PT. In light of prevention programs, modifiable risk factors are  
specifically of interest. From our study, there was some evidence that a higher BMI 
could be a risk factor for PT. Moreover, some evidence was found for an increased 
risk of PT when doing heavy physically demanding work and jumping at work.  
These findings support the suggestion of van der Worp et al. (2011) that activities 
at work should also be considered, in addition to sports related factors, when 
adjusting patellar tendon load for PT prevention purposes, especially in males. In  
contrast with several other studies,6 9 12 14 no specific sports-related risk factors for PT 
were identified in this study.
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ABSTRACT
Introduction: Patellar straps or sports tapes are commonly used by athletes with 
patellar tendinopathy in order to reduce pain and to continue sports participation. 
Currently, there is no scientific evidence for the effectiveness of a patellar strap or 
sports tape in the management of this common injury. 
Aim: To investigate the effect of the use of a patellar strap and sports tape on pain 
and sports participation in subjects with patellar tendinopathy.
Design: The study is divided into two parts: a randomized controlled crossover 
experiment and a randomized controlled trial (parallel group design). 
Participants and Setting: 140 patients diagnosed with patellar tendinopathy  
recruited from sports medical centers and physiotherapist practices.
Intervention: In the first part of the study, subjects serve as their own control by 
performing three functional tests under four different conditions (patellar strap, 
sports tape, placebo tape and no orthosis). In the second part, subjects keep a log  
for two weeks (control week and intervention week) about the pain experienced 
during and after sports and their level of sports participation. In the intervention 
week subjects will use the orthosis assigned to them during training and competition.
Measurements: The amount of pain (both parts of the study) and the sports 
participation (second part only) will be measured. 
Analysis: To analyse the effects of the orthoses a Linear Mixed model will be used.
Discussion: The knowledge gained in this study can be used by practitioners in their 
advice for athletes with patellar tendinopathy about using patellar strap and sports 
tape during sports.
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INTRODUCTION
Patellar tendinopathy (jumper’s knee) is a clinical condition of gradually  
progressive activity related pain of the patellar tendon.1 Prolonged repetitive stress 
of the knee-extensor apparatus can lead to this common tendinopathy in athletes 
from different sports. In sports characterized by high demands on the leg  
extensors, like volleyball and basketball, the overall prevalence of patellar 
tendinopathy is high. In elite athletes, the point prevalence in these sports is 45%  
and 32%, respectively2 and in non-elite the point prevalence is 15% and 12% 
respectively.3 

Patellar tendinopathy is one of the most common injuries seen by sports 
physicians or physiotherapists at sports medicine departments.2 33 Patellar 
tendinopathy sometimes contributes to the decision to quit an athletic career and 
also causes long lasting (mild) symptoms after the end of an athletic career.4 The 
high prevalence, low function scores, and chronic nature of the condition cause an 
impairment in athletic performance that is comparable with acute injuries.2  
Currently, there are no patellar tendinopathy treatments that can guarantee 
recovery.5 As a result, many athletes play on, often at lower performance levels,  
with long lasting symptoms.4 At the moment, load management and physical  
training including eccentric training are the most effective treatment options.5 6  
Visnes and Bahr (2007) estimated the effect of eccentric training in patellar 
tendinopathy to be a 50-70% chance of improvement in pain and knee function.7 

A patellar strap or sports tape is used by numerous athletes to reduce patellar 
tendon pain and to remain active in sports. There are several theories how such 
orthoses might work: a patellar strap or tape could increase the patella-patellar 
tendon angle and reduce the effective length of the patellar tendon.8 This might 
reduce the strain on the tendon. Excessive tendon strain can cause microdamage 
at the patellar tendon what eventually can result in a lesion.9 Others hypothesised 
it might improve the proprioception10 and hereby helps to protects the joint from 
re-injury11 or it might change the sensory input.12 Wilgen et al (2011) demonstrated 
an increased sensitisation in patients with patellar tendinopathy.13 This low pain 
threshold might be influenced by the strap and could therefore result in a decrease  
in the amount of pain that is perceived. In addition to an acute effect of these 
orthoses, it is also possible that by reducing the load on the tendon, these orthoses 
improve the balance between load and load capacity in the long term. A gradually 
increasing load in which a small amount of pain is allowed is thought to be  
important for the recovery of a tendon.14 More research is needed to confirm these 
hypotheses. 
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Many athletes say they experience less pain when wearing a strap (anecdotal 
evidence). However, there is currently little scientific evidence for the effectiveness 
of a patellar strap and sports tape in patellar tendinopathy. Only a small pilot study 
(cross-over design) investigated the effect of a patellar strap on pain in patellar 
tendinopathy subjects.12 In this pilot study, patients performed ten single leg  
decline squats, the maximal jumping test and the triple hop test with and without a 
patellar strap and were asked to score on the Visual Analogue Scale (VAS) the 
experienced pain during the tests. A significant decrease in VAS pain score was  
found during the single leg decline squat and the maximal jump test when wearing 
the strap compared to control. So, this pilot study showed that a strap might have 
a positive effect on pain. However, this study measured the effect on pain only in a 
small group of athletes (n = 53) and no placebo condition was included.  
Furthermore, the effect of sports tape on patellar tendinopathy symptoms has  
never been studied. High quality research with more athletes is necessary to 
determine the actual effect of both orthoses. 

In addition, it is interesting to study if the effect of sports tape and a patellar 
strap differs between athletes and if so, which patients could benefit the most  
from the use of a strap or sports tape. This information can be used by  
physiotherapists and other practitioners to advice their patients. It seems  
reasonable to think that not all persons may benefit equally from the  
orthoses, because amongst others the exact location of the pain, the duration 
and the severity of the injury in patellar tendinopathy can be very different.15 This 
suggestion is supported by Lavagnino et al (2011) who demonstrated that the 
reduction in patella tendon strain as a result of the patellar strap was not present  
in all subjects. In about 25% of the subjects no decrease in strain was found.8  

Because very little is known about the effectiveness of orthoses in general and 
nothing is known about the characteristics or factors that influence the effectiveness 
in patellar tendinopathy, an explorative study is needed. 

This study is divided into two parts. The primary aim of the first part of the 
study is to investigate the effect of the use of a patellar strap and sports tape on  
pain in subjects with patellar tendinopathy performing functional tests in a  
controlled situation. The first parts’ secondary aim is to study the relationship 
between personal characteristics, injury specific factors and sports related factors 
and the effectiveness of a patellar strap and sports tape in order to find out which 
patients benefit the most from the use of a patellar strap or sport tape. The aim of 
the second part of the study is to investigate the effect of the use of a patellar strap  
and sports tape on pain and sports participation in subjects with patellar  
tendinopathy in the sports specific situation. 
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METHODS
First part:
Study design
The first part is a randomized controlled crossover experiment in which the effect 
of a patellar strap and sports tape will be examined during several functional tests  
in a controlled situation (see figure 1 for a flow chart of this part of the study). 

Participants 
140 subjects with symptomatic patellar tendinopathy who meet the following  
criteria will be recruited for inclusion in the study:
- Age 18-50 years
- Current symptoms of knee pain in the patellar tendon or its patellar or tibial 

insertion in connection with training and competition in one or both knees.
- Duration of symptoms for over three months (to exclude acute inflammatory 

tendon problems and de novo partial ruptures). 
- VISA- P score < 80 
- Palpation tenderness of the patellar tendon
- (Still) active in sports (at least once per week)

The exclusion criteria for subjects are:
- Acute knee and acute patellar tendon problems
- Chronic joint disease(s)
- Signs or symptoms of other knee pathologies
- Inability to perform the tests
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Figure 1: Flow chart of the study design of the first part of the study. All subjects will be 
measured in a controlled environment where they perform three functional tests under four 
conditions. 

 

 
Three functional tests: 

 
- Single leg decline squat    

(1x & 10x) 
- Counter movement 

jump 
- Triple hop test 

 

140 eligible patellar tendinopathy subjects 

Informed consent 

Baseline questionnaire 

Recruitment of patellar tendinopathy subjects from a.o. physical therapy practices and 

sports medicine departments 

Ineligible: 
- fail inclusion criteria 
- meet exclusion criteria 

Warming up (5 minutes) 

Four conditions (randomised, balanced order) 

VAS pain score directly after each test  

Control  

Patellar strap 

Sports tape 

Placebo  



 61Effect of patellar strap and tape on pain in PT: protocol of a randomized controlled trial | 61

Intervention
All subjects will perform the three functional tests under four different conditions. 
The four conditions are: control, patellar strap, sports tape and placebo tape  
(kinesiotape applied in a non functional way) (see figure 2 for images of the four 
conditions). 

Figure 2: The four conditions tested. A control condition (top left), a patellar strap condition 
(top right), a sports tape condition (bottom left) and a placebo condition (bottom right). On 
the pictures the single leg decline squat is performed.

- Control condition. No intervention is used in this condition.  
- Patellar strap. The strap will be adjusted to the knee according to manufacturer’ 

instructions: the straps’ pressure point should be placed just below the patella 
and the length of the strap must be adjusted until it fits the leg properly.   

- Sports tape. The tape will be administered by the researcher. At least four 
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pieces of tape are used. One piece will be administered on the anterior side of 
the knee, between the patella and the tuberositas tibia. This piece of tape  
must be administered in such a way that it gives pressure on the patella  
tendon. After this, another piece of tape will be taped on the posterior side of 
the knee, overlapping the anterior piece. This procedure will be repeated with 
the other two pieces of tape. 

- Placebo tape. Kinesiotape will be administered in a non-functional way by the 
researcher between the patella and the tuberositas tibia. Only one piece of 
kinesiotape will be used. The tape will be applied at the anterior side of the 
knee, and should only slightly be stretched so no pressure is felt on the patella 
tendon. 

Outcome measures 
Primary outcome measure: The Visual Analogue Scale (VAS) for pain will be used as 
the main study outcome in this study. With this measure, subjects indicate on a 
continuous line of 100 mm between two end points (no pain (0) and most severe 
pain (100)) their level of pain. The VAS pain scale is a valid and reliable measure of 
chronic and acute pain intensity.16 17

The VAS pain score during ten single leg decline squats18 is the primary study 
parameter in this first part of the study. The VAS pain score will be obtained  
directly after this (and subsequent) tests through asking the following question:  
‘how much pain did you experience in your patellar tendon during this test? Please 
indicate on this line’. The VAS for pain is held in front of the subject when asking  
this question. 

Secondary outcome measure: The secondary study parameter is the VAS pain score 
after the counter movement jump and the triple hop test. Furthermore, the height  
of the highest jump during the counter movement jump test for each condition 
and the distance that is covered by three jumps during the triple hop test will be 
considered secondary study outcomes. 

Explanatory variables to address secondary aim: In order to investigate the  
secondary aim, general information (date of birth, gender, length and weight),  
sports specific information (which sports, the amount of athletic performance 
during a week, number of years competing and level of sports participation) and 
injury specific information (duration, location and severity of injury) will be collected 
through a baseline questionnaire. 
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The severity of the injury will be determined on forehand with the Dutch 
version of the VISA-P questionnaire. The VISA-P questionnaire is a simple, reliable 
instrument for measuring the severity of patellar tendinopathy and is sensitive to 
small changes in symptoms.19 20 It was specifically designed for patellar  
tendinopathy, rating pain, simple tests of function and the ability to play sports. 
The maximum VISA score for an asymptomatic athlete is 100 points. The score on  
this questionnaire will be used to determine if one can participate in the study 
(inclusion criterion is VISA-P <80), but also to answer the second research question.

In addition, the severity of the injury will be established with the phases  
defined by Blazina et al 19731 and adapted by Roels et al 197821 and Lian et al  
199622 (see table 1). These phases will also be used in this study for stratification of 
the subjects for the second part of the study, where subjects will be divided into  
four groups. 

Table 1: Phases of patellar tendinopathy symptoms as defined by Blazina et al 1973 and 
adapted by Roels et al 1978 and Lian et al 1996.

Phase Symptoms
Phase 1 Pain after exercise
Phase 2 Pain at the start of an activity, which subsides after warming-up but 

returns after exercise
Phase 3a Pain during and after activity, but the athlete may participate in 

competition and training at their usual level
Phase 3b Pain during and after activity but the athlete cannot participate at 

the previous level

Procedure
Recruitment
Subjects with symptomatic patellar tendinopathy who meet the inclusion criteria  
will be invited to participate in the study. Subjects will be recruited from sports 
medicine departments and physical therapy practices. Furthermore,  
advertisements about the study will be posted on the websites of participating 
sport federations and regional sports clubs and in regional, national and social 
media. All subjects will receive information about the study. Subjects who are 
willing to participate in the study are asked to provide written informed consent 
before participating. Recruitment for the study started in February of 2013 and the 
anticipated date of completion is January 2014.
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Randomisation
The order of the four conditions tested (patellar strap, sports tape, kinesio tape  
and control) is randomised and balanced between subjects to prevent that an 
order effect will occur. A complete counterbalancing design will be used. In total 24 
different options are available.  

Measurements
The effect of the orthoses on pain will be examined using three functional tests: 1) 
the single leg decline squat 2) the counter movement jump 3) and the triple hop  
test. The tests will be preceded by a warming up period of five minutes. This  
warming up will consist of running or walking, dependent on the subjects’ own 
preference. Subjects will be allowed to practice all tests on forehand. The three 
functional tests are explained below:
1. Single leg decline squat (1x & 10x): the participant stands on one leg (at first 

with the left leg) on a platform with a slope of 20 degrees (toes towards the 
lower side of the platform). The upper body is kept straight above the leg.  
From this position a squat movement of maximal 60 degrees flexion is made  
in about 3 seconds (see figure 2). Subsequently, the participant pushes its  
body with both legs up to an upright position. This procedure will be repeated 
ten times with the left leg and after this ten times with the right leg. The  
single leg decline squat is a simple and effective test to determine a  
difference in pain in patellar tendinopathy.23 

2. Counter movement jump with arm swing: the counter movement jump with  
arm swing is at first executed with both legs and after this with each leg  
separately (first left, then right). The subject has to jump three times as high 
as possible. By touching the wall at the highest point with the tip of the  
fingers (dipped in chalk) the height of the jump can be established. The  
counter movement jump is found to be the most reliable and valid test to 
estimate explosive power of the legs.24 25 

3. Triple hop test: the participant jumps three times in the horizontal plane on  
the left leg (landing each time on the same leg). After three hops the subject  
has to stand still for minimally two seconds and the distance is measured. The 
same procedure will be repeated with the right leg. The triple hop test is a 
suitable and reliable test to determine the lower extremity strength and power.26 

 
Directly after each test, the participant scores on a VAS pain scale the experienced 
pain during the test. In addition, the height of the counter movement jump and 
the covered distance of the triple hop test will be documented for each subject. All 
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subjects will execute all tests under all conditions during one session. The order of 
the tests will be kept the same for all subjects (order as presented above). There 
will be at least a one minute break between tests and a three minute break  
between conditions to allow for physiological recovery.   

Data analysis
All data will be analyzed with SPSS and a p-value lower than 0.05 will be considered 
as statistically significant.

Primary aim
The Linear Mixed model will be used in the first part of the study to determine a 
possible difference in pain score (VAS) and in distance and height between the 
conditions during the functional tests.

Secondary aim
To determine if there is a relation between personal characteristics, sports related 
factors and injury specific factors and the effectiveness of the orthoses also a  
Linear Mixed model will be used. Using this analysis it can be investigated to what 
extend the difference in VAS score between wearing an orthosis and not wearing 
an orthosis (or placebo) in the first part of the study can be predicted by personal 
factors, sports related factors and the severity of injury. 

Sample size calculation
To be able to detect a difference in the primary outcome variable - VAS pain score - 
with an effect size of 0.3 (based on pilot data mean difference 12 mm, SD 20 mm),  
a fixed effect omnibus one way ANOVA in G*Power27 with a power of 80% and an 
alpha of 0.05 is used. Then 128 subjects are needed. When a drop-out percentage 
of 10% is considered, a total of 140 subjects are required in this study. The mean 
difference in VAS pain score found in the pilot study and used in this sample size 
calculation (12 mm) is in accordance with the Minimal Clinical Significant  
Difference (MCSD) found by Kelly et al (2001). This MCSD indicates that when a 
difference in VAS pain score of 12 mm or more is found, the pain is changed  
noticeable for the subject.28 

Second part:
Study design 
This second part of this study is a randomized controlled trial (parallel group design) 
in the normal sports environment. All subjects will fill in a log for two weeks (control 
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week and intervention week) about their sports participation and the pain they 
experience during and after sports (see figure 3 for a flow chart of the study design 
of this second part). 

Figure 3: Flow chart of the study design of the second part of the study. In this second part 
of the study subjects will document the amount of pain and sports participation during two 
weeks in the normal sports environment (control week and intervention week).

Participants 
All participants who participate in the first part, participate in the second part too. 
Therefore, they meet the criteria described in the ‘participants’ section in the first 
part. 

Intervention
All subjects will practice and play their matches for two weeks in their normal  
sports environment. In the first week, all subjects will be asked to sport without an 
orthosis for at least one training session. This week is the control week for all 
subjects. The second week is the intervention week. In this week, 75% of the subjects 
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will sport with an orthosis (see figure 3). Subjects will receive instructions from the 
researcher on how to administer the orthosis and they will be allowed to practice as 
much as is necessary to feel confident that one is able to administer the orthosis in 
a proper way.

Outcome measures 
Primary outcome measure: In this part of the study, the primary study parameter is 
the difference on the VAS pain scale between the control week and the  
intervention week in the average score during sports.

Secondary outcome measure: The difference in average VAS pain score between  
the control week and the intervention week in the two hours after sports and the 
next morning, are secondary study parameters. The difference in sports  
participation (the number and duration of training/matches) between the control 
week and the intervention week is also a secondary study outcome.

Procedure
Recruitment
The recruitment of subjects is identical to part one, because all participants who 
participate in the first part, participate in the second part too.   

Randomisation
After the first part of the study, subjects will be randomly divided into four groups:  
a control group, a patellar strap group, a placebo group and a sports tape group.  
The division into the groups is random, after stratification for severity of injury  
(based on the four phases, table 1) to make sure that a possible difference in pain 
and sports participation between groups is not caused by a difference in severity of 
injury. 

Measurements
Subjects will be instructed to document in a log for two weeks: 1) the amount of 
pain during sports on a VAS pain scale 2) the amount of pain two hours after sports 
on a VAS pain scale 3) the amount of pain the first two hours the next morning on a 
VAS pain scale 4) the duration of training/matches 5) the number of  
training/matches. Also, pain killer use (dose and amount) and additional knee  
loading activities during both weeks will be documented by the subjects. After 
the second week, subjects’ experience with the orthosis will be documented in  
addition. 
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Data analysis
In the second part of the study the Linear Mixed Model will be used to determine a 
possible difference between the four groups (control, patellar strap, sports tape  
and placebo tape) in average difference between the control and intervention 
week on the VAS pain score during and after sports and in the amount of sports 
participation. In this model, corrections for modifying agents like pain killer use and 
additional knee loading activities during the week will be included.

DISCUSSION
This is the first study that investigates the effect of a patellar strap and sports tape  
on pain and sport participation in patellar tendinopathy. These orthoses are 
commonly used by athletes with patellar tendinopathy, but to our best knowledge 
no studies on their effectiveness have been published so far. 

As discussed before, one of the most effective treatment options in patellar 
tendinopathy is physical training.5 6 Eccentric training is until now, the most often 
used and one of the most effective physical training types, even though the most  
ideal timing and training protocol is still unknown.7 Promising results are also found 
for a physical training type in which eccentric as well as concentric movements are 
trained: heavy slow resistance training. Kongsgaard and colleagues showed that 
this type of training potentially has even more benefit than eccentric training 
solely, especially on the long term.29 Orthoses could potentially play a role in load 
management, as was demonstrated by Lavagnino et al (2011) who found a  
decrease in tendon strain as a result of wearing a patellar strap.8 If a positive effect 
is found in our study this would support this laboratory finding. On the other hand, 
if our study shows that these orthoses turn out to be ineffective, this would be 
important information too. It would be extremely unfortunate if patients do not try 
treatments, like physical training, because of faith in orthoses if there is evidence  
of ineffectiveness of this approach. Therefore, knowledge about the effectiveness  
of these orthoses is very essential for athletes and practitioners.

A major strength of the current study is that the effect of the orthoses is 
investigated in a controlled situation as well as in the normal sports environment.  
In the first part of the study, all subjects perform the same three tests in a  
controlled environment under four different conditions in a randomized order, so a 
possible difference on pain will be discovered. Because these tests are performed  
by a large group of subjects, it is also possible to investigate the relation of a  
potential effect with personal, sports specific and injury specific characteristics. 
The functional tests used, however, do not completely resemble the normal sports 
environment. Therefore, in the second part of the study the effectiveness of  
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the orthoses will be studied during normal training and competition. In this part  
of the study, not only effects on pain during sports, but also the effect on sports 
participation will be taken into account. Both parts together increase knowledge  
and give insight into the acute effect of patellar strap and sports tape use in  
patellar tendinopathy.    

A limitation of this study is that no long term follow-up is included. Relief on  
the short term as a result of a brace or strap does not always mean that the benefit 
in pain and function can be found on the longer term too, as was demonstrated in 
patients with epicondylitis lateralis.30 So, from the current study no conclusions can 
be drawn about a potential effect on the long term. Therefore, a suggestion for  
future research about this subject will be to perform a longitudinal study where 
patellar tendinopathy patients are measured multiple times over a period of time 
to determine the long term effect of wearing a patellar strap or sports tape. 
Another suggestion for future research is to combine the use of orthoses in patellar 
tendinopathy with physical training programs in a factorial design study to  
determine if a combination of both is potentially more effective than both  
treatments separately.

This study will be the first one to provide knowledge about a potential  
positive effect of a patellar strap and/or sports tape on pain and sports  
participation in patellar tendinopathy patients with different characteristics. This 
knowledge can be used by physiotherapists and other practitioners in their advice  
to athletes with patellar tendinopathy about patellar strap and sports tape use 
during sports.
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ABSTRACT
Numerous athletes with patellar tendinopathy (PT) use a patellar strap or sports 
tape during sports. This study’s aim was to investigate the short-term effect of  
these orthoses on patellar tendon pain. Participants performed the single-leg  
decline squat, vertical jump test and triple-hop test under four different conditions 
(patellar strap, sports tape, placebo and control). Subsequently, participants 
practiced sports as usual for two weeks; during one week they were assigned to  
one of the four conditions. Pain was measured with the Visual Analogue Scale  
(VAS). In total 97 athletes with PT (61% male, age 27.0 (SD8.1), VISA-P 58.5  
(SD12.7)) were analyzed. On the single-leg decline squat the VAS pain score  
reduced significantly in the patellar strap (14-mm, p=0.04) and the sports tape 
condition (13-mm, p=0.04), compared to control, but not placebo. A significant 
decrease in VAS pain during sports was found in the sports tape (7-mm, p=0.04)  
and placebo group (6-mm, p=0.04). The VAS pain score two hours after sports 
decreased significantly in the patellar strap, sports tape and placebo group (8-mm, 
p<0.001, 10-mm, p=0.001 and 7-mm, p=0.03, respectively). This study’s findings 
indicate that an orthosis (including placebo tape) during sports can reduce pain in  
PT patients in the short term.
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INTRODUCTION
Patellar tendinopathy (PT) (also known as jumper’s knee) is a painful, chronic, 
activity-related overuse injury of the patellar tendon.1 Repetitive stress of the knee 
extensor apparatus can lead to this common injury, and a high prevalence of PT is 
found particularly in jumping athletes including both elite and non-elite  
populations.2 3 This injury can have a major impact on sports activities; in many 
athletes with PT the level of performance is affected2 and it has even been found  
to be an important reason for athletes to cease sports after several years of 
symptoms.4 Although several treatment options are available for PT, symptoms are 
often persistent.5 

Patellar straps and sports tape are commonly used by athletes with PT during 
sports in order to reduce activity-related pain. There are a few theories about the 
working mechanism of these orthoses: one is that the orthosis changes the patella-
patellar tendon angle, causes a reduction in the effective length of the tendon and 
thereby reducing the tendon strain.6 Others hypothesise that wearing an orthosis 
like a patellar strap or sports tape leads to improved proprioception,7 8 therefore 
optimizing knee movement and influencing patellar tendon load.9 A change in 
nociceptive (sensory) input was further suggested to lead to a decreased amount  
of perceived pain when wearing an orthosis.10 

Despite the fact that patellar straps and sports tape are frequently used by 
athletes, and the aforementioned theories notwithstanding, the actual  
effectiveness of these orthoses has – surprisingly – never been studied. The aim of 
this multicentre randomised controlled trial was therefore to investigate the short-
term effect of a patellar strap and sports tape on patellar tendon pain (1) during 
functional tests in a controlled environment and (2) in a sport-specific  
environment. The secondary aim was to investigate if there are specific  
characteristics of patients that are related to the effectiveness of an orthosis. 

METHODS
The study was divided into two consecutive parts. In part 1 the effect of the  
orthoses on pain was examined during functional tests in a controlled  
environment. This was followed by part 2, in which the effect of the orthoses was 
assessed in a sports-specific environment.

Setting and participants
The study was conducted between February 2013 and June 2014 at four different 
locations in the Netherlands. Participants were recruited from sports medicine 
departments and physical therapy practices. Also through advertisements on 
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websites of regional sports clubs and sports federations, and by using social media. 
Patients were eligible to participate in both parts of the study when they (1) were 
between 18-50 years of age; 2) had pain in the patellar tendon or its patellar or 
tibial insertion in one or both knees; 3) had a duration of symptoms exceeding three 
months; 4) a Victorian Institute of Sports Assessment questionnaire Patella (VISA-P) 
score < 80; 11 12 5) palpation tenderness of the patellar tendon; and 6) were active 
in sports. Exclusion criteria were acute knee or patellar tendon problems, chronic 
joint disease(s), signs or symptoms of other knee pathologies (including surgery), 
and inability to perform the tests. 

Approval was obtained from the medical ethics committee of University  
Medical Center Groningen (METc 2012/378). All participants signed an informed 
consent. A detailed protocol of this study has been published previously.13  

Part 1 – Functional tests in a controlled environment
Study design
The design of the first part of the study was a randomised controlled experiment in 
which the effect of a patellar strap and sports tape on pain was investigated during 
three functional tests.

Intervention and measurements
The measurements started with a baseline questionnaire, collecting information 
about personal characteristics, sports related factors and injury related factors, and 
a 5 minute warming-up period. This warming-up consisted of jogging or walking; 
the participants were allowed to choose their own preferred speed. After this 
all participants performed during one session three functional tests under four 
conditions: control, patellar strap, sports tape and placebo. In the control condition 
no intervention was used, in the patellar strap condition a Push Med patellar brace 
(NEA Int, Maastricht Airport, the Netherlands) was worn, in the sports tape  
condition non-elastic Leukotape classic (width 2.5 cm, BSN medical, Almere, the 
Netherlands) was administered and in the placebo condition elastic Leukotape K 
(kinesiotape, width 2.5 cm, BSN medical, Almere, the Netherlands) was  
administered in a non-functional way (thus not conforming with kinesiotaping 
guidelines) (see Figure 1). Only a short piece of tape was used in the latter  
condition, and it was only slightly stretched so no pressure was felt on the patellar 
tendon. The order of the four conditions was assigned using a complete 
counterbalancing design (resulting in 24 order options). When patients had  
bilateral PT, the effect of the orthoses was assessed only in the most  
symptomatic knee. 
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Figure 1: The four conditions tested in the study: the control condition (top left), the patellar 
strap condition (top right), the sports tape condition (bottom left), and the placebo condition 
(bottom right).

The three functional tests used were: 1) a single-leg decline squat (1x and 
10x) on a platform with a 20° slope and 60° knee flexion14, 2) the vertical jump 
test (both legs and one leg), and 3) the triple hop test 15. All tests were performed 
with the left leg first and a practice trial was allowed before the actual test started.  
Participants were instructed to jump as high as possible during the vertical jump 
test and as far as possible during the triple hop test; in both the use of arms 
was allowed. The jumping height and the hopped distance were measured. To  
determine the jumping height, participants touched the wall on the highest point 
with their fingers that were dipped in chalk. After each test the subject was asked 
to indicate the amount of experienced pain using the visual analogue scale (VAS). 
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The VAS for pain ranges between 0 (no pain) and 100 mm (most severe pain) and 
measures chronic and acute pain in a valid and reliable way.16 17 The order of the tests 
was the same for all participants and at least a 1-minute break between the tests was 
warranted to allow for physiological recovery. 

Data analysis
Median VAS pain scores and interquartile ranges were calculated per condition. A 
two-level Poisson mixed-model analysis with overdispersion was used to analyse  
the difference in VAS pain score between the four conditions during the three 
functional tests. A correction for jumping height (for the vertical jump test) and 
distance (for the triple hop test) was included. The analysis controlled for study 
location. 

In order to investigate the secondary research question – which patients’ 
characteristics are possibly related to the effect of the orthoses? – a simple linear 
regression analysis was used. The difference in VAS pain score between the  
patellar strap/sports tape and the control condition during the 10x single-leg  
decline squat was used as outcome parameter, and personal characteristics  
(gender, age, BMI), sports-specific factors (playing level, jumping height) and  
injury-specific factors (VISA-P score, unilateral/bilateral PT, duration and exact  
location of PT) were used as predictors. Previous and current use of an orthosis  
during sports was also included as a predictor. IBM SPSS version 20 (IBM Corp., 
Armonk, New York, USA) was used to analyse the data, and a p-value < 0.05 was 
considered statistically significant.

Part 2 – Sports-specific environment
Study design
The second part was a randomised controlled trial with a parallel group design, in 
which the effect of a patellar strap and sports tape on pain was investigated in a 
sports-specific environment. Participants received a log in which they had to  
register pain and their sports participation during two weeks: the control and the 
intervention week.

Intervention and measurements
The first week was the control week for all participants (no orthosis during 
sports) and the second week was the intervention week where 25% of 
the participants used a patellar strap during sports, 25% used sports tape, 
25% used the placebo condition and 25% used no orthosis during sports. 
Allocation to the condition in the intervention week was performed at random 



 79Effect of patellar strap and tape on pain in PT: a randomized controlled trial | 79

(dependent on entry in the study), after stratification for severity of injury.  
The severity of injury was based on the four phases defined by Blazina18 (adapted 
by19 20). Before the study, participants received thorough instruction on how to 
administer the orthosis assigned to them, followed by a supervised practice  
session. The orthosis was only used during sports activities and it was  
removed immediately thereafter.

Participants were instructed to document in the log the amount of pain  
during sports, two hours after sports and the next morning (all using the VAS pain 
scale), as well as the duration (minutes) and intensity (0-100mm VAS scale) of the 
athletic performance. It was also documented if the participants who used an 
orthosis in the intervention week experienced a difference in pain between the 
two weeks with the question: ‘Did you experience a decrease in pain wearing the 
orthosis during sports compared to control?’ The answer options were YES and NO. 
The participants in the control group did not have to answer this question.  

Data analysis
A two-level mixed-model analysis was used to examine the difference in the VAS 
pain score during sports (linear with square root correction), after sports (linear  
with square root correction) and the next morning (Poisson with overdispersion) 
between both weeks in all groups. A correction for intensity (0-100) and number of 
athletic performance that week was included in the model. Also the interaction 
between group and week using mixed models was analysed in order to see if 
differences in the intervention groups were different from that in the control and 
placebo group. For the data presentation, the estimated means of the VAS during 
and two hours after sports were used (including the aforementioned covariates).

RESULTS
A total of 97 participants participated in this study. Their characteristics are 
presented in Table 1. No significant differences in characteristics were found 
between groups. The second part of the study comprised 69 of the 97 participants: 
16 did not send back the log and could not be contacted, seven participants had to  
quit sports because of patellar tendon pain before completing part 2, and five 
participants could not participate in part 2 because they had surgery (n=1) or  
received a platelet-rich plasma injection (n=4) after part 1 (see figure 2 for the  
flow chart). 
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Table 1: Characteristics of the participants of both parts of this study. 
Part 1 Part 2: Groups
Overall Control Patellar strap Sports tape Placebo 

n 97 14 21 18 16

General characteristics
Age (years) 27.0  (8.1) 30.0 (7.6) 26.3 (8.4) 28.2 (9.3) 25.1 (7.9)
Gender (male/female) 59/38 5/9 12/9 11/7 9/7
BMI a (kg/m2) 23.5 (3.2) 22.9 (3.2) 22.9 (2.9) 24.0  (2.6) 23.6 (4.7)

Injury-related factors
Knee PT (left/right/both) 23/29/45 4/3/7 3/8/10 3/4/11 4/6/6
VISA-P (0-100) 58.5 (12.7) 58.6 (14.5) 59.0 (13.3) 60.6 (12.9) 56.5 (12.0)
PT duration (months) 18.0 (27.0) 24.0 (40.3) 18.0 (31.0) 29.5 (18.0) 16.0 (50.5)
Pain location (proximal
/mid-tendon/distal) b

78/7/7 11/1/1 14/4/3 15/1/2 14/1/0

Sports-related factors
Playing level (reg/nat) c 77/20 10/4 16/5 15/3 16/0
Sport (hours per week) c 4.5 (2.2) 4.5 (2.6) 4.7 (2.8) 5.0 (2.4) 3.6 (1.6)

Displayed values are frequencies and means (SD), except for PT duration (median and interquartile 
range). a body mass index; b missing n=5 c primary sports.

Part 1 – Functional tests in controlled environment
Table 2 presents the VAS pain scores during the different functional tests for each 
condition. Significant differences were found on the single-leg decline squat (10x)  
in the patellar strap and sports tape condition compared to control (14-mm  
decrease, p=0.04; 13-mm decrease, p=0.04). In the patellar strap condition the VAS 
pain score during the vertical jump test (one leg) decreased 11.5 mm (p = 0.06) 
compared to control. No significant differences were found compared to placebo. 

No predictors of effectiveness for the use of a patellar strap were found.  
Female gender was found to be a predictor of effectiveness in the sports tape 
condition (B=7.41; p=0.03). Previous or current use of an orthosis was not  
identified as a predictor. No effect of the orthoses was found on jumping height 
(vertical jump test) or distance (triple-hop test).   
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Assessed for eligibility (n=101) 

Excluded  (n=3) 
- Not meeting inclusion criteria (n=1) 
- Other reasons (n=2) 

Analysed  (n=14) 
- Excluded from 
analysis: none 

Control (n=23) 
- failed to sent back log 
(n=6) 
- quit sports before       
completion (n=3) 
 
 

Allocation (part 2) 

Enrollment 

Patellar strap (n=27) 
- failed to sent back log    
(n=5) 
- quit sports before 

completion (n=1) 
 

Sports tape (n=21) 
- failed to sent back log    
(n=1) 
- quit sports before 

completion (n=2) 
 

Placebo (n=21) 
- failed to sent back log    
(n=4) 
- quit sports before 

completion (n=1) 
 

Drop out after part one because: 
Surgery (n=1) 
Platelet rich plasma injection (n=4) 
 

Randomized in part one (n=97) 
No drop outs  
 

Analysis 

Analysed  (n=21) 
- Excluded from 
analysis: none 

Analysed  (n=18) 
- Excluded from 
analysis: none 

Analysed  (n=16) 
- Excluded from 
analysis: none 

      

Figure 2: flow chart of the participants
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Table 2: VAS pain scores (median and interquartile range (IQR)) during the different 
functional tests.

Median (IQR):
Control Patellar strap Sports tape Placebo

SLDS (1x) 15.0 (28.5) 12.0 (23.0) 11.5 (21.5) 15.0 (26.5)

SLDS (10x) 33.0 (36.5) 19.0 (33.0)* 20.0 (26.0)* 26.0 (27.5)

Vertical jump test (both legs) 10.0 (23.0) 9.0 (17.0) 10.0 (15.0) 12.0 (23.0)

Vertical jump test (one leg) 24.5 (32.3) 13.0 (24.0)# 17.0 (24.3) 20.0 (28.0)

Triple-hop test 26.0 (37.8) 17.0 (34.0) 19.0 (26.3) 20.0 (37.0)

SLDS: single leg decline squat. * Significant difference (p<0.05) compared to control. # trend 
towards significant difference compared to control (p=0.06). Mixed model analysis, Poisson 
with overdispersion with correction for height (vertical jump test) and distance (triple-hop test).

Part 2 – Sports-specific environment 
Figure 3 shows the VAS pain scores during sports in the control and intervention  
week of the four groups. In the control group no significant differences 
were found. Significant differences between both weeks during 
sports were found in the sports tape (7-mm decrease, p=0.04) and 
the placebo group (6-mm decrease, p=0.04); in the patellar strap  
group a trend towards significance was found (5-mm decrease, p=0.06). The 
improvement was not significantly different between the groups. After sports, the 
VAS pain score differed between both weeks in the patellar strap group (8-mm 
decrease, p<0.001), the sports tape group (10-mm decrease, p=0.001) and the 
placebo group (7-mm decrease, p=0.03) (figure 4). 

The interaction analysis showed that the VAS after sports in the patellar  
strap and sports tape group decreased more in the intervention week compared  
to the control group (p=0.02 and p=0.03 respectively) but not compared to placebo. 
No significant differences were found for the VAS pain scores the next morning  
(data not shown) nor for the intensity (mean 52.5, SD 20.1), duration (mean  
73.8 minutes, SD 35.8) and number of athletic performances (mean 2.0 SD 1.0) 
between both weeks in the groups. In the patellar strap group, 80% of the participants 
documented having experienced a decrease in pain in the second week; this was  
72% for the sports tape group and 56% for the placebo group.
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Figure 3: The estimated means with 95% CI (corrected for intensity and number of athletic 
performances that week) of the VAS scores for pain during sports in the control (week 1) and 
intervention week (week 2). * indicate a significant difference between both weeks (p<0.05), 
# a trend towards significance (p=0.06).

Figure 4: The estimated means with 95% CI (corrected for intensity and number of athletic 
performances that week) of the VAS for pain two hours after sports in the control (week 1) and 
intervention week (week 2). * indicate a significant difference between both weeks (p<0.05), 
** indicate a significant difference between both weeks (p<0.001).
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DISCUSSION
The aim of this study was to investigate the short-term effect of a patellar strap and 
sports tape on patellar tendon pain in PT patients. During the functional tests a 
significant decrease in VAS pain score was measured wearing a patellar strap or 
sports tape compared to control during the 10x single-leg decline squat. A trend 
towards significance was found for the patellar strap condition compared to  
control in the one-legged vertical jump test. These results were partially replicated  
in the sports-specific environment: we found that the use of sports tape  
decreased pain significantly during sports and two hours after sports compared to 
no difference in the control group. A significant decrease in pain was also found in 
the patellar strap group two hours after sports, and in the placebo group during and 
two hours after sports. As for the secondary research question, no predictors could 
be identified for the effectiveness of a patellar strap, whereas females seemed to 
benefit more from wearing sports tape than men.  

It seems that a minimum level of tendon load is necessary to result in a  
significant and clinically relevant (≥12mm21) decrease in pain when using an  
orthosis. The results from the functional tests show that use of a patellar strap or 
sports tape can produce a clinically relevant decrease in pain when performing a 
single-leg decline squat ten times and a close-to-relevant (11.5mm) decrease in the 
vertical jump test on one leg. During the tests with relatively low load (the 1x  
single-leg decline squat) or during tests where one can compensate with the other 
leg (the vertical jump test with both legs) no effect of the orthoses was found.  
Since jumps are often performed in several sports with high prevalence of PT (like 
volleyball and basketball) the finding that during the one-legged vertical jump test 
the patellar strap caused a decrease in pain that almost reached the clinical  
relevance criterion might have practical implications. 

In the sports-specific part of the study it is found that all the orthoses have a 
positive effect on the VAS pain score. This effect was found during sports (5-7 mm), 
but was more pronounced in the two hours after sports (7-10 mm), although still 
below the level of clinical relevance (≥12mm21). It is important to consider that the 
presented data and differences are based on estimated means which are  
influenced by the (number of) covariates included in the model. Furthermore,  
these estimated means - and therefore the differences between them - may not 
completely reflect the actual effect due to positive skewness of the data. Besides, it 
might be that sports participation may have caused that the attention of the  
athlete is distracted from the pain in favor of attention for the game. The latter  
might also be the reason why the reduction in pain is more clearly two hours after 
sports. Most important, patients indicated to have experienced a decrease in pain  
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as a result of the orthosis on the self-perceived decrease in pain question –  
especially in the patellar strap (80%) and the sports tape group (72%). Thus, the 
found differences may in fact be clinically relevant. 

Compared to placebo, no additional relief in pain was found for the active 
treatment (patellar strap and sports tape) during the functional tests, during sports 
and two hours after sports. A possible explanation for the finding that all orthoses 
- including the placebo condition - seem to cause at least some decrease in pain is 
that by applying any orthosis to the knee the cutaneous structures have been 
stimulated. This could have resulted in a change in nociceptive input what might have 
induced an analgesic effect.10 As the effect of the patellar strap and sports tape on pain  
was somewhat stronger compared to the placebo condition (particularly evident 
in the first part of the study), the pressure exerted on the tendon might be  
causing the additional pain relief. It was already shown in a study investigating  
tennis elbow straps22 that the force applied by the orthosis might influence 
effectiveness. A change in taping method might be the reason why the placebo 
condition appears to be more effective in the sports-specific situation than the 
controlled environment. Despite thorough instructions on how to administer the 
elastic kinesiotape, the tape may have been more stretched when applied, what 
might have caused more sensory input to the knee joint. 

In this study the main focus was to investigate the effect on tendon pain. It is 
important to note that the origin of tendon pain is very complex and not fully 
understood. Peripheral and central mechanisms as well as local tissue changes  
seem to play a role in tendon pain.23 Furthermore, pain and tendon abnormalities 
appear to be only weakly related,20 and both can fluctuate independently over  
time throughout a season. Considering this, the current results provide no  
information about the effect of the use of an orthosis on the tendon structure. It is 
possible that when the pain is diminished because of a change in sensory input, as 
was suggested by Farkas et al. (1997), an athlete can continue sports participation  
but possibly causing more damage to the tendon. On the other hand, an orthosis 
might help prevent excessive tendon strain (by changing the patella-patellar  
tendon angle and effective tendon length6 or by improving proprioception7 8),  
thereby causing less damage to the tendon. Since the underlying mechanism  
remains unclear, future research should focus on the effect of the use of orthoses  
on both tendon structure and tendon pain. 

A limitation of this study is that only the short-term effect of the orthoses was 
investigated. Using the orthoses over a longer period of time can result in different 
effects. This was seen in a study investigating subjects with lateral elbow pain  
where a bandage caused a positive effect on pain in the short term, disappearing 
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in the longer term.24 Future research should therefore focus on the effects of  
orthoses in the long term to see if longer use of an orthosis in patellar 
tendinopathy is still beneficial. Another limitation of this study was that the 
diagnosis of PT was a clinical one (based on e.g. patellar tendon pain and palpation 
tenderness) and was not confirmed with ultrasound or MRI, so we might have  
included some patients with other knee pathology causing anterior knee pain. 
It should also be noted that in the current study only one brand of patellar strap 
was used. As the design of different brands of patellar straps can be diverse,  
these results cannot readily be generalised to other brands. Since there was  
a large difference in effectiveness between individuals, and almost none of the  
characteristics were found to be associated with the effect of the orthoses, future 
studies should focus on finding predictors of effectiveness. 

PERSPECTIVES
Numerous athletes with PT use a patellar strap or sports tape during sports trying 
to reduce pain. This study is the first to investigate the effect of these orthoses in  
PT. Results show that a patellar strap and sports tape reduced pain on the short- 
term compared to control, however both were not more effective than placebo 
taping. The long-term effect remains unknown. Based on the suggested working 
mechanisms the use of a strap or tape can positively influence the tendon by 
reducing patellar tendon strain6 or by improving proprioception.8 Their use can  
also have negative consequences on the tendon structure when the effect is  
foremost analgesic,10 because athletes may continue to put high stress on the 
tendon since they experience less pain. There is need for research where changes 
in the tendon structure as a result of wearing an orthosis is measured.  
Furthermore, predictors of effectiveness should be investigated in order to give 
personalised advice. Nevertheless, this study provides initial evidence about the 
effectiveness of orthoses on patellar tendon pain - an important first step towards 
evidence-based guidelines for the use of these orthoses in athletes with PT.       



 87Effect of patellar strap and tape on pain in PT: a randomized controlled trial | 87

ACKNOWLEDGMENTS
The authors wish to thank Nea International for supporting the study with patellar 
straps and BSN medical with the sports and kinesio tape, and ProRalph for the 
loan of the decline board. We would further like to thank Roy Stewart and Judith 
Vonk for their assistance with the statistics and the following students for their  
assistance with the measurements: Peter van Bemmel, Simone Munk, Jelger  
Rietveld and Sandra Timmerman. Most importantly, we would like to thank our 
participants for participating in this study.

REFERENCES
1 Warden SJ, Brukner P. Patellar tendinopathy. Clin Sports Med 2003; 22(4):743-759. 
2 Lian ØB, Engebretsen L, Bahr R. Prevalence of jumper’s knee among elite athletes from 
different sports. Am J Sports Med 2005; 33(4):561-567. 
3 Zwerver J, Bredeweg SW, van den Akker-Scheek I. Prevalence of Jumper’s knee among 
nonelite athletes from different sports: a cross-sectional survey. Am J Sports Med 2011 Sep; 
39(9):1984-1988. 
4 Kettunen JA, Kvist M, Alanen E et al. Long-term prognosis for jumper’s knee in male athletes. 
Am J Sports Med 2002; 30(5):689-692. 
5 Larsson ME, Käll I, Nilsson-Helander K. Treatment of patellar tendinopathy—a systematic 
review of randomized controlled trials. Knee Surgery, Sports Traumatology, Arthroscopy 2012; 
20(8):1632-1646. 
6 Lavagnino M, Arnoczky SP, Dodds J et al. Infrapatellar Straps Decrease Patellar Tendon Strain 
at the Site of the Jumper’s Knee Lesion. Sports Health: A Multidisciplinary Approach 2011; 
3(3):296-302. 
7 Callaghan MJ, Selfe J, Bagley PJ et al. The effects of patellar taping on knee joint proprioception. 
Journal of Athletic Training 2002; 37(1):19. 
8 de Vries AJ, van den Akker-Scheek I, Diercks RL et al. The effect of a patellar strap on knee 
joint proprioception in healthy participants and athletes with patellar tendinopathy. Journal of 
Science and Medicine in Sport 2015; doi:10.1016/j.jsams.2015.04.016
9 Lephart S, Fu F. The role of proprioception in the treatment of sports injuries. Sports Exerc 
Inj 1995; 1:96-102. 
10 Farkas R, Glitsch U, Paris M. On the mechanical effects of knee bandages in the therapy of 
patellar chondropathy. Clin Biomech 1997; 12(2):116-121. 
11 Visentini PJ, Khan KM, Cook JL et al. The VISA score: An index of severity of symptoms in 
patients with jumper’s knee (patellar tendinosis). Journal of Science and Medicine in Sport 
1998; 1(1):22-28. 
12 Zwerver J, Kramer T, van den Akker-Scheek I. Validity and reliability of the Dutch translation 
of the VISA-P questionnaire for patellar tendinopathy. BMC Musculoskeletal Disorders 2009; 
10(1):102. 



88 88 | Chapter 5

13 de Vries AJ, van den Akker-Scheek I, Diercks RL et al. Effect of patellar strap and sports 
tape on jumper’s knee symptoms: protocol of a randomised controlled trial. Journal of 
physiotherapy 2013; 59(4):270-270. 
14 Zwerver J, Bredeweg SW, Hof AL. Biomechanical analysis of the single-leg decline squat. Br 
J Sports Med 2007; 41(4):264-268. 
15 Hamilton RT, Shultz SJ, Schmitz RJ et al. Triple-hop distance as a valid predictor of lower limb 
strength and power. Journal of athletic training 2008; 43(2):144. 
16 Bijur PE, Silver W, Gallagher EJ. Reliability of the visual analog scale for measurement of 
acute pain. Acad Emerg Med 2001; 8(12):1153-1157. 
17 Downie W, Leatham P, Rhind V et al. Studies with pain rating scales. Ann Rheum Dis 1978; 
37(4):378-381. 
18 Blazina ME, Kerlan RK, Jobe FW et al. Jumper’s knee. Orthop Clin North Am 1973 Jul; 
4(3):665-678. 
19 Roels J, Martens M, Mulier J et al. Patellar tendinitis (jumper’s knee). Am J Sports Med 
1978; 6(6):362-368. 
20 Lian Ø, Holen K, Engebretsen L et al. Relationship between symptoms of jumper’s knee and 
the ultrasound characteristics of the patellar tendon among high level male volleyball players. 
Scand J Med Sci Sports 1996; 6(5):291-296. 
21 Kelly A. The minimum clinically significant difference in visual analogue scale pain score 
does not differ with severity of pain. Emergency Medicine Journal 2001; 18(3):205-207. 
22 Meyer NJ, Pennington W, Haines B et al. The effect of the forearm support band on forces 
at the origin of the extensor carpi radialis brevis: a cadaveric study and review of literature. 
Journal of Hand Therapy 2002; 15(2):179-184. 
23 Rio E, Moseley L, Purdam C et al. The Pain of Tendinopathy: Physiological or 
Pathophysiological? Sports Medicine 2014; 44(1):9-23. 
24 Öken Ö, Kahraman Y, Ayhan F et al. The short-term efficacy of laser, brace, and ultrasound 
treatment in lateral epicondylitis: A prospective, randomized, controlled trial. Journal of Hand 
Therapy 2008; 21(1):63-68. 



 89Effect of patellar strap and tape on pain in PT: a randomized controlled trial | 89





Chapter 6
The effect of a patellar strap 
on knee joint proprioception 

in healthy participants and 
athletes with patellar 

tendinopathy
Astrid de Vries

Inge van den Akker - Scheek 
Ron Diercks

Johannes Zwerver
Henk van der Worp

Journal of Science and Medicine in Sport. Published online first: 14 May 2015. 
doi: 10.1016/j.jsams.2015.04.016. [Epub ahead of print]

 



92 92 | Chapter 6

ABSTRACT
Objectives: The primary aim of this study is to investigate the effect of the use of a 
patellar strap on knee joint proprioception in both healthy participants and in  
patients with patellar tendinopathy (PT). Secondary aims are to examine whether 
there is a difference in effectiveness of the use of a patellar strap between 
 participants with low and high proprioceptive acuity and if possible predictors of 
effectiveness can be determined.
Design: Cross over 
Methods: The threshold to detect passive motion with and without a patellar strap 
was assessed in 22 healthy participants and 21 unilateral PT patients.  
Results: The results from the mixed model analysis show that in both groups of 
participants a small but statistical significant improvement in proprioception was 
found, primarily in those who had low proprioceptive acuity. A notable finding was 
that in the symptomatic leg of the PT group no improvement in proprioception by 
wearing a strap could be determined. Male gender and having fewer symptoms  
were possible predictors of effectiveness in PT patients. 
Conclusions: As proprioception plays a role in optimising movements and reducing 
load to joint-related structures like tendons and ligaments, it is considered an 
important protection mechanism. Despite that the improvements in  
proprioception as a result of wearing the strap are small, it might be that the use of  
a patellar strap can potentially play a role in injury prevention since poor 
proprioception can be a risk factor for (re)-injury.
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INTRODUCTION
Proprioception – defined by Lönn as ‘the perception of movement and position of 
body segments in relation to each other without the aid of vision’1 – is thought to 
play an important role in optimising movement by controlling muscular actions and 
to protect from excessive strain.2 Proprioception even seems to be a more  
important protective mechanism than pain because proprioceptive signals,  
initiated by mechanoreceptors, travel faster.3 As a result, deficits in proprioception 
may lead to a higher risk of developing injuries, acute as well as chronic.  
Improvement in proprioception may result in reduced injury occurrence, as was 
found in several studies,4-6 and is therefore considered to be very important in 
primary and secondary injury  prevention. 

In several studies the potentially positive effect of different orthoses on 
proprioception was demonstrated, e.g. tapes,7 8 braces 9-11 and elastic sleeves.12 13 

Callaghan and colleagues (2008) showed, for instance, that the use of patellar 
taping in patients with patellofemoral pain syndrome is effective in improving 
proprioception. They did find however that the effect occurred solely in patients 
who originally had poor proprioception and not in patients with good  
proprioception beforehand. Similar results were observed in healthy participants: a 
positive effect of wearing an elastic bandage was found, and the largest  
improvements were observed in those persons who originally had poor 
proprioception.13 

The use of patellar straps during sports is common among athletes with 
patellar tendinopathy who are trying to remain active in sports despite the pain. To 
our knowledge, no study has yet investigated the effect of a patellar strap on knee 
joint proprioception. If wearing a patellar strap enhances proprioception, it could 
potentially play a role in prevention and management of patellar tendinopathy. 
This study aims to investigate the effect of the use of a patellar strap on knee joint 
proprioception in both healthy participants and patients with PT. Secondary aims 
are to examine whether there is a difference in effectiveness of the use of a  
patellar strap between participants with high and low proprioceptive acuity and if 
possible predictors of effectiveness can be determined.

METHODS
In a cross over study, proprioception of the knee was assessed during one 
measurement session. Two groups of subjects, all between ages 18 and 50, were 
included in this study: a group of healthy participants and a group of patients with PT. 
The healthy participants had to be free of current or previous symptoms of knee pain 
in the patellar tendon or its insertion, and had to have a VISA-P score higher than 80.  
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For the PT group, participants had to be diagnosed with patellar tendinopathy 
(one-sided) by a physician or physical therapist, have palpation tenderness of the 
patellar tendon, have symptoms of knee pain in the patellar tendon or its patellar 
or tibial insertion during sports longer than three months, and have a VISA-P score ≤ 
80. Exclusion criteria for both groups were presence of neurological symptoms (e.g. 
diabetic neuropathy) and other injuries to the lower extremities like ACL ruptures or 
conditions that required knee surgery (such as ACL reconstruction or meniscus tear)
that might influence  the proprioception measurements. 

The healthy participants were recruited via social media, posters at  
educational settings and sports environments, and a mailing to students. PT  
patients were recruited via the UMCG Center for Sports Medicine, physiotherapy 
practices, social media, posters and advertisements on the websites of sports  
clubs. Individuals who met the criteria were asked to participate in the study. The 
medical ethics committee of the University Medical Center Groningen gave  
approval for this study (METC 2011/075) and all participants were asked to  
complete an informed consent form prior to the study. The ethical guidelines 
according the Medical Research Involving Human Subjects Act for all aspects of the 
study were closely followed. 

Prior to the measurements, participants were asked to fill out a questionnaire 
about general characteristics, including injury-specific factors in PT patients; and 
the Victorian Institute of Sport Assessment – Patella (VISA-P) questionnaire. The 
VISA-P questionnaire is a commonly used, self-reported questionnaire that  
measures severity of symptoms in patients with PT. The score ranges between 0 
and 100, with 100 corresponding to an asymptomatic athlete. This questionnaire is 
considered to be reliable and valid.14 15

To determine proprioception, the threshold to detect passive motion (TTDPM) 
was assessed. In this study a device was used based on a prototype of Friden  
and Roberts and previously validated to measure TTDPM.16 The device has a high 
reliability with a measurement error of 0.03°.16 A platform with a revolving sled  
was mounted on a former hospital bed. The sled was driven by an electric motor  
and a splint was attached to the sled for fixation and positioning of the leg and  
foot. With the movement of the sled the knee was brought into extension or flexion. 

After receiving instructions about the procedure, the participant was  
positioned on one side on the hospital bed, with the lower leg placed in the splint 
(Figure 1). This underlying leg was measured while the other leg was placed on 
another platform. The trunk of the participant was stabilised by a vacuum  
mattress.16 Only movements of the underlying leg in the sagittal plane were  
possible. Participants were unable to see their own leg and auditory cues were 
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suppressed by using earphones and instrumental music. The leg was moved with  
an angular velocity of 0.5°/s. As soon as participants sensed motion in their knee  
they were instructed to press a button to stop the device. TTDPM was determined 
with the angle (in degrees) at which the device was halted. The onset of the  
rotation had a random delay (range 5-15 seconds) after the participants were told  
to be ready. This was programmed to avoid guessing. More detailed information 
about this device can be found in the validation study of Boerboom et al. (2008). 

Figure 1: A participant positioned in the TTDPM device, with the right leg placed in the splint 
(shown without vacuum mattress) and the patellar strap attached.

Participants were tested according to a standard protocol. The order of  
starting position (20° and 40° knee flexion) was kept the same for all participants, 
but the leg that was measured first (left or right) and the condition (with or  
without patellar strap) were randomised. The patellar strap used was a Push Med 
patellar brace (NEA Int, Maastricht Airport, The Netherlands). It was positioned by 
the researcher according to manufacturers’ instructions. For each starting position 
10 measurements towards flexion (TF) and 10 towards extension (TE) were taken  
at random, with a total of 160 measurements taken per participant (80 per leg).

All TTDPM values below 0.05 (in accordance with 0.1 second after 
the onset of the movement of the device) were considered a mistake or 
a guess, given that physiological reaction time is considered to be at least 
0.1 second.16 These values therefore were excluded from analysis. TTDPM 
values exceeding three standard deviations from the mean were also  
removed from analysis, as these values were probably caused by the participant’s  
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lack of focus. Because of positive skewed data a log transformation was performed 
before calculating the mean and the standard deviations and before analysing 
the data using mixed-model analysis.16 Prior to presenting the data, a return 
transformation was performed. A correction for gender and age was included in 
the analysis, as research shows that females and older subjects have significantly 
higher TTDPM values.16 To investigate if the effectiveness of the patellar strap was  
different in participants with low or high proprioceptive acuity, two groups were 
put together based on the median. The median was calculated for the healthy 
participants and the PT patients separately and both groups were split based on the 
median of that group. The group below the median was indicated as having high 
proprioceptive acuity, the group with TTDPM values above the median as having 
low proprioceptive acuity. It was also analysed if possible predictors of effectiveness 
of the patellar strap on proprioception could be determined using linear regression 
analysis. The difference in TTDPM values between the strapped and non-strapped 
condition was taken as the outcome; age, BMI, VISA-P, duration of symptoms (in 
PT patients), sports participation and TTDPM values were included as predictors. 
IBM SPSS v.20 was used to analyse the data and a p-value < 0.05 was considered 
statistically significant.  

RESULTS
This study included a total of 22 healthy participants and 21 patients with PT. We 
removed 152 values from the data because the TTDPM values were below 0.05 or were 
more than three standard deviations from the average TTDPM value, leaving 6728 
values to be analysed. The characteristics of the participants are presented in Table 1. 
 
Table 1: General and injury specific characteristics of 22 healthy participants and 21 patients 
with PT. Means and standard deviations are presented, unless otherwise indicated. 

Healthy participants PT patients

Gender (male/female)a 10/12 12/9
Age (years) 24.1 (3.1) 26.4 (8.9)
BMI (kg/m2) 22.3 (2.0) 23.0 (3.6)
Sports participation (hours/week) 5.2 (3.0) 4.5 (3.0)
VISA-P score (0-100) 99.6 (1.0) 60.1 (12.1)
Duration of symptoms (months) b - 30.0 (36.0)
BMI: Body mass index, a Frequencies; b Median and interquartile range because of skewness 
of the data.
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Table 2 presents the results from the mixed-model analysis for the healthy  
and PT participants. For both groups a significant difference in TTDPM between 
wearing a strap and not wearing one was found; in all cases the TTDPM values  
were lower (improved) while wearing a strap (4-7% improvement). In PT patients,  
the difference between the two conditions in the symptomatic leg was not  
significant. No statistical difference between the TTDPM values of the healthy 
participants and the PT patients without the strap was found (p=0.669).

Table 2: Results from the mixed-model analysis, corrected for gender and age. 
TTDPM º Without strap

Mean (95% CI)
With strap
Mean (95% CI)

Difference
(%)

P- value 

Healthy participants 0.58 (0.53-0.64) 0.55 (0.51-0.60) 0.028 (4.8) 0.002**
High acuity 0.49 (0.45-0.54) 0.49 (0.45-0.54) 0.001 (0.2) 0.944
Low acuity 0.69 (0.65-0.74) 0.63 (0.59-0.67) 0.064 (9.3) <0.001**

PT patients 0.61 (0.53-0.70) 0.57 (0.50-0.65) 0.037 (6.1) <0.001**
High acuity 0.48 (0.40-0.57) 0.46 (0.39-0.55) 0.021 (4.4) 0.068
Low acuity 0.77 (0.70-0.85) 0.71 (0.65-0.78) 0.061 (7.9) 0.002**

Symptomatic leg 0.61 (0.51-0.73) 0.59 (0.49-0.70) 0.026 (4.3) 0.067
High acuity 0.48 (0.40-0.57) 0.46 (0.39-0.55) 0.013 (2.7) 0.416
Low acuity 0.78 (0.60-1.02) 0.74 (0.57-0.96) 0.044 (5.6) 0.083

Asymptomatic leg 0.61 (0.52-0.71) 0.56 (0.48-0.66) 0.043 (7.0) 0.002**
High acuity 0.48 (0.39-0.60) 0.46 (0.37-0.56) 0.029 (5.9) 0.070
Low acuity 0.77 (0.60-0.98) 0.71 (0.55-0.90) 0.063 (8.2) 0.011*

* p<0.05 and ** p<0.01 significant difference between TTDPM without and with strap 

The results for participants with high and low proprioceptive acuity are also 
shown in Table 2. Among the healthy participants with low proprioceptive acuity 
a significant improvement was found in TTDPM values when wearing a strap 
compared to not wearing one (with 9,3% improvement). No difference between 
the conditions was found in the participants with high  proprioceptive acuity. In PT 
patients, participants with low proprioceptive acuity also improved significantly in 
their TTDPM values when wearing a strap, however this was primarily observed in 
the asymptomatic leg. No significant differences were found in the symptomatic  
leg.

In the healthy participants group only the TTDPM value could be determined 
as a predictor (B=0.315, SE= 0.1, p=0.005). For the PT patients, gender and the 
VISA-P score were found as predictors (gender: B=-0.068, SE=0.028, p=0.023; 
VISA-P: B=0.003, SE=0.001, p=0.019); being male and a higher VISA-P score were  
predictors of improvement in proprioception as a result of wearing the strap.   
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DISCUSSION
The aim of the current study was to investigate the effect of a patellar strap on  
knee joint proprioception in healthy participants as well as in PT patients. The 
results from this study show that in healthy participants, specifically those with low 
proprioceptive acuity, TTDPM values improved with the use of a patellar strap. In 
the PT patients, the asymptomatic leg resembled the outcomes from the healthy 
participants with an improvement in TTDPM in the whole group as well as in those 
with low proprioceptive acuity. No significant improvement was found in TTDPM 
values in the symptomatic leg when wearing a strap, either in the total group or 
when the group was split into high and low proprioceptive acuity.

The results from this study show that, despite differences in size, shape and 
material with orthoses that were investigated previously,7 9 13 a patellar strap can  
also enhance knee joint proprioception measured with TTDPM. We found a  
difference in effectiveness of the strap between participants with high and low 
proprioceptive acuity, in agreement with findings in previous studies.7 8 13 These  
results indicate that individuals with better  proprioception on forehand might 
have reached some kind of ceiling and do not benefit from extra cutaneous sensory 
stimulation, while those with lower proprioceptive acuity do improve their 
performance with the use of external aids.7 8 One should realise that being  
classified as having high or low proprioceptive acuity does not necessarily mean 
good or poor knee joint proprioception.

Since the improvements in proprioception when wearing a strap are small 
and some even resemble the measurement error of the device (0.03°) it is 
important to discuss the clinical relevance of the outcomes. The improvements in 
TTDPM in persons with low proprioceptive acuity (9% in healthy participants and 
almost 8% in PT patients) are comparable to the improvements shown in other 
studies investigating the effect of orthoses on knee joint proprioception,8 11 even 
though larger improvements (25%) were also found.9 13 While even small changes 
in proprioception may be valuable for a patellar strap user13 it is possible that the 
differences in the current study are not clinically relevant. Since to our knowledge 
no minimal important clinical difference is known for the TTDPM, it is not possible 
to draw firm conclusions regarding the clinical importance of the differences found 
in this study. 

Considering that the pathogenesis of tendinopathy is suggested to be a  
centrally mediated process (with bilateral deficits in unilateral tendinopathy),17 the 
finding that in the PT patients the greatest effect of the strap was found in the 
asymptomatic leg is notable. One explanation could be that in the symptomatic  
knee pain mechanisms interfere with and influence the effect of the strap.  
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Pain could have caused a decrease in proprioception, as it has shown to influence 
proprioception negatively.18-20 On the other hand, sensitisation might also be 
present in the symptomatic knee.21 As a result, PT patients may be more responsive 
to sensory stimulation and thus also have enhanced proprioception in the  
symptomatic knee. As a patellar strap may influence both – albeit to a different 
extent – this can lead to less obvious results in the symptomatic knee. 

Since proprioception can play a role in optimising movements, improvements 
in proprioception as a result of wearing a strap would be promising for (re-)injury 
prevention purposes.2 3 However, one should consider that the working mechanism 
of the patellar strap is not completely elucidated and the long term effect of the 
use of a patellar strap is unknown. It could be that when a strap causes a change in 
nociceptive input,23 less pain is experienced by the subject and therefore the  
athlete can indeed continue sports participation. This continued sports  
participation might on the long term result in poor clinical outcome and more 
damage to the tendon since load management is very important for athletes at risk 
of tendinopathy to prevent a shift along the tendon continuum towards the 
degenerative stage.24 On the other hand, a patellar strap can cause a decrease in 
tendon strain by increasing the patella-patellar tendon angle as was suggested by 
Lavagnino and colleagues.25 When this is the case, less damage to the tendon is 
caused by wearing the patellar strap. More research is necessary to investigate the 
effect of using an orthosis on tendon structure.

There are some limitations that should be considered in this study. First, 
even though the researcher placed the strap on each participant according to 
manufacturers’ instructions, the pressure exerted on the tendon may have differed 
between individuals. The force applied by the orthosis influences effectiveness, 
as shown in a study investigating tennis elbow straps26; this could have caused a 
difference in outcome. Second, in this study only one type of patellar strap was used 
(Push Med patellar brace). As the design of patellar straps varies between brands, 
the results obtained in this study may not be generalisable to other types of straps. 
However, considering that a patellar strap has a similar effect on proprioception  
- as found in other orthoses with different materials (like tapes and braces)7 13 - we 
expect the use of a different type of strap to result in effects on proprioception 
comparable to ours. Finally, one should realise that the method used in this study 
to determine proprioception is very different from actual activities during sports.27  
The movement that is executed by the device is passive and unloaded, and the  
angular velocity is very low. Still, determining the TTDPM is considered the 
most precise and repeatable measure available at the moment to determine  
proprioception of the knee.16 27
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CONCLUSION
Proprioception plays an important role in optimising movements and reducing load 
to tendons and ligaments. Even though no firm conclusions about the clinical 
relevance can be drawn, the current study shows that a patellar strap can improve 
the proprioception determined with TTDPM in healthy persons and PT patients, 
especially in those who had low proprioceptive acuity without strap. In PT patients 
no effect of the use of the strap was found in the symptomatic leg. This may be 
caused by pain mechanisms, as increased symptoms seem to have a negative  
effect on the effect of the patellar strap on proprioception. Nevertheless, methods 
- like a patellar strap - that potentially improve proprioception can be important for 
injury prevention purposes, given that a decreased proprioception is suggested to  
be a risk factor for (re-)injuries. 
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ABSTRACT
Proprioception plays an important role in motor control, and deficits in  
proprioception may put an athlete at risk for (re-)injury. Even though external aids 
are proven to be beneficial for the knee joint proprioception in several  
populations, the effectiveness of a patellar strap on the symptomatic leg of  
athletes with patellar tendinopathy (PT) is unclear. The aim of this study was to 
investigate the effect of a patellar strap on the proprioception of the symptomatic 
leg in PT. Secondary aims were to investigate a possible difference in effectiveness 
between athletes with high and low proprioceptive acuity, and whether predictors 
of effectiveness could be found. This randomised cross-over study included 24 
athletes with PT (age 27.3±9.0, VISA-P 50.6±11.2), who performed a joint position 
sense test with and without a patellar strap. The mixed-model analysis showed no 
improvement using the strap for the whole group, while those classified as having 
low proprioceptive acuity did improve using the strap (17.2%). A higher BMI, longer 
duration of symptoms and more tendon abnormalities were negatively associated 
with the strap�s effectiveness. In conclusion, the use of patellar straps may be 
relevant for preventive purposes in PT athletes with low proprioceptive acuity.
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INTRODUCTION
Proprioception is considered an important protective mechanism, as it plays a role 
in optimising movements and reducing load to joint-related structures like tendons 
and ligaments.1 Proprioception is defined by Lönn as ‘the perception of movement 
and position of body segments in relation to each other without the aid of vision’.2 
Injury of structures containing proprioceptive mechanoreceptors may lead to 
proprioceptive deficits, putting the athlete at risk for (re-)injury.3  

External aids like patellar straps, tapes and elastic bandages have proven to 
be beneficial for proprioception in several populations.4-8 The effect of patellar  
strapping on knee joint proprioception of athletes with unilateral patellar  
tendinopathy (PT) and healthy participants was recently investigated.9 In  
agreement with previous findings, a significant improvement in knee joint 
proprioception was found, especially among participants with low proprioceptive 
acuity. A new and notable finding was that no improvement in proprioception was 
found in the symptomatic leg of the participants with PT. This latter finding is of 
particular interest, as a patellar strap is commonly worn to reduce symptoms of 
patellar tendon pain. 

A possible explanation for the lack of improvement in the symptomatic leg is 
that pain mechanisms have interfered with the effect of the patellar strap on knee 
joint proprioception, as symptoms were negatively associated with the effect of  
the strap.9 Even though pain is the most important and limiting symptom in PT, it is 
very complex and not yet completely understood.10 It is suggested that in addition  
to nociception, induced by damage or inflammation, peripheral and central 
sensitisation also play a role in PT-related pain.10-12 Sensitisation is a process of 
generalised hypersensitivity of the somatosensory system, therefore  
proprioception might be enhanced. On the other hand, the presence of pain can 
influence proprioception negatively, as was found in several studies13-15; this  
negative association is not always demonstrated though.16 17 Since the use of a 
patellar strap might influence both pain and proprioception,9 18 this could explain 
why the proprioceptive effect of the strap in the painful knee joint is unclear. 

In general two types of tests are used to assess proprioception: sense of 
movement and sense of position.19 In the previous study, the proprioceptive ability 
was measured passively using the threshold to detect passive motion (TTDPM),  
where subjects had to press a button as soon as they felt their leg moving.9 Even 
though the TTDPM is used most often to measure proprioception and is considered 
as the most reliable,20 it does not reflect the functional use of proprioception. 
Measuring joint position sense is believed to assess the afferent pathways more 
functionally 3 19 and can therefore provide additional information about the effect  
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of using a strap on the proprioception of a symptomatic knee joint in PT. 
The primary aim of this study was to investigate the effect of the use of a  

patellar strap on the proprioception – using joint position sense – of the  
symptomatic knee joint in athletes with PT. Secondary aims are to investigate if  
there is a difference between participants with high and low proprioceptive 
acuity and whether possible predictors of the effect of the strap on knee joint  
proprioception can be identified. 

 
METHODS
Study design 
This randomised cross-over study was conducted between March and June 2015 
among active athletes with patellar tendinopathy in the Netherlands. All tests were 
administered at the Center for Sports Medicine of University Medical Center 
Groningen (UMCG), the Netherlands. The study was approved by the medical  
ethical committee of UMCG (METc 2014/528), and all patients signed an informed 
consent before participating.

Participants 
Participants were recruited via the UMCG Center for Sports Medicine;  
physiotherapy practices; posters at the hospital, the University of Groningen and 
gyms; social media; and a mailing to volleyball and basketball clubs in Groningen. 
In order to be eligible to participate in this study a participant had to meet all of the 
following criteria: 1) age between 18 and 50; 2) current symptoms of anterior knee 
pain in the patellar tendon or its patellar or tibial insertion (either one or both  
knees); 3) duration of symptoms longer than three months; 4) clinical diagnosis by  
a sports clinician; 5) Victorian Institute Sports Assessment Patella (VISA-P) score 
<80; 6) active in sports; 7) ultrasound abnormalities (at least increased tendon 
thickness and a hypoechogenic zone). The VISA-P is a reliable and commonly used 
questionnaire to measure the severity of symptoms of PT (score ranges 0–100,  
with 100 indicating no symptoms).21 22 Patients were excluded if they had a chronic 
joint disease, signs or symptoms of other knee pathologies, a neurological disorder 
that may influence pain and proprioception, or injection therapy or knee surgery. 
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Test procedure
Questionnaires
First the test procedure was explained to the participant, who completed the 
VISA-P questionnaire and a baseline questionnaire in which the athlete’s personal 
characteristics (age, height, weight), sport-related factors (playing level, hours of 
sports participation) and injury-related factors (duration of symptoms,  
bilateral/unilateral PT) were obtained. 

Baseline pain
After the participant changed into shorts, knee girth was measured just below the 
patella and the patellar tendon pain was assessed. This was done using a  
provocative test - performing ten single-leg decline squats on a decline board with  
a slope of 20°.23 24 Participants were instructed to make an eccentric squat on one 
leg until reaching 60° knee flexion and to use both legs for the concentric part of  
the squat. Their upper body had to stay upright. This procedure was performed ten 
times with each leg, starting with the left leg. Directly after the test participants  
were asked to indicate the experienced pain during the test on a Visual Analogue 
Scale (VAS) for pain (score 0-100 mm).  The VAS for pain is a frequently-used, valid 
and reliable test to assess acute as well as chronic pain.25 26 

Ultrasound Tissue Characterisation (UTC)
The patellar tendons of all participants were scanned using Ultrasound Tissue 
Characterisation (UTC) by one of two trained researchers (MvA and DH).  
Participants were positioned on their backs on a treatment bench and their knee 
was bent to approximately 100° knee flexion. A UTC apparatus with an ultrasound 
probe (Smartprobe 12L5-V, Terason 2000+; Teratech, Burlington, MD, USA) was 
placed on the knee (Figure 1). This probe was fixed in a tracking device (UTC  
Tracker, UTC Imaging, Stein, The Netherlands) to ensure a consistent tilt angle in 
relation to the tendon. Next, the tracker moves the ultrasound probe along the 
tendon at a consistent speed. Data was collected every 0.2 mm. Three images were 
constructed by the UTC software: a sagittal, a coronal and a transversal image.27 
Based on the stability of the images, four echotypes were created, ranging from  
the best and most stable echo pattern (echo-type 1) to the worst and least stable 
(echo-type 4). Histopathological samples of horse tendons show that by using UTC 
it was possible to distinguish between different tendon tissue types.27 Interobserver 
and intraobserver reliability of patellar tendon scans was found to be good, with an 
ICC ranging between 0.73 and 0.82 for the different echotypes.28  
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Figure 1: Setup of the UTC patellar tendon scan

Patellar strap
The patellar strap used in this study was a prototype of the Genupoint patellar 
brace (Bauerfeind AG, Zeulenroda-Triebes, Germany). The strap was positioned by 
the participants themselves, with the pressure point just below the patella, after 
receiving instructions from the researcher. After application, the position was 
checked by the researcher. In cases of bilateral PT, the knee with the most  
symptoms (based on the VAS directly after the ten single-leg decline squats at 
baseline) was used as the intervention leg to test the patellar strap effect.

Proprioception test
Measurement of joint position sense
Joint position sense was assessed using the MR Cube proprioception test 
(FysioRoadmap monitored rehab systems, Haarlem, The Netherlands). Mr Cube is  
an analog linear position transducer - a box with a cable that can be pulled out  
(figure 2, left). The cable was attached to a leg extension apparatus (figure 2, right) 
and Mr Cube was connected via Bluetooth to a computer with MR System software.

 

Figure 2: Mr Cube with a slightly pulled out cable (left). Mr Cube connected to a knee extension 
apparatus (right). 
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Via the attachment of the MR Cube cable and the connection with the software, 
movement of the bar of the leg extension apparatus resulted in a horizontal 
movement of the dot between the arrows (see Figure 3, left) on the computer 
screen. Knee extension resulted in a movement of the dot to the right and knee 
flexion resulted in a movement to the left.

Figure 3: Mr Cube proprioception test screen. The left line represents the rest position, the 
right line represents the predetermined joint position (50% RoM). Left: with visual feedback; 
the dot between the arrows represents the current knee joint position. Right: without visual 
feedback.

The purpose of the test is to replicate and maintain four times as precisely as 
possible the predetermined joint position: the right vertical line. The first two times 
with visual feedback (with dot and arrows) (Figure 3, left), these efforts serve to 
familiarise the participant with the correct joint angle and measure the motor 
control. Thereafter the dot and the arrows disappear and the participant has to 
reproduce the predetermined joint position twice without visual feedback (Figure 
3, right). These efforts measure the proprioceptive ability of the participant. The  
MR Cube software presents the results of the proprioception test as a deviation 
from the predetermined joint position in millimetres (linear displacement). The 
vertical line on the left side of the screen represents the rest period between the 
measurements (with a flexed knee joint in a relaxed position). 

 
Testing procedure
The selected weight for the leg extension was 3 kg for women and 5 kg for men. 
The predetermined joint position was set at 50% of the range of motion (RoM). The 
RoM was determined per individual before the first test. The proprioception test 
was explained and the participant was instructed to focus solely on the information 
shown on the computer screen, to prevent the influence of visual feedback about  
the knee joint position. To avoid a possible effect of learning, attention level or fatigue,  
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the order of conditions (with and without Genupoint patellar strap) was randomised, 
with half of the participants starting the test with the patellar strap and the other half 
without. Each participant was allowed two test rounds for each leg without application  
of the patellar strap in order to become familiar with the test protocol. After  
these test rounds the participant completed the proprioception test three times  
with the left leg and three times with the right leg. Next, the patellar strap was 
applied or removed and the participant repeated the exact same test, three times 
for each leg (first left, than right). 

Data analysis
The ultrasound image of the patellar tendon obtained by UTC was analysed from 
the apex of the patella to 20 mm distally (as was done by 28). In this area the 
percentages of the four echotypes were calculated. This specific area was chosen 
because pain and changes in structure are normally seen in this region.    

For a better comparison of the results between and among participants, the 
deviation in mm from the predetermined joint position obtained from the Mr Cube 
was converted to a percentage deviation from the predetermined joint position. A 
two-level mixed-model analysis was used subsequently to analyse if there was a 
difference in the deviation (%) from the predetermined joint position (linear with 
square root correction) between the patellar strap and the control condition of the 
most symptomatic leg. Using a paired t-test we tested whether the level of motor 
control (the ability to reproduce the predetermined joint position with visual 
feedback) of the participant changed by applying a strap. This appeared not to be 
the case, therefore no correction for motor control in the mixed-model analysis  
was necessary. The data was squared before presenting the data. 

In order to investigate possible differences in effectiveness of the patellar  
strap between athletes with high and low proprioceptive acuity, the participants  
were divided into two groups based on the median. Those athletes who deviated 
less (%) than median from the predetermined joint position were categorised as 
having high proprioceptive acuity. Athletes with a higher deviation (%) from the 
predetermined joint position than the median were categorised as having low 
proprioceptive acuity. For these groups separately, again the two-level mixed  
model analysis was conducted. 

To investigate possible predictors of the effect of the patellar strap on knee 
joint proprioception, univariate linear regression analyses were conducted. The 
difference in deviation from the predetermined joint position (%) between the 
intervention and the control condition was used as the dependent variable. 
Age, BMI, knee girth, VISA-P score, duration of PT (months), VAS pain score at 
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baseline during 10x single-leg decline squats, hours of sports participation, playing 
level, deviation joint position, no intervention (%) and echotypes I, II, III and IV  
were included in the analysis as predictors. Because of the non-normal distribution 
of the duration of symptoms, this variable was spread over three categories  
(< 6 months, 6-12 months and > 12 months). All data were analysed using IBM  
SPPS version 20 (IBM Corp., Armonk, New York), and p-values below 0.05  
were considered statistically significant. P-values below 0.10 were considered a 
trend. 

RESULTS
A total of 30 participants were screened for this study; 24 of them were included. 
One participant was excluded because it turned out that she had a past anterior 
cruciate ligament rupture, and five participants were excluded because they had  
no ultrasound abnormalities. The characteristics of the 24 participants can be  
found in Table 1.  

Table 1: Descriptive statistics of the participants

n 24
General characteristics

Age (years) 27.3 (9.0)
Gender (male/female) 18 / 6

BMIa (kg/m2) 24.1 (3.8)
Knee girth (cm) 34.5 (3.3)

Injury-related factors
Knee PT (left/right/both) 8 / 5 / 11

VISA-P (0-100) 50.6 (11.2)
VAS baseline 10x SLDS 42.1 (19.1)
PT duration (months) 14.0 (48.8)

UTC echotype (%) most symptomatic knee b

I 53.2 (1.4)
II 35.3 (0.9)

III 8.3 (0.8)
IV 3.2 (0.4)

Sports-related factors
Playing level (recreational/regional/national)c 8 / 11 / 5

Sport (hours per week) c 5.0 (4.4)

Displayed values are frequencies and (mean (SD) except for PT duration and sport  
(hours per week) (medians (interquartile range)). a Body Mass Index, b Ultrasound Tissue 
Characterisation, n = 23 because of one poor quality scan c primary sports.
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The results of the mixed-model analysis are presented in Table 2. For the  
symptomatic leg, no significant difference was found between the strapped and 
unstrapped conditions. The same holds for the group with high proprioceptive 
acuity. The group with low proprioceptive acuity improved significantly (17.2%) 
when wearing the strap compared to not wearing one.   

Table 2: Results from the mixed-model analysis. The deviation (%) from the predetermined 
joint position of the unstrapped and strapped conditions and the difference between the two 
is presented.

% deviation Without strap
Mean (95% CI)

With strap
Mean (95% CI)

Difference
(%)

p- value 

Symptomatic leg 14.0 (10.0-18.7) 12.6 (8.8-17.0) 1.4 (10.3) 0.098
High acuity 7.2 (5.4-9.2) 7.4 (5.5-9.4) -0.2 (-2.9) 0.812
Low acuity 23.2 (16.2-31.5) 19.2 (12.9-26.8) 4.0 (17.2) 0.015*

* p<0.05 significant difference between % deviation without and with strap 

The results of the linear regression analysis show that having a larger knee girth  
(B=-0.842, p=0.04) is negatively associated with the effect of the patellar strap on 
knee joint proprioception. A negative association was also found for duration of PT 
(B-3.252, p=0.04) and percentage of echotype IV (B=-2.327, p=0.04). A trend  
towards a negative association with a difference in knee joint proprioception  
resulting from the strap was found for a higher BMI (B=-0.632, p=0.08) and 
percentage of echotype III (B=-0.632, p=0.10). The sum of percentages for  
echotypes I and II seemed to have a positive association with the effect of the  
patellar strap on proprioception (B=0.451, p=0.09). No association was found 
between symptoms (VISA-P or VAS) and effectiveness of the patellar strap.    

DISCUSSION
The aim of this study was to investigate the effect of a patellar strap on the joint 
position sense in the symptomatic knee of athletes with PT. It was found that the 
knee joint proprioception of the symptomatic leg, measured with the joint position 
sense, did not improve with the use of a strap. However, those athletes who had  
low proprioceptive acuity were significantly more accurate when they wore the 
patellar strap compared to controls. A bigger knee girth, longer duration of  
symptoms and more damage to the tendon all seem to negatively influence the 
effect of the patellar strap on knee joint proprioception. 

The only previous study investigating the effect of a patellar strap on knee  
joint proprioception in PT athletes found no effect on knee joint proprioception of 
the symptomatic leg.9 Looking at the entire group, the findings of the current study 
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are in agreement with this previous finding, although those PT athletes who were 
classified as having low proprioceptive acuity did improve using a strap compared  
to controls. Different associated factors were also found, as in our previous study 
male gender and having more symptoms (higher VISA-P score) influenced the  
effect of the strap. 

The difference in results between the two studies on the effect of a patellar 
strap on knee joint proprioception of the symptomatic leg in athletes with PT might 
partly be explained by differences in the research population. In the current study 
the PT patients had more severe symptoms of shorter duration, and the clinical 
diagnosis of PT was supported by ultrasound, making this diagnosis more likely.29 
Also another brand patellar strap was used. Considering that various braces, elastic 
bandages and tapes have previously shown to improve proprioception,4-8 the latter 
does not seem to be a plausible explanation for the found difference. Given that 
the associated factors for effectiveness were also entirely different between the  
two studies, the use of another type of test (active joint position sense test instead  
of the passive motion sense test used before) seems to be the most plausible  
reason for the different outcomes. This is not surprising, as it is shown that 
the different types of tests are weakly related30 and the tests rely on different  
receptors  – with a more important role of the muscle spindles in the active joint 
position sense test.19 31  

Different proprioception tests measure different aspects of proprioception,19 
but which test provides the best information for the sports field is debatable. The 
most frequently used and reliable test to assess proprioception is considered to be 
the threshold to detect passive motion,20 yet considering the passive nature and 
slow angular speed of this test it seems a rather poor reflection of the knee joint 
proprioception requirements for the sports field.20 The joint position sense test 
reflects the functional use of proprioception better – through active movement 
– finding positions in space.19 One could therefore argue that this test is more  
relevant for practice than a more passive test. The improvement of 17%, as found  
for athletes with low proprioceptive acuity, is comparable to previous studies that 
found improvements ranging between 10–25%4 32-34 and might be substantial  
enough to be noticeable to the athlete.

As for predictors of the effect of the strap on knee joint proprioception, the 
association between pain and the effect of the patellar strap on proprioception 
could not be confirmed in the current study by using the joint position sense test.  
Several ‘new’ factors were found to be associated with the effect of a patellar strap 
on knee joint proprioception: a longer duration of symptoms, more tendon 
abnormalities (echotypes III and IV), a higher BMI and a larger knee girth all have 
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a negative influence on the effectiveness of the patellar strap. Positive correlations 
were found between echotypes III and IV and duration of symptoms (data not 
shown), indicating that athletes with longer duration of symptoms had tendons 
with more abnormalities. It has been suggested that use of an orthosis causes 
additional cutaneous stimulation, which improves proprioception.1 The findings of 
the current study suggest however that other proprioceptors may also play a role 
in the beneficial effect of a patellar strap on knee joint proprioception. For  
instance, the fact that more tendon abnormalities were associated with less 
effectiveness might indicate that not only cutaneous mechanoreceptors are 
stimulated, but also the proprioceptors in tendon tissue – the Golgi tendon  
organs.3 19 The findings that having a larger knee girth and a higher BMI both  
negatively influence the effect of a patellar strap support the suggestion that these 
Golgi tendon organs might also play a role in the additional afferent input as a  
result of wearing a strap. In addition, we hypothesize that the muscle spindles of  
the quadriceps muscle could be involved. As was shown by Lavagnino et al the 
pressure of the patellar strap can lead to an increased  patella – patellar tendon 
angle,35 resulting in a slightly stretched quadriceps muscle. As the muscle spindles  
are sensitive to changes in muscle length,31 36 they may be more activated with the  
use of a patellar strap. Since muscle spindles provide the most proprioceptive 
information, especially mid-range of motion,19 31 and the quadriceps muscle is 
important in the execution of the joint position sense test on the leg extension 
apparatus, this activation caused by the strap could be responsible for the 
improvement in knee joint proprioception.

This study has some limitations that should be mentioned. First of all, 
participants were allowed to apply the patellar strap to their knee on their own. 
Even though the position was checked by the researchers, the pressure exerted by 
the patellar strap depended on the athlete’s preference and was not standardised. 
This might have influenced the results.37 On the other hand, in practice athletes  
also apply the strap to their knee by themselves, hence differences in exerted  
pressure are a proper reflection of normal use. Second, we used an open kinetic  
chain exercise – where the foot of the participant is free to move in the open space 
– which might have caused a stronger effect of the patellar strap compared to  
closed kinetic chain exercise. During closed kinetic chain exercise (e.g. standing 
squat), additional input from other muscles of the lower limb and cutaneous  
sensors of the foot is available. This additional information, not present in open 
kinetic chain exercise, makes the effect of the patellar strap less important.8 
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PERSPECTIVES
Patellar straps are commonly used by athletes with PT during sports who are trying 
to diminish pain. In the current study it was shown that in PT patients with low 
proprioceptive acuity the knee joint proprioception of the symptomatic leg  
improves by using a patellar strap. Especially athletes with relatively low BMI and 
short duration of symptoms might benefit from the strap. Since proprioception is 
important in controlling movements and decreased proprioception is suggested to 
be a risk factor for injuries and reinjuries, these findings are very interesting for 
practice.3 The use of a strap might for instance improve the jumping/landing 
pattern, eventually resulting in reduced risk for PT.38 The long-term effects of 
wearing a patellar strap during sports are unknown though. In the short term it is 
demonstrated that a patellar strap can decrease pain,18 but the effects of longer 
use depend on underlying working mechanisms that are currently unknown. Future 
research should focus on the long-term effect of using a patellar strap on pain and 
tendon structure for PT, so that evidence-based advice about the use of patellar 
straps in practice can be given.
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INTRODUCTION
The scope of this thesis was to gain insight into the severity and aetiology of PT,  
which is the first step towards PT prevention, and to study the effectiveness of 
orthoses used by athletes with patellar tendinopathy to continue sports  
participation. Regarding the severity of the injury, the impact of PT on both sports 
and work performance was found to be substantial, with 55% of athletes having  
low sports performance, 16% low work ability and 35% decreased work  
productivity (Chapter 2). A very important step towards injury prevention is gaining 
insight into the risk factors and injury mechanism.1 Data from an online survey  
among elite as well as recreational volleyball and basketball players showed 
prospectively that male gender and performing heavy physical demanding work 
(compared to mentally demanding work) may increase the risk for developing PT 
(Chapter 3).

The effectiveness of patellar straps and sports tape on pain was studied in 
Chapters 4 and 5. These studies showed that the use of a patellar strap and sports 
tape during functional tests and sports can reduce pain in the short term. The 
placebo condition, a non-functionally applied piece of kinesiotape, was also  
effective in reducing pain (especially in the sports-specific situation). One of the 
suggested working mechanisms was that the use of an orthosis, like a patellar  
strap, might result in improved knee joint proprioception.2 This was studied in 
Chapters 6 and 7 using two different proprioception tests. In Chapter 6 the  
threshold to detect passive motion was used to assess proprioception, and 
improvements in proprioception as a result of the strap were found in healthy 
persons and athletes with PT, especially in those with low proprioceptive acuity. 
No improvements in the symptomatic leg could be determined using this test. In 
Chapter 7, using joint position sense, a positive effect of the strap was found in the 
symptomatic leg of athletes with PT and low proprioceptive acuity. 

PREVENTION
Establishing extent of injury – step 1
Several studies investigated the impact of sports injuries on work by measuring 
absence.3-7 Absence does however not give a complete picture of the impact on  
work and sports, as was stressed by Bahr in 2009. Especially (although not  
exclusively) in overuse injuries, establishing the impact in terms of performance 
levels would provide additional information about the severity of the injury.8 The 
exploratory study in this thesis (Chapter 2) shows that PT not only has a large  
impact on sports performance (55% low sports performance), but also on work 
performance (16% low work ability, 35% decreased work productivity).
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Reductions in work performance as found in PT (Chapter 2) may have  
substantial financial consequences. First, because work ability – a persons’ physical 
and mental ability to cope with the demands of work – is associated with long-term 
sickness absence, increased healthcare use and early retreat from work.9-12 Second, 
because most injury-associated costs in the working population are caused by 
productivity losses. In young persons with patellofemoral pain syndrome it was  
found that the costs caused by reduced efficiency in paid work were 55% of the  
total costs, while the costs attributed to absence from work were only 10% of the  
total costs; the medical costs were 26% of the total costs.13 Another study  
investigating the costs associated with a chronic complaint (knee osteoarthritis) 
showed that even 83% of the costs were related to decreased productivity at work; 
only 17% were medical costs.14 The direct (medical) and indirect (work-related)  
costs associated with PT are not established yet and should be a topic of future 
research. However, based on the studies described above, the costs attributed to 
reduced work performance are most likely also considerable for PT.  

Chapter 2 of this thesis studied the scope of the impact of PT on work 
performance, but not the exact cause of the decrease in work ability and/or work 
productivity. The physical discomfort experienced during work (pain, stiffness of  
the knee) is a very plausible cause of the decreased work ability and work  
productivity, especially in physically demanding work (this thesis and 14 15). This 
decreased work performance can also be related to the negative consequences of 
having problems during sports on the mental well-being.16 In mentally demanding 
work, this latter can cause decreased productivity and work ability, as the following 
patient statement demonstrates: ’I am a real sports man. Being less able to do 
sports as a result of this injury makes me disgruntled, affecting my work ability and 
productivity negatively even though my work is mentally demanding and I am not 
physically limited during work.‘ Especially high-level athletes seem to be vulnerable 
to negative emotional responses to injury, which includes depression, anxiety and 
lower self-esteem.17 Only 3-4 weeks of absenteeism from sports may already lead 
to psychosocial problems.3 18 In overuse injuries like PT, where the majority of the 
athletes continue to participate in sport, the psychosocial consequences are not 
well known. As this knowledge might be very valuable during rehabilitation, it 
would be interesting to study the impact of overuse injuries not only on sports and 
work performance but also on the mental well-being. When mental well-being is 
decreased, attention should be given to the psychological aspects of the injury in 
addition to the physical aspects. 
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Establishing aetiology and mechanisms – step 2
It is well known that the aetiology of injuries is multifactorial, which makes it hard  
to identify possible associated factors.19 Another difficulty is that risk factors are 
variable. The dynamical model for the aetiology of sports injuries described by 
Meeuwisse in 2007 (Figure 1) shows that in a normal sports environment athletes’ 
risks for injury change frequently.20 Whether an injury occurs depends on the 
athlete’s set of personal intrinsic risk factors (e.g. age, sex, health, anatomy,  
physical fitness, skill level and psychological factors) that may predispose him to 
injury, in combination with extrinsic risk factors (e.g. coaching, shoes, floor) that  
can increase susceptibility to injury.19 

cancer mortality). If an injury does occur, withdrawal from further
exposure may be the result; more often, recovery will facilitate
reentry into sport participation (after medical attention or at a later
date), potentially with a new set of intrinsic risk factors. In this
respect, their predisposed status will now be different. Recovery
and reentry into participation may also result in an athlete
changing their equipment or other extrinsic risk factors. In this
respect, their susceptible status will also be different.

Removal
Unfortunately, not all athletes return to sport after injury.

Removal from participation would then represent a finite end
point in terms of further risk or injury. This may occur due to
inadequate recovery from injury, or a choice to no longer accept
risk. Most injuries are sport-specific in nature. Although some
athletes may change sport after injury, they should be con-
sidered ‘‘removed’’ from the further potential for exposure or
injury in the sport being studied.

No Injury
The other possibility that has not received a great deal of

attention to date is that the athlete may be exposed to poten-
tially injurious situations but not sustain injury. In fact, in most
circumstances, participation does not result in an injury. Rather,
adaptations or maladaptations may occur to tissues, equip-
ment, etc. that modify intrinsic and/or extrinsic risk factors on

the basis of the interaction of the event attributes and pre-
existing risks. The same characteristics outlined by Bahr and
Krosshaug as components of an inciting event (ie, playing situ-
ation, player/opponent behavior, global and detailed biome-
chanical description)8 could be considered as important aspects
of non-injury events. The potential effects of these events may
be immediate, or they could be latent. With this scenario, we
consider the changing factors as risks, but in the absence of
injury, we do not consider them causes.

Entry into the Cycle
Due to the cyclic nature of the model, the athlete can

enter the injury chain at any point. For example, there might be
an event (eg, heavy training producing fatigue) causing adap-
tation that does not result in time-loss from participation and
does not require medical attention. Therefore, it would not
meet the definition of injury in most studies. In Figure 2, this
would be considered ‘‘events’’ producing no injury.

However, an intrinsic risk factor (eg, neuromuscular
control) could be altered on the basis of fatigue. Secondly, this
alteration could interact with another preexisting risk factor
(eg, a previous partial medial collateral ligament tear with
residual laxity). The next day, the athlete might play sport
again in the presence of the same extrinsic risk factors as
previously (eg, a high friction surface) and perform a maneuver
that they have done many times (eg, plant/decelerate/twist).

FIGURE 2. A dynamic, recursive model of etiology in sport injury.

q 2007 Lippincott Williams & Wilkins 217
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Figure 1: Dynamical model aetiology of sports injuries (reproduced from Clinical Journal of 
Sports Medicine, Meeuwisse et al., 17, 215-219, 2007 with permission from Wolters Kluwer 
Health, Inc.). 

Important in the dynamical model is that sports participation (‘events’ in the 
model) and the possible adaptation to these events, can alter an athlete’s risk  
factors, changing the predisposition to injury. For instance, a high training load may 
lead to tendon microtrauma and fatigue in one athlete, making him more  
predisposed to injury, while in another athlete a higher training load can result in 
adaptation and increased strength, resulting in a smaller chance of injury. Hence  
the previous exposure to possible inciting events (e.g. periods of high training 
load) and the individual adaptation to this exposure determines whether one gets  
injured.
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The study in Chapter 3 is the first prospective cohort study to investigate risk 
factors for the development of PT in both recreational and elite jumping athletes. 
Because of the design of the study – an online survey conducted twice within a 
three-year interval – a large group of athletes could be followed; 51 out of 385 
athletes developed PT. This prospective cohort study showed that male gender and 
performing heavy physically demanding work (compared to mentally demanding 
work) may increase the risk for developing PT. Since PT is an overuse injury, where 
load is considered the major pathoaetiological component,21 identifying heavy 
physically demanding work as a possible risk factor in the prospective cohort study  
of Chapter 3 is not surprising and confirms the findings of the previous cross- 
sectional study of van der Worp et al (2011).22 Performing physically demanding 
work as a jumping athlete (in this study, volleyball and basketball players) subjects 
the patellar tendons to a higher total load, resulting in a higher risk for injury. Male 
gender was furthermore found to be a risk factor for PT. An intrinsic risk factor like 
gender can predispose an athlete for injury, as can be seen in Figure 1. Importantly, 
without exposure to an inciting event (such as high load) this will not lead to injury.  

Most of the previously identified risk factors23 24 could not be confirmed 
prospectively. No clear association was found for the sports-related factors  
measured (training volume, playing level or playing surface) and the development 
of PT. This is in contrast to what was found previously. Among young elite  
volleyball players it was prospectively demonstrated that jumping ability, training 
volume and match exposure resulted in a higher risk for developing PT.25 26 Looking  
at the dynamical model for the aetiology of sports injuries, the choice for the  
specific research design used in Chapter 3 could have caused that in this study only 
a few factors were associated with PT. First of all, the most susceptible athletes for 
PT were excluded from the analysis, since they had already PT symptoms at the  
first survey. Second, we used an online survey so that only information the  
participants could provide could be included; no objective measurements were 
performed. Third, the interval between the two surveys was three years, where the 
variables of the first survey were used to predict the subsequent development of  
PT as assessed three years later. As there were no measurements in-between, 
variations over time in external and internal risk factors that may have resulted in 
injury could not be picked up. It is therefore not surprising that specifically factors 
which generally do not change (at all or fast), like gender and type of work, are  
found to be risk factors for PT. Other factors (e.g. sports-related, like training  
volume) probably varied over time frequently since the first survey. As a result, the 
information from this survey on these sports-related factors was not found to be 
associated with the development of PT. This however does not necessarily mean  
that sports-related factors are not risk factors for the development of PT.
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In developing a successful preventative program for PT it is important to keep 
in mind the multifactorial nature of the injury,19 with the constantly changing 
intrinsic and extrinsic risk factors influencing the risk for injury. The most optimal 
preventive approach should be individual in nature.20 The results of Chapter 3  
show that the total load (including the work-related patellar tendon load) an  
athlete is subjected to should be considered, and demonstrates again that  
especially males are susceptible for developing PT.24 25 27 Although this study adds  
to existing knowledge, naturally it also raises new questions that should be  
addressed in future research, especially about sports-related factors. A specific 
recommendation for the future is to conduct prospective cohort studies in large 
groups of elite and non-elite athletes where several factors (including personal 
characteristics, health and sports-related factors) are objectively measured 
regularly throughout the season. In these studies psychosocial risk factors such as 
competitiveness, team pressure or the coach’s demands should also be taken into 
account, as they are likely to be present in PT and are considered to be important  
in the risk for injury and injury prevention.28 29

CONTINUED SPORTS PARTICIPATION WITH PT
Pain in PT
Especially among high-level athletes it is common to continue sports participation 
with overuse injuries as long as possible despite having pain.8 This probably has to 
do with the gradually appearing, slowly progressive and fluctuating symptoms that  
are primarily activity-related.8 30 Even as symptoms increase, athletes generally do 
not quit sports (Chapter 3, this thesis), they seek methods to keep their symptoms 
tolerable. Although pain in PT is the most defining and limiting symptom, little is 
known about this often-persistent pain. Pain in PT may be physiological as well as 
pathophysiological.31 Inflammation of the tendon was thought to be the primary 
cause of pain in PT.32 Separation of collagen fibers32 or presence of neo-
neurovascularisation may further be associated with patellar tendon pain. Several 
studies found, for instance, that persons who have abnormal tendons with 
neovascularisation experience more pain than persons whose abnormal tendons 
lack this neoneurovascular ingrowth.33-35 These findings are in agreement with 
physiological pain, where tissue damage or inflammation causes activation of the 
primary nociceptors. The clinical findings that pain is limited to the patellar tendon 
and is associated with tendon loading also fit with this physiological pain profile.31 

On the other hand, the finding that the connection between tendon structure 
and symptoms is relative weak36-38 is more in line with pathophysiological pain. The 
fact that normal tendons can be painful or tendons with abnormalities can be 
asymptomatic39 suggest that other factors play a role in tendon pain. Van Wilgen 
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et al. (2011) demonstrated that the mechanical pain threshold and the vibration 
disappearance threshold were different between PT patients and the controls, and 
concluded that sensitisation may be present in some PT patients.40 Sensitisation 
presents with disproportionately more pain than would be expected based on 
the tissue damage. Normally, sensitisation occurs in reaction to acute injury as a 
protective and adaptive recovery reaction.41 42 However, when sensitisation persists 
after the injury has healed, it becomes maladaptive and might be the cause of long-
lasting pain.42 Sensitisation becomes more likely part of the clinical presentation of 
pain when the pain persists longer. As PT is generally a long-lasting injury, where 
disproportional levels of pain are not uncommon, sensitisation is likely to play a role 
in this injury.31 It is important to know to what extent sensitisation plays a role in 
PT, as this has implications for treatment. The treatment options that are currently 
used to reduce PT pain vary from the use of non-steroidal anti-inflammatory 
drugs, exercise training, shockwave treatments to injection treatments, stripping 
neoneurovascularisation and (minimally invasive) surgery.43 In sensitization different 
treatments, like neuroscience education – explaining the mechanism of sensitisation 
to the patient – or centrally-acting drugs are found to be beneficial.42 Paying more 
attention to psychological factors might also be important: negative emotions, for 
example, seem to have a negative influence on the maintenance of sensitization.40 

42 More research focusing on patellar tendon pain is required in order to gain insight 
into the cause of pain, which subsequently can result in the incorporation of new 
treatment modalities.

Orthoses
In PT one of the methods many athletes use to keep symptoms tolerable and  
enable sports continuation is the use of a patellar strap or tape. So far, evidence 
had been lacking for their effectiveness. This thesis (Chapter 5) is the first to show 
that their use is indeed effective in reducing pain in the short term and might thus 
be beneficial to use during practice and matches. One of the suggested working 
mechanisms is that the use of an orthosis results in improved proprioception of the 
knee joint.2 This thesis (Chapters 6 and 7) studied the effect of a patellar strap on  
knee joint proprioception using two different tests: threshold to detect passive 
motion and joint position sense, both measuring (different) aspects of 
proprioception.44 45 The results from Chapter 6 show that a patellar strap can 
improve the threshold to detect passive motion in healthy participants and in the 
asymptomatic leg of PT patients. In both groups the improvement was 
particularly evident among those participants with poor proprioceptive acuity. No  
improvements were found for the symptomatic leg, on which the strap is applied 
in practice.  In Chapter 7 the joint position sense of the most symptomatic leg of PT  
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athletes was assessed with and without a patellar strap. Similarly to the results from 
Chapter 6, for the entire group no improvements with a strap could be determined, 
whereas those patients with low proprioceptive acuity did improve when wearing 
a strap. As the joint position sense assesses proprioception more functionally 
than the threshold to detect passive motion,44 46 it might therefore be concluded 
that the use of a patellar strap is also effective for the symptomatic leg in those PT 
athletes with poor proprioceptive acuity. It is important to note however that one of 
the problems with all presently available tests is that they measure only conscious 
proprioception, while unconscious proprioception is certainly important in daily life 
activities. This makes it hard to draw definite conclusions about the clinical relevance 
of the findings.44 47 

Nevertheless, based on the results of this thesis it seems that a patellar strap 
enhances knee joint proprioception and might therefore be especially beneficial 
for those with poor proprioceptive acuity. As proprioception protects passive joint 
restraints from excessive strain,47 an improved proprioceptive ability as a result of  
the use of a strap may also contribute to the decrease in patellar tendon pain.  
Whether this is the case is currently unknown and should be a topic of future 
research. Since proprioception is an important protective mechanism,47 48 the 
ability of an external aid like a patellar strap to improve proprioception is certainly 
interesting for injury-prevention purposes. The potential preventative effect of 
improved proprioception was demonstrated by Kraemer and colleagues in 2009. 
They showed that a soccer-specific balance and coordination training program 
reduced the incidence of PT.49 Since at the moment no other studies are available 
that investigate the effect of proprioception training on the incidence of PT,50 this 
should be researched further to see if these positive results can be replicated and if 
a patellar strap can possibly play a role. 

Two other working mechanisms are suggested for orthoses like patellar straps 
or sports tape. The first is that their use causes a shift in the threshold of  
nociceptors, resulting in a decrease in perceived pain. In this way an orthosis works  
like an analgesic with no effect on the underlying cause.51 Another working  
mechanism of the use of a patellar strap is suggested based on the findings of 
Lavagnino and colleagues (2008 and 2011). Using a computational model, they  
found that patellar tendon strain increased when the patella-patellar angle  
decreased. The largest patellar tendon strain was found with a patella-patellar 
tendon angle of 145°,52 which is related to 60° knee flexion.53 The pressure that the 
patellar strap exerts can result in a larger patella-patellar tendon angle and a decreased 
patellar tendon length. Both variables caused a reduction in patellar tendon strain.54 
In our randomised controlled trial (Chapter 5) we found a decrease in pain as a result 
of wearing any external aid, including a placebo. Since the placebo condition was  
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a piece of kinesiotape, applied to the knee only slightly stretched, it does not  
seem reasonable to think that this caused a change in the patella-patellar tendon 
angle or in the patellar tendon length. Possible remaining explanations for the 
pain reduction in this group are a shift in the threshold of the nociceptors or an 
improvement in knee joint proprioception as a result of the orthosis. The latter is 
not very likely though, as no strong effect on proprioception in the symptomatic leg 
was found (Chapters 6 and 7) and the effect of proprioception on tendon pain is not 
yet clear. A final possible explanation is that the effect of the orthoses works like a 
placebo – thinking that it works and thereby feeling less pain.

Long-term effect of orthoses
An important aspect that is still unknown is the long-term effect of wearing an 
orthosis. This long-term effect is likely to be dependent on the underlying cause of 
the pain relief, therefore investigating the exact combination of working  
mechanisms is very relevant, especially from a clinical point of view. This can best 
be explained using the tendon continuum model that Cook and Purdam proposed  
in order to understand the pathology, prevention and treatment of tendon  
injuries.21 This tendon continuum (Figure 2) is a three-stage hypothetical model  
based on clinical, pathology and imaging findings with continuity between the  
stages. First we have the ‘reactive tendinopathy’ stage, described as a short-term 
adaptation to overload with tendon thickening and increased stiffness. The ‘tendon 
disrepair’ stage follows, in which the matrix changes and increased vascularity may 
be present, associated with neuronal ingrowth. In the final stage, ‘degenerative 
tendinopathy’, severe matrix and cell changes are found with areas of cell death  
and large areas of disordered matrix, including breakdown products, vessels and  
little collagen.21 In the early stages, adding or removing load causes the tendon to 
move forward or back along the continuum, but in the degenerative phase little 
recovery is possible. Loading up a tendon too much, especially in the first two  
stages of the continuum model, may lead to a poor clinical outcome.21 

Load management is thus very important, especially in the first stages of this 
continuum. Since an orthosis can lead to less pain (this thesis), using an orthosis  
during sports may enable an athlete to continue to play at a high level with the 
associated high training load. When the use of an orthosis works solely like an 
analgesic51 or like a placebo, continued sports participation and its associated high 
training load may result in a shift towards the later stages of the continuum. This  
holds especially considering that risk compensation might also have occurred –  
feeling safer wearing an external aid, and as a result taking more risks during  
sports.28 On the other hand, when patellar tendon strain is reduced by the use of a 
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strap or tape – by the change in patella-patellar tendon angle and tendon length54 
and/or because of an improved knee joint proprioception (this thesis) – this shift 
towards the end of the continuum might be prevented. Of course, the effect also 
depends on the stage of the continuum a tendon is in, as in the latter stages 
removing or adding load does not influence the clinical outcome that much  
(Figure 2). As different stages are probably present in a single tendon,21 separate 
regions may even respond differently. In addition, when the pain in an athlete 
with PT is caused mostly by sensitisation and no tendon abnormalities are present,  
a different effect might also be seen. 

Figure 2: Tendon continuum model (reproduced from British Journal of Sports Medicine, Cook 
& Purdam, 43, 409-416, 2009 with permission from BMJ Publishing Group Ltd.) 

Despite these varied descriptions of tendon pathology, the
possibility that these may be linked in a continuum has received
limited consideration.12 If a model of pathology can be
developed that is continually evaluated and modified in the
light of research findings, a better understanding of tendon
pathology, treatment and prevention is possible.

A NEW MODEL OF TENDON PATHOLOGY
We propose that there is a continuum of tendon pathology that
has three stages: reactive tendinopathy, tendon dysrepair (failed
healing) and degenerative tendinopathy (fig 1). The model is
described for convenience in three distinct stages; however, as it
is a continuum, there is continuity between stages.
Adding or removing load is the primary stimulus that drives

the tendon forward or back along the continuum, especially in
the early stages. Within the constraints of recovery proposed in
the model, reducing load may allow the tendon to return to a
previous level of structure and capacity within the continuum.13

What are the pathological, imaging and clinical manifestations at
each stage?

1. Reactive tendinopathy
It is proposed that reactive tendinopathy, a non-inflammatory
proliferative response in the cell and matrix, occurs with acute
tensile or compressive overload. This results in a short-term
adaptive and relatively homogeneous thickening of a portion of
the tendon that will either reduce stress (force/unit area) by
increasing cross-sectional area or allow adaptation to compres-
sion. This differs from normal tendon adaptation to tensile load,
which generally occurs through tendon stiffening with little
change in thickness.14

Clinically, reactive tendinopathy results from acute overload,
usually a burst of unaccustomed physical activity. Reactive
tendinopathy can also be seen clearly after a direct blow such as
falling directly onto the patellar tendon.15 This non-tensile, and
only transiently compressive, load induces considerable reaction
within the tendon cell and matrix.
Evidence that reactive tendinopathy occurs in response to

overload is fairly strong from in-vitro work.16 There is a
homogeneous, non-inflammatory cell response to load that
leads to metaplastic change in the cells and cell proliferation.
Tendon cells become more chondroid in shape, with more
cytoplasmic organelles for increased protein production. The
primary proteins are large proteoglycans, and this results in
matrix change due to an increase in bound water associated
with these proteoglycans. Collagen integrity is mostly main-
tained, although there can be some longitudinal separation, and
there is no change in neurovascular structures.
These initial changes in ground substance in reactive

tendinopathy may occur because quick adaptation is necessary
until longer-term change in either structure or mechanical
properties (true adaptation) happens. The quick response is
possible as larger proteoglycans associated with tendinopathy
(aggrecan and versican) and some glycoproteins (hyaluronan)
can be upregulated in a timespan varying from minutes to a few
days, much more quickly than the small proteoglycans of
normal tendon (20 days).17

Thus, reactive response is a short-term adaptation to overload
that thickens the tendon, reduces stress and increases stiffness.
The tendon has the potential to revert to normal if the overload
is sufficiently reduced or if there is sufficient time between
loading sessions.

Imaging
The tendon is swollen in a fusiform manner; the diameter is
increased on both magnetic resonance imaging (MRI) and
ultrasound (US) scans. Ultrasound shows reflection from intact
collagen fascicles, with diffuse hypoechogenicity occurring
between intact collagen structures. Magnetic resonance imaging
will show minimal or no increased signal at this stage. The
change in imaging appearance is mainly derived from the
increase in bound water within the proteoglycans (fig 2).

Clinical
Reactive tendinopathy is seen clinically in an acutely overloaded
tendon and is more common in a younger person. For example,
a young jumping athlete who dramatically increases the
number of jumping/landing repetitions a week may develop
patellar tendon swelling and pain.
Tendons chronically exposed to low levels of load (e.g. in the

detrained athlete returning from illness or injury, or a sedentary
person) may also be vulnerable to this stage of tendinopathy
when exposed to moderate increase in load. In addition it may
occur as a result of direct trauma to tendon, to which the
Achilles, patellar and elbow tendons are particularly exposed.

2. Tendon dysrepair
Tendon dysrepair describes the attempt at tendon healing,
similar to reactive tendinopathy but with greater matrix
breakdown. There is an overall increase in number of cells,
which are mainly chondrocytic, as well as some myofibroblasts,
resulting in a marked increase in protein production (proteogly-
can and collagen). The increase in proteoglycans results in
separation of the collagen and disorganisation of the matrix.

Figure 1 Pathology continuum; this model embraces the transition
from normal through to degenerative tendinopathy and highlights the
potential for reversibility early in the continuum. Reversibility of
pathology is unlikely in the degenerative stage.
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A good indication as to whether the load was tolerated by the tendon is to 
monitor the pain after exercise (thus not pain during exercise). The load is  
considered to be tolerated when pain resolves rather quickly and returns to  
baseline within 24 hours; if pain becomes worse after exercise, then the load 
tolerance was exceeded.55 In Chapter 5 of this thesis it was found that the decrease  
in pain as a result of the orthoses was visible during sports, and was even more 
evident two hours after sports. The next morning no difference was found  
between the control and the intervention week. This might indicate that load was 
tolerated better with the use of an orthosis during sports, compared to not  
wearing one. Nonetheless, the long-term clinical effect is currently unknown.  
Future research should therefore focus on investigating the long-term effect of 
the use of orthoses on pain and tendon structure and on the underlying working 
mechanisms. 
  
PRACTICAL IMPLICATIONS
This thesis offers the following implications that can be used for practice: 
1. PT not only has a substantial impact on sports performance but also on work 

performance, especially in athletes with physical demanding work. This stresses 
the need for increased attention towards PT prevention and PT rehabilitation. 

2. When developing PT prevention programs, the total patellar tendon load – 
including work-related load – should be considered. 

3. By using a patellar strap or tape during sports, patellar tendon pain can be 
relieved in the short term.

4. The use of a patellar strap has a beneficial effect on knee joint proprioception, 
which is potentially also interesting for injury prevention purposes. 

FUTURE RESEARCH
Several recommendations for future research, most of which have been mentioned 
in this general discussion, are listed below: 
1. Investigating the impact on sports and work performance in the total PT 

population, including the financial consequences. In addition, the causes of 
decreased work performance should be explored, as this can be used in PT 
rehabilitation. Is pain the primary cause of decreased work performance in 
the working population with PT, or does the psychological aspect also play an 
important role? Furthermore the mental consequences of having an overuse 
injury like PT should be investigated.

2. Prospective cohort studies with multiple repeated measurements need to be 
conducted to determine risk factors for PT. One should focus on variations of 
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risk factors over time per individual, to see what combination of factors  
results in PT. Ultimately, individualised prevention programs should be 
developed based on e.g. personal characteristics, knee joint proprioception, 
psychosocial factors and the total patellar tendon load (sports and work).

3. Since it is still largely unknown where the pain comes from in PT, pain 
mechanisms and the factors that may influence pain in PT should be a topic of 
future studies. Research should also focus on differentiated treatment  
programs as for pathological and pathophysiological pain different treatment 
approaches are probably the most suitable. 

4. The effect of a patellar strap should be investigated further, especially the  
exact working mechanisms and the long-term effect on pain and tendon 
structure. 

5. Special attention should be paid to the role of a patellar strap in injury 
prevention and in the rehabilitation of PT. 

6. As several types (brands) of patellar straps with different designs are 
available, it is relevant to explore any differences in effectiveness between 
patellar straps. The influence of the exerted pressure on tendon (tightness) 
should be examined further. 

CONCLUSION
This thesis shows that research into the prevention of PT remains very important.  
PT is not only an injury that is frequently occurring,56 57 the results of this thesis  
show that PT is also an injury with quite some impact on sports as well as work 
performance. Especially productivity at work appears to be lowered by PT. This 
stresses once again the importance of identifying risk factors that are associated 
with the development of PT in order to develop successful preventive programs. 
The prospective cohort study in this thesis showed that male gender and physically 
demanding work are risk factors. This latter finding suggests that the total load,  
thus including work-related patellar tendon load, should be considered in the 
treatment as well as the prevention of PT. This thesis is the first to study the effect 
of the use of patellar straps and sports tape in PT. The randomised controlled trial 
in this thesis, which studied the effect on pain in PT, showed that in the short term 
pain can be reduced by using a patellar strap and sports tape. A patellar strap also 
potentially improves knee joint proprioception, which besides having implications  
for treatment may also be important for injury-prevention purposes. The exact 
working mechanisms and the long-term effects of the use of an orthosis during 
sports should be subject of further research.
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SUMMARY
Patellar tendinopathy (PT), also known as jumper’s knee, is a painful overuse injury 
of the patellar tendon. This injury is common in jumping athletes, with a prevalence 
of 32% in elite male basketball players and 45% in volleyball players. There are 
numerous treatment options currently available for PT, yet none of them guarantee 
full recovery. As a result, many athletes have long-lasting symptoms, even after 
ending their athletic career. Prevention of PT is therefore very important. The first 
step towards developing preventive measures is to gain insight into the severity 
of the injury in the sports and work setting. The impact of PT on sports and work 
performance was not clear though, hence the first specific aim of this thesis was 
to investigate such impact. This was done in Chapter 2 by taking a survey among 
athletes with PT. Results showed that 55% of the athletes had problems during sports, 
with moderate or severe reductions in training volume or performance, or complete 
inability to participate. Work performance was also impaired: 16% of the participants 
had low work ability and 35% decreased work productivity. Even higher percentages 
were found among those athletes who had physically demanding work: 23% had low 
work ability and 58% decreased work productivity. The results of this study show that 
a considerable percentage of jumping athletes with PT are influenced negatively by 
PT during sports and work. This stresses the need to prevent PT.      

Before implementing preventive measures it is important to identify risk factors 
for a specific injury. The second aim of this thesis was therefore to identify and 
investigate the risk factors associated with the development of PT. In Chapter 3 this 
is studied prospectively using an online survey among 18-35-year-old volleyball and 
basketball players. This group of jumping athletes filled out the survey twice, with a 
three-year interval in-between. It was investigated which athletes developed PT over 
this period and which factors could predict this outcome. The most important results 
were that males developed PT more often than females, and that heavy physically 
demanding work could be a risk factor for the development of PT. This indicates that 
when developing preventive measures the total tendon load – including the work-
related tendon load – should be taken into consideration, especially in males.

As is often seen in overuse injuries, most athletes do no quit sports – they 
continue participating for as long as possible despite their symptoms. Most of them 
seek methods to reduce pain, and orthoses like patellar straps and tape are frequently 
used during sports. Until now, scientific evidence for these orthoses’ effect on pain 
was missing. This led to the third aim of the thesis: to study the effect of the use of 
patellar straps and tape on pain in athletes with PT (Chapters 4 and 5). 



144 144 | Appendix A

Chapter 4 describes the study design of this randomised controlled trial where the 
amount of pain is assessed during functional tests in a controlled environment and 
during sports using four different conditions: control, patellar strap, sports tape and 
placebo tape. Chapter 5 describes the results of this study, showing that the use 
of an orthosis can lead to decreased pain during functional tests as well as during 
sports. It was noteworthy that all orthoses, including the placebo (especially during 
sports), reduced pain. 

The exact working mechanism of orthoses, like patellar straps, is currently 
unknown. It is possible that the use of an orthosis leads to improved proprioception of 
the knee joint. Proprioception is defined as ‘the perception of movements and position 
of body segments in relation to each other without the aid of vision’, is essential for 
optimising movements, and is considered an important protection mechanism of the 
body. Several studies have shown that an improvement in proprioception can result 
in reduced injury incidence and therefore can play a role in injury prevention. In this 
thesis the effect of a patellar strap on knee joint proprioception was investigated 
using two different tests, each measuring (different) aspects of proprioception. 
In Chapter 6 a passive test was used where the participant had to indicate when 
he felt the leg moving (threshold to detect passive motion test). Using a patellar 
strap it was found that participants improved their performance on this test; this 
was particularly evident in those participants who had low proprioceptive acuity on 
forehand. Remarkably, the improvement was only seen in healthy athletes and in the 
asymptomatic leg of the PT athletes. In the symptomatic leg no improvement was 
measured using this test. Since in practice a patellar strap is worn on the symptomatic 
leg, observing the effectiveness of a patellar strap on the knee joint proprioception 
of that leg was an interesting prospect. This was realised in Chapter 7, with a more 
functional test where the participant had to actively reproduce a certain knee angle 
(joint positioning test). A positive effect of using a patellar strap on the symptomatic 
leg was found using this active test in those athletes who had low proprioceptive 
acuity on forehand. Based on the results of Chapters 6 and 7 it appears that a patellar 
strap can improve knee joint proprioception.

Chapter 8 is the general discussion, which places the results in a broader 
perspective and discusses practical implications as well as recommendations for 
future research. The most important practical implications are that, considering the 
impact of PT on sports and work, more attention should be given to PT prevention and 
rehabilitation, and that the total tendon load – including work-related tendon load – 
should be considered. In addition, considering the positive effect of using a patellar 
strap on knee joint proprioception the use of orthoses during sports not only results 
in reduced pain during and after sports but may also play a role in injury prevention. 
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The most important recommendations for future research are that prospective 
cohort studies should be conducted with multiple repeated measurements to identify 
possible risk factors for PT. The origin of pain in PT should be investigated further, as 
well as the long-term effect of orthoses and their underlying working mechanism.  

 

 





Appendix B
Samenvatting



148 148 | Appendix B

  



 149Samenvatting | 149

SAMENVATTING
Patella tendinopathie (PT), ook wel jumper’s knee genoemd, is een pijnlijke 
overbelastingsblessure van de kniepees. Deze blessure komt veel voor bij 
springsporters. Bij mannelijke topbasketballers heeft 32% last van deze 
blessure en bij topvolleyballers is dit zelfs 45%. Ondanks dat er momenteel veel 
behandelmogelijkheden zijn voor PT, geven ze geen garantie op herstel. Veel sporters 
houden langdurig klachten, zelfs nadat ze zijn gestopt met sporten. De preventie 
van PT is daarom erg belangrijk. De eerste stap in het ontwikkelen van preventieve 
maatregelen is het in kaart brengen van de ernst van de blessure, onder andere 
op het gebied van sport en werk. Welke impact PT heeft op het vermogen om te 
sporten was echter nog niet bekend. Ook was het nog onduidelijk wat voor invloed 
PT op het werkvermogen heeft. Het eerste specifieke doel van dit proefschrift was 
daarom het onderzoeken van de impact van PT op het sport- en werkvermogen. Dit 
is gedaan in Hoofdstuk 2 door middel van een cross-sectioneel vragenlijstonderzoek 
bij een groep sporters met PT. Het bleek dat 55% van deze sporters problemen had 
tijdens het sporten (gemiddelde tot ernstige afname in trainingsvolume of prestatie, 
of helemaal niet in staat om deel te nemen). Verder had 16% van de deelnemers 
een verlaagd werkvermogen en 35% had een verminderde werkproductiviteit. Bij de 
sporters met fysiek werk werden zelfs hogere percentages gevonden: 23% van hen 
had een verlaagd werkvermogen en 58% een verminderde werkproductiviteit. De 
resultaten van deze studie laten zien dat een aanzienlijk deel van de springsporters 
gevolgen van PT ondervindt tijdens het sporten en werken. Dit onderschrijft het 
belang van de preventie van PT. 

Voordat preventieve maatregelen genomen kunnen worden, is het essentieel 
om de risicofactoren voor de blessure in kaart te brengen. Het tweede doel van dit 
proefschrift was daarom om specifieke risicofactoren te identificeren voor het krijgen 
van PT. In Hoofdstuk 3 staat een prospectief onderzoek beschreven waarin een online 
vragenlijst twee maal is afgenomen bij volleyballers en basketballers tussen 18 en 35 
jaar oud, met een interval van 3 jaar. Er werd onderzocht welke sporters PT kregen 
in dit tijdsinterval en welke factoren mogelijke voorspellers waren voor het krijgen 
van PT. De belangrijkste resultaten waren dat mannen vaker PT ontwikkelden en dat 
zwaar fysiek werk mogelijk een risico factor is voor het krijgen van PT. Dit impliceert 
dat voor de preventie van PT de totale peesbelasting, inclusief de werkgerelateerde 
peesbelasting, meegenomen zou moeten worden, vooral bij mannen. 

Zoals vaak het geval is bij overbelastingsblessures stoppen de meeste sporters 
met PT niet direct met sporten, maar blijven ze vaak lang doorsporten met pijn 
ondanks de klachten. Wel zoeken ze naar middelen om de pijn te verminderen. Zo 
gebruiken veel sporters hulpmiddelen zoals een patellabandje of tape. 
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Echter, wetenschappelijk bewijs voor het effect op pijn van deze veel gebruikte 
hulpmiddelen ontbrak tot dusver. Dit was aanleiding voor het derde doel van dit 
proefschrift: het onderzoeken van het effect van patellabandjes en tape op pijn bij 
sporters met PT (Hoofdstuk 4 en 5). Hoofdstuk 4 beschrijft de studieopzet van deze 
gerandomiseerde gecontroleerde trial waarbij pijn tijdens functionele testen en in de 
sportspecifieke situatie wordt gemeten onder vier verschillende condities: controle, 
patellabandje, sporttape, placebo tape. In Hoofdstuk 5 zijn de resultaten van deze 
studie beschreven. Het blijkt dat door het gebruik van een hulpmiddel pijn kan 
verminderen, zowel tijdens de functionele testen in de gecontroleerde omgeving als 
in de sportspecifieke situatie. Opvallend was dat vooral in de sportspecifieke situatie 
alle hulpmiddelen, inclusief de placebo, voor pijnvermindering leken te zorgen. 

Hoe hulpmiddelen, zoals een patellabandje, precies werken is nog onduidelijk. 
Mogelijk kan het gebruik van hulpmiddelen tot een verbetering van de proprioceptie 
van het kniegewricht leiden. Proprioceptie is gedefinieerd als ‘de waarneming van 
bewegingen en posities van lichaamsdelen in relatie tot elkaar, zonder gebruik te 
maken van visuele feedback’ en is essentieel voor het optimaliseren van bewegingen. 
Proprioceptie wordt gezien als een erg belangrijk beschermingsmechanisme van 
het lichaam. Verschillende studies hebben aangetoond dat een verbetering van de 
proprioceptie kan leiden tot een verminderd risico op blessures en dus een rol kan 
spelen bij blessurepreventie. In dit proefschrift is het effect van een patellabandje 
op de proprioceptie van het kniegewricht met behulp van twee verschillende testen 
onderzocht, waarbij (verschillende) aspecten van proprioceptie werden gemeten. In 
Hoofdstuk 6 is gebruik gemaakt van een passieve test waarbij de proefpersoon moest 
aangeven wanneer hij/zij het been voelde bewegen. Het bleek dat de prestatie op 
deze test beter werd met gebruik van een patellabandje; dit was vooral duidelijk bij 
de deelnemers die oorspronkelijk geen goede proprioceptie hadden. De verbetering 
was echter alleen te zien bij gezonde sporters en bij het asymptomatische been van 
sporters met PT. Bij het symptomatische been werd bij gebruik van het patellabandje 
geen verbetering gevonden op deze test. Aangezien in de sportpraktijk juist om het 
symptomatische been een patellabandje gedragen wordt, is het effect van het bandje 
op de proprioceptie van dit been verder onderzocht. Dit is gedaan in Hoofdstuk 7 
met een functionelere test, waar de proefpersoon actief een bepaalde kniehoek 
moest reproduceren. Met deze test werd voor het symptomatische been wel een 
positief effect van het bandje gemeten bij de sporters die oorspronkelijk geen goede 
proprioceptie hadden. Op basis van de resultaten in hoofdstuk 6 en 7 lijkt het er op 
dat een patellabandje de proprioceptie kan verbeteren. 
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In Hoofdstuk 8, de algemene discussie, worden de gevonden resultaten in 
een breder perspectief geplaatst, wordt ingegaan op de praktische implicaties van 
de bevindingen van dit proefschrift en worden verschillende aanbevelingen voor 
toekomstig onderzoek besproken. De belangrijkste praktische implicaties zijn dat 
er gezien de impact op sport en werk meer aandacht besteed zou moeten worden 
aan de preventie en revalidatie van PT, en dat hierbij de totale peesbelasting – 
inclusief de werk gerelateerde peesbelasting – meegewogen zou moeten worden. 
Verder kan het gebruik van hulpmiddelen tijdens het sporten niet alleen leiden tot 
minder pijn tijdens en na het sporten, maar kan het mogelijk ook een rol spelen 
in de blessurepreventie, gezien het positieve effect van het patellabandje op de 
proprioceptie. De belangrijkste aanbevelingen voor vervolgonderzoek zijn om in de 
toekomst risicofactoren voor het krijgen van PT verder te onderzoeken door middel 
van prospectieve cohort studies met meerdere herhaalde metingen. Daarnaast zou 
de oorsprong van pijn bij PT nader onderzocht moeten worden evenals het lange 
termijn effect en het onderliggende werkingsmechanisme van het gebruik van 
hulpmiddelen. 
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DANKWOORD
Het is zover, het is klaar! Na drie fijne jaren bij het Sportmedisch Centrum UMCG is 
mijn promotietraject voltooid. Graag zou ik hieronder de mensen willen bedanken 
die er op wat voor manier dan ook voor hebben gezorgd dat mijn promotietraject  
niet alleen succesvol, maar ook heel aangenaam en prettig is verlopen.

Allereerst wil ik beginnen met het bedanken van mijn begeleidingsteam. 

Beste Ron, hartelijk dank dat je me de kans hebt gegeven om vanuit een 
werkervaringsplek zelf aan de slag te gaan als junior onderzoeker en dat ik daarna 
door mocht als PhD student, waarbij jij mijn promotor wilde zijn. De maandelijkse 
bijeenkomsten bij jou in de kamer, waar het gehele promotieteam samenkwam, heb 
ik als heel prettig ervaren. Bedankt voor al je input en vertrouwen. Ik waardeerde 
verder altijd je enthousiasme wanneer een artikel geaccepteerd was en je interesse 
in hoe een praatje was gegaan. En natuurlijk dat je me hebt geholpen met het vinden 
van een nieuwe baan bij het Martini ziekenhuis! Hartelijk dank daarvoor! 

Beste Inge, mijn eerste copromotor, vanaf het begin af aan konden we erg prettig 
samenwerken. Jouw scherpe, wetenschappelijke blik met veel oog voor de grote lijn 
en structuur resulteerde altijd in praktisch en zeer nuttig commentaar, dat ik goed 
kon gebruiken. Daarnaast vond ik het heel erg fijn dat je vaak op erg korte termijn wel 
even tijd voor me had voor een (kort) overleg, waardoor ik weer verder kon. En niet 
onbelangrijk, onze overleggen waren niet alleen heel nuttig, maar daarnaast ook heel 
gezellig! Het fijne persoonlijke contact dat we hadden heb ik altijd erg gewaardeerd! 
Bedankt voor al je vertrouwen in mij en voor het doen van een goed woordje bij het 
Martiniziekenhuis! 

Beste Hans, je hebt als tweede copromotor een belangrijke rol gespeeld in mijn 
promotietraject. Je altijd kritische, klinische blik heeft er zeker voor gezorgd dat 
mijn artikelen beter en vollediger zijn geworden. Ik heb hier veel van geleerd. Ik 
bewonder je gedrevenheid en je hart voor tendinopathie. Maar het meest waardeer 
ik de momenten, waarop je me door middel van een telefoontje een hart onder de 
riem hebt gestoken wanneer ons artikel weer was afgewezen of toen je een bosje 
bloemen langs bracht i.v.m. een gewonnen prijs. Hartelijk dank hiervoor!  

Beste Henk, heel erg fijn dat jij ook onderdeel wilde uitmaken van mijn promotieteam 
als derde copromotor! Helemaal omdat veel van mijn studies direct of indirect een 
vervolg zijn op jouw promotie. Ik heb onze samenwerking altijd als heel prettig 
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ervaren. Ik waardeerde het heel erg dat je deur altijd open stond voor overleg en dat 
je het nooit beu werd als ik weer eens om advies vroeg. Daarnaast waren je snelle 
en constructieve reacties op mijn stukken erg prettig en heel nuttig. Ik heb hier veel 
aan gehad. Daarnaast heb ik je ook leren kennen als een heel fijn persoon. Ik wil je 
heel erg bedanken voor alle leuke - al dan niet werkgerelateerde - gesprekken die we 
hebben gehad. Ik kijk er met plezier op terug! Dank daarvoor!

Prof. Dr. E. Otten, prof. dr. F.J.G. Backx en prof. dr. S.M.A. Bierma-Zeinstra, geachte 
leden van de beoordelingscommissie, hartelijk dank voor uw bereidheid dit 
proefschrift te beoordelen. 

Graag wil ik ook mijn overige co-auteurs bedanken. Igor Tak, Sietske van Berkel, 
Robert van Cingel, Wendy Koolhaas en Sandra Brouwer, hartelijk dank voor de 
samenwerking en jullie nuttige input voor de artikelen!  

Beste Bas, wat ben ik blij dat wij kamergenoten waren en samen ons promotietraject 
hebben doorlopen! Ik heb heel veel aan jou te danken. Je stond altijd klaar met 
advies of hulp, waar ik dan ook veelvuldig gebruik van heb gemaakt;) Daarnaast was 
het altijd gezellig en het heeft daardoor mijn werkplezier enorm verhoogd! Heel erg 
bedankt voor deze mooie tijd en heel fijn dat je me ook bij het laatste onderdeel van 
mijn promotie wilt helpen als paranimf!

Mijn andere kamergenoten en medepromovendi Mathijs en Lucas wil ik natuurlijk 
ook bedanken. Mathijs, bedankt voor je interesse, de fijne weetjes en de koffiepauzes 
aan de blauwe patio, en natuurlijk ook voor het UTC scannen tijdens mijn laatste 
studie en het helpen met de analyse! Dit werd erg gewaardeerd! Lucas, thank you for 
being my roommate for the last couple of months of my PhD. Good luck with yours. 

Natuurlijk wil ik alle medewerkers van het SMC ook heel erg bedanken. Ik heb de 
multidisciplinaire samenstelling van de afdeling altijd erg leuk gevonden en hier ook 
veel van geleerd. Ondanks dat ik als onderzoeker geen werkplek op de poli had, was 
mijn tijd bij het SMC zonder jullie zeker een stuk minder leuk en interessant geweest. 
Ik waardeer heel erg de belangstelling die jullie hadden in waar ik mee bezig was 
en het meedenken bij inhoudelijke of praktische problemen. Bedankt voor alle 
gezelligheid tijdens het werk, de lunch, sportdagen en de uitjes! 
  
Lieve Myriam, wat hebben we een top tijd gehad samen in één huis, waarbij ik je 
heb leren kennen als een heel warm en fijn persoon. Altijd was je geïnteresseerd in 
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hoe mijn dag was geweest, altijd stond je klaar met tips en adviezen. En je enorme 
vertrouwen in mij gaf vertrouwen :-) Heel erg bedankt daarvoor! We hebben verder 
samen zoveel leuke dingen gedaan en beleefd: een weekendje of paar dagen weg, 
museumbezoekjes, een workshop, borrel en talloze etentjes en kopjes thee samen, 
ik kijk er met veel plezier op terug! Heel erg fijn dat je ook deze dag samen met mij 
mee wilt maken! Super dat je mijn paranimf wilt zijn! 

Lieve Corien, ik weet nog goed dat toen ik niemand kende bij BW, doordat ik een 
schakelprogramma had gedaan, jij de eerste was die even naar me toe kwam om 
een babbeltje te doen. En dat toont direct wat een heerlijk sociaal persoon jij bent:-) 
Ik waardeer heel erg je optimisme en je nuchtere en praktische manier van denken. 
Super leuk dat je altijd te porren bent om dingen te ondernemen; het is altijd gezellig 
met jou! Bedankt voor de interesse die je hebt in wat ik doe. Doordat we naast 
studiegenoten en vriendinnen zelfs een periode collega’s bij het SMC zijn geweest, 
heb je veel van mijn promotietraject meegemaakt van dichtbij. Heel erg fijn dat je er 
op de afsluitende en de meest spannende dag ook bij wilt zijn als paranimf! Bedankt!

Verder wil ik graag alle studenten bedanken voor de gezelligheid aan de blauwe patio 
en voor alle hulp bij de metingen! Zonder jullie was het zeker niet (zo vlot) gelukt!  

Natuurlijk wil ik ook alle deelnemers aan mijn studies bedanken voor hun deelname. 
Zonder hen had dit proefschrift er niet gelegen. 

Graag zou ik ook de mensen willen bedanken die mij hebben geholpen met de layout 
van mijn boekje. Beste Renzo, heel erg bedankt voor het ontwerpen van mijn omslag. 
Ik ben er heel blij mee! Beste Annemieke, fijn dat jij de binnenkant van mijn boekje 
wilde opmaken en ervoor wilde zorgen dat alles er netjes uit kwam te zien. Hartelijk 
dank hiervoor! 

Graag wil ik mijn lieve vrienden bedanken. Heel erg fijn dat jullie altijd geïnteresseerd 
zijn in mijn onderzoek en werk. Maar vooral heel erg bedankt voor alle mooie 
momenten samen, de etentjes, koffietjes/theetjes, concertjes, zakenlunches, 
weekendjes weg, fietstochtjes, borrels in de stad en vakanties! Ik ben heel blij met 
zoveel fijne mensen om me heen, die ik mijn vrienden mag noemen!

Natuurlijk wil ik mijn teamgenootjes van volleybal ook even noemen in dit 
dankwoord. Ik vond het heel fijn dat jullie mee dachten en hielpen bij het werven 
van de deelnemers voor mijn studie en ook dat jullie regelmatig even vroegen hoe 
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het er met mijn werk voor stond. Dit heb ik zeker gewaardeerd! Verder wil ik jullie 
vooral bedanken voor alle gezelligheid tijdens de trainingen, wedstrijden, etentjes en 
borrels! Top teampie hebben we zo samen!   

Last-but-not-least wil ik mijn lieve familie hartelijk bedanken. Jullie zijn heel belangrijk 
voor mij. Heel erg bedankt dat jullie altijd geïnteresseerd zijn in wat mij bezighoudt 
en voor alle steun en hulp die jullie me hebben gegeven en nog steeds geven! Ik 
waardeer het verder enorm dat ik bij jullie altijd welkom ben en altijd mezelf mag 
zijn. Heel erg fijn zo’n heerlijk warm nest, waar ik dan ook regelmatig graag even naar 
terugkeer :-)
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Curriculum Vitae

Astrid Johanna de Vries werd geboren op 5 juni 
1985 in Haulerwijk. Na het behalen van haar 
VWO-diploma aan de RSG de Borgen in Leek in 
2003 begon zij aan de opleiding Biologie bij de 
Rijksuniversiteit Groningen. In 2006 behaalde 
zij haar bachelor diploma Medische Biologie. 
Na een studievrij jaar startte ze in 2007 met de 
master Communicatie in de Bètawetenschappen 
en met het schakelprogramma voor de 
opleiding Bewegingswetenschappen. In 2010 
rondde Astrid de master Communicatie in de 
Bètawetenschappen af. Een jaar later behaalde 
ze ook de master Bewegingswetenschappen. 

Vanaf januari 2012 werkte Astrid een half jaar bij de afdeling Bewegings-
wetenschappen. Hier werkte ze aan een project gericht op het stimuleren van 
zelfregulatie bij MBO-studenten door middel van sport. Nadat dit project was  
afgerond, begon zij in september met een werkervaringstraject bij het Sportmedisch 
Centrum UMCG. Dit resulteerde na een paar maanden in een aanstelling, waarbij 
ze onder andere het effect van patellabandjes en tape op jumper’s knee klachten 
onderzocht. Tijdens deze periode heeft Astrid daarnaast bij het Hanze Instituut 
voor Sportstudies tweemaal een half jaar onderzoek gedaan naar de belasting en 
belastbaarheid van professionele brandweerlieden. Ook heeft ze meegewerkt 
aan een project, waarin de relatie tussen de door de fysiotherapeut beoogde en 
door de revalidanten ervaren belasting van revalidatietrainingen in het veld werd 
onderzocht. Uiteindelijk werd Astrids aanstelling bij het Sportmedisch Centrum 
een promotietraject dat als doel had meer inzicht verkrijgen in de oorzaken en de  
gevolgen van de jumper’s knee, en tevens het effect van veel gebruikte hulpmiddelen, 
zoals patellabandjes en tape, op pijn en op de positiezin van de knie te onderzoeken.
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