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SCOPE AND AIM

Achilles tendon rupture (ATR) is a difficult-to-treat sports injury that affects predominantly 
middle-aged adults during their active years and potentially follows them for the rest 
of their life [22, 25, 37, 49, 82]. The goal of ATR treatment and rehabilitation is to return 
patients to their original level of function, activities and participation. The general aim of 
this thesis was to gain more insight into clinical practice and outcome of ATR. This thesis 
used the framework of the International Classification of Functioning, Disability and 
Health (ICF) to provide an overview of ATR treatment and outcomes on tendon structure, 
body functions and activities and participation.

This thesis is divided into two parts. The first part (chapters 2-4) aimed to evaluate ATR 
management in the Netherlands and to determine the role of imaging. A nationwide survey 
among Dutch surgeons treating ATRs was performed (chapter 2). This study showed that 
there is a general lack of consensus and wide variation in the management of ATRs in 
the Netherlands. Chapter 3 focused on the diagnosis and treatment-monitoring of ATR. 
A systematic review of scientific literature that provided information on the methods and 
role of imaging in the diagnosis and monitoring of the ATR was conducted. The result 
of this study established the adjunct role of imaging, especially of ultrasound and MRI, 
in the diagnosis and monitoring of ATRs. The literature search confirmed more research 
is warranted into less conventional imaging modalities’ diagnostic and monitoring 
capabilities. Ultrasound tissue characterization (UTC) is such a novel ultrasonographic 
imaging technique. A second systematic review was conducted that included all studies 
that used UTC to evaluate tendon structure (chapter 4). UTC is capable of differentiating 
symptomatic from asymptomatic tendons in tendinopathy patients. In addition, UTC 
proved to be a valuable clinical tool to monitor subtle changes in tendon structure in 
response to load or treatment. It was concluded that UTC seems to be a promising tool 
that has not been used yet in the ATR population.

The second part of this thesis (chapters 5-9) aimed to investigate the outcome after 
ATR. A large multicenter prospective cohort study was planned and described (chapter 
5). This study gathered data on the various domains described in the ICF framework 
with a special focus on patient-reported outcome measures (PROMs). Data gathered 
in this study were used in chapters 6-9. First, the responsiveness was evaluated of 
the only valid and reliable outcome measure specific to the ATR population, the Dutch 
version of the Achilles tendon Total Rupture Score (ATRS-NL; chapter 6). The ATRS-NL 
showed good responsiveness and its use in clinical follow-up and longitudinal research is 
therefore recommended. Functional and patient-reported outcomes in terms of physical 
functioning and participation in sport and work were further evaluated (chapter 7). ATR 
patients were shown to exhibit major limitations in tendon function and sport and work 
participation, persisting up to one year after injury. Despite these limitations, patients 
reported adequate functional improvement and good health-related quality of life. 
Chapter 8 provides insight into the role of psychological factors during ATR rehabilitation 
and their association with tendon function and sport participation. These factors seemed 
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to evolve during rehabilitation, whereby several factors such as motivation, kinesiophobia 
and psychological readiness and confidence appeared to be significantly associated with 
the level of sport participation and performance. The novel imaging modality UTC was 
used to investigate tendon structure after ATR in chapter 9. Using UTC it was shown that 
tendon architecture and structural integrity remains compromised up to one year after 
ATR.   

The present chapter provides an overview and discussion of the main findings of this 
thesis. The results are examined in a broader perspective and practical implications and 
future perspectives are discussed.  
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PART I: ACHILLES TENDON RUPTURE: IMAGING AND CLINICAL PRACTICE

Clinical practice in the Netherlands

The preferred treatment of ATR is still debated. Despite numerous trials and observational 
studies [11, 33, 46, 66, 94, 98], guidelines for ATR management are still inconclusive 
or lacking. Traditionally, non-surgical (conservative) treatment was preferred for older 
sedentary patients, whereas surgical approaches were preferred in young athletes; 
conservative treatment was thought to be associated with an increased risk of re-
rupture. The latter is debated by novel, functional, conservative treatment techniques 
and rehabilitation methods, showing nearly identical re-rupture rates in recent trials 
[66, 98]. Publication of these trials led to a reduction in surgical treatment and a trend 
towards increased use of conservative treatment in countries in Scandinavia and North 
America [60, 82]. Chapter 2 showed that the management of ATRs in the Netherlands 
shows considerable variation and lacks consensus. This can be explained by institutional 
logistics in the Netherlands: treatment guidelines are lacking and this injury is treated 
by two independent medical specialisms, orthopaedic and trauma surgery. ATR 
patients already exhibit large inter-individual variations in outcome [34, 64], and this 
is potentially exacerbated by the considerable treatment variation. Additionally, likely 
as a result of lacking guidelines, the management of ATR in the Netherlands is only 
partially in concordance with the available scientific evidence. Despite several important 
publications, also originating from the Netherlands, concerning conservative treatment 
and functional rehabilitation of ATRs [21, 40], it seems Dutch surgeons are more reluctant 
to adopting this treatment strategy compared to their European counterparts [34, 53]. In 
order to improve outcome for this injury in the Netherlands, multidisciplinary collaboration 
and adherence to scientific evidence is required. 

The data in chapter 2 were collected in 2016/2017 and the current situation in the 
Netherlands may have changed, especially considering the publication of a high-impact 
Dutch meta-analysis in 2019 [66]. The result of this chapter, specifically the high rate of 
surgical treatment and low adherence to scientific evidence, provided the rationale for 
the DAPPER project [20]. This initiative aims to minimize surgical treatment of ATR in 
the Netherlands. Part of this project is to evaluate claims data from Dutch healthcare 
insurers, since in contrast to other European countries [25, 35, 37, 48, 50, 53, 60], ATR 
incidence figures and treatment trends in the Netherlands are unknown. 

Recommendation:
To develop clinical guidelines, multidisciplinary collaboration between both ortho-
paedic and trauma surgeons in the Netherlands is required.
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The role of imaging in diagnosis and outcome assessment

Chapter 2 showed Dutch surgeons do not depend on imaging for the diagnosis and/or 
outcome assessment of ATR. Decisions were generally made based on history-taking 
and physical examination. This preference is likely due to the high accuracy of physical 
tests and corresponds to prior survey-based opinions on the use of musculoskeletal 
imaging in the Netherlands [55, 74]. Additionally, guidelines are lacking in the 
Netherlands and guidelines of the American Academy of Orthopedic Surgeons (AAOS) 
are inconclusive regarding the use of imaging in ATR evaluation [11]. Chapter 3 showed 
both conventional ultrasound and MRI are capable of accurately diagnosing ATR, but 
are recommended when clinical doubt persists despite thorough history-taking and 
physical examination. The sensitivity/specificity figures do not exceed those of proper 
physical examination [55]. In terms of monitoring, both ultrasound and MRI can depict 
and identify compromised tendon structure. During follow-up after ATR, Achilles tendon 
structure remains pathological: there is increased thickness, stiffness and heterogenous 
and irregular tendon morphology even at time of return to sport. Nevertheless, these 
structural characteristics seem to be unrelated to the clinical picture. This could be the 
result of studies using various unvalidated measures to define the “clinical picture”. 
Additionally, several of these “pathological” characteristics shown by conventional 
modalities (chapter 3) perhaps fall inside the scope of a normal, physiological, response 
to injury.

The results of the literature synthesis emphasized the adjunct role of imaging in 
monitoring recovery. Most of the literature on imaging of ATR in chapter 3 focused on 
conventional ultrasound. Conventional ultrasound is user-dependent, relies on subjective 
interpretation and is influenced by machine settings and handling of the probe [73]. 
Furthermore, conventional ultrasound only captures a two-dimensional view of tendon 
structure and therefore provides a limited evaluation of the structural response to injury. 
Chapter 4 provided a systematic review of a novel quantitative ultrasonographic imaging 
technique, UTC, designed specifically for the analysis of large tendons. UTC uses a motor-
driven tracking with a fixed ultrasound probe and thus standardizes operator-dependent 
variables. With this modality, a three-dimensional ultrasound block is provided and 
tendon architecture and structural integrity can be objectively analyzed and quantified. 
UTC is capable of monitoring the effect of load and/or treatment on tendon structure 
in the Achilles and patellar tendinopathy population. Given the promising potential in 
assessment of tendon structure in response to load and/or treatment, the second part of 
this thesis used UTC for the evaluation of tendon structure after ATR.

Recommendation:
Imaging is recommended as an adjunct modality in the diagnosis and/or monitoring 
of ATR.
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PART II: OUTCOME AFTER ACHILLES TENDON RUPTURE 

ATR is traditionally considered an acute sport injury. However, after the acute event 
(rupture), treatment and rehabilitation, widespread deficits persist, and the acuteness 
transitions into chronicity. It might thus be better to look at ATR as a chronic injury. As 
recommended by Bahr [4], there are several important research considerations in the 
evaluation of chronic (overuse) sport injuries:

• studies should be prospective, with continuous or serial measurements of symptoms;
• valid and sensitive scoring instruments need to be developed to measure pain and 

other relevant symptoms;
• prevalence and not incidence should be used to report injury risk;
• severity should be measured based on functional level and not time loss from sports.

The studies in the second part of this thesis largely adhere to these recommendations. 
Valid and sensitive instruments were used and prospective, serial, measurements of 
recovery were performed on multiple interacting domains including tendon structure, 
body functions and activities and participation. 

Structure & function

Using UTC, chapter 9 showed ATR patients exhibit inferior tendon architecture and 
structural integrity, even at time of clinical recovery. These findings expand upon the results 
shown by conventional modalities in chapter 3 and the explanation is two-fold. Firstly, 
it is hypothesized ATR is the result of long-lasting, chronic, tendon degeneration and 
remodeling. In the population at risk, there is a prolonged period of (asymptomatic) Achilles 
tendon degeneration preceding ATR [31, 32]. Several contributing factors are associated 
with this degenerative remodeling including obesity [24, 26], hypercholesterolemia [5, 59] 
and smoking [54] among others. Similar to positional tendons in the rotator cuff [18], there 
are two potential outcomes of the inflammatory response to degenerative remodeling 
(Figure 1). In the first scenario, this process leads to hypervascularization swelling and 
pain, eventually resulting in symptomatic Achilles tendinopathy. In the other scenario, 
there is insufficient repair, eventually leading to a sudden rupture of an “asymptomatic” 
tendon due to mechanical insufficiency. It is thought a preventive, dosed, exercise 
intervention [44] could lead to a reduction in ATR incidence in the population at risk. 

Secondly, the inferior structure seen after ATR is thought to be the result of poor 
regenerative capacity of tendinous tissue in response to injury [29, 31]. A tendon is 
remarkably hypovascular and hypocellular and has low metabolic activity [52]. The 
healing process after ATR consists of three distinct phases: immediately after injury 

Recommendation:
Interventions that promote tendon regeneration should be subject of future research. 
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hematoma formation and inflammation occurs, followed by a repair process consisting of 
an upregulation of myofibroblasts and synthesis of a new tendinous matrix, and, finally, a 
maturation and remodeling stage [18, 81, 91]. As shown by the studies using conventional 
imaging as well as using UTC (chapters 3 and 9), this remodeling phase can last up to 
one year after ATR, and it results in a structurally and biomechanically inferior tissue that 
is characterized by a disorganized collagenous matrix [31, 51, 71, 72]. This disorganized 
matrix is thought to contribute to impaired functioning of the tendinous tissue (chapter 7). 
In turn, decreased tendon functioning leads to reduced loading, eventually resulting in a 
vicious circle of incomplete recovery (Figure 2). This process warrants clinical recognition 
to identify patients at-risk of poor outcome. Early identification allows for intervention 
in one of the stages by, for example, incorporating dosed loading techniques, such as 
functional rehabilitation. 

Functional rehabilitation consists of (dosed) weight-bearing and is associated with 
increased patient satisfaction [61], earlier return to sport [57], and improved tendon 
function [36]. In the continuum model proposed by Cook & Purdam [15], load is the 
primary stimulus that can induce tendon adaptation. Appropriate mechanical loading 
leads to upregulation of growth factors [30, 79] and hence collagen synthesis and 
regeneration [45] through the process of mechano-transduction [44]. In contrast to 
Achilles and patellar tendinopathy (chapter 4), the effect of a therapeutic loading stimulus 
on tendon structure and regeneration after ATR has not been investigated. Given the 
potential of UTC to detect subtle response(s) in tendon structure as a result of loading 
(chapter 4), studies using this modality to assess functional rehabilitative techniques in 
ATR patients are recommended. This would provide quantitative data on the influence 

Figure 1. Model of tendon insufficiency

Repair response No repair

Symptomatic
tendinopathy Tendon rupture

Degenerative
tendinopathy
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of load on tendon structure and function after ATR, contributing to the development of 
individualized rehabilitation practice.

Trials utilizing imaging to individualize treatment based on tendon elongation are 
underway [27]. Tendon elongation is a significant independent predictor of return to 
sport participation (chapter 7) and also inversely related to musculotendinous strength, 
heel-rise height and biomechanics [19, 28, 84, 85]. Achilles tendon elongation reflects 
increased dorsiflexion and results in weakness in (end-range) plantarflexion [16, 28, 
65]. Conventional imaging is capable of accurately measuring tendon length (chapter 
3). Therefore, routine use of imaging including measures of tendon length also allows 
clinicians to identify patients at risk of poor outcome who would benefit from more 
aggressive rehabilitation and/or surgical shortening of the Achilles tendon [8, 56].

 

Patient-reported outcome and allostasis

Figure 2. Pathological response to ATR

Poor regenerative
capacity

Inferior structure

Reduced function
Decreased loading

Recommendation:
The ATRS(-NL) should be included as a patient-reported outcome measure (PROM) 
in clinical follow-up and longitudinal research of ATR patients.
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To evaluate recovery and to determine the effectiveness of interventions after ATR, clinicians 
and researchers have traditionally focused on clinical outcome measures such as re-
rupture rate, muscle strength, calf circumference and imaging. These measures disregard 
the patient’s perspective of disease. To gain insight into this perspective, PROMs can 
be administered. PROMs are increasingly used in clinical practice and research across a 
variety of medical disciplines [6, 23, 43]. PROMs are capable of providing information on 
various outcome domains such as patient’s health, quality of life, functional status and/
or level of perceived participation. These tools expand on the physiological response to 
injury and are recommended when evaluating and comparing outcome after ATR. 

To be useful in outcome evaluation, PROMs must show adequate measurement properties 
[70]. Most research has focused on validity and reliability when evaluating the clinimetric 
properties of PROMs. These are descriptive properties and do not provide data on the 
usefulness of a PROM to detect (clinically) meaningful change. Responsiveness concerns 
an outcome measure’s sensitivity to change and is considered an essential measurement 
property when using a PROM for research purposes by the COnsensus-based Standards 
for the selection of health Measurement Instruments (COSMIN) group [63, 70]. Despite 
this, the majority of PROMs used in foot and ankle research [40, 83, 92] lack data on 
responsiveness. Chapter 6 evaluated the responsiveness of the only valid and reliable 
ATR-specific PROM: the ATRS(-NL). The smallest change in score considered relevant 
by either patient or clinician, the minimally important change (MIC), of this questionnaire 
was determined. The ATRS-NL proved to be responsive to change and its position in 
longitudinal follow-up to evaluate the patient’s perspective of recovery and to investigate 
the efficacy of an intervention was established. 

In addition to showing sufficient measurement properties (e.g. reliability, validity, and 
responsiveness), PROMs should also measure relevant domains or constructs. The studies 
in this thesis showed that when evaluating outcome after ATR, multiple domains including 
tendon function and activities and participation should be considered. This requires the 
use of functional tests, imaging and both generic and injury-specific PROMs. The ATRS-NL 
measures outcome related to symptoms and physical activity after ATR [68] and given its 
clinimetric properties [2, 10, 17, 42, 68, 88] should be included in the evaluation of outcome 
after ATR. Ideally, this tool is combined with more generic PROMs such as the EuroQol-5D-
5L (EQ-5D-5L) [38] and the Oslo Sport Trauma Research Centre (OSTRC) Overuse Injury 
Questionnaire [13] to provide a holistic outcome evaluation. Similar to tendinopathy, a core 
outcome set that captures health-related domains that have been agreed-upon by patients 
and healthcare professionals is warranted [90]. To achieve this, further development and 
additional evaluation of PROMs in the ATR population should be performed.

Recommendation:
Interventions that promote constructive coping strategies after ATR are recommended.
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The value of looking at outcome from different perspectives and within different domains 
is clear when looking at the results presented in this thesis. The quality of life reported 
by ATR patients after one year corresponds to normative values for the Dutch population 
[89]. Additionally, patients reported improvement on the ATRS-NL that exceeded the MIC 
at every follow-up measurement (chapters 6-8). This is striking, given the impairments 
in structure (chapters 3 and 9) and tendon function (chapter 7). Moreover, patients 
reported reduced participation in sport/work participation compared to before the injury 
(chapters 7 and 8). 

It is hypothesized the ATR population adapts to the burden of injury resulting in the 
response shift phenomenon [77]. This can be explained by the process of allostasis: 
the ability to maintain physiological homeostasis in spite of changing circumstances 
[75]. This process consists of a protective coping response to restore to an (adapted) 
equilibrium after injury. The typical, middle-aged “weekend-warrior” ATR patient exhibits 
a normal allostatic response and thus adapts to reduced musculotendinous function 
by reconceptualizing values and goals, concerning, for example, physical activity [76]. 
Some ATR patients adapt to their condition, by replacing activities that they can no 
longer perform with others that are equally satisfying; this limits the impact on perceived 
impairments and quality of life. Part of this protective process is exhibited in chapter 
8 where, to restore and adapt to equilibrium, psychological factors evolve during 
rehabilitation. Similar adaptations are seen in other populations such as after total knee 
arthroplasty [62], spinal cord injury [78] and coronary artery bypass surgery [58]. Although 
this process normalizes perceived quality of life after ATR, the new equilibrium consist 
of reduced participation and performance in physical activity; this further exacerbates 
the effects of a sedentary lifestyle in a population already at risk of chronic disease 
[80, 96]. Additionally, the decreased participation in physical activity results in a lower 
loading capacity of the muscle-tendon unit and abnormalities in the kinetic chain; this 
predisposes a population already at-risk to new (sports) injuries. Several psychological 
factors such as motivation, psychological readiness and confidence to return to sport 
identified in chapter 8 are predictive of improved sport participation and performance. 
These factors should be emphasized in promoting constructive coping response and 
self-efficacy, through for example counselling, goal-setting [86], imagery and motivational 
interviewing [41] to encourage participation (again) in WHO recommended [9] levels of 
physical activity. 

Evaluation of outcome after ATR

Proper outcome evaluation is essential in the scientific setting, for the comparison of 
research participants and results, and in the clinical setting for guiding therapeutic 
decisions and treatment response. ATR is an injury that has been shown to affect the 

Recommendation:
Outcome evaluation after ATR should be performed using a multifaceted approach.
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physical function of the patient to a large extent. However, referring only to physical 
impairment does not describe the extent or impact of this injury [95], nor its influence 
on daily activities and participation. To define the patient-perceived impact of injury/
disability PROMs are required. Although these measures are essential in quantifying 
patient’s perception of disability, the adaptive response to injury limits the usefulness 
of PROMs, such as the ATRS(-NL), as sole outcome measures after ATR. The patient’s 
perception of the burden seems to adapt to the burden being measured. 

The burden of ATR spans across the full scope of health. This thesis showed ATR not 
only affects tendon structure and body functions but also psychological factors; these 
concepts seem to interact. Clinicians and researchers involved in ATR are therefore urged 
to perform a comprehensive assessment and focus on multiple outcomes: there is no 
single universal outcome measure applicable to ATR patients. This thesis applied the 
ICF framework in evaluating outcome after ATR. Several findings from this evaluation are 
synthesized in Figure 3. 

Figure 3. ICF model and Achilles tendon rupture
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LIMITATIONS AND FUTURE PERSPECTIVES

The majority of limitations of this thesis arise from the exploratory nature of the methods 
and the period of follow-up. The sample size of the prospective cohort study (chapters 
6-9) limited the ability to perform more in-depth subgroup analyses. This thesis focused 
on outcome up to one year after ATR and therefore cannot confidently comment on the 
period beyond this. Nevertheless, prior studies showed little improvement after the first 
year [67], and the outcome evaluation in this thesis is therefore thought to reflect more 
long-term outcome as well. 

Given the adaptation to injury, the development of PROMs designed specifically for later 
stages of ATR rehabilitation is encouraged. To achieve this, the “allostatic” response 
should be further examined. Qualitative research that includes, for example, semi-
structured interviews may be appropriate to gain more insight into the coping response to 
ATR. These data would also contribute to the development of psychological interventions 
that promote a constructive coping response and thus potentially improve participation 
in physical activity and sport. 

The fact that both novel and conventional evaluations of Achilles tendon structure after 
ATR were included can be seen as a strength of this thesis. These studies confirmed that 
tendon regeneration after ATR is a slow process. Future research that combines clinical 
and imaging evaluation with metabolic markers of Achilles tendon regeneration such 
as glutamate [87] and pyruvate [1] is also recommended. This could contribute to novel 
treatment modalities that promote tissue regeneration such as stem cell therapy [69] and 
dietary intervention [14]. 

Despite abundant studies on return to sport after ATR [97], studies evaluating return 
to work are scarce. Even though data on work performance were gathered, only work-
related absenteeism was evaluated in chapter 7. Data on work performance are currently 
under analysis and results of that analysis will help to establish the severity and impact of 
the injury from a personal and economical point of view.

Consensus on medical clearance for return to sport after ATR is lacking [4], explaining 
the wide variation advised by clinicians (chapter 2). Historically, treatment guidelines 
have included time-based criteria concerning rehabilitation and return to sport [11]. 
The outcome studies in this thesis contribute to the development of criteria-based 
rehabilitation practice. Multiple factors play a role in ATR recovery and these could be 
synthesized to guide rehabilitation and return to sport decisions. Specifically, studies 
also incorporating the psychological factors identified in chapter 8 for return to sport 
decisions in athletes with ATR are warranted.   

The development of a (web-based) patient/clinician decision aid to present and select 
primary treatment options and explain outcome to ATR patients is encouraged. After injury 
patients have certain expectations. Providing information to build these expectations is 
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often challenging to clinicians, especially when confronted with variable outcomes and 
lack of (treatment) guidelines. The studies in this thesis contribute to this by improving 
our knowledge on clinical practice and outcome after ATR. Ideally, treatment variability 
is reduced and care is individualized depending on the available scientific evidence as 
well as patient preference. Decision aids have shown favorable results in other diseases 
and injuries [3, 39, 47, 93] and contribute to the process of shared-decision making [21].
Finally, the results of this thesis encourage the development of a core outcome set for 
the evaluation of ATR in a scientific and clinical setting. A core outcome set is defined as 
a recommended minimum set of outcomes or outcome measures for a particular health 
construct, condition, or population, the results of which should be reported for all studies 
pertaining to that issue [12, 70]. The aim is to develop a conceptual framework for ATR 
outcome evaluation consisting of core domains that includes consistent and relevant 
measurements to allow researchers to synthesize and compare findings, guides clinical 
and scientific outcome evaluation and eventually contributes to informing healthcare 
decisions [7, 70, 90].
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CONCLUDING REMARKS

Overall, this thesis showed ATR induces adaptations in all aspects of health and this 
requires a holistic approach to both treatment and outcome evaluation. The ideal 
approach is multidisciplinary and involves orthopaedic/trauma surgeons, sport and 
exercise medicine physicians, radiologists, sport psychologists, physiotherapists and 
epidemiologists and a broad set of outcome measures covering different domains.



245244

REFERENCES

1.  Addevico F, Svedman S, Edman G, Ackermann PW (2019) Pyruvate and lactate as local 
prognostic biomarkers of patient outcome after achilles tendon rupture. Scand J Med Sci Sport 
29:1529–1536

2.  Ansari NN, Naghdi S, Hasanvand S, Fakhari Z, Kordi R, Nilsson-Helander K (2016) Cross-
cultural adaptation and validation of Persian Achilles tendon Total Rupture Score. Knee Surg 
Sports Traumatol Arthrosc 24:1372–1380

3.  Austin CA, Mohottige D, Sudore RL, Smith AK, Hanson LC (2015) Tools to promote shared 
decision making in serious illness: A systematic review. JAMA Intern Med 175:1213–1221

4.  Bahr R (2009) No injuries, but plenty of pain? On the methodology for recording overuse 
symptoms in sports. Br J Sports Med 966–972

5.  Beason DP, Tucker JJ, Lee CS, Edelstein L, Abboud JA, Soslowsky LJ (2014) Rat rotator cuff 
tendon-to-bone healing properties are adversely affected by hypercholesterolemia. J Shoulder 
Elbow Surg 23:867–872

6.  Black N (2013) Patient reported outcome measures could help transform healthcare. BMJ 
346:f167

7.  Boers M, Kirwan JR, Wells G, Beaton D, Gossec L, D’Agostino MA, Conaghan PG, Bingham 
CO, Brooks P, Landewé R, March L, Simon LS, Singh JA, Strand V, Tugwell P (2014) Developing 
core outcome measurement sets for clinical trials: OMERACT filter 2.0. J Clin Epidemiol 67:745–
753

8.  Brumann M, Baumbach SF, Mutschler W, Polzer H (2014) Accelerated rehabilitation following 
Achilles tendon repair after acute rupture - Development of an evidence-based treatment 
protocol. Injury 45:1782–1790

9.  Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, Carty C, Chaput JP, Chastin 
S, Chou R, Dempsey PC, Dipietro L, Ekelund U, Firth J, Friedenreich CM, Garcia L, Gichu 
M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann M, Milton K, Ortega FB, Ranasinghe C, 
Stamatakis E, Tiedemann A, Troiano RP, Van Der Ploeg HP, Wari V, Willumsen JF (2020) World 
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports 
Med 54:1451–1462

10.  Carmont MR, Silbernagel KG, Nilsson-Helander K, Mei-Dan O, Karlsson J, Maffulli N (2013) 
Cross cultural adaptation of the Achilles tendon Total Rupture Score with reliability, validity and 
responsiveness evaluation. Knee Surg Sports Traumatol Arthrosc 21:1356–1360

11.  Chiodo CP, Glazebrook M, Bluman EM, Cohen BE, Femino JE, Giza E, Watters WC 3rd, 
Goldberg MJ, Keith M, Haralson RH 3rd, Turkelson CM, Wies JL, Raymond L, Anderson S, 
Boyer K, Sluka P (2010) Diagnosis and treatment of acute Achilles tendon rupture. J Bone Joint 
Surg Am 92:2466–8

12.  Clarke M (2007) Standardising outcomes for clinical trials and systematic reviews. Trials 39
13.  Clarsen B, Myklebust G, Bahr R (2013) Development and validation of a new method for the 

registration of overuse injuries in sports injury epidemiology: the Oslo Sports Trauma Research 
Centre (OSTRC) Overuse Injury Questionnaire. Br J Sports Med 47:495–502

14.  Close GL, Baar K, Sale C, Bermon S (2019) Nutrition for the prevention and treatment of injuries 
in track and field athletes. Int J Sport Nutr Exerc Metab 29:189–197

15.  Cook JL, Purdam CR (2009) Is tendon pathology a continuum? A pathology model to explain 
the clinical presentation of load-induced tendinopathy. Br J Sports Med 43:409–416

16.  Costa ML, Logan K, Heylings D, Donell ST, Tucker K (2006) The effect of Achilles tendon 
lengthening on ankle dorsiflexion: A cadaver study. Foot Ankle Int 27:414–417

17.  Cui J, Jia Z, Zhi X, Li X, Zhai X, Cao L, Weng W, Zhang J, Wang L, Chen X, Su J (2017) The 
chinese version of achilles tendon total rupture score: Cross-cultural adaptation, reliability and 
validity. Health Qual Life Outcomes 15(1):2

18.  Dakin SG, Newton J, Martinez FO, Hedley R, Gwilym S, Jones N, Reid HAB, Wood S, Wells G, 
Appleton L, Wheway K, Watkins B, Carr AJ (2018) Chronic inflammation is a feature of Achilles 



247246

tendinopathy and rupture. Br J Sports Med 52:359–367
19.  Diniz P, Pacheco J, Guerra-Pinto F, Pereira H, Ferreira FC, Kerkhoffs G (2020) Achilles tendon 

elongation after acute rupture: is it a problem? A systematic review. Knee Surg Sports Traumatol 
Arthrosc 28:4011–4030

20.  Doen of laten? Operatieve behandeling achillespeesruptuur.
21.  Elwyn G, Frosch D, Thomson R, Joseph-Williams N, Lloyd A, Kinnersley P, Cording E, Tomson 

D, Dodd C, Rollnick S, Edwards A, Barry M (2012) Shared decision making: A model for clinical 
practice. J Gen Intern Med 27:1361–1367

22.  Erickson BJ, Cvetanovich GL, Nwachukwu BU, Villarroel LD, Lin JL, Bach BR, McCormick FM 
(2014) Trends in the Management of Achilles Tendon Ruptures in the United States Medicare 
Population, 2005-2011. Orthop J Sport Med 2:232596711454994

23.  Gagnier JJ (2017) Patient reported outcomes in orthopaedics. J Orthop Res 35:2098–2108
24.  Gaida JE, Ashe MC, Bass SL, Cook JL (2009) Is adiposity an under-recognized risk factor for 

tendinopathy? A systematic review. Arthritis Care Res 61:840–849
25.  Ganestam A, Kallemose T, Troelsen A, Barfod KW (2016) Increasing incidence of acute Achilles 

tendon rupture and a noticeable decline in surgical treatment from 1994 to 2013. A nationwide 
registry study of 33,160 patients. Knee Surg Sports Traumatol Arthrosc 24:3730–3737

26.  Gumina S, Candela V, Passaretti D, Latino G, Venditto T, Mariani L, Santilli V (2014) The 
association between body fat and rotator cuff tear: The influence on rotator cuff tear sizes. J 
Shoulder Elbow Surg 23:1779–1674

27.  Hansen MS, Vestermark MT, Hölmich P, Kristensen MT, Barfod KW (2020) Individualized 
treatment for acute Achilles tendon rupture based on the Copenhagen Achilles Rupture 
Treatment Algorithm (CARTA): A study protocol for a multicenter randomized controlled trial. 
Trials Trials 21:1–14

28.  Heikkinen J, Lantto I, Piilonen J, Flinkkilä T, Ohtonen P, Siira P, Laine V, Niinimäki J, Pajala A, 
Leppilahti J (2017) Tendon length, calf muscle atrophy, and strength deficit after acute achilles 
tendon rupture: Long-term follow-up of patients in a previous study. J Bone Joint Surg Am 
99:1509–1515

29.  Heinemeier KM, Olesen JL, Haddad F, Langberg H, Kjaer M, Baldwin KM, Schjerling P (2007) 
Expression of collagen and related growth factors in rat tendon and skeletal muscle in response 
to specific contraction types. J Physiol 583:1303–1306

30.  Heinemeier KM, Olesen JL, Schjerling P, Haddad F, Langberg H, Baldwin KM, Kjaer M (2007) 
Short-term strength training and the expression of myostatin and IGF-I isoforms in rat muscle 
and tendon: Differential effects of specific contraction types. J Appl Physiol 102:573–581

31.  Heinemeier KM, Schjerling P, Heinemeier J, Magnusson SP, Kjaer M (2013) Lack of tissue 
renewal in human adult Achilles tendon is revealed by nuclear bomb 14C. FASEB J 27:2074–
2079

32.  Heinemeier KM, Schjerling P, Øhlenschlæger TF, Eismark C, Olsen J, Kjær M (2018) Carbon-14 
bomb pulse dating shows that tendinopathy is preceded by years of abnormally high collagen 
turnover. FASEB J 32:4763–4775

33.  Holm C, Kjaer M, Eliasson P (2014) Achilles tendon rupture - treatment and complications: A 
systematic review. Scand J Med Sci Sports 25:e1–e10

34.  Horstmann T, Lukas C, Merk J, Brauner T, Mündermann A (2012) Deficits 10-years after Achilles 
tendon repair. Int J Sports Med 33:474–479

35.  Houshian S, Tscherning T, Riegels-Nielsen P (1998) The epidemiology of achilles tendon 
rupture in a Danish county. Injury 29:651–654

36.  Huang J, Wang C, Ma X, Wang X, Zhang C, Chen L (2015) Rehabilitation Regimen After Surgical 
Treatment of Acute Achilles Tendon Ruptures: A Systematic Review With Meta-analysis. Am J 
Sport Med 43:1008–1016

37.  Huttunen TT, Kannus P, Rolf C, Fellander-Tsai L, Mattila VM (2014) Acute achilles tendon 
ruptures: incidence of injury and surgery in Sweden between 2001 and 2012. Am J Sports Med 
42:2419–2423



247246

38.  Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, Swinburn P, Busschbach 
J (2013) Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across eight 
patient groups: A multi-country study. Qual Life Res 22:1717–1727

39.  Jayadev C, Khan T, Coulter A, Beard DJ, Price AJ (2012) Patient decision aids in knee 
replacement surgery. Knee 19:746–750

40.  Jia Y, Huang H, Gagnier JJ (2017) A systematic review of measurement properties of patient-
reported outcome measures for use in patients with foot or ankle diseases. Qual Life Res 
26:1969–2010

41.  Johnson U (2000) Short-term psychological intervention: A study of long-term-injured 
competitive athletes. J Sport Rehabil 9:207–218

42.  Kearney RS, Achten J, Lamb SE, Parsons N, Costa ML (2012) The Achilles tendon total rupture 
score: A study of responsiveness, internal consistency and convergent validity on patients with 
acute Achilles tendon ruptures. Health Qual Life Outcomes 10:24

43.  Kelkar AA, Spertus J, Pang P, Pierson RF, Cody RJ, Pina IL, Hernandez A, Butler J (2016) Utility 
of Patient-Reported Outcome Instruments in Heart Failure. JACC Hear Fail 4:165–175

44.  Khan KM, Scott A (2009) Mechanotherapy: How physical therapists’ prescription of exercise 
promotes tissue repair. Br J Sports Med 43:247–252

45.  Kjær M, Langberg H, Heinemeier K, Bayer ML, Hansen M, Holm L, Doessing S, Kongsgaard 
M, Krogsgaard MR, Magnusson SP (2009) From mechanical loading to collagen synthesis, 
structural changes and function in human tendon. Scand J Med Sci Sport 19:500–510

46.  Kocher MS, Bishop J, Marshall R, Briggs KK, Hawkins RJ (2002) Operative versus nonoperative 
management of acute Achilles tendon rupture: expected-value decision analysis. Am J Sports 
Med 30:783–790

47.  Korteland NM, Ahmed Y, Koolbergen DR, Brouwer M, De Heer F, Kluin J, Bruggemans EF, 
Klautz RJM, Stiggelbout AM, Bucx JJJ, Roos-Hesselink JW, Polak P, Markou T, Van Den 
Broek I, Ligthart R, Bogers AJJC, Takkenberg JJM (2017) Does the use of a decision aid 
improve decision making in prosthetic heart valve selection? Circ Cardiovasc Qual Outcomes 
10:e003178

48.  Lantto I, Heikkinen J, Flinkkilä T, Ohtonen P, Leppilahti J (2015) Epidemiology of Achilles tendon 
ruptures: Increasing incidence over a 33-year period. Scand J Med Sci Sport 25:e133–e138

49.  Lemme NJ, Li NY, DeFroda SF, Kleiner J, Owens BD (2018) Epidemiology of Achilles Tendon 
Ruptures in the United States: Athletic and Nonathletic Injuries From 2012 to 2016. Orthop J 
Sport Med 6:2325967118808238

50.  Leppilahti J, Puranen J, Orava S (1996) Incidence of Achilles tendon rupture. Acta Orthop 
Scand 67:277–279

51.  Lin TW, Cardenas L, Soslowsky LJ (2004) Biomechanics of tendon injury and repair. J Biomech 
37:865–877

52.  Liu CF, Aschbacher-Smith L, Barthelery NJ, Dyment N, Butler D, Wylie C (2011) What we should 
know before using tissue engineering techniques to repair injured tendons: A developmental 
biology perspective. Tissue Eng - Part B Rev 17:165–176

53.  Longo U, Salvatore G, Risi Ambrogioni L, Cella E, Candela V, Carnevale A, Schena E, Ciccozzi 
M, Maffulli N, Denaro V (2020) Epidemiology of Achilles tendon surgery in Italy: a nationwide 
registry study, from 2001 through 2015. BMC Musculoskelet Disord 21:687

54.  Lundgreen K, Lian ØB, Scott A, Nassab P, Fearon A, Engebretsen L (2014) Rotator cuff tear 
degeneration and cell apoptosis in smokers versus nonsmokers. Arthrosc - J Arthrosc Relat 
Surg 30:936–941

55.  Maffulli N (1998) The clinical diagnosis of subcutaneous tear of the Achilles tendon. A 
prospective study in 174 patients. Am J Sports Med 26:266–270

56.  Maffulli N, Spiezia F, Longo UG, Denaro V (2012) Z-shortening of healed, elongated Achilles 
tendon rupture. Int Orthop 36:2087–2093

57.  Mark-Christensen T, Troelsen A, Kallemose T, Barfod KW (2016) Functional rehabilitation of 
patients with acute Achilles tendon rupture: a meta-analysis of current evidence. Knee Surg 



249248

Sports Traumatol Arthrosc 24:1852–1859
58.  Marwick TH, Zuchowski C, Lauer MS, Secknus MA, Williams MJ, Lytle BW (1999) Functional 

status and quality of life in patients with heart failure undergoing coronary bypass surgery after 
assessment of myocardial viability. J Am Coll Cardiol 33:750–758

59.  Mathiak G, Wening J V, Mathiak M, Neville LF, Jungbluth K (1999) Serum cholesterol is elevated 
in patients with Achilles tendon ruptures. Arch Orthop Trauma Surg 119:280–284

60.  Mattila VM, Huttunen TT, Haapasalo H, Sillanpää P, Malmivaara A, Pihlajamäki H (2015) Declining 
incidence of surgery for Achilles tendon rupture follows publication of major RCTs: Evidence-
influenced change evident using the Finnish registry study. Br J Sports Med 49:1084–1086

61.  Mccormack R, Bovard J, Mccormack RG (2015) Early functional rehabilitation or cast 
immobilisation for the postoperative management of acute Achilles tendon rupture? A 
systematic review and meta-analysis of randomised controlled trials. Br J Sport Med 49:1329–
1335

62.  Mizner RL, Petterson SC, Clements KE, Zeni JA, Irrgang JJ, Snyder-Mackler L (2011) Measuring 
Functional Improvement After Total Knee Arthroplasty Requires Both Performance-Based and 
Patient-Report Assessments. A Longitudinal Analysis of Outcomes. J Arthroplasty 26:728–737

63.  Mokkink LB, Prinsen CAC, Bouter LM, de Vet HCW, Terwee CB (2016) The COnsensus-based 
standards for the selection of health measurement INstruments (COSMIN) and how to select 
an outcome measurement instrument. Brazilian J Phys Ther 19:105–113

64.  Mullaney MJ, McHugh MP, Tyler TF, Nicholas SJ, Lee SJ (2006) Weakness in end-range plantar 
flexion after achilles tendon repair. Am J Sports Med 34:1120–1125

65.  Mullaney MJ, McHugh MP, Tyler TF, Nicholas SJ, Lee SJ (2006) Weakness in end-range plantar 
flexion after achilles tendon repair. Am J Sports Med 34:1120–1125

66.  Ochen Y, Beks RB, Van Heijl M, Hietbrink F, Leenen LPH, Van Der Velde D, Heng M, Van Der 
Meijden O, Groenwold RHH, Houwert RM (2019) Operative treatment versus nonoperative 
treatment of Achilles tendon ruptures: Systematic review and meta-analysis. BMJ 364:k5120

67.  Olsson N, Nilsson-Helander K, Karlsson J, Eriksson BI, Thomée R, Faxén E, Silbernagel KG 
(2011) Major functional deficits persist 2 years after acute Achilles tendon rupture. Knee Surg 
Sports Traumatol Arthrosc 19:1385–1393

68.  Opdam KTM, Zwiers R, Wiegerinck JI, Kleipool AEB, Haverlag R, Goslings JC, van Dijk CN 
(2018) Reliability and validation of the Dutch Achilles tendon Total Rupture Score. Knee Surg 
Sports Traumatol Arthrosc 26:862–868

69.  Pillai DS, Dhinsa BS, Khan WS (2017) Tissue engineering in Achilles tendon reconstruction; the 
role of stem cells, growth factors and scaffolds. Curr Stem Cell Res Ther 12:506–512

70.  Prinsen CAC, Vohra S, Rose MR, Boers M, Tugwell P, Clarke M, Williamson PR, Terwee CB 
(2016) How to select outcome measurement instruments for outcomes included in a “Core 
Outcome Set” - a practical guideline. Trials 17:449

71.  Riley G (2008) Tendinopathy - From basic science to treatment. Nat Clin Pract Rheumatol 
4:82–89

72.  Schepull T, Aspenberg P (2013) Early Controlled Tension Improves the Material Properties of 
Healing Human Achilles Tendons After Ruptures. Am J Sports Med 41:2550–2557

73.  van Schie HTM, de Vos RJ, de Jonge S, Bakker EM, Heijboer MP, Verhaar JAN, Tol JL, Weinans 
H (2010) Ultrasonographic tissue characterisation of human Achilles tendons: quantification of 
tendon structure through a novel non-invasive approach. Br J Sports Med 44:1153–1159

74.  Scholten-Peeters GGM, Franken N, Beumer A, Verhagen AP (2014) The opinion and 
experiences of Dutch orthopedic surgeons andradiologists about diagnostic musculoskeletal 
ultrasound imaging in primary care: A survey. Man Ther 19:109–113

75.  Schulkin J (2004) Allostasis, homeostasis, and the costs of physiological adaptation. Allostasis, 
Homeostasis, Costs Physiol. Adapt. Cambridge University Press, Cambridge, MA

76.  Schwartz CE, Bode R, Repucci N, Becker J, Sprangers MAG, Fayers PM (2006) The clinical 
significance of adaptation to changing health: A meta-analysis of response shift. Qual Life Res 
15:1533–1550



249248

77.  Schwartz CE, Sprangers MAG (1999) Methodological approaches for assessing response shift 
in longitudinal health-related quality-of-life research. Soc Sci Med 48:1531–1548

78.  Schwartz CE, Stucky B, Rivers CS, Noonan VK, Finkelstein JA (2018) Quality of Life and 
Adaptation in People With Spinal Cord Injury: Response Shift Effects From 1 to 5 Years 
Postinjury. Arch Phys Med Rehabil 99:1599–1608

79.  Scott A, Cook JL, Hart DA, Walker DC, Duronio V, Khan KM (2007) Tenocyte responses 
to mechanical loading in vivo: A role for local insulin-like growth factor 1 signaling in early 
tendinosis in rats. Arthritis Rheum 56:871–881

80.  Seeger JD, West WA, Fife D, Noel GJ, Johnson LN, Walker AM (2006) Achilles tendon rupture 
and its association with fluoroquinolone antibiotics and other potential risk factors in a 
managed care population. Pharmacoepidemiol Drug Saf 15:784–792

81.  Sharma P, Maffulli N (2006) Biology of tendon injury: Healing, modeling and remodeling. J 
Musculoskelet Neuronal Interact 6:181–190

82.  Sheth U, Wasserstein D, Jenkinson R, Moineddin R, Kreder H, Jaglal SB (2017) The 
epidemiology and trends in management of acute Achilles tendon ruptures in Ontario, Canada. 
Bone Joint J 99-B:78–86

83.  Sierevelt IN, Zwiers R, Schats W, Haverkamp D, Terwee CB, Nolte PA, Kerkhoffs GMMJ (2018) 
Measurement properties of the most commonly used Foot- and Ankle-Specific Questionnaires: 
the FFI, FAOS and FAAM. A systematic review. Knee Surg Sports Traumatol Arthrosc 26:2059–
2073

84.  Silbernagel KG, Steele R, Manal K (2012) Deficits in Heel-Rise Height and Achilles Tendon 
Elongation Occur in Patients Recovering From an Achilles Tendon Rupture. Am J Sports Med 
40:1564–1571

85.  Suydam SM, Buchanan TS, Manal K, Silbernagel KG ravare (2015) Compensatory muscle 
activation caused by tendon lengthening post-Achilles tendon rupture. Knee Surg Sports 
Traumatol Arthrosc 23:868–874

86.  Swann C, Rosenbaum S, Lawrence A, Vella SA, McEwan D, Ekkekakis P (2020) Updating goal-
setting theory in physical activity promotion: a critical conceptual review. Health Psychol Rev 
Taylor & Francis 1–17

87.  Valkering KP, Aufwerber S, Ranuccio F, Lunini E, Edman G, Ackermann PW (2017) Functional 
weight-bearing mobilization after Achilles tendon rupture enhances early healing response: 
a single-blinded randomized controlled trial. Knee Surg Sports Traumatol Arthrosc 25:1807–
1816

88.  Vascellari A, Spennacchio P, Combi A, Grassi A, Patella S, Bisicchia S, Canata GL, Zaffagnini 
S (2018) Cross-cultural adaptation and multi-centric validation of the Italian version of the 
Achilles tendon Total Rupture Score (ATRS). Knee Surg Sports Traumatol Arthrosc 26:854–861

89.  Versteegh M, M. Vermeulen K, M. A. A. Evers S, de Wit GA, Prenger R, A. Stolk E (2016) Dutch 
Tariff for the Five-Level Version of EQ-5D. Value Heal 19:343–352

90.  Vicenzino B, De Vos RJ, Alfredson H, Bahr R, Cook JL, Coombes BK, Fu SN, Gravare 
Silbernagel K, Grimaldi A, Lewis JS, Maffulli N, Magnusson SP, Malliaras P, Mc Auliffe S, Oei 
EHG, Purdam C, Rees JD, Rio EK, Scott A, Speed C, Akker-Scheek I Van Den, Weir A, Wolf JM, 
Zwerver J (2020) ICON 2019 - International Scientific Tendinopathy Symposium Consensus: 
There are nine core health-related domains for tendinopathy (CORE DOMAINS): Delphi study 
of healthcare professionals and patients. Br J Sports Med 54:444–451

91.  Walden G, Liao X, Donell S, Raxworthy MJ, Riley GP, Saeed A (2017) A Clinical, Biological, 
and Biomaterials Perspective into Tendon Injuries and Regeneration. Tissue Eng - Part B Rev 
23:44–58

92.  Weel H, Zwiers R, Siereveld I, Haverkamp D, van Dijk C, Kerkhoffs G Nederlandstalige 
patiëntgerapporteerde uitkomstmaten voor voet- en enkelaandoeningen. Ned Tijdschr 
Geneeskd 2015:A8831

93.  Wilkens SC, Ring D, Teunis T, Lee SGP, Chen NC (2019) Decision Aid for Trapeziometacarpal 
Arthritis: A Randomized Controlled Trial. J Hand Surg Am 44:247.e1-247.e9.



251250

94.  Wilkins R, Bisson LJ (2012) Operative versus nonoperative management of acute Achilles 
tendon ruptures: a quantitative systematic review of randomized controlled trials. Am J Sports 
Med 40:2154–2160

95.  World Health Organization (1980) The International Classification of Impairments, Disabilities 
and Handicaps (ICIDH): A manual of classification relating to the consequences of disease. 
Geneva

96.  Yang Y-P, Tao L-Y, Gao J-N, Wang P, Jiang Y-F, Zheng L-M, Zhao Y-M, Ao Y-F (2020) Elevated 
lipid levels in patients with achilles tendon ruptures: a retrospective matching study. Ann Transl 
Med 8:217

97.  Zellers JA, Carmont MR, Grävare Silbernagel K (2016) Return to play post-Achilles tendon 
rupture: a systematic review and meta-analysis of rate and measures of return to play. Br J 
Sports Med 50:1325–1332

98.  Zhang H, Tang H, He Q, Wei Q, Tong D, Wang C, Wu D, Wang G, Zhang X, Ding W, Li D, Ding C, 
Liu K, Ji F (2015) Surgical Versus Conservative Intervention for Acute Achilles Tendon Rupture. 
Medicine (Baltimore) 94:e1951



251250



253252


	Chapter 10



