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INTRODUCTION

Overwhelming evidence exists that lifelong exercise and sports activities are associated 
with improved cardiovascular fitness, mental health, quality of life and an improved 
longer health span.1 Unfortunately, becoming injured is sometimes a consequence 
of participating in sports activities. Sports injuries may have effects beyond sports 
participation at the individual level, but also at the team/club and community level.2 
Traditionally, the prime focus of sports injury research has been on evaluating physical 
impairment-based outcomes.3 Evidence from other musculoskeletal conditions shows 
that psychological factors also play a role in treatment outcome.4-7 In the last decade 
the importance of psychological aspects in sports injury rehabilitation, besides physical 
recovery from injury, has been increasingly recognized, and psychological factors have 
been identified as predictors of rehabilitation outcome for some sports injuries.8-15

This Introduction starts with a review and discussion of published theoretical models 
of medicine, factors affecting sports injury rehabilitation outcome and psychological 
responses during the rehabilitation process. Next, current knowledge on the 
psychological response during rehabilitation after several sports injuries and the influence 
of psychological factors on return to sports (RTS) are presented, followed by an overview 
of the different outcome measures to assess psychological readiness to RTS.

This Introduction subsequently focuses on three tendon injuries – Achilles tendinopathy 
(AT), patellar tendinopathy (PT) and Achilles tendon rupture (ATR) – conditions that 
can result in activity limitations and reduced performance. After a short introduction to 
these lower limb tendon injuries, current insights into related psychological factors are 
discussed. Lastly, the aims of this thesis are presented, followed by the thesis outline.
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MEDICAL MODELS OF MEDICINE

Biomedical model
The biomedical model has dominated health care for the past century. As it is based on 
the assumption that all diseases are a result of cellular abnormalities, the biomedical 
model of health focuses on biological factors and excludes psychological, environmental 
and social influences.16 Detailed understanding of human anatomy and physiology/
pathophysiology is relevant for many diseases, but other factors also appear important in 
the management of medical problems.

Biopsychosocial model
In recent decades the general perspective on health, and also on sports injury rehabilitation, 
has shifted from a one-dimensional biomedical perspective toward a multidimensional 
biopsychosocial one. Brewer et al.17 were among the first sports psychology researchers 
to apply the biopsychosocial model of sports injury rehabilitation. They argued that 
returning a recovering athlete to full activity is a complex and multifactorial process. 

The model has seven key components: 1) characteristics of the injury, 2) sociodemographic 
factors, 3) biological factors, 4) psychological factors, 5) social and contextual factors, 
6) intermediate biopsychological outcomes, and 7) sports injury rehabilitation outcomes 
(Figure 1). According to the model, the characteristics of an injury (e.g. cause, severity, 
course) and sociodemographic factors (e.g. gender, age, socioeconomic status) are 
hypothesized to indirectly influence RTS via their effect on physical, psychological, and 
social or contextual factors. Psychological factors are presumed to have a reciprocal 
relationship with biological and social/contextual factors, all of which influence 
intermediate biopsychological rehabilitation outcomes (e.g. range of motion, strength, 
endurance, rate of recovery).18 Psychological factors and intermediate rehabilitation 
outcomes are also suggested to influence sports injury rehabilitation outcomes (e.g. 
functional performance, quality of life after injury, satisfaction with treatment, readiness 
and desire to RTS).17

The biopsychosocial model provides a general framework for the many factors 
affecting sports injury rehabilitation outcomes and specifies pathways through which 
psychological factors can affect rehabilitation outcomes.19 However, the model does 
not provide a coherent explanation of how variables within and across categories 
might interact to produce different rehabilitation outcomes, and associations between 
different psychological factors are not elaborated upon. Furthermore, the model was 
not specifically designed to investigate the transition from rehabilitation to training 
and competition20 – it is intended to deal with the time period covering injury onset to 
completion of rehabilitation. 

Integrated model of psychological response to the sports injury and rehabilitation 
process
To account for the nature of injury response and the associations between different 
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psychological factors, several cognitive assessment models for injury have been 
described, with a particular focus on stress as an important psychological factor affecting 
the rehabilitation phase related to sports activities.21 Cognitive assessment models 

Figure 1: A biopsychosocial model of athletic injury rehabilitation. 
(C) 2001, West Virginia University. Used with permission.17
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assume that injury is a stressor leading to a continuous cycle of thoughts (i.e. cognitions), 
feelings (i.e. emotions) and actions (i.e. behavior). An often-cited conceptual cognitive 
appraisal model was developed by Wiese-Bjornstal et al.,22 known as the integrated 
model of psychological response to sports injury and rehabilitation (Figure 2). They 
incorporate the Williams and Andersen model of stress and athletic injury23 (upper part) 
into their post-injury cognitive appraisal model (lower part). The upper part is the section 
of the model reflecting the impact of psychological variables on the likelihood of injury 
onset. The model proposes that athletes with a history of many stressors, personality 
characteristics that exacerbate the stress response, and few coping resources will − 
when placed in a stressful situation − be more likely to appraise the situation as stressful. 
The severity of the resulting stress response is the mechanism proposed to cause the 
injury risk. The researchers propose that the same factors that determine injury risk also 
influence athletes’ psychological response to injury.22

The remaining sections of the model, the post‐injury psychosocial response process, 
surround cycles of thoughts (cognitions), feelings (emotions) and actions (behaviors).24 
Each factor consists of several components. The model presents lists of personal 
factors and situational factors, both affecting the cognitive appraisal of the injury and 
the rehabilitation factors. Cognition concerns the conscious assessments athletes make 
after an injury (e.g. sense of self, goal adjustment, beliefs, cognitive coping), emotional 
or affective responses include feelings and mood disturbances (e.g. depression, fear of 
reinjury, fear of movement, anxiety). Behavioral response of the athlete refers to someone’s 
effort, actions and activities with regard to the injury (e.g. rehabilitation adherence, effort, 
motivation). This behavior is in turn influenced by an athlete’s cognition and emotions. 
All these variables are interrelated, cyclic, dynamic and recursive, and therefore affect 
each other continuously as the process continues.22 Together, cognitions, emotions and 
behavioral factors play an important role in the physical and psychosocial outcome of 
the injury. The key premise of this model is that each individual may respond differently 
to an injury, depending upon their assessment of the meaning of the injury, its perceived 
consequences, and their ability to cope with the consequences.

Psychological Response during rehabilitation after sports injury and influence on 
return to sports
Psychological factors play a role in many musculoskeletal disorders, either as prognostic 
factors4 or as treatment effect modifiers.5,6 This importance is also recognized within 
the field of sports medicine; in recent years the amount of research on psychological 
responses to injury during rehabilitation and the influence on RTS in patients with sports 
injuries in general, and particularly in those with anterior cruciate ligament (ACL) injuries, 
has increased. Heightened negative emotional responses, like frustration, depression, 
boredom, tension and anger, have been reported immediately after sports injury and 
during recovery from injury.10,18,24,25 Controversially, some injured athletes report positive 
emotions and relief after sustaining an injury because they are no longer under pressure 
to perform.22 After ACL reconstruction, in the early postoperative phase significant 
reductions in kinesiophobia and pain catastrophizing and significant increases in self-
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efficacy for rehabilitation have been evidenced; these were found to be associated with 
reduced pain intensity and improved knee function.26 Literature demonstrates a consistent 
improvement in psychological responses as rehabilitation progresses.10,18 However, for 

Figure 2: Integrated model of psychological response to sports injury and rehabilitation 
(reprinted with permission of the author).22
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some (mainly competitive) athletes, the response may become more negative again 
around the time of clearance to RTS.25 

One of the most commonly discussed psychological factors in terms of RTS after 
ACL reconstruction is psychological readiness, although there is no widely accepted 
definition for it yet.27 Psychological readiness to RTS is influenced by a range of physical, 
psychological and social factors.18 From a psychological perspective, it is suggested 
to be a product of various injury-related elements, such as cognitions (e.g. realistic 
expectations, self-confidence, confidence in injury site and performance), emotions (e.g. 
fear of reinjury, fear of the unknown, mood, anxiety) and behavior (e.g. adherence to 
rehabilitation, motivation).13,18,28 As reflected in the Integrated model of psychological 
response to the sport injury and rehabilitation process (Figure 2), all these variables are 
considered to be interrelated. Psychological readiness to RTS was found to improve 
linearly over time during rehabilitation after ACL reconstruction, and scores at six months 
postoperatively predicted returning to the pre-injury level of sports at 1 year following 
the injury.10 There is evidence that athletes who feel they have greater personal control 
over their RTS, have greater confidence in their body, and feel more socially connected 
to teammates are more likely to return to their previous level of sports.29 Furthermore, 
confidence in RTS, motivation to regain previous performance standards, self-efficacy, 
optimism and lower fear of incurring a new injury are psychological factors that have 
been associated with the likelihood of returning to the preinjury level following ACL 
reconstruction.28,30,31

A common assumption is that physical and psychological recovery occur at the same 
time, but it is increasingly recognized that physical and psychological readiness to RTS 
after injury do not always coincide.14 This implies that athletes may return to training 
and competition when they are physically fit but not yet psychologically ready to face 
the challenges of the transition between the end of the rehabilitation and the RTS.14,15 
Returning to sports when the athlete is not psychologically ready could have negative 
consequences such as negative emotional states (i.e., anxiety, fear, depression), 
suboptimal sports performance and increased risk of reinjury.28,32 Athletes suggested 
that confidence to RTS is determined by their perception that the injured body part 
was completely healed, the rehabilitation was completed, and they were no longer 
susceptible to reinjury.28 The most common reason that patients report for not returning 
to their previous level of sports participation after ACL reconstruction is fear of sustaining 
a new injury.33

With the increasing amount of literature on psychological factors in ACL injuries and the 
dearth of studies on this topic in relation to other sports injuries, there is a need for better 
understanding of the potential implications of psychological factors on the course and 
outcome of other acute traumatic and chronic overuse sports injuries.

Measurements of psychological factors 
Patient-reported outcome measures (PROMs) provide the patient’s perception of the 
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recovery and outcome of treatment, without interpretation of the physician or others.34,35 
PROMs were initially developed for use in research; they have partly overtaken the position 
as the primary outcome in clinical studies, placing less focus on the disease condition 
itself and greater emphasis on how the patient feels about or experiences that condition 
and its effect on function and quality of life.35 From there, PROMs were integrated into 
clinical practice to improve clinical management of individual patients.34 To be applicable 
and useful in research and clinical practice, a basic requirement is that PROMs must show 
adequate measurement properties,36 otherwise biased or inaccurate results are obtained 
which may lead to false conclusions and incorrect decisions. Traditionally, validity and 
reliability were considered the fundamental characteristics of a measurement instrument 
while providing sufficient information on an instrument’s descriptive properties.37 Validity 
is defined as the degree to which an instrument measures the construct(s) it purports to 
measure, and reliability as the extent to which an instrument consistently yields the same 
scores on two successive occasions in stable persons and the extent to which patients 
can be distinguished from each other despite measurement errors.38 To evaluate patients 
over time, responsiveness is an important measurement property. Responsiveness is 
defined as the ability of a questionnaire to detect clinically important changes over time 
in the construct to be measured.38-40 Without evidence that the PROM is sensitive to 
changes over time, usefulness in longitudinal research is insufficient, as meaningful 
effects go undetected.41

Two questionnaires have been developed specifically to evaluate psychological factors 
associated with return to sports: the ACL-Return to Sport after Injury (ACL-RSI) scale and 
the Injury Psychological Readiness to Return to Sport (I-PRRS) scale. The ACL-RSI was 
developed specifically for patients after ACL injury.42 To offer the possibility to compare 
different patient groups, Glazer developed a generic questionnaire, the I-PRRS scale, to 
assess the psychological readiness of injured athletes to resume sports participation, 
irrespective of type of injury.32 No Dutch versions exist for these questionnaires, and data 
on responsiveness of these two scales is lacking.
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One of the many stories from the field

A 46-year-old male nurse, an avid spare-time runner with a training frequency 
of 5 times per week, started to run marathons ten years ago. After a few years, 
the first symptoms he experienced were stiff Achilles tendons when getting up 
in the morning. In the last two years the Achilles tendons became increasingly 
painful. Because of the pain he had to run at a lower intensity. As he was 
highly motivated, he continued training with painkillers in the last year but this 
aggravated the pain after training and the next morning. He had to reduce the 
training frequency and now he has stopped training for four weeks, but pain 
remains. He is worried because there are a number of major running events 
scheduled for him in the next six months. He is afraid to load the tendons 
again. His confidence in pain-free running to his full potential and the joy of 
running have decreased. He fears being unable to run pain-free in the future 
and losing his social network.

TENDON INJURIES

Lower limb tendinopathy 

Tendinopathy is a diagnosis characterized by persistent tendon pain and loss of function 
related to mechanical loading.43 The diagnosis of tendinopathy is usually clinical but 
imaging may assist in differential diagnosis.44 Diagnosis can be confirmed with ultrasound 
or MRI, however there seems to be a poor relation between imaging results and patient-
reported symptoms.44 So far there is an absence of a clear mechanism that can explain 
where the pain comes from.45 The interplay between structure abnormalities, pain and 
function is not yet fully understood, which has partly contributed to the complex clinical 
picture of tendinopathy.46 Both the upper and lower limbs can be involved, with the rotator 
cuff and the lateral elbow, gluteal, patellar and Achilles tendons commonly affected.47,48 
Although exercise or “loading” programs are the conservative treatment of choice, 
35%–45% of individuals do not experience a significant reduction in symptoms from 
either eccentric or combined concentric/eccentric exercise.49,50 Regarding tendinopathy, 
this thesis focuses on Achilles tendinopathy and patellar tendinopathy.
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One of the many stories from the field

A 51-year-old man with a sedentary lifestyle, working as a self-employed 
security officer, ruptured his Achilles tendon during an infrequent game of 
tennis three months ago. Despite his preference for surgery he was initially 
treated with functional bracing. He wants to recover and resume his work 
quickly but is afraid of straining the tendon and doing exercises because it 
could re-rupture. His financial situation would then be jeopardized by a longer 
absenteeism from work; his insurance company will not fully compensate for 
his loss of income. Despite his sedentary lifestyle he used to play tennis with 
friends a few times a year, but he doubts whether he wants to take that risk in 
the future. He has little confidence and doesn’t know what to expect.

Achilles tendon rupture

ATR is a common sports injury with an increasing incidence.51-54 It is a serious injury, 
causing severe acute pain in the back of the ankle and lower leg, loss of function and 
long-term deficits; limitations are seen in muscle strength, endurance and function even 
ten years after the initial injury.55-58 The diagnosis of ATR is usually established by history-
taking and clinical examination, but imaging (ultrasound, MRI) is recommended when 
ATR cannot be confirmed or ruled out.59 

Despite the increasing incidence and major burden of ATR, there is no consensus on its 
management.60,61 Surgical treatment used to be the gold standard for ATR management, 
but after several randomized controlled trials comparing surgical and conservative 
treatment using functional rehabilitation, there is conclusive evidence that outcomes 
are similar.62,63 Inconclusiveness does remain about the optimal rehabilitation protocol.64 
Several studies show major variability in their protocols for time to mobilize, time to bear 
weight and orthosis type.63,65,66 Early functional rehabilitation like weight-bearing and 
strength exercises appear to be effective,64,67 yet there still is no consistent guideline for 
the rehabilitation process.67,68

Psychological factors in lower limb tendon injuries
The role of psychological factors in lower limb tendinopathy and ATR management is 
not elucidated yet. It has been suggested that psychological factors like kinesiophobia, 
pain catastrophizing, low self-efficacy and external locus of control may negatively 
impact clinical outcomes in musculoskeletal disorders.69-72 Given the rather persistent 
and multifactorial nature of tendinopathy, similar to other musculoskeletal disorders, 
treatment of tendinopathy may need to address the multiple factors that contribute to 
the pain, dysfunction and disability experienced.73 The evidence in other musculoskeletal 
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disorders suggests that measuring psychological factors in lower limb tendon research 
would appear justifiable; this is consistent with the biopsychosocial model of athletic 
injury rehabilitation as shown in Figure 1. 

The dysfunctions caused by tendinopathy can lead to an unwanted change in patients’ 
ability to perform and engage in normal activities as well as be physically active.74 Not 
participating in social and recreational activities can cause social distancing from friends 
and family, and may be closely attributed to a reduction in individuals’ self-esteem or 
loss of what is known as athletic identity.74 Meaningful changes in quality of life are 
likewise reported due to adaptation of lifestyle, living with the condition, changes in 
mental well-being, conflict with identity, frustration, and changes in social well-being.75 
In a recent editorial Mc Auliffe et al. stated that, given the complex and rather persistent 
nature of tendinopathy, psychological factors in addition to exercise variables may prove 
beneficial and need to be adressed.76 In a consensus statement the international scientific 
tendinopathy symposium consensus (ICON) group defined nine core health-related 
domains for tendinopathy.77 Psychological factors were one of those domains deemed 
to be core and the constructs mentioned were pain catastrophizing, kinesiophobia, pain 
self-efficacy, anxiety and depression.77

Despite this recognition in the field, very few studies have been conducted so far on the 
contribution of psychological factors to pain, dysfunction and outcome in lower limb 
tendon injuries.74,78-81 There is some evidence suggesting that psychological factors 
play a role in tendinopathies, but research is limited and yields conflicting results. No 
studies with a primary aim to investigate the role of psychological factors in patients 
with lower limb tendinopathy are available. The same applies to ATR, as there is a clear 
gap in the literature regarding the role of psychological factors in post-ATR recovery. 
To improve rehabilitation outcome, more research is needed into psychological factors 
during rehabilitation of patients with lower limb tendinopathies and after ATR and into the 
association between those psychological factors and rehabilitation outcome.
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AIMS OF THIS THESIS 
The general aim of this thesis is to increase knowledge on psychological factors in 
patients during rehabilitation of Achilles and patellar tendinopathy and after Achilles 
tendon rupture. The first objective is to translate and study Dutch questionnaires for 
psychological readiness and confidence to return to sports participation. The second 
objective is to study the role of various psychological factors during the rehabilitation 
of patients with Achilles or patellar tendinopathy and in patients after Achilles tendon 
rupture.
 
OUTLINE OF THE THESIS
This thesis is divided into two parts.

Part I. Clinimetric properties of the Dutch ACL-RSI and I-PRRS.
The first objective was investigated in Chapters 2, 3, and 4. In Chapter 2, the ACL-
Return to Sport after Injury scale (ACL-RSI) was translated into Dutch according to 
international guidelines and its validity and reliability were studied, so it could be used by 
Dutch-speaking patients. The questionnaire measures athletes’ emotions, confidence in 
performance, and risk appraisal in relation to return to sports after ACL reconstruction. The 
research into validity, reliability and stability of the Dutch Injury-Psychological Readiness 
to Return to Sport (I-PRRS) scale, a questionnaire that measures psychological readiness 
and confidence of injured athletes to resume sports participation, is presented in Chapter 
3. The aim of the study in Chapter 4 was to investigate the responsiveness of the Dutch 
ACL-RSI and I-PRRS. 

Part II. Psychological factors during rehabilitation of Achilles and patellar tendino-pathy 
and in patients after Achilles tendon rupture.
The second aim was addressed in Chapters 5 and 6. In Chapter 5, a cross-sectional 
study was conducted in 119 adult patients with Achilles or patellar tendinopathy. 
Participants completed a set of questionnaires assessing psychological factors and 
outcome measures in terms of symptoms, function and participation. Chapter 6 
provides a multicenter prospective cohort study in 50 patients clinically diagnosed with 
ATR. Participants completed a set of patient-reported and functional outcome measures 
assessing psychological factors, function, activity and sports participation at 3, 6 and 
12 month after ATR. The main findings of this thesis are summarized and discussed 
in Chapter 7. The clinical implications and suggestions for future research are also 
discussed in this final chapter.
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