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ABSTRACT 

Background Tendinopathy is a common 

problem amongst especially athletes but 

also in nonathletic people. The area of  

pathology in the tendon and its relationship 

with pain is questioned. Whether the  

tendon pathology resolves and if this 

correlates with decreased pain levels and 

improved function is also questioned.  

A greater knowledge of whether the tendon 

adapts to load could improve knowledge 

about the pathogenesis and management of  

tendinopathy.  

 

Objective To systematically review the  

evidence for tendon adaptation to load.  

thereby answering the question: Structural 

and material adaptation of pathological 

tendons with loading - Do pathological 

tendons adapt to mechanical loading? 

 

Data sources A systematic search of the 

databases PubMed, CINAHL, EBSCO and 

Google Scholar was undertaken October 

2015. 

 

Study eligibility criteria Randomized 

controlled trials, cohort studies and 

controlled trials were included. Studies 

investigating the response of pathological  

tendons response to chronic load were 

included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study appraisal and synthesis methods 
Included studies were evaluated for risk of 

bias using the Pedro scale. Guidelines  

regarding level of evidence were taken 

from van Tulder et al (114). 

 

Participants and interventions  
Seven studies met the inclusion criteria. A 

total of 184 patients underwent either ec-

centric or heavy slow training programs. 

Structural and/or mechanical, and/or  

biochemical outcome measures were  

collected after intervention.  

 

Results Overall there is limited evidence 

that structural changes occur within the  

pathological area of the tendon, especially 

the core of the tendon as a response to 

heavy load. However, there is moderate 

support of HSR and certain biochemical 

outcomes. 

 

Conclusions and implications of key 

findings Limited evidence indicates a  

period of heavy resistance training may 

result in some changes in the pathological 

area of the tendon. The presence of tendon 

pathology may be a risk factor for  

developing pain. So, longitudinal studies 

with large cohorts and validated objective 

outcome measures are needed to further 

investigate the extent to which a  

pathological tendon adapt to heavy load 

and how this relates to pain and function. 
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1. The Continuum model of tendinopathy 

The continuum model is a model to describe the pathological process in the tendon. Pain 

could be present at any stage in the continuum. There have been several models before the 

continuum model of pathology (24). Before the 1990s most of the cases with tendon pain was 

described as “tendinitis”, suggesting that inflammation was accountable for the pathological 

process, a model of explanation that was broadly accepted (93). In the 2000s, the perspective 

changed from inflammation to explain tendinopathy as a degenerative process, including for 

example the “failed healing” model (94) and the “iceberg theory” (95). The failed healing 

model is often associated with overload and suggests that the tendon fails through microtears 

and degeneration that later leads to structural disorganization (94). The iceberg theory  

describes an overload that induces an inflammatory and degenerative process, which results 

in a weakening of the tendon. There are key arguments for and against all these models (138) 

but the continuum model is widely accepted (97) and the authors will apply the continuum 

model in the reasoning and understanding surrounding tendon pathology.  

 

As mentioned above, the continuum of pathology is a model that describes the staging of 

tendon pathology. This model is based on clinical, histological and imaging findings.  

Excessive compression and repetitive energy storage release is believed to be important  

factors in the development of tendinopathy. A concern with contemporary literature is that 

the tendons included are not reported where in the continuum they fit in, thus they may be in 

different stages and that could affect the response to load. At first the model presented three 

different stages: reactive tendinopathy, tendon dysrepair and degenerative tendinopathy. For 

readers’ convenience the model is described in stages but is in fact a continuum. Load is the 

primary stimulus and is going to drive the tendon back and forth the continuum (24).  

 

The reactive stage is described as a non-inflammatory reaction to tensile or compressive 

overload and results in a local thickening of the tendon. At this stage the pathology is still 

reversible.  The tenocytes changes in shape and produces more proteins, mainly  

proteoglycans and these proteins draw more water in to the matrix.  The thickening is  

described to work as either adaption to compression or by reducing stress (force/unit area) 

(24). However, a study by Docking & Cook (96) suggests that the thickening of the tendon 

may indicate greater aligned fibrillary structure which reduces tendon stress. There are also 

several studies showing inflammatory reaction both in tendinopathy and early overload  

response (98). 
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The next stage is the tendon dysrepair. Here is a greater matrix breakdown. Due to increased 

amounts of proteoglycans there will be a separation of the collagen and a disorganization of 

the matrix. At this stage there may also be some increased vascularity and neural ingrowth 

(100) and it is still possible to reverse the tendon dysrepair with the right  

management (54). However current evidence shows a more inconclusive picture whether it is 

possible to change the structure with exercise or not (61). 

 

The last stage is the degenerative tendinopathy.  The tendon has limited ability to reverse the 

pathological changes at this stage. Here there will be several changes in tendon including 

increased water content (15, 16), increased amounts of proteoglycans and   

glycosaminoglycan’s (22) fascicular disorganization (17, 18), increase in vessels and sensory 

nerves (19, 20, 21) and an increased level of inflammatory cells (29) with the inflammatory 

part not described in the original continuum model paper (24). At this level there will also be 

an increased risk for rupture (101). 

 

To ease the management for the clinicians the tendon pathology is divided in to two groups, 

reactive/early tendon dysrepair and late tendon dysrepair/degenerative. This part is probably 

very important clinically. With load as key contributor to the development of tendinopathy a 

reactive tendon must get a reduction in load to have time to adapt. Putting more load to a 

tendon, especially energy storage and release exercises, at an early stage, could theoretically 

make the tendon worse. In the late disrepair/degenerative stage treatments that stimulates 

mechanotransduction and or regenerative therapies such as Platelet-rich Plasma (PRP) are 

proposed (24). The tendon is sensitive to load and tendon cells could sense the load and  

produce biochemical that lead to changes in the tendon. It could be positive changes like  

homeostasis and adaptation but also pathological changes under certain conditions. This is 

process is called mechanotransduction and is described in three steps by Khan and Scott 

(153). The first step mechanocoupling refers to physical load (often shear or compression) 

causing a physical perturbation to cells that make up a tissue (figure 1). The second step is 

called cell-cell communication and refers to communication between tendon cells by gap 

junctions (figure 2). The third and final step is called effector call response and refers to the 

tissue repair and remodelling process (figure 3) 

 

 

 



 

8 

 

 

Figure 1 “Tendon cell undergoing (A, B) shear and (C) compression during a tendon-loading cycle.” (153) 

 

 

Figure 2“Tendon tissue provides an example of cell–cell communication. (A) The intact tendon consists of extracellular matrix (including 

collagen) and specialised tendon cells (arrowheads). (B) Tendon with collagen removed to reveal the interconnecting cell network. Cells are 

physically in contact throughout the tendon, facilitating cell–cell communication. Gap junctions are the specialised regions where cells 
connect and communicate small charged particles. They can be identified by their specific protein connexin 43. (C–E) Time course of 

cell–cell communication from (C) beginning, through (D) the midpoint to (E) the end. The signalling proteins for this step include calcium 

(red spheres) and inositol triphosphate (IP3).” (153) 
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Figure 3. “Mechanical loading stimulates protein synthesis at the cellular level. (A) A larger scale image of the tendon cell network for 
orientation. We focus on one very small region. (B) Zooming in on this region reveals the cell membrane, the integrin proteins that bridge 

the intracellular and extra-cellular regions, and the cytoskeleton, which functions to maintain cell integrity and distribute mechanical load. 

The cell nucleus and the DNA are also illustrated. (C) With movement (shearing is illustrated), the integrin proteins activate at least two 
distinct pathways. (D) One involves the cytoskeleton that is in direct physical communication with the nucleus (ie, tugging the cytoskeleton 

sends a physical signal to the cell nucleus). Another pathway is triggered by integrins activating a series of biochemical signalling agents 

which are illustrated schematically. After a series of intermediate steps those biochemical signals also influence gene expression in the 
nucleus. (E). Once the cell nucleus receives the appropriate signals, normal cellular processes are engaged. mRNA is transcribed and 

shuttled to the endoplasmic reticulum in the cell cytoplasm, where it is translated into protein. The protein is secreted and incorporated into 

extracellular matrix. (F) In sum, the mechanical stimulus on the outside of the cell promotes intracellular processes leading to matric  
remodelling.” (153) 

 

 

The continuum model suggests that pathology is irreversible at a certain stage, but how much 

the tendon adapts around this is unclear (24). With further research done there is no clinical  

evidence to support a specific loading regime (28), it is not fully understood how the tendon 

adapts (61, 96, 103) and the use of PRP-injections could be questioned (104). Since the start 

of this paper a new paper on the continuum has been published (138). The reader is referred 

to that paper for further knowledge on the model and it is also further discussed in this  

review. 

 

 

 

 

 

 

 

 

 



 

10 

2. Background 

Tendons are represented in various shapes and sizes and they are the connection between 

muscle and bone, often attached distally and proximally to the joint on a bony surface and 

allow joint movement (3, 4). Tendons and muscles integrate in the muscle tendinous-junction 

and that is the place where the tendon infiltrates the muscle belly to produce a large contact 

area within the two structures (3). The tendons often conduct tensile forces produced by the 

muscle but they can also be compressed and exposed to shear forces as they connect to bony 

surfaces that act like pulleys (5).  

 

The tendon is built up on a hierarchical structure (9) and mainly consists of type I collagen 

and less extent collagen type II, III and IV (10). Wang et al. (13) conclude that the  

organization and characteristics of type I collagen is important for the tendon tensile capacity. 

The essential loadbearing component, moreover the smallest part of the tendon, is the fibril 

and it is built up of aligned collagen molecules. Fibrils are imbedded in a viscous  

proteoglycan rich substance called ground substance. The ground substance and the collagen 

form what is called the extracellular matrix. Tenocytes (tendon cells) and tenoblasts 

(immature tendon cells) produce all the components in the extra cellular matrix and are  

located between the collagen fibers (26). The collagen in the extracellular matrix is linked 

together and steadied through cross-links and can transmute force along the whole tendon  

(6, 11). Several collagen fibrils create collagen fibers; several fibers are then bound together 

through a thin layer of connective tissue (endotenon) fibers to a primary fiber bundle (7). 

Primary fiber bundles then generate secondary fiber bundles and further to tertiary fiber  

bundles. The fascicle at each level is surrounded by connective tissue (endotenon). The whole 

tendon unit is then enclosed with two layers of connective tissue on top of the endotenon 

(epitenon and paratenon) (8). Glycoproteins and proteoglycans are key components of the 

matrix between the collagen fibers and are accountable for the viscoelastic component and 

the organized structure of collagen fibers of the tendon (12). Glycoproteins, proteoglycans 

along with other molecules such as collagens and elastin are involved in the fibrillogenesis of 

type I collagen (14). 
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Tendinopathy is a term typically used in the clinic to describe an abnormal state of a tendon 

that includes increased pain with greater load and dysfunction (1) and that includes, but is not 

limited to, the histopathological diagnosis of tendinosis (2). Tendinosis on the other hand is a 

term used to describe degenerative changes within the tendon with imaging or histological 

methods but is not necessarily symptomatic (2). Histological changes that can be seen in  

tendinopathy includes increased water content (15, 16), increased amounts of proteoglycans 

and glycosaminoglycan’s (22) fascicular disorganization (17, 18), increase in vessels and 

sensory nerves (19, 20, 21) and an increased level of inflammatory cells (29). Reports of cell 

death within the tendon are also found in the literature (23) and there are probably cases were 

both hypercellularity and hypocellularity can be found in the same tendon (24).  

 

Common areas for tendinopathy include patellar and Achilles tendon (28), lateral and medial 

elbow and the rotator cuff (27). Numerous studies have been published on the incidence of 

tendinopathies. For example, in the general population there are lower reports of Achilles 

tendinopathies, 2-6 % (57, 59), than in the active population, 9-52% depending on levels of 

activity (58, 59, 60).  However, registration methods, selectively chosen participants (elite 

athletes or a specific sport) and definitions of tendinopathy could be reasons why the  

incidence reports are not consistent. People with tendinopathy may also continue their work 

or exercise routines regardless of their inconvenience and that could create false incidence  

reporting in epidemiological studies because there are no reports of lack of participation in 

sports or less time spent at work (sick leave) (25). 

 

The injury mechanism of tendinopathy is presently not fully understood. There are several 

risk factors or associated risks that may contribute to the development of tendinopathy  

including the key factor increased load (24, 64, 65) but also biomechanics (67), compression 

(102) and systemic factors (age, gender, genes and hormones, waist circumference) (68, 69) 

can contribute to the development of tendinopathy.   
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A hot topic is the debate concerning the presence of inflammatory cells in tendinopathy and 

the continuum model papers (24, 138) are criticised for not considering inflammation as  

driver of tendon pathology enough despite growing evidence (150). Dean et al (29) showed 

higher levels of macrophages, T-cells and mast cells compared to healthy tendons in their 

study. Two important but not yet answered questions regarding the inflammatory cells 

 are – “Are the inflammatory cells physiological rather than pathological and to what extent 

are they involved in repair rather than disrepair?”(30). The second question “are the  

inflammatory cells responsible for the perception of pain” (25, 31). A problem with this issue 

is that there is no consensus regarding the classification for inflammation (149). 

 

Ryan, Bisset and Newsam-West (48) argue that we no longer should ask ourselves to what 

extent pathological changes correlate with symptoms but rather consider the question: “To 

what extent can the structure-symptom association provide insight into tendon pathology?” 

Maybe pathology influences function or recurrence? There are compelling  

evidence that structural changes in the tendon, at a given time, do not predict whether a 

person is symptomatic or not (38, 39, 40, 41, 42, 43, 44). However, there are also studies  

addressing the correlation between structural abnormalities, pain and function (45, 46).  

Structural changes should be considered as one of the risk factors in developing tendinopathy 

and tendon rupture as there are several studies displaying this (32, 33, 34, 35, 36, 37).  

Structural changes probably take longer time to restore than it takes to reduce the pain (47) 

and ignoring this fact may possibly increase the risk for reinjury (48). 

 

There have been different approaches to the treatment of tendinopathies including injections, 

strength training, laser, surgery, corticosteroids, sclerosing injection, platelet-rich 

plasma injections and kinesotape to mention a few (61, 62, 80, 82, 83). Stanish et al  

published the first strength program for tendinopathy (84). It consisted of a fast eccentric 

phase, quickly followed by a concentric face, in other words a stretch-shortening exercise. 

Later on there have been several different loading approaches but there is a lack of evidence 

of which one is the most effective (28). The tendon will respond differently depending on the 

load it is exposed to and the greater the load, the greater response. However, there is probably 

an optimal level of high load where the tendon does not get overloaded. There are no 

guidelines regarding rest between the loading sessions (85). Up until now there is lack of 

hard evidence to propose a certain type of load (eccentric or concentric) to be more valuable 
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regarding tendon structure adaptation (79, 85). There is still an uncertainty to why eccentric 

exercise improves clinical outcomes (79) and a review by Drew et al. (61) shows that  

eccentric exercise cannot explain the positive outcome due to structural changes. However, 

new research indicates that there is a connection between positive clinical outcomes and 

structural change (81) so there is conflicting evidence. Isometric exercises could be an  

effective way to decrease pain. Rio et al. (105) showed that after a session of isometric load 

pain could be decreased for 45 minutes in people with patellar tendinopathy. 

 

The strength training programs included in this paper can be divided in to different categories 

depending on their characteristics. Eccentric training programs often use the Alfredsson  

protocol with three sets of 15 repetitions, seven days a week, for twelve weeks. The exercise 

should be done first with straight knee and then with bent knee. The loading is only done in 

the eccentric phase; the non-injured leg is used to come back to starting position and only 

body weight is used to load the tendon in the beginning. Pain and discomfort is accepted 

except if the pain becomes restricting for the patient. If the eccentric training becomes non 

painful patients should add load by adding weight (133). The heavy slow resistance (HSR) 

protocol includes two to three exercises, often uses a progression of load and starts with three 

sets of 15 repetitions and goes down to four sets of six repetitions, three times a week, over a 

12 week period. Three seconds is spent in the concentric phase and three seconds in the  

eccentric phase (81).  

 

There are several studies that support a decrease in the tendon diameter and volume post 

training conversely and there is also several studies showing no difference post training (49, 

50, 51, 52, 53, 54, 55, 56). Drew et al. (61) summarized that eccentric training could improve 

function and pain but that the outcomes were not related to tendon structure. However it was 

found that HSR had moderate evidence to support the linking between structural change and 

outcomes. 
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The most common imaging modalities while scanning tendons are magnetic resonance 

imaging (MRI) and ultrasound (US). MRI has good inter-observer and intra-observer  

reliability in tendinopathy scanning (76). Ultrasound is more user independent but has its 

advantages in colour Doppler, dynamic scanning and is probably better in observing changes 

in fibrillary alignment than MRI and the clinicians can use it as part of his or hers clinical 

exam and do not have to send the patient away for a scan (77). There are no gold standard 

clinical tests for tendinopathy, up until now structural abnormalities have been used as gold 

standard (70). Studies report very inconstant sensitivity values (0.33 -1.00) but excellent  

accuracy (0.91-0.95). Most of these studies were however investigating the ability to detect 

partial tears (71, 72, 73, 74, 75).  

 

Ultrasound tissue characterization (UTC) is a relatively new imaging modality in the field of 

tendinopathy that creates a 3D-image of the tendon. Both ultrasound and MRI demand a 

subjective interpretation if the image while UTC can quantify the structural integrity of the 

tendon. By moving automatically along the tendon it collects axial images every 0, 2 mm. 

The transverse images give information about the stability of the echo texture and are able to 

distinguish it in to four different echo patterns. Each echotype has its own colour. Type I 

(green) correlate with an intact tendon and aligned tendon fibrils within the matrix, type II 

(blue) irregular or wavy tendon bundles, type III (red) represents disorganized fibrillar matrix 

and type IV (black) is the tendon tissue replaced by an amorphous matrix and fluid (78). 

3. Purpose 

Several studies have indicated that structural changes in the tendon, at a given time, do not 

predict whether a person is symptomatic or not (38, 39, 40, 41, 42, 43, 44) and even if the 

pain resolves after a period with exercise the structural appearance could be the same as  

before the period of exercise (61). Whether the tendon adapts to mechanical loading is  

important and it will give us a greater understanding of the pathogenesis of tendinopathy. If 

the tendon adapts to load maybe tendon loading should be key priority of tendinopathy 

rehabilitation. With the new imaging modality, UTC, the load based interventions could be 

assessed more delicately and detect more subtle changes in the tendon which earlier studies 

using MRI or conventional ultrasound have not been able to do (89, 90, 91, 92). Drew et al. 

showed positive evidence in terms of change in pathology after eccentric exercise examined 

with UTC (61). Some new UTC evidence has come to light since the review by Drew et al. 

and the authors included all studies that processed exercise as an intervention and UTC as 
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an outcome in this review including studies from the Drew review and no earlier 

reviewers have considered non-imaging outcomes such as fibril morphology.  

The authors want to examine the evidence for tendon adaptation to load and therefore answer 

the question: Structural and material adaptation of pathological tendons with loading - Do 

pathological tendons adapt to mechanical loading. 

4. Sources and source criticism 

Source criticism is a method to assess the dependability of various claims about reality. It is a 

way for a person to assess the plausibility of something (122). There are some key criteria to 

evaluate a source (123), freely translated by the author (KF): 

 

 The author - Who is the author and what have others said about the author/article? Is 

there a scientist, a journalist or is perhaps information about the writer missing? 

 Purpose and target group – What is the author’s purpose? Try to assess if the author 

writes in order to inform, influence or provoke. 

 The publisher – Who is responsible for the publication? Is it an academic publisher or 

is the publisher/journal otherwise known in the field? 

 Timeliness – When is the text written and is it of any importance? It is often relatively 

easy to determine when printed sources are written, while it may be difficult when it 

comes to Web documents. 

 Content - Is the information and the type of source relevant to the context? What 

sources has the author used? 

 References – Are there references and a bibliography? 

 Scientific quality - Is the information reviewed or controlled in a scientific context? Is 

it important for the purpose? 

 

The sources in the background are almost only scientific peer reviewed papers and only two 

books. The books contribute to well known facts and does not need to be evaluated further. 

The papers are a mix of different designs, for example reviews, controlled trials and opinion 

based papers. The opinion based papers are of course the ones with the largest chance of 

being biased. These authors are trying to inform the rest of the research field where we stand 

in terms of knowledge at present time. Most of the papers are cited in other researcher’s 

work, and thus, out in the scientific community for source criticism the papers are also peer 
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reviewed before getting published. The sources in our paper are both new and old. To explain 

the whole picture of the field we have to present older sources. The papers widely use 

scientific papers as sources and all use references in the text and a bibliography at the end. 

The scientific quality of the included papers is assessed with the Pedro scale and is further 

described in the method.   

 

Nowadays research is spread through, not just scientific databases, but also blogs, podcasts 

and twitter. Twitter is a forum where researchers and clinicians can interact and for example 

discuss tendinopathy papers. If you are a novice in the field of tendinopathy someone with 

greater knowledge could misguide you. The main author of this paper (KF) is still a student 

but has been interested in the field of tendinopathy for years and reads tendinopathy papers 

virtually every day. One of the supervisors (PM) is an expert in the field both as clinician and 

researcher. With this combined knowledge the authors have a plausible and up to date view 

of tendinopathy knowledge and best practise. 

 

The validity of the included papers in a review is important. To be able to say anything about 

the treatment effect in a systematic review the validity of included papers plays a major role. 

This phenomenon is commonly assessed in terms of "quality" but should instead be referred 

to as "Assessment of risk of bias". The assessment should not only report a number for  

"quality" but describe all markers of validity; it could otherwise easily create   

misunderstandings (117). 

 

5. Research ethics 

The authors have related to the general rules regarding research ethics coming from the  

publication "Vad är god forskningssed?" (118), freely translated by the author (KF). 

 

 You should tell the truth about your research. 

 You must consciously examine and report the starting points for your studies. 

 You should disclose the methods and results. 

 You should disclose commercial interests and other interests. 

 You should not steal research from other researchers. 

 You should keep good order in your research, including the documentation and  

archiving. 
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 You should seek to conduct your research without harming people, 

animals or the environment. 

 You must be fair in your judgment of others people’s research. 

 

 

The authors themselves summarize the requirements down to a few words: Honesty, 

 transparency, orderliness, deference and impartiality (118). This paper has not dealt with any 

subjects or informants in a direct clinical trial but only dealt with already produced data  

without knowledge of sensitive information about the subjects. The likely value of new 

knowledge must still be weighed against the risk of invasion of privacy and protection 

against insight into the participant’s privacy (120). In the making of the background an  

extensive search was done and an objective approach was implemented to present a fair 

picture of the research field of tendinopathy (118). In the analysis of data both qualitative and 

quantitative methods are used and all steps are shown to minimize the risk of bias (119). 

There has been an increased amount of dishonesty among not just undergraduates but also in 

doctoral students (119) and to bring up a recent case we have the Macchiarini scandal (121). 

This paper will be run through “URKUND” and in that way examined for plagiarism. All the 

text that is not the authors own thoughts will be followed by a reference (120). A  

consequence of dishonesty in research is that the trust for research will not be as high as it 

should (119). Results will be reported regardless of outcome and this is an important 

statement because researchers should always act with openness, otherwise the field of science 

would be misleading (120). A publication has several purposes. If the paper is out for public 

view it hopefully will contribute to increased knowledge generally in society but especially in 

the research society. The results will also be discussed and scrutinized by other researchers 

and new ideas maybe developed. This is also why it so important that every step in the 

research is presented in the paper (120).  
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6. Method 

6.1 Search strategy 

 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement protocol (117) guidelines were undertaken in this systematic review. A systematic 

search for papers regarding pathological tendons response to load was undertaken in October 

of 2015 by one assessor (KF). Following databases were used: PubMed,  

CINAHL, EBSCO and Google Scholar. Search terms to describe pathology (tendinosis,  

tendinopathy etc.), load (physiotherapy, exercise etc.) site (patellar, lateral elbow etc.) and 

outcomes (UTC, sonoelastography) were used in different combinations. No limits were 

applied (See table 1 for example). Reference lists of the studies included were screened in 

order to find articles not yet found in the search. Several experts in the field of tendinopathy 

were contacted with the aim of obtaining more studies. 

 

Table 1. Search terms in database 

Search term  

Load Concentric, Exercise, Exercise therapy, Eccentric, Isometric, Load, 

Heavy slow,  Physical therapy, Physiotherapy, Rehabilitation, Strength 

training, 

  

Combined with site Achilles, Achilles tendon, Tendo-achilles, Tricep-surae, Tibialis anterior 

tendon, Tibialis posterior tendon Patellar tendon, Patellar ligament,  

Quadriceps tendon, Lateral elbow, tennis elbow, medial elbow, Golfers 

elbow, Hamstrings, Hamstring tendons, Semimembranosus,  

Semitendinosus, Adductor, Gluteal, Gluteal tendon, Lateral hip, Hip, 

Trochanter major, Supraspinatus, Supraspinatus tendon, Infraspinatus, 

Subscapularis, Subscapularis tendon, Rotator cuff, Rotator cuff tendon, 

Shoulder, Bicep tendon, long head of bicep tendon, Triceps, Triceps 

tendon 

  

Combined with 

pathology 

Impingement, Paratendinitis, Pathological, Pathology, Partial rupture 

Tendinitis , Tendinosis, Tendinopathy 

  

Combined with 

outcomes 

Biodex, Elastography, Mechanical, Mechanical properties, Micro  

structure, Sonoelastography, Young´s modulus, Ultrasonography, 

Ultrasound tissue characterization, Ultrasound, Strain, UTC 
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6.2 Inclusion criteria 

 

Studies were eligible for inclusion if they were: written in English. Human participants at any 

age with symptom duration of any time. Randomized controlled trials, cohort studies and 

controlled trials were included. Studies investigating the response (imaging on UTC and/or 

microstructure with biopsy/blood samples, and/or mechanical properties with US/biodex or 

elastography) of pathological tendons (tendinopathy, tendinosis, tendinitis, partial rupture) 

response to non-acute (at least 4w follow-up) load (isometric, concentric, eccentric, isotonic 

isokinetic) were included. Tendon related pathology confirmed on imaging and/or clinical 

examination (see table 2 for clinical criteria).  

 

Table 2. Clincal criteria for diagnosis 

Site Clinical signs 

Patellar tendon Localized inferior pole pain and palpation tenderness, 

pain with loaded knee extension. 

Achilles tendon Midportion focal or generalized swelling, palpation 

tenderness 4-6 cm superior o calcaneus insertion, 

pain with jumping and/or single leg heel raises.  

Morning ”stiffness”, positive London hospital test 

Achilles tendon Insertional focal or generalized swelling, 

palpation tenderness at the Achilles  

insertion, pain in full dorsiflexion, morning 

“stiffness“. 

 

Tibialis posterior Pain and swelling posterior to medial malleolus, pain 

with resistance with foot in inverted plantar flexed 

position. 

Gluteal tendons Pain and tenderness laterally over the greater  

trochanter, pain with single leg loading, resisted hip 

internal rotation at 90 hip flexion and maximal  

external rotation.  

 

Rotator cuff 3/5 tests positive Painful arc, Hawkin-Kennedy, 

Neers, Jobes, and side difference strength in external 

rotation or internal rotation.  

Flexor tendon of the medial elbow Palpation tenderness at the medial humerus  

epicondyle, pain with resisted wrist flexion 

Extensor tendon of the lateral elbow Palpation tenderness at the lateral humerus 

epicondyle, pain with resisted wrist  

extension/ middle finger test or gripping. 
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6.3 Exclusion criteria 

 

Reviews, case reports, and opinion articles were excluded, as were animal and non-English 

language studies. Tendon rupture/full thickness tears and interventions surrounding this (e.g. 

post op/ surgical interventions therapy) were excluded. Non-exercise interventions (e.g.  

manual therapy, shock-wave) were excluded. Stretching as single intervention was not  

counted for as load and was therefore excluded.  

 

6.4 Review process 

 

At first one reviewer (KF) screened all titles and after excluding studies both abstracts and 

titles were screened and further studies were excluded. To meet eligibility the rest of the  

studies were read in full text. At this stage a second reviewer (PM) was consulted and  

disagreement between both reviewers was resolved by consensus. 

 

6.5 Data collection and analysis 

 

Data was collected by one reviewer (KF), using a recommended form (116). The extracted 

data from (KF) was assessed by a second reviewer (PM) and agreement of which data that 

should be included in the review was made by discussion. Data collected included study  

design, participant characteristics, mechanical outcome, imaging outcome and microstructure 

outcome. A professional biostatistician analysed the collected data. Due to the heterogeneity 

among the studies and lack of comparative studies a meta-analysis of treatment effect was not 

possible to perform (115). Guidelines regarding level of evidence were taken from van 

Tulder et al (114) (see table 3). 
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Table 3 Level of evidence 

 
Level of evidence Measures 

  

Strong Consistent findings in multiple high-quality studies 

(n>2) 

  

Moderate Consistent findings amongst multiple low-quality 

studies, or one high-quality study 

  

Limited Findings from one low-quality study. 

  

  

Conflicting Inconsistent findings among multiple studies 

  

No evidence No studies found 

  

  

 

6.6 Risk of bias 

 

The risk of bias was evaluated by one assessor (KF) and if there was any uncertainty a second 

assessor (PM) was involved and consensus reached. There is no gold standard for the  

evaluation of the risk of bias (151). Therefore the primary assessor (KF) choose the Pedro 

scale (112) which he has experience using. The Pedro scale is an instrument to measure the 

risk of bias in clinical trials. The scale has 11 criteria were you rate each item as yes (1 point) 

or no (0 point). Maximum point is 10 because the first criteria are not counted for. The Pedro 

scale has a fair to good reliability in consensus between raters and it is considered a valid  

instrument for assessing risk of bias in clinical trials (113). Studies scoring 6 or more on the 

Pedro scale were considered low risk of bias.  
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7. Results 

 

7.1 Search yield  

 

Figure 1 displays the process of study identification. After removing duplicates there were 

1812 studies identified. A total of 731 were deleted after screening titles and another 1010 

after screening both title and abstract. Remaining 71 studies were assessed in full text and 64 

more studies were excluded and thus, 7 studies met the criteria and were eligible to be  

included in the review. No further studies were found in screening of reference lists or after 

contact with tendon experts. Three studies used the same cohort (126,127,128), however in 

de Jonges (128) there was a different control group so it was reviewed separately but de 

Jonge (126) and de Vos (127) was reviewed as one because the only thing that differed,  

regarding this review, was that de Vos (127) had a follow up 52 weeks after intervention and 

de Jonge (126) after 24 weeks. 

 

       7.2 Risk of bias 

 

In table 4 the score of included studies are shown. Three studies (129, 131,132) had high risk 

of bias and three (126,127,128,130) studies had low risk of bias. The mean risk of bias score 

was 6.1 and it varied from 4-10. Only one study (126,127) had both patient and therapist 

blinded.  

 

Table 4.  Pedro scale – risk of bias assessment of included studies 
Study EC RTG 

 

AC SB 

 

BS 

 

BT 

 

BA 

 

KO 

 

ITT BG MV TS 

             
de Jonge 2011 (126) YES YES YES YES YES YES YES YES YES YES YES 10 

de Jonge 2015 (128) YES NO NO YES NO YES YES YES YES YES YES 7 

de Vos 2011 (127) YES YES YES YES YES YES YES YES YES YES YES 10 

de Vos 2012 (129) YES NO NO NO NO NO YES YES NO NO YES 4 

Kongsgaard 2009 (130) NO YES YES YES NO NO YES YES NO YES YES 7 

Kongsgaard 2010 (131) NO NO NO NO NO NO YES YES YES YES YES 5 

Langberg 2007 (132) NO NO NO YES NO NO NO YES YES NO YES 4 

EC – eligibility criteria. RTG - randomly allocated to groups. AC - allocation was  
concealed.  SB - similar at baseline. BS - blinding of all subjects.BT - blinding of all  
therapists.  BA - blinding of all assessors. KO - key outcome was obtained. ITT - intention 
to treat. BG - between-group statistical. MV - measures of variability. 
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Figure 1. Study selection flow chart. The flow diagram illustrates the flow of information 

through the different phases of the study selection. It maps out the number of records 

identified, included and excluded, and the reasons for exclusions (117). 

 

 

 

 

 

Records identified through  
database: PubMed, Google Scholar, 

EBSCO, CINAHL 
  Cinahl 

Additional records identified 
through reference list, tendon  

experts 

Records after duplicates removed  
(n = 1812) 

Titles screened 
(n = 1812) 

Records excluded 
(n = 731) 

Full-text articles assessed 
for eligibility  

(n = 71) 

Full-text articles excluded  
No treatment/rupture/other 
treatment 62 
 
Review/Case/Opinion  2 
 
Animal/no English 0 

  
Studies included in  

qualitative synthesis 
(n = 7) 

Studies included in  
quantitative synthesis  

meta-analysis 
(n =0) 

Titles and abstracts 
screened (n= 1081) 

 
(n = 1812    ) 

Records excluded 
(n = 1010) 
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           7.3 Study characteristics 

 

Seven studies met the inclusion criteria. Characteristics of included studies are shown in table 

5. There were two studies that used the RCT design (126,127,130), two that used single co-

hort design (131,132) and two that used prospective cohort design (128,129). There were a 

total of 184 participants involved in the six included studies, 113 men and 71 women. Mean 

age was 39, 5. Four studies included participants with midportion Achilles tendinopathy 

(126,127,128,129,132) and 2 studies included participants with patellar tendinopathy (130, 

131). 

 

Table 5 Summary of main study characteristics 

Study Study type Participant 

characteristics 

Mechanical 

outcome 

Structural 

outcome 

Biochemical 

outcome 
 

de Jonge 2011 (126) 

 
 

 

 
 

de Vos 2011 (127) 

 
 

 

 
 

Randomized 

controlled study 

1 group  
Eccentric 12w, 

with prp 

2 Eccentric 12w, 
with placebo 

injection 

Outcomes 
recorded at 6w, 

12w, 24 w  and 

52 w 
 

Mean age 50 

28 women 26 men 

Midportion Achilles 
tendinopathy 

 

 
 

  

Ultrasound tissue 

characterization. 
Organized tendon 

structure increased 

significantly in both 
groups (p0.001). No 

difference between 

groups. Echo types I 
And II increased 

7.2% in PRP group 

from baseline to 52 
w follow up. In 

placebo group echo 

types I and II  

increased 8.4%. 

 

de Jonge 2015 (128) Prospective 

cohort study 
1 group  

eccentric 12w 

Control group 
no  

tendinopathy 

Outcomes 6w, 
12w 24w and 

52w 

Mean age 50 

28 Women 26 men  
Midportion Achilles 

tendinopathy 

 Ultrasound tissue 

characterization.  
Organized tendon 

structure significant-

ly different at  
baseline (p0.001). At 

24 w no difference 

between groups 
(p0.198). At 52 w 

significant difference 

in favour for the 
control group 

(p0.023). Echo types 

I and II increased 
7,8% from baseline 

to 52 w follow up in 

symptomatic group. 
Echo type III  

decreased by 3,8% 

and type IIII by 
3,9%. At 52 w 

follow up mean 

difference of 4.9% in 
favour for 

asymptomatic group 

regarding compari-
sons of type I and II. 

 

de Vos 2012 (129) Prospective 

cohort study 
1 group  

eccentric, 16 w 

Outcomes 
recorded at  

2w, 8w, 16w 

Mean age 46 

15 women 10 men 
Midportion Achilles 

tendinopathy 

 Ultrasound tissue 

characterization. No 
change in organized 

tendon structure 

(p0.92). Echo types I 
and II decreased 

nonsignificantly 
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and 24w 

 

from baseline to 24w 

follow up by 0,3%  

  

Kongsgaard 2009 (130) Randomized 

controlled study 

Group 1  
Cortisone, 1-2 

Group 2  

Eccentric 12w 
Group 3 HSR 

12w 

Outcomes 
record at  

12 w and 26 w. 

Mean age was 32 

0 women 37 men 

Patellar tendinopathy 

No change in 

modulus or 

stiffness in any 
group. 

 

 

 No change in lysyl 

pyridinoline and 

hydroxylysyl  
piridinoline  

concentrations in any 

group. 
HP/LP ratio 

 increased  

significantly in HSR 
group (p0.05). 

Unchanged in other 

groups. 
Pentosidine  

concentrations 

decreased in HSR 
significantly (p0.05). 

No change in other 

groups.  
 

Kongsgaard 2010 (131) Single cohort 

study 
Group 1 Heavy 

slow  

Group 2 control 
group no tendi-

nopathy 

Outcomes 
recorded at 12 

w. 

Mean age 33 

0 women 8 men 
Patellar tendinopathy 

9 men without 

patellar  
tendinopathy. 

No change in 

patellar tendon 
strain and stress 

in any group 

Patellar tendon 
stiffness  

decreased  

significantly in 
heavy slow 

group (p0.05). 

No change in 
control group. 

 

No change in fibril 

density, volume, 
means fibril area or 

fibril size in control 

group. No change in 
volume fraction in 

heavy slow group. 

Fibril density  
increased  

significantly in 

Heavy slow group 
(p0.008). Fibril mean 

area decreased 

significantly (p.0.04) 

in heavy slow group. 

Fibril diameter 

distribution  
increased  

significantly in 2 

intervals (p0.02) & 
p0.04). 

 

Langberg 2003 (132) Single cohort 
study 

Group 1  

eccentric 
Group 2  

eccentric  

without  
tendinopathy 

Outcomes 
recorded at 12 w 

Mean age 26 
0 women 6 men 

Midportion Achilles 

tendinopathy 
6 men without 

tendinopathy 

  Carboxyterminal 
propeptide (Collagen 

synthesis) increased 

significantly (p0.05) 
in tendinopathy 

group. No change in 

group without  
tendinopathy. 

No change 
In carboxyterminal 

telopeptide (collagen 

degradation) in any 
group. 
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         7.4 Structural outcome 

 

Patellar tendinopathy - HSR loading. There is limited evidence from one study with high risk 

of bias (131). The study showed that 12 weeks of HSR training increased fibril density,  

increased fibril diameter distribution in 2 intervals (50- to 60-nm and 60- to 70-nm fibril 

diameter intervals), decreased fibril mean area but there was no change in fibril volume 

fraction.  

 

Achilles tendinopathy - Eccentric loading. There is conflicting evidence from three studies, 

two with low risk of bias (126, 127, 128) and one with high risk of bias (129). The two  

studies with low risk of bias showed that 12 weeks of eccentric training increased the  

organized tendon structure, evaluated with ultra sound tissue characterization, at 52 week 

follow up. The study with high risk of bias showed that after 16 weeks of eccentric training 

did not change the organized tendon structure, evaluated with ultrasound tissue  

characterization, at 24 week follow up. 

 

         7.5 Mechanical outcome 

 

Patellar tendinopathy - Eccentric loading. There is moderate evidence from one study with 

low risk of bias that showed, after 12 weeks of eccentric training, no change in modulus or 

stiffness in the tendon (130). 

 

Patellar tendinopathy - HSR loading. There is conflicting evidence from two studies, one 

with low risk of bias (130) and one with high risk of bias (131). The study with low risk of 

bias showed, after 12 weeks of HSR training, no change in modulus or stiffness (130). The 

study with high risk of bias showed, after 12 weeks of HSR training, a decreased stiffness in 

the tendon (131). 
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           7.6 Biochemical outcome 

 

Patellar tendinopathy - Eccentric Loading. There is moderate evidence from one study with 

low risk of bias that showed, after 12 weeks of eccentric training, did not change the collagen 

content, hydroxylysyl pyridinoline (HP) and lysyl pyridinoline (LP) concentration, HP/LP 

ratio or pentosidine concentration (130). 

 

Patellar tendinopathy – HSR Loading. There is moderate evidence from one study with low 

risk of bias that showed, after 12 weeks of HSR training, increased the  HP/LP ratio and  the  

pentosidine concentrations decreased (130). 

 

Achilles tendinopathy - Eccentric Loading. There is limited evidence from one study with 

high risk of bias that showed, after 12 weeks of eccentric training, increased type I collagen 

synthesis (132). 
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8. Discussion 

8.1 Method and result discussion 

 

Over all this systematic review shows limited evidence that chronic load, both eccentric and 

HSR load, could lead to a structural change in the pathological tendon. However, the authors 

will, in the discussion, argue for existing evidence in terms of response to load in the  

pathological tendon. 

 

This systematic review followed the guidelines of the PRISMA statement (117). Most parts 

of the method were initially assessed by one assessor. Later in the process a second  

assessment was conducted by a second assessor and when the two persons had met  

agreement the process proceeded, this was done to decrease the amount of bias. Only seven 

studies met the inclusion criteria and three of them had the same cohort (126,127,128). Two 

of these studies were reported as one (126,127) which meant that six studies were included in 

the systematic review. Four of the studies evaluated the Achilles tendon and two the patellar 

tendon. No upper limb tendons were examined which makes the results difficult to apply to 

the upper limb. Maybe lower limb tendons respond differently to load because they naturally 

are exposed to more load in form of walking. The risk of bias varied with three studies  

showing high risk and three studies showing low risk of bias. The author could not confirm 

any evidence as strong evidence according to van Tulder (114) and only one of the included  

studies had both patient and therapist blinded (126,127). Among the studies there were only 

two studies (126,127,130) that were randomized and thus a comparative treatment effect 

could be estimated. In one of the studies (126,127) there was no difference between groups. 

The other study (130) failed to show any treatment effect regarding eccentric training. The 

results from both the randomized studies as well from the single arm studies in many cases 

showed an improvement after exercise therapy. However, since this improvement cannot be 

differentiated from the natural development over time for a pathological tendon, due to the 

study design, the effect of eccentric training cannot be estimated. Based on the provided  

literature there is no evidence that eccentric training has an effect on the measured variables. 

This does not mean that eccentric training could be effective changing tendon structure, but 

there is no evidence to support this in the current literature. Moderate evidence, for HSR, is 

provided from the study of Kongsgaard et al (130) but should be interpreted cautiously due to 

only one study, low sample size and also a wide range within the results presented. 
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The tendon core has almost no turnover regarding collagen synthesis in adult life (86) and 

treatments targeting the outer regions of the tendon (87, 88) have good clinical outcome. 

These findings may suggest that a great amount of tendon adaptation occurs in the superficial 

region of the tendon. Normal adult tendons adapt to load; a study by Bohm et al (152) 

showed that an exercise programme of 70% maximum voluntary contraction, over twelve 

weeks, will lead to tendon adaptation in display of increased tendon stiffness. In pathological 

tendons stiffness is decreased (139). At rest there are elevated inflammatory markers in 

chronic tendinopathy (98). In animals with tendinopathy you can see an inflammatory 

response after exercise (135).  In healthy tendons the collagen turnover is increased in the 

outer regions of the tendon after loading. This is believed to happen due to an inflammatory 

response made by certain cytokines in the peritendon connective tissue. Limited evidence 

from human studies shows that the pathological part of the tendon have no inflammatory 

response after exercise and maybe there for also show any improvement in the pathological 

part of the tendon (134). In the Langberg et al. (132) study included in this review the 

increased marker for collagen type 1 was seen in the area around the pathological tissue. 

 

There was conflicting evidence from three studies (126, 127, 128, 129) regarding changes in 

echotypes. The included studies that showed positive findings for improved echotypes I and 

II (126, 127, 128) showed that the echotypes III and IV decreased. It is not reported whether 

there was still an area of pathology, although there was disorganized tissue on UTC in the 

form of echotypes III and IV, suggesting pathology did not completely resolve. This supports 

the donut theory, which tells us that we should treat the area of aligned fibrillary structure 

(donut) and not the area of disorganization (the hole) (138). Loading the pathological tendon 

may only affect the surrounding aligned fibrillary structure while a central area of  

disorganised tissue may still be present (96). The area with pathological tissue will not be 

able to transmit load and the surrounding area of non-pathological tissue will take over the 

loadbearing function (137). There is further evidence to support that once tendons have a 

pathological area with the matrix affected it will not resolve (140).  
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Despite the evidence mentioned above two of the included studies showed changes within the 

pathological area. The study with lower risk of bias showed that 12 weeks of HSR training 

did no change in modulus or stiffness for either HSR or eccentric group (130). Further, it 

showed HSR increased the HP/LP ratio and the pentosidine concentrations decreased. The 

second included study showed that fibril density increased and a reduction in stiffness  

following HSR, but on the other hand fibril density increased and fibril mean area 

decreased – the tendon went to a more normative state (131).  

 

There are to the author’s knowledge no other studies that have shown a biochemical or  

mechanical changes in the pathological area of the tendon. There could also be variances in 

sampling sites that contribute to the detected differences in fibril morphology (131). In  

conclusion there is limited evidence showing a change within the pathological area of the 

tendon. It is speculated that HSR could be a better option than eccentrics for several reasons; 

including that HSR training contains much heavier load. Although Beyer et al study (81) 

compared HSR and eccentric loading of the Achilles tendon and did not find a difference in 

tendon AP diameter and Doppler signal response. The HSR group did all the exercises  

bilaterally while the eccentric group exercised unilaterally which may have affected the 

result. The Soleus part of the calf makes up about 50% of the whole volume (143) and in 

Achilles tendinopathy there is evidence that it is mainly the Soleus part of the tendon that is 

affected (141). Maybe exercises with bent knee, which isolates the Soleus (142), should be a 

focus.  

 

There is limited evidence regarding the type of loading and the possible benefits in choosing 

a specific type when treating tendinopathy. Eccentrics is the most popular treatment form for 

tendinopathy but there are several other treatment programs and clinicians should consider 

other forms of load as well; further research is needed in the comparison of different loading 

programmes (125). However, HSR shows higher compliance, treatment satisfaction and takes 

less time to do. It also includes heavier loading which theoretically should enhance the  

capacity of the tendon greater than existing eccentric exercise programmes. There are limited 

studies that have investigated adaptation following HSR in pathological tendons, thus the 

evidence likewise is limited. For insertional Achilles tendinopathy a slow performance could 

also ease the pain during exercise (144) and maybe therefore increase the compliance. Should 

the exercise regimes be over a longer period of time so that the tendon could adapt? 
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Even though many of the included participants in studies get better, there are still those who 

do not. Even after several years their tendon thickness just decreased slightly and the pain 

levels have not resolved (50, 145). Today we are not able to blame the tendon as a painful 

structure (147) so should we therefore put the nail in the coffin and abandon the structural 

way of thinking and stop treating pathological areas? Nociception is neither sufficient nor 

necessary for pain and maybe we should aim the brain and the person as primary 

rehabilitation target (148)? 

 

8.2 Conclusions, further thoughts and future directions 

 

There is limited evidence that exercise in different forms leads to a structural change in the 

pathological tendon, particularly in the core of the tendon. Can tendon pathology resolve and 

if so, does it change in correlation with pain and function? These questions we do not yet 

know the answer to. What we do know is that pain and function are variables that can  

improve after a period of exercise in persons with tendinopathy regardless of an improvement 

of the pathological area. Possible benefits if the pathological tendon resolves and gets back to 

normal could be a reduced recurrence since it is shown that a pathological tendon is a risk 

factor of developing pain (32, 33, 34, 35, 36, 37) and a study by Mall et al (146) showed a 

connection between the increase of a tear size in the rotator cuff and pain development. Well 

controlled large sampled longitudinal studies, using validated measurement tools to 

standardize findings should be conducted to sort out these questions. 
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