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OVERVIEW 

Study Title 
Volunteers/ 

patients 
Tendons 

I 

Ultrasonography in evaluation of Achilles and patella 

tendon thickness 

Sub-study 1: Tendon thickness in relation to distance from 

the attachment at patella or calcaneus 

Sub-study 2: Longitudinal versus transversal US scan 

Sub-study 3: Method I (longitudinal and transversal scan) 

versus method II (longitudinal scan) 

87 

 

 

 

209 

 

 

 

II 

Ultrasonography and pressure algometry in evaluation 

of Achilles and patellar tendons. Intra- and inter- 

observer variability 

40 57 

III 

Influence of acute physical activity immediately before 

ultrasonographic measurement of Achilles tendon 

thickness. 

10 20 

IV 

Significance of ultrasonographically detected 

asymptomatic tendinosis in the patellar and Achilles 

tendons of elite soccer players: a longitudinal study 
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Ultrasonography as a tool for diagnosis, guidance of local 

steroid injection and, together with pressure algometry, 

monitoring of the treatment of athletes with chronic 
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double-blind, placebo-controlled study. 

48 96 

Total 239 576 
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INTRODUCTION 

 

1. History 

Tendons are load-bearing structures that transmit the forces generated by muscle to their bony 

insertion, thereby making joint movement possible. Chronic tendon pain in Achilles and 

patellar tendons (called “jumper’s knee”) is very common, and during the past three decades 

the incidence has risen enormously (1). In the general population, the lifetime cumulative 

incidence of Achilles tendinopathy is 5.9% among sedentary people and 50% among elite 

endurance athletes (2), and the overall prevalence of patellar tendinopathy among high-level 

athletes is 12-32% in basketball and 40-45% in volleyball players (3). Furthermore, 41% of 

patients with Achilles tendinopathy developed a tendinopathy of the contralateral side (4). 

These tendenopathies are characterised by a history of gradually onsetting pain at the 

beginning and end of exercise, with a period of diminished discomfort in between (1), 

morning stiffness in the tendon (5-8) and sometimes also a localised swelling. Fibrin 

precipitated from the fibrinogen-rich fluid around the tendon can result in palpable crepitation 

(9). Most therapists agree that tendon injuries should be treated as soon as possible before the 

injury gets chronic (1;9;10). Despite the fact that the treatment includes active rest, eccentric 

training of the calf muscle (11-18) or the quadriceps femoris muscle (19-24), NSAID use (25-

27), local glucocorticosteroid injections (28-31), sclerosing injections (32-34), shockwave 

application (35-37), surgery (38-43), nitric oxide administration (44;45), cryotheraphy (46), 

ultrasound (47), deep friction massage, augmented soft tissue mobilization (48), gentle 

stretching (49), orthoses (46), low-dose heparin, wydase and aprotinin (50;51) and several 

others, these tendon injuries have a poor prognosis with a high incidence of chronicity and 

recurrence and will often bring the athlete’s sports activity to a premature end (52-54). 

Despite this, large, prospective observational studies on the natural course of this complaint 

are missing, and randomised medical or surgical treatment interventions with long-term 

follow-up are sparse. There is insufficient evidence from randomised controlled trials to 

determine which method of treatment is the most appropriate for the treatment of acute or 

chronic Achilles (55) and patellar tendon pain. 

 

Many Achilles tendon ruptures occur without warning symptoms, but in nearly all the 

ruptured tendons, degenerative changes can be demonstrated (56), and several studies show 

ultrasonographic abnormalities in patellar tendons of asymptomatic athletes playing 
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volleyball, basketball, soccer and track and field athletes (57-65). The above indicates that 

even a seriously injured tendon in a shorter or longer period can be asymptomatic, and that it 

may be possible to diagnose the injury before it becomes symptomatic - which is one of the 

purposes for this thesis – and hereby start prophylactic training which might conceivably 

reduce the frequency of chronic tendon injury – hereafter called tendinopathy.  

 

In earlier publications, tendinopathy is diagnosed and the results of treatment evaluated by 

interview and clinical examination, mainly based on palpation of the tendon, its surrounding 

tissue and its insertion, even though the clinical diagnosis of Achilles (62) and patellar 

tendinopathy (66), even in experienced hands, is not straightforward, and experienced 

examiners may have problems in reproducing the results of clinical examination based on 

simple tests (62). Many of the cases were incorrectly diagnosed using only clinical 

examination, and in some cases even total ruptures were misdiagnosed (67-72).  

The results of both operative and non-operative treatment of tendinopathy of the Achilles and 

patellar tendons are in many studies found to be an effective treatment with “excellent” and 

“good” results in up to 100 % of the cases (32;41;54;73-83). The successful results after 

treatment of chronic tendinopathy are seldom seen in clinical practise, and reviews of the 

outcome after surgery in both Achilles and patellar tendinopathy have shown that poor 

methodology was significantly associated with higher reported success rates for surgical 

studies of tendinopathy (39;84). 

If tendinopathy could be diagnosed more precisely and the effect of treatment could be 

evaluated more objectively, the results would be more realistic, and it would increase the 

value of future studies.  

Ultrasonography and pressure algometry could be the modalities that make this possible.  

 

Although glucocorticosteroid injections are one of the most commonly used treatments for 

chronic tendon disorders, there is an obvious lack of good trials defining the indications for 

and security and efficacy of such injections, and subsequently, many of the recommendations 

for the use of local injections do not rely on a sound scientific basis. 

No legal treatment in sport has been so controversial as locally injected glucocorticosteroids, 

and many authors still believe that tendon rupture is among the side effects (85;86). Today, 

most authors have even abandon the “tendinitis myth” (5;87-89), and thus most authors did 

not recommended treatment with glucocorticosteroids.  
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2. Nomenclature  

The “peritendon” is the loose tissue surrounding the tendon, and it consists of the “epitenon” 

and the “paratenon” (90), see figure 1 below.  

 
Figure 1. Tendon structure (from DT Kirkendall et al, 1997, SJMSS) 

  

In tendons without a synovial sheath, the epitenon is tightly bound to the tendon.  

Generally, ”tendinitis” (or “tendonitis”) is primary used as a histopathologic term, describing 

a condition in which the primary site of involvement is the tendon and with an inflammatory 

response being seen within the tendon (91;92). The condition is often associated with reactive 

“paratenonitis” or ”peritendinitis”, which is an inflammation of the paratenon (91). 

“Tendinosis” is not correlated with clinical symptoms (89), but the term has been widely used 

for patients with chronic tendon pain, and with biopsy, radiographic, ultrasonographic, or 

magnetic resonance imaging  (MRI) showing tendon abnormalities (5;93). ”Tendinosis” is 

today primarily used to describe a histopathologic finding with intratendinous degeneration 

and no sign of inflammation (91;92). “Tendinopathy” is used to signify the combination of 

tendon pain and impaired performance often associated with swelling of the tendon and 

intratendinous changes (93;94) evaluated by US or MRI. The diagnosis tendinopathy can, in 

contrast to tendinitis and tendinosis, be made clinically without histopathologic examination. 

No specific time criteria are used to classify tendinopathy as acute or chronic. It has been 

suggested that tendon symptoms present for less than 2 weeks should be described as “acute”, 

for 2 to 6 weeks as “subacute”, and for more than 6 weeks as “chronic” (95). These somewhat 

arbitrary distinctions are not based on histopathologic or clinical criteria.  
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Some authors state that the term patellar tendinitis or tendinopathy is a misnomer as the 

patellar "tendon" is in fact, a ligament connecting the inferior pole of the patella to the tibial 

tubercle (bone to bone) (96;97). However, the quadriceps muscle has one strong tendon, 

which is inserted into the tibial tubercle and contains within itself the biggest sesamoid bone 

in the human body, the patella. So, the quadriceps tendon and the patellar tendon are, to be 

precise, the same anatomic entity, and its function is controlled directly by a muscle which 

never occurs in a true ligament (a passive element from bone to bone). Thus, the term 

“patellar tendon” is as correct a name as any other for this structure.  

In summary, it is recommended that the term tendinopathy be used as a clinical diagnosis for 

patients with pain in the tendons. Tendinosis and tendinitis require a biopsy showing 

degeneration or inflammation. If symptoms are present for more than 3 months, the 

tendinopathy is categorised as “chronic”, for symptoms present between 6-12 weeks as 

“subacute”, and for symptoms present between 0-6 weeks as “acute”.  

 

3. The normal and abnormal tendons  

3.1 Anatomy. 

The two strongest tendons in the body are the Achilles and the patellar tendons. The Achilles 

tendon is a conjoined tendon from m. gastrocnemius and soleus and together these muscles 

form the triceps surae muscle. The fibres rotate towards the insertion posterior on the 

calcaneus bone where it inserts. The anatomy of the long Achilles tendon allows it to act as a 

spring that can store and recover elastic energy, and the anatomy of the short and thick 

patellar tendon is such that it decreases the average force per tendon area, and thereby the 

potential for injury when transferring force for joint movement. The two tendons have many 

things in common (98;99). They are often injured in sport by running and jumping, and the 

treatment is often disappointing. They have no synovial tendon sheaths. Instead they are 

surrounded by an outer paratenon, a loose, fibrous, fatty tissue with an inner synovial lining 

(100) and an inner connective tissue sheath called epitenon, which is adherent to the tendon 

and allows it to glide freely over adjacent tissue (101). The epitenon constists of a loose, 

fibrous sheath containing the vascular, lymphatic and nerve supply. There is a thin layer of 

fluid between the paratenon and epitenon. Together the paratenon and epitenon are called the 

peritendon (see figure 1 page 13). The endotenon encloses the collagen fibres and fibre 

bundles and carries blood vessels, lymphatics and nerves.  
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Tendons consist of a systematic and densely packed organisation of connective tissue 

dominated by collagen organised into fibrils, fibres, fibre bundles and fascicles.  

Tendon consists of 55-70% water, and 60-85% of the tendon dry weight is collagen. 

The insertion of a tendon into bone – the osteotendinous junction - involves a gradual 

transition within 1 mm from tendon to fibrocartilage to lamellar bone. The attachment area of 

tendons consists of four zones: pure fibrous tissue, unmineralised fibrocartilage, mineralised 

fibrocartilage and bone. 

The basic elements of tendon are cells, collagen bundles and ground substance. Together, the 

collagen and ground substances comprise the extracellular matrix (102). 

 

3.2 Blood supply 

Normal tendons have low vascularity compared to muscle. The patellar tendon receives its 

blood and lymphatic supply from the bone-tendon junctions and from the paratenon. The 

blood supply of the patellar tendon originates from the descending and the inferior medial 

genicular arteries, the lateral genicular arteries and the recurrent tibial anterior artery (103). 

The Achilles tendon receives its blood supply from three regions (101;104): at the 

musculotendinous junction from vessels in the muscles, along its length from vessels in the 

richly vascularised tissue anteriorly via the paratenon (which appears to be the main 

contributor (105)) and at the osteotendinous junction. The endotenon network carries the 

vessels to the deeper portion of the tendon (9). Poor blood flow has been implicated as a 

principal contributing factor to tendon injuries, particular those that occur 2-7 cm proximal to 

the insertion of the Achilles tendon (106), which is also the part of the tendon most prone to 

rupture (107). However, recent studies have lead to contradictory results. Åstrøm (108;109) 

found by use of a Laser Doppler flowmeter an even distribution of blood flow in the tendon, 

and Langberg (110-112) and Boushel (113;114) found an up to sevenfold increased 

peritendinous blood flow during exercise. During exercise oxygen extraction and total 

haemoglobin volume increase in the peritendinous region (113). The exercise-induced 

peritendinous vasodilatation, increased blood flow and reduced tissue O2 saturation indicate 

that blood flow around the tendon increases in relation to regional metabolic activity during 

dynamic exercise (115). Furthermore, it appears that tendinopathy itself is associated with an 

elevated blood flow (116-120).  

How the blood flow is regulated is still unknown. However, bradykinin has simultaneous 

vasodilatatory and nociceptive properties, and it is known to activate prostaglandin and nitric 
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oxide-dependent pathways. The interstitial concentration of bradykinin (and adenosine) 

increase with exercise (121). The exercise-induced increase in tendon flow was inhibited 40% 

by blocking prostaglandin secretion with cyclooxygenase blockers, indicating that prostanoids 

play a role in vasodilation in tendon during exercise (122;123). In endothelial cells, 

glucocorticoids suppress the production of vasodilators, such as prostacyclin and nitric oxide 

(124;125), therefore glucocorticoids are to some extent vasoconstrictors. Also nitric oxide, 

potassium, adenosine, endothelium-derived hyperpolarising factor and phospholipase-A2 have 

been proposed as candidates for regulating the blood flow to the tendon, and a synergic action 

of nitric oxide and prostaglandins in the regulation of muscle blood flow during exercise has 

been demonstrated. 

 

In summary, blood flow to tendons can increase several times during exercise, but that may 

not necessarily guarantee that the increased blood flow is sufficient to the demand. The 

regulation mechanism is unknown. There is increased vascularisation in tendinopathy, but it is 

unknown whether the neovascularisation is one of the causes of tendinopathy or a part of the 

healing process. 

 

3.3 Nerve supply 

The tendon itself is practically devoid of nerve fibres, whereas the myotendinous and 

osseotendinous junctions and the peritendon are well innervated. 

The nerves of tendons are composed of myelinated, fast transmitting Aα- and Aβ-fibres 

(mechanoreceptors) and unmyelinated, slow transmitting Aγ-, Aδ-, B- and C-fibres 

(nociceptors mediating hypalgesia and deep tissue pain, which are characteristic for tendon 

pain) (126;127). 

Tendon innervation originates from three main sources: from cutaneous, muscular and 

peritendinous nerve trunks. At the musculotendinous junction, nerve fibres cross and enter the 

endotenon septa. Nerve fibres from rich plexuses in the paratenon penetrate the epitenon. 

Most nerve fibres do not actually enter the main body of the tendon but terminate as nerve 

endings on its surface or in the paratenon (128). In this way, the number of nerves is relatively 

low in the large tendons such as the Achilles and the patellar tendon. The nerves follow the 

vascular channels (128) that run longitudinal along the tendon. In this way the nerve fibres in 

the tendon are associated with the vascular, lymphatic and connective tissue channels, and 

some of these fibres have been reported to have direct contact with tendon collagen (129). 
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Both sympathetic and parasympathetic fibres have been identified (127). There are at least 

four types of nerve receptors: mechanoreceptors (convert physical energy, expressed as 

pressure or tension, into afferent nerve signals), pressure receptors (sensitive to stretch), 

receptors that are activated by any movement, and free nerve endings that function as pain 

receptors (130). 

The mediators of the nervous system act through 1) fast transmitters (i.e. the classic 

neurotransmitters: monoamines, acetylcholine and amino acid), which directly effectuate 

muscle contractions or afferently relay information on painful stimuli and 2) slow transmitters 

(i.e. neuropeptides which act as chemical transmitters in the central as well as the peripheral 

nervous system). Neuropeptides are important for nociception and tissue homeostasis and can 

be classified in three groups:  

1. Autonomic, e.g. the sympathetic neuropeptide Y (NPY) (which has an angiogenetic 

effect (131) and is a potent vasoconstrictor often coexisting with noradrenalin (NA), 

which potentiates the vasoconstrictive action (132)), and the para-sympathetic 

vasoactive intestinal polypeptide (VIP) (which is a potent vasodilator and has a strong 

anti-inflammatory effect (133) by regulating immune cells and expression pro- and 

anti-inflammatory cytokines and growth factors (134;135)). 

2. Sensory, e.g. Substance P (SP) and calcitonin gene-related peptide (CGRP), (which 

coexist with and potentiate the effect of SP). Both SP and CGRP have been shown to 

participate in the regulation of proliferation of fibroblasts, synoviocytes and 

endothelial cells (136-138), exert vasodilatation and enhance vasopermeability (139) 

with protein extravasation (136;140). Sensory nerve fibres respond to noxious thermal, 

mechanical and chemical stimuli in the periphery by SP release. In the spinal cord SP 

acts as a transmitter of pain (140), and in the periphery SP (and CGRP) have pro-

inflammatory effect by enhancing cellular release of prostaglandins, histamines and 

cytokines (141;142) and protein extravasation and leukocytes chemotaxis. SP 

upregulates COX-2 protein expression and induces prostaglandin production in 

various cell types (143). Dexamethasone inhibites SP-mediated COX-2 expression. 

There is evidence of a direct effect of SP on the adrenal gland (144). However, 

sensory nerve fibres also contain peptides with anti-noceptive and anti-inflammatory 

effects (galanin, somatostatin) (145;146). In this way neurotransmitters and 

neuropeptides may modulate immune cell and cytokine responses and also local blood 

flow (147).  
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SP has been reported to stimulate the proliferation of fibroblasts (137) and the 

production of transforming growth factor β in fibroblasts (148). Administration of SP 

and CGRP in animals studies has been shown to accelerate wound healing (149), 

stimulate proliferation of endothelial cells (138) and increase tensile strength more 

than 100% in healing Achilles tendons (150;151), and it seems to be the most potent 

tissue growth stimulator in tendon healing.  

3. Opioid, i.e. enkephalins, and endorphines. The effect of the endogenous opioids seem 

to provide a peripheral anti-noceptive system, and enkephalins also have  an anti-

inflammatory effect (152), a vasodilatatory effect (153) and an immunsuppresive 

effect (154). Enkephalin-analogue injections can inhibit release of SP (155), and 

treatment with opioid agonists in the periphery elicits both anti-inflammatory and anti-

nociceptive effects (156). There are two principal sources of opioid peptides in the 

periphery: immune cells (which release opioids and mitigate inflammatory pain (157)) 

and the peripheral nervous system.  

 

Nerve ingrowth is known to occur as a response to tendon injury (158). In tendinopathy, 

including Achilles and patellar tendinopathy, a nerve ingrowth takes place into the painful 

tendon proper (159;160), where the nerves are seen along the neovessels (161) with increased 

levels of the neurotransmitters, e.g. SP, CGRP (94) and glutamate (162).  

 

The level of SP is also high in synovial fluid in a typical inflammatory disease like 

rheumatoid arthritis (RA) (163;164). The synovial fibroblast in RA can produce SP (165), and 

neuropeptides have been shown to directly modulate immune function in RA (166). Finally, it 

is known that the neuroendocrine, immunologic and microvascular systems interact in RA 

(166-171), so it is an obvious conclusion that the same may be seen in tendinopathy. Despite 

tendinopathy and inflammatory arthritis being different diseases, they share some regulatory 

reactions.  

 

In summary, the peripheral nervous system, in addition to classic functions such as 

nociception and vasoactivity, also participates in the regulation of a wide variety of efferent 

actions on cell proliferation, cytokine expression, inflammation, immune responses and 

hormone release (172-176). Because of the complex interaction between the inflammatory 

effects of the neuropeptids and the classic inflammatory mediators (e.g. prostaglandins, 
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cytokines), it seems impossible and partly irrelevant to sharply distinguish between chemical 

and neurogenic inflammation.   

 

3.4 Tenocyte  

The basic elements of tendon are cells, collagen bundles and ground substance. Of the cells in 

tendons, 90-95% are fibroblasts/tenoblasts (immature tendon cells) and tenocytes (177). The 

remaining 5-10% are chondrocytes located at the tendon insertions, synovial cells at the 

tendon surface and nerve and vascular cells, including capillary endothelial cells, smooth 

muscle cells of arterioles and mast cells. Adipocytes and granule containing mast cells are 

normally encountered only in the peritendon and endotenon. The cell mass in tendons is only 

1-3% of the total dry mass of the tendon, compared to 95% in muscle or liver (128). The 

tenocytes with spindle-shaped nuclei and sparse cytoplasm are placed between the collagen 

bundles. Cells in peritendon and tendon are physically connected to each other through 

junctions (178;179). The signals can be transformed from cell to cell by mediator secretion or 

through gap junctions. Ion channels (particularly calcium channels), among many others, play 

an role in the signal transduced from the mechanical stimulus to a chemical signal (180). The 

architecture of the tenocytes of the tendon and their interconnection provide a three-

dimensional network that surrounds the collagen fibrils. 

The tenocytes are active in energy generation and allow for transmission of high tensile 

forces, elastic recoil and longitudinal movement. Furthermore, the cellular elements 

synthesise the collagen and the ground substance (130;181;182) and produce the enzymes that 

degrade proteins. 

Traditional tendons have been considered to be relatively inactive metabolically, but newer 

studies have shown that the tendon and the peritendinous tissues are more metabolically 

active in response to exercise than previously thought (183) and are influenced by heredity, 

diet, nerve supply, regulating hormones, prostaglandins, cytokines, and neuropeptides etc 

(130;184). The oxygen consumption of tendon and ligament is more than seven times lower 

than that of skeletal muscles (185). With increasing age, metabolic pathways shift from 

aerobic to more anaerobic energy production (56;182).  

Normal tendon cells subjected to cyclic strain increase production or expression and activity 

level of : 

• COX-1 and COX-2 (186;187), which is not expressed in resting connective tissue, but 

is induced by IL1 (188), TNF and Substance P (143).  
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• Prostaglandin E2 (PGE2) (186;187;189-195), which can be blocked by indometacin 

(186;190;193). Langberg showed that the level of PGE2  was increased by 100% in the 

peritendinous space after exercise (192). PGE2 modulates various cellular functions, 

including decrease fibroblast proliferation (196-198), inflammatory and immune 

responses (199;200), collagen production by the fibroblasts (196;201) and suppression 

of transforming growth factor-β stimulated expression of total protein, collagen and 

fibronectin (196;202).  

• Leukotrines (186;187;190;191;193;203). LB4 is important in the inflammatory 

response (204;205). It activates neutrophils, leads to production of several cytokines 

(205), and in this way, causes tissue damage as a result of release of proteases and 

reactive oxygen species (204). Thus high levels of LB4 production by tendon 

fibroblasts in response to excessive mechanical loading will result in inflammation, 

which can lead to development of tendinopathy (206). The production of LB4 is 

inversely related to the production of  PGE2 (193). LB4 is also elevated in rheumatoid 

arthritis (204).  

• Cytosolic phospholipase-A2 and secretory phospholipase-A2 (PLA2), which are 

involved in the production of the inflammatory mediators PGE2 and leukotrienes, 

because PLA2 catalyses the hydrolysis of fatty acid and, as a result, yields arachiodinic 

acid (207), which is converted to prostaglandins and leukotrines (187;208). Moreover 

PLA2 itself has an important role in initiating tissue inflammation (209) and is 

implicated in the regulation of regional blood flow to inflamed sites (210). 

• Matrix metalloproteinases (MMP) (211;212), which are major regulators of collagen 

degradation in relation to mechanical loading. Some of the activated MMPs degrades 

collagen and proteoglycans simultaneously (188). The activity of MMP is regulated 

directly or indirectly by inflammatoric mediators like prostaglandins, interleukines and 

leukotrines (188;193;213). 

• Interleukins, e.g. interleukin-6 (IL-6) (214-216), which has been suggested to be 

involved in collagen metabolism and IL-1 β, which result in increased production of 

COX-2 and PGE2, matrix metalloproteinase-1 (MMP-1) and MMP-3 (188;213) and 

down-regulate an apoptosis-inhibitor gene. Therefore IL-1 β and MMPs induced by 

repetitive mechanical loading can cause extracellular matrix degeneration (217).  

• Thromboxane B2 (192), which is an inflammatory mediator synthesized from 

arachidonic acid through the cyclooxygenase pathway.  
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• Vascular endothelial growth factor (VEGF) (218-221), which is upregulated by 

inflammatory cytokines and highly expressed in Achilles tendinopathy (218;222-224). 

• Insulin-like growth factor 1 (IGF-1) and its binding protein (215). IGF-1 stimulates 

collagen production (225). 

• Transforming growth factor β (TGF-β) (226). TGF-β1 seems to have a role in the 

mechanical regulation of local collagen type I in human tendons (226). 

• Hypoxia inducible factor 1 (HIF-1) (227), which is the link between cyclic strain and 

VEGF (218).  

• Stress-activated protein kinase (SAPKs), which is important upstream regulators of a 

variety of cell processes, including apoptosis (228) and is activated from pro-

inflammatory cytokines, indicating that this signal pathway may contribute to the 

inflammatory responses (229).  

• Neuroactive mediators, which express adrenergic receptors that respond to 

norepinephrine with increased intracellular calcium (230) and respond to ATP by 

increasing intracellular calcium (231).  

• Neuronal growth factor (NGF) (secreted from fibroblasts, and endothelial cells) can 

express and respond to a network of inflammatory mediators (85) and release TNF-α 

(232). 

 

In tendinopathic tendons there is found:  

• Increased production of PGE2 (233) and LB4, which are synthesised from arachidonis 

acid (for PGE2 via the action of cyclooxygenase (COX) (213) and LB4 via the action 

of lipooxygenase (208)). In tendons harvested from patients with patellar 

tendinopathy, both the tendon tissue itself and harvested cells expressed higher levels 

of PGE2 than did healthy control patellar tendons (233), and a microdialysis study by 

Alfredson (162) has shown a 50% increase in PGE2 in the peritendium of Achilles 

tendinopathy in relation to normal tendons. Alfredson pointed out that the 50% 

increase of PGE2 was not significant, but the very small study only included four 

patients with tendinopathy (162;234). In a study using cDNA arrays and real-time 

PCR (224), Alfredson found that the mRNA for several cytokines and cytokine 

receptors was not upregulated in Achilles tendinopathy. However, all cell types in the 

biopsies were mixed together, consequently a theoretical isolated upregulation in 

fibroblast or endothelial cells could be missed.  
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• Increased COX-2 in fibroblast culture harvested from patients with patellar 

tendinopathy (233). 

• Increased transforming growth factor β in fibroblast culture harvested from patients 

with patellar tendinopathy (233). 

• Cells from tendon lesions in patellar tendinopathy were  associated with expression of 

platelet-derived growth factor (PDGF) receptors, and cells from the lesion showed a 

greater response to PDGF compared with normal tendon cells (235). 

• Increased matrix metalloproteinase (MMP) enzymes (including MMPs that can 

degrade collagen and proteoglycans (188)) in human tendinopathy (236;237). Broad-

spectrum inhibitor of matrix metalloproteinases was found to induce painful 

tendinopathy in patients (238). MMP-3 (a broad-spectrum degradative enzyme which 

can cleave collagen and proteoglycans) is downregulated in tendinopathy (224;239). 

MMP-3 is thought to be a key regulatory enzyme in the control of matrix turnover 

(239), and a decline in this enzyme may represent a failure in the normal remodelling 

process.  

• Nerve ingrowth is known to occur as a response to tendon injury (158), and new nerve 

ingrowth in the tendon proper with increased levels of the neurotransmitters, e.g. SP, 

CGRP (94) and glutamate (162), has been reported in tendinopathy. SP stimulates 

COX-2 and together with CGRP acts pro-inflammatoric in peripheral tissues by 

enhancing cellular release of prostaglandins, histamines, cytokines and growth factors 

(141;240-242).  

 

In summary, tenocytes and the other cells in and around the tendon can respond to mechanical 

load by proliferation, cell migration, cytoskeletal changes, matrix remodelling including 

collagen degradation and synthesis, change in biomechanical strength, production of several 

growth factors, neurotransmitters, cytokines, prostaglands, other pro-inflammatory mediators 

and tenocyte death.  

 

3.5 Extracellular matrix (ECM)  

The extracellular matrix (ECM) plays a key role in force transmission and tissue structure 

maintainance in tendons. Together, the collagen and ground substances comprise the 

extracellular matrix (102). 
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3.5.1 Collagen 

Healthy tendons appear glistening white to the naked eye, and microscopy reveals a 

hierarchical arrangement of densely packed, parallel bundles of collagen fibres that have a 

characteristic reflectivity under polarised light.  

The collagen is produced principally by fibroblasts on the membrane-bound ribosomes of the 

rough endoplasmic reticulum and secreted within the extracellular matrix (243). 

The collagen fibril may be considered the basic force-transmitting unit of the tendon and is 

responsible for the structural integrity and for resisting the tensile force applied to the tendon 

(9;244). Normal tendons and ligaments consist of 30% collagen and 2% elastin (9). In tendons 

and ligaments in which tensions are only in one direction, the collagen fibres have an orderly 

parallel arrangement, i.e. they are regularly arranged. Collagen is arranged in hierarchical 

levels of increasing complexity, beginning with tropocollagen, a triple helix polypeptide 

chain. The collagen molecules link to form microfibrils. The microfibrils are held together 

with cross-links (245;246), which are important for the tensile strength of collagen by 

allowing increased energy absorption, and aggregate in units to form collagen fibrils (primary 

bundles). Groups of fibres are arranged in a bundle or a fascicle (secondary and tertiary 

bundles), and each tendon is then made up of multiple fascicles (see figure 1 page 13). The 

longitudinal fibrils run parallel but cross each other to form spirals, which may uncoil and 

recoil during loading and unloading and act as a buffer to resist longitudinal, rotational, 

transverse and horizontal force during movement  (247). 

There are more than 25 different collagens (248;249); however, tendons are to a large extent 

made up of fibrillar collagen type I, which is the most abundant collagen in the human body. 

It is generally estimated to represent 95% of the total collagen (250). In addition, collagen 

types III and II (where tendons wrap around bony or fibrous pulleys and bony attachments 

(251)) and others types and a small amount of elastin fibres are present (128). Ligaments have 

9-12% of type III collagen and have more cells per mass than tendons (252). In the intact 

tendon very little type III collagen is found (1-1.5%), in contrast to the degenerative tendon 

where the collagen found reveals histochemical and ultrastructural characteristics typically 

associated with type III collagen (253). This indicates that the formation of type III collagen 

must be an integral part of the disease process in tendinopathy.  

Tendons function like all other collagen-based structures in that they respond to external 

stimuli. Physical training increases collagen synthesis, the number and size of the fibrils, the 

concentration of metabolic enzymes, the stiffness and the tensile and maximum static strength 
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of tendons (130;254;255). Reduced physical activity leads to diminished biosynthesis of 

connective tissue components, atrophies the tendon, increases glycosaminoglycan content, 

decreases collagen reducible cross-links, increases alignment of collagen fibres, and the 

tensile strength, elastic stiffness, and the total weight of the tendon decreases (254;256). 

Animal studies especially have demonstrated that prolonged training results in enlargement of 

tendon diameter (254;257;258), but a few studies have also demonstrated enlarged Achilles 

tendon cross-sectional areas in trained versus sedentary humans (259;260). Human studies did 

not show consistent resultants (261), and in addition, the influence of exercise on the 

mechanical properties of tendons is also controversial (257;262-264). Both acute and several 

weeks’ intense physical training stimulated synthesis of type I collagen during the recovery 

process (255;265). Early in the process, both synthesis and degradation are elevated; whereas 

later, the anabolic processes dominate, causing a net synthesis of collagen (183;265;266), 

which may reflect both physiologic adaptation and repair of damage of extracellular matrix 

structures (255;265;267).  

Even in patients with tendinopathy, eccentric rehabilitation increases the collagen synthesis 

(268). 

The aging tendons undergo morphological and biochemical changes where the mean diameter 

of collagen fibrils increases along with a decrease in concentration of glycoprotein and in the 

ration of proteoglycan to collagen (269-271). Aging is associated with a relative drop in cell 

density and a reduction in the intracytoplasmatic organelles responsible for protein synthesis 

(272). This results in reduced stiffness and strength of the tendon (273). The increased amount 

of tendon tissue in elderly (274;275) could be a response to many years’ loading or a 

compensation for the reduced tendon quality and strength. 

Microdialysis studies indicate that mechanical loading of human tendon tissue during exercise 

enhanced the amounts of MMPs and TIMPs (tissue inhibitors of metalloproteinases) in the 

human peritendinous tissue in vivo, and that MMPs and TIMPs are playing a role in collagen 

adaptation to exercise in tendon tissue (211). 

Several growth factors e.g. platelet-derived growth factor (PDGF) (276), transforming growth 

factor-ß1 (TGF-ß1) (226), insulin-like growth factor-1 and 2 (IGF-1, IGF-2) (225), fibroblast 

growth factor-2 (FGF-2) (277), epidermal growth factor (EGF) (278) as well as several 

interleukins (216) have been shown to regulate the synthesis of collagen. 

 

In summary, cross-linked collagen provides tensile strength and stiffness. Human tendons 
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increase their metabolism and oxygen uptake with loading (279), and their glucose uptake 

with muscle contraction (280). Despite the fact that the literature on the effect of exercise 

training on tendon function is indecisive (281), experiments give reason to believe that 

physical training may modulate the properties of tendons making them larger, stronger and 

more resistant to injury (259).  

 

3.5.2. Ground substance 

The collagen is embedded in a hydrophilic ground substance consisting of proteoglycans 

(PGs), glycoproteins and glycosaminoglycans (GAGS), many of which are relatively poorly 

characterised, and several other small molecules (177).  

PGs are macromolecyles composed of a protein core, with at least one GAG-chain covalent 

attached and are strongly hydrophilic, enabling rapid diffusion of water-soluble molecules and 

the migration of cells. PGs are making up less than 1% of the dry mass of tendons (130). In 

tendons, PGs play a major role in structural and biochemical adaptation to changes in loading, 

and they are responsible for maintaining proper biomechanical function (282). For example, 

some PGs are upregulated with tensional load whereas other PGs are upregulated with 

compression load (283) and there are a site-specific variations in proteoglycan content related 

to the mechanical history and function of the tendons. This illustrates the differentiated 

response to tensile and compressive loading not only on collagen but also on PGs in the 

ground substance and indicates specific functions for individual PGs in collagen 

fibrillogenesis and during load. PGs have been classified into two subfamilies: the small 

leucine-rich PGs (SLRPs) and the large PGs, which are further divided into two subgroups: 

those that do not bind hyaluronan; and the “hyalectans”, which bind both hyaluronan and 

lectin. The SLRP and hyalectans are the most abundant PGs in the tendon ground substances. 

Compressive loads applied to the tendon (at the most distal portion of the Achilles tendon and 

the most proximal portion of the patellar tendon) result in the synthesis of PGs that lead to 

fibrocartilage formation (283). 

Adhesive glycoproteins participate in repair and regeneration processes in tendons (284).  

GAGs are usually classified into four classes: 1) hyaluronan, 2) chondrotin sulphate and 

dermatan sulphate, 3) keratin sulphate and 4) heparin sulphate and heparin. Some GAGs are, 

as mentioned, incorporated into collagen fibils, whereas other GAGs are interfibrillar, 

maintaining a hydrated viscoelastic structure and allowing sliding of fibres and fascicles 

relative to one another. GAGs can bind signal transducers, such as fibroblast growth factor 
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and vascular endothelial growth factor, and potentially serve as a reservoir, scavenger or co-

factor for cell signalling (285). GAGs are  increased in chronic tendon pain (286).  

 

In summary, the ground substance contributes to the viscoelastic properties of tendons and the 

lubrication for interfibrillar gliding. The ground substance maintains water within the tissue, 

and it provides a medium for diffusion of dissolved nutrients, gasses and other agents.  

 

3.6. Tendinopathy - pathology 

Achilles and patellar tendons from patients with chronic tendon pain exhibit similar 

histopathological changes (99). Whether a specimen has been harvested from an Achilles or a 

patellar tendon is impossible to determine on the basis of histological examination, despite the 

fact that in the patellar tendon, chronic tendon pain occurs mainly at the attachment in the 

young age group between 18-30 years (5;53;287), whereas in the Achilles tendon it is more 

common in the midportion og the tendon in the age group between 30-60 years (5-8;244).  

In stark contrast to the glistening white normal tendon, symptomatic tendons appear grey or 

yellow-brown and amorphous to the naked eye, and microscopy reveals discontinuous and 

disorganised collagen fibres that lack reflectivity under polarised light (5;288-291).  

Compared with normal tendons, the characteristic features of tendinopathy under light 

microscopy are A) disrupted collagen and thinner than normal collagen fibres and the 

characteristic hierarchical structure is lost (292), B) increased ground substance, in which  

Movin et al (286) found a high concentration of GAGS, C) more prominent and numerous 

tenocytes without their normal fine spindle shape and with more rounded nuclei  and atypical 

endothelial cellular proliferation (233;293-296) and D) extensive neovascularisation, as seen 

for example after introduction of the colour and power Doppler US (5;118;161;286;297;298). 

It is not known in what order these features develop, as all four are usually present in patients 

with chronic tendon pain who undergo surgery.  

The histology studies of specimens removed during surgery from Achilles and patellar 

tendons are similar (5) and reveal hypoxic degeneration (56) mucoid or myxoid degeneration 

and fibrinoid necrosis (54;56;291;294-296;299-303), fatty degeneration or tendolipomatosis 

(56), collagen degeneration (304), pseudocyst change (296), randomised collagen with 

irregular fibre structure and poor fibre orientation and neovascularisation and tenocyte 

infiltration (5;50;54;286;290;291;305-308), microtears of the tendinous tissue (53;54;290), 

chronic inflammatory cell infiltration (309), acute inflammation (304), granulation tissue 



27 
 

(305), small foci with iron positive haemosiderophages (160), focal degeneration near the 

bone-tendon insertion (54;290;305;310;311), hyalin degeneration and fibrocartilaginous and 

bony metaplasia (296;310), calcifying tendinopathy (56), angiofibroblastic tendinosis (312), 

tendon oedema and different combinations of these entities (56;128;313;314). Virtually every 

study of the pathology of Achilles and patellar tendinopathy has reported that there were more 

conspicuous and more numerous cells than in healthy tendons, and inflammatory cells were 

absent. The nomenclature is not systematised, and there may be some overlap between the 

different pathologies, but most of the histologic findings mentioned above represent  

1. chronic degeneration (hypoxic degeneration, mucoid or myxoid degeneration, fatty 

degeneration, collagen degeneration, fibrinoid necrosis, tenocyte necrosis, pseudocyst 

change, focal degeneration, hyalin degeneration),  

2. regeneration (neovascularisation or angiofibroblastic tendinosis, tenocyte infiltration, 

chronic and acute inflammation), and  

3. microtears of the tendinous tissue (the positive haemosiderophages).  

Apoptotic (“programmed” cell death unleashed by enzymes, caspases) and necrotic (the 

integrity of the cell membrane is lost) tenocytes are both observated in tendinosis 

(102;315;316) and after mechanical loading (317), but it is unknown whether apoptosis is the 

reason or the consequence of tendinopathy. Apoptosis was increased two and one half times 

in tendinopathic tendons in relation to control tendons (318). 

The prevailing opinion is that no histological evidence of acute inflammation has been 

documented in ruptured tendons (87;319) or tendinopathic tendons undergoing surgery 

(43;53) or biopsies (320). 

In a recent study (304), however, immunohistochemical staining confirmed acute 

inflammation in all of 60 ruptured Achilles tendons. The neutrophils had a morphologic 

reminiscent of necrotic tenocytes, and their presence was confirmed on immunohistochemical 

staining. By using monoclonal antibodies (CD3 for detection T lymphocytes, CD 20 for 

detection B lymphocytes and CD 68 for detection macrophages), Schubert et al (160) 

demonstrated that B and T lymphocytes and macrophages were increased in Achilles 

tendinopathy samples. These two studies need more confirmation. 

Areas of altered collagen fibre structure and increased interfibrillar ground substance, which 

has been shown to consist of hydrophilic GAGS, in Achilles tendinopathy correspond to the 

increased signal on MRI (321) and the hypoechogenic regions on US (322;323). Areas with 

increased signals on MRI (291;312) and granulomas and hypoechogenic regions on US 
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(310;324) in patellar tendinopathy appear to correspond to  mucoid degeneration (291).  

 

In summary, tendinopathy reveals abnormalities in collagen, in ground substance and cells. 

The collagen is disrupted, disarrayed, disorientated and separated, giving the impression of 

loss of the normally parallel orientation. Fibre diameter and the overall density of collagen are 

decreased, and collagen microtears are often seen. The ground substance is increased. 

Neovascularisation and tenocyte infiltration are often described. There is no histological 

evidence of acute inflammation in the tendon proper; however newer studies with 

immunohistochemical staining and flow cytometry have demonstrated inflammatory cells. 

 

3.7 Tendinopathy - aetiology 

The exact pathogenesis of chronic tendinopathy remains largely unknown but seems to be a 

multifactorial process. There is a wide range of suggested aetiological factors, but the 

scientific background for most of these suggestions is lacking. They must be characterised as 

non-proven theories, and, above all, their clinical importance is not well known (325). At the 

moment, many risk factors, both intrinsic (those from within the body) and extrinsic factors 

(those outside the body) have been suggested as mechanisms of overuse tendon injury 

(50;326):  

 

Intrinsic factors: 
Age with decreased arterial blood flow with local hypoxia, less nutrition, impaired 

metabolism, and free radicals (110;327;328). Tendinopathies are significantly more 
common in elderly athletes compared with young athletes (329;330). There is some 
evidence of accumulated physical damage in ageing tendons, with increases in the 
amount of denatured collagen and increased proteolytic cleavage of matrix component 
(236), changes that all are associated with deterioration in the physical properties of the 
tendon (217), although some authors find normal ageing of connective tissue is 
morphological different from degeneration (331). 

Vascular perfusion. Cells in ruptured tendons showed evidence of hypoxic changes (56), and 
microdialysis studies have demonstrated high intra-tendinous concentrations of lactate in 
chronic, painful Achilles tendons (332). On relaxation, reperfusion occurs, generating  
oxygen free radicals (333;334). 

Exercise-induced hyperthermia (335;336). During exercise, tendons may develop temperature 
levels above the 42.5-degree threshold for fibroblast viability (337). 

Deposits of amyloid, calcification, cholesterol (338) and breakdown products of protein such 
as tenacin-C (339-341). 

Anatomic variants, e.g. various alignment such as Q-angle and foot hyperpronation (331;342), 
varus and valgus deformity of the forefoot and hindfoot (49;331), pes cavus (343) and 
planus (344), genu valgum or varum, leg-length discrepancy (325;345), patellofemoral 
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malalingement and femoral neck anteversion (89;325). Åström demonstrated that 
biomechanical “abnormalities” were unimportant in chronic Achilles tendinopathy (6). 

Impingement (346;347) (despite there being no relationship between the patella and the 
patellar tendon evaluated with MRI (348;349)). 

Limited range of motion of the ankle joint (49). 
Joint laxity (325), e.g. excessive motion of the hindfoot in the frontal plane (350), especially a 

lateral heel strike with compensatory pronation, and lateral ankle instability. 
Muscle weakness/imbalance (351;352) and lack of flexibility (350;353;354). 
Gender (325).  
Genetic (355-361). 
Systemic disorders (362), e.g. inherited disorders (363), endocrine (364-366) and metabolic 

diseases (367;368) and rheumatologic disease (369) (e.g. rheumatoid arthritis (370;371), 
psoriasis (372), systemic lupus erythematosus (373;374)), infectious disease, increased 
serum lipids (375), hyperuricaemia (376), hypertension (365), chronic renal failure (377) 
and neurologic conditions (362). 

Sciatic pain (378). 
Body mass (325;365). 
 
Extrinsic factors: 
Physical load in sport/occupation, e.g. excessive force, repetitive loading, abnormal/unusual 

movement (379). 
Training errors (331;343;380), e.g. poor technique (381;382), fast progression, high intensity, 

fatique. 
Equipment (383;384), e.g. new or worn out shoes. 
Environmental conditions, e.g. temperature and running surface (49;380). 
Medication, e.g. glucocorticosteroid injections (29;30), systemic glucocorticosteroids 

(385;386), oral contraceptives (365), flouoroquinolones (387;388). 
 

While isolated introduction of these risk factors typically does not independently cause 

tendinopathy, their presence may potentiate the development of tendinopathy when they co-

exist with other risk factors, e.g. mechanical overload. Exactly how extrinsic and intrinsic risk 

factors combine to generate the initial tissue damage at the onset of tendinopathy cannot be 

explained entirely at the moment (389).  

 

There are several hypotheses for developing tendinopathy. 

• The over-use theory. Despite one third of patient with Achilles tendinopathy did not 

participate in vigorous physival activity (306;390) the traditional view of tendinopathy 

is a tendon injury associated with over-use (10;128;327) from repetitive mechanical 

load, microtears and acute and then chronic phases of inflammatory "tendinitis", 

which lead to tendon degeneration, despite these conditions as just mentioned also 

being seen in not physically active individuals (7;8). It has been found highly probable 

that overload exercise plays a decisive role in tendinopathy because the lifetime 
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cumulative incidence of Achilles tendinopathy is nearly 10 times higher among elite 

endurance athletes than among sedentary people (2;328). Most authors have as 

mentioned earlier rejected the inflammatory part of the theory, but in chronic Achilles 

tendinopathy low level laser theraphy significantly reduces peritendinous PGE2 

concentrations and neovascularisation and increases pressure pain threshold and single 

jump hop test suggesting an inflammatory component to chronic tendinopathy (391). 

In the “neurogen over-use hypothesis” the nerve endings in the mast cells in the matrix 

release neuropeptides (SP and CGRP) and the mast cells degranulate, releasing a 

panoply of agents, which modulate cell activity in the matrix. In this way excessive 

stimulation leads to tissue breakdown and degeneration (392) via neurogenic 

inflammation. 

• The under-use theory. Newer studies have put a question mark over the over-use 

theory. Recently, it has been shown that the lowest tensile strain in Achilles and 

patellar tendons is measured at exactly the site where the changes of classic patellar 

tendinopathy and Achilles entesopathy are found (393-395). The strain patterns in 

tendons may not be uniform, as tendons show stress-shielded areas and areas 

subjected to compressive loading at the enthesis. This indicates that some 

tendinopathies may paradoxically be considered as “under-use” lesions (396).  

•  The ageing and vascular theories are mentioned above. Despite exercise resulting in 

peritendinous blood flow increases up to sevenfold (113;114) and oxygen extraction 

and total haemoglobin volume increases in the peritendinous region (113), this does 

not guarentee that the increase in blood flow (especially in the elderly) is sufficient to 

meet the oxidative needs of the tendons during exercise. Theoretically, ischaemia can 

trigger neovascularisation and initiate apoptosis, which is increased in tendinopathy 

(318), perhaps by ischaemia-induced increased intracellular calcium or high NO 

concentrations (334), which also have been associated with activating the apoptosic 

pathway (397;398).  

 

To evaluate the different hypotheses, experimental models of tendinopathy have been 

constructed. Tendinopathies in animal studies have been produced by repetitive mechanical 

loads, injection of collagenase, cytokines and inflammatory prostaglandins:  

• Backman (399) demonstrated an experimental model of Achilles tendinopathy in 

rabbits. The rabbits were exercised in a kicking machine that produced passive 
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flexions and extensions of the ankle joint, and active contractions of the triceps surae 

muscles were induced by electrical stimulation via surface electrodes. The animals 

were exercised for 5 to 6 weeks, with a rate of 150 flexions and extensions per minute 

for 2 hours, three times a week. Light microscopic examination showed degenerative 

changes of the tendon, and increased number of capillaries, infiltrates of inflammatory 

cells, oedema and fibrosis in the paratenon.   

• The tendons injected with collagenase (400-403) caused tendon degeneration and later 

on healing with increased angiogenesis of the matrix, focal fibrosis, myxoid changes, 

and collagen-bundle disarray with persistent increase in cellularity. There was a 

significant increase in cross-sectional area and a significant increase in crosslinking.  

• The tendons injected with cytokines (401) demonstrated increased cellularity, but the 

matrix appeared unchanged. Biomechanically, a significant decrease in ultimate load 

was seen in the tendons injected with cytokines, but no change was seen in cross-

sectional area.  

• PGE1 peritendinous injection in patellar tendons (404) leads to degeneration as well as 

inflammation around and within the tendon and results in significantly higher values 

for average water content of the tendons and a histological picture of acute 

inflammation. After 5 weeks, tendons showed fibrosis of the paratenon, with 

adhesions and intra-tendinous degeneration. 

• PGE2 intratendinous injections in patellar tendons (405) caused focal areas of 

hypercellularity, tendon disorganisation and degeneration and loss of normal tissue 

architecture. Tendons injected exhibited loosely organised collagen fibrils and had 

thinner collagen fibril diameter compared with control tendons. 

• Fluoroquinolone antibiotics have been shown to induce tendinopathy (406), modulate 

MMP activity (407;408) and stimulate inflammatory pathways in or around tendons 

(409). In this way, treatment of rodents with fluoroquinolone antibiotics can induce 

tendinopathy, with inflammation of the paratenon preceding degenerative changes in 

the tendon matrix (410). Animal models are being tested, but it is too early to know 

whether they can be used to test new treatment methods (411). 

• Human patellar tendon fibroblasts treated with PGE2 showed that fibroblast 

proliferation was significantly decreased, and the proliferation of and collagen 

production by human patellar tendon fibroblasts was affected by PGE2 in a dosage-

dependent manner (196). Thus high PGE2 produced by fibroblasts in response to 
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repetitive mechanical loading can be involved in the development of tendinopathy by 

the tendon inflammation induced. Taken together, these results show that high levels 

of PGE2 present in the tendon matrix in vivo not only participate in the tendon 

inflammation but also decrease fibroblast proliferation and collagen production, which 

may lead to tendon matrix degeneration. 

 

Arnoczku (228) has shown a direct relationship between the amount of stress that tendon cells 

are exposed to and the induction of a stress-activated protein kinase SAPK, such as c-Jun N-

terminal kinase (JNK). SAPK is a signal transduction protein that is activated through a 

diverse set of environmental conditions, such as heat, shock and pro-inflammatory cytokines 

(229), indicating that this signal pathway can be a part of the inflammatory response. 

Although transient activation of JNK is associated with normal cell processes, persistent JNK 

activation has been linked to the initiation of apoptosis, which has been shown to be increased 

in tendinopathy (318).   

 

Repeated heavy loading, with or without the presence of one or more intrinsic risk factors, 

may produce initial pathological changes in either the extracellular matrix or cellular 

components of a tendon. When the load exceeds the tendon’s strength (resistance), the 

progressive damage (the basal ability of the tissue to repair itself being overwhelmed by the 

repetitive microtraumatic process) may lead to the structure of the tendon being disrupted 

micro- and macroscopically by this repetitive strain (often eccentric in nature). Collagen 

fibres begin to slide past one another (causing breakage of their cross-linked structure) and 

denature (with inflammation oedema and pain) causing a focal area of intratendinous 

degeneration, partial tears and complete ruptures (9;412). The cumulative trauma is thought to 

weaken collagen cross-linking and the non-collagenous matrix and vascular elements of the 

tendon, finally leading to “tendinopathy”. Hitherto the prevailing opinion has therefore been 

that tendinopathy may begin with disrupted collagen due to mechanical overload (325). 

However, studies of rats sacrificed 2 weeks after tendon overload showed tenocyte activation 

but no other features of tendinosis – ground substance, collagen and vascularisation remained 

normal (413), whereas all specimens exhibited all four features of tendinosis after 5 weeks of 

Achilles tendon overload (399). In a study (297) investigating the prevalence of the same four 

light microscopic features of patellar tendinosis in asymptomatic athletic subjects undergoing 

patellar tendon anterior cruciate ligament reconstruction, 36% of the patellar ligaments were 
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abnormal on light microscopy. In nearly all of the abnormal tendons, including tendons with 

increased ground substance and collagen separation, tenocyte changes were found, while no 

tendons demonstrated neovascularisation. These data indicate that tendinopathy begins with 

cellular activation and proceeds through phases of increased ground substance, then collagen 

separation and eventually neovascularisation.  

 

In summary, there remains a substantial lack of understanding about the chain of events 

leading to tendinopathy. The literature is dominated by several hypotheses on the reason for 

tendon rupture, e.g. overload, underload, ageing, and vascular. However, the different theories 

are not mutually exclusive. All the different theories could be explained by a misbalance 

between load and training level, most probably because of a too rapid increase in training 

intensity. Overloading is crucial in the development of tendinopathy in individuals who, 

perhaps because of genetic factors, are predisposed. Repetitive mechanical stretching of 

human tendon fibroblasts will increase the expression and activity levels of phospholipase-A2, 

COX-2 expression, PGE2 and LB4 production and production of many other pro-

inflammatory mediators, including cytokines and neuropeptides, all of which are 

interconnected. Human microdialysis studies have shown increased PGE2 peritendinous after 

exercise, and some studies had shown increased PGE2 and neuropeptides in chronic 

tendinopathy. Finally, in vivo animal studies using patellar tendons revealed that repeated 

exposure to PGE2 and cytokines causes degenerative changes in the tendon. Therefore, most 

probably – despite a great deal of uncertainty still being included in these concepts - an 

inflammatory process may be related to the development of tendinopathy, and the 

inflammation may also play a role in chronic tendinopathy. 

However, there are still no good answers for many questions, e.g. why patellar tendinopathy 

is seen in younger persons than is Achilles tendinopathy and why does the damage appear to 

be permanent in as much as the injuries are not healed after months of rest and avoidance of 

the trigger factors that are supposed to cause the injury? 

 

4. Ultrasonography  

Ultrasonography (US) has, during the last 20 years, been increasingly employed in diagnosing 

pathologies of the Achilles and patellar tendons (286;305;414-421) because it provides a 

readily-available, quick, safe and inexpensive method to image tendon tissue structure. 

Tendons are composed largely of parallel running fascicles of collagen fibres that interweave 
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and interconnect. These fascicles are large enough to be visible to the naked eye as well as US 

(320;422;423):  

 
Very subtle changes in the architecture can be seen in intrasubstance tendon degeneration and 

partial-thickness tears:  

 
Reflectivity, attenuation and backscatter of the US signal are highly anisotropic characteristics 
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in tendons. These parameters depend on the orientation of the US beam relative to the tendon 

structure (424).  

It is important to alternate frequently between longitudinal and transversal scans to gain a 

three-dimensional impression of the structure under evaluation (415;416). On longitudinal 

scan, the tendon appears as a band-like structure containing hyperechoic lines. This bright 

fibrillar structure is best visualised when the transducer is perfectly perpendicular to the 

tendon (see photos above). Longitudinal images allow the examiner to distinguish separate 

tendon fibres more clearly (425). The cross-sectional profile of the Achilles tendon is bright 

oval-shaped and rectangular in the patellar tendon (417). 

In most other studies, the measurement of the tendons is not clearly described (66;118;426-

429), and when the method is described, the anteroposterior (AP) diameter (method I, see 

figure 2 below) was often measured in either transversal (418;430-433) or longitudinal (434) 

scans. Fornage (422) emphasised that since the orientation of the (Achilles) tendon is 

generally oblique, true sagittal (AP diameter) ultrasonograms (method I) may overestimate 

the tendon thickness. Fornage recommended method II (diameter measured perpendicular to 

the greatest width, see figure 2 below), which allows measurement with both longitudinal and 

transversal scans after the three-dimensional impression of the tendons is gained.  

 

 

 

 

 

 

 

Figure 2. US scan planes for measurement of the 

tendon thickness. Method I measures the AP 

thickness. Method II measures the “true” tendon 

thickness perpendicular to the greatest width. 

 

 

 

Kallinen (435) found difficulties in reproducing the exact location of the ultrasonographic 

imaging plane in repeated measurements of tendon thickness, and he suggested improving the 

 

Method II 

Achilles 

Method I 
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method by marking the site with a metal wire to cast an acoustic shadowing line which would 

be easy to see during imaging. However, as in this thesis, the ultrasonographic longitudinal 

scan of the tendon allows the examiner to record the distance from the measuring point to the 

insertion with 0.1-0.2 mm precision, and thereby measure the tendon thickness at exactly the 

same point during subsequent controls. This is particularly important when measuring the 

tendon thickness of the patellar tendon, which is cone-shaped with a significantly greater 

diameter at the proximal end.    

While  tendon thickness can be measured in both the longitudinal and transversal scan (436), 

the tendon width and length (which is not used in this thesis) can of course only be measured 

in the transversal and longitudinal scan, respectively.  

 

Tendons without a synovial sheath are slightly more difficult to examine using US than 

tendons with a synovial sheath. In tendons without a synovial sheath, the epitenon is tightly 

bound to the tendon, and during dynamic scanning the tendon can be seen to move in relation 

to the paratenon. Ultrasonographically, the epitenon is seen as a reflective line surrounding 

the tendon (422).  

 
 

In patients with chronic Achilles tendon disease, US shows spindle shaped thickening of the 

tendon (either the superficial gastrocnemius, the profound soleus or both), discontinuity of the 

fibres, focal hypoechoic intratendinous areas, intratendinous focal calcification, partial 

ruptures and thickening of the paratenon with poorly defined borders (especially the profound 

border at the attachment at the calcaneus), bursitis (retrocalcaneal and superficial) 

(414;437;438) and the contours of the Achilles tendon may be deformed with a bumpy 

The peritendon consist of the epitenon and the paratenon. The hyperechoic structure superficial to the tendon surface 
(D1, 0.3 mm) appears layered and moves together with the tendon in dynamic scan. This layer is mentioned epitenon. 
The layer just superficial to D1 does not move together with the tendon. This layer is mentioned paratenon (D2, 0.4 mm). 
 

Epitenon and paratenon 
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appearance (415).  

In patients with chronic patellar tendon disease, US shows a cone-shaped, hypoechoic area in 

the patellar tendon often located in the upper insertion at the lower pole of the patella, 

intratendinous focal calcification, discontinuity of the fibres, partial ruptures, irregular 

hypoechoic paratenon with poorly defined borders (especially the proximal profound border) 

and bursitis (profound and superficial). The thickening of the tendon can be localised or 

diffuse including the whole tendon (300;439).  

In earlier studies, these ultrasonographic abnormalities have been found to correspond to the 

areas of altered collagen fibre structure and increased interfibrillar ground substance 

(hydrophilic glycosaminoglycans) in Achilles tendinopathy (7;322;323) and mucoid 

degeneration (291) in patellar tendinopathy (310;324).  

 

Some studies have compared US with operative findings (426;427;440) and US with MRI and 

operative findings (291;418;436;441) and found that US is a suitable imaging modality in 

chronic disorders in the Achilles and patellar tendons. Several authors 

(57;59;117;418;421;430;442-444) showed that US can be used to predict the outcome of 

tendinopathy, whereas other studies found no such correlation (433). In a review, Warden 

(445) found that 85% of athletes with symptoms of jumper’s knee have ultrasonographically 

abnormal patellar tendons (94%, if the oldest study from 1990 (310) was excluded) whereas  

this is the case in 23% of asymptomatic athletes.  

Cook et al (57) found the relative risk for developing symptoms of jumper’s knee is 4.2 times 

greater in elite junior basketball players with ultrasonographic hypoechoic areas in the patellar 

tendon than in controls with ultrasonographic normal patellar tendons, whereas Warden in the 

above review (445) found the risk for developing symptoms of jumper’s knee increased from 

4% to 26% if ultrasonographic abnormalities were found in the patellar tendon. In some 

studies of late stage tendinopathy, a close relationship has been described between clinical 

symptoms and signs and ultrasonographic changes (53;305;306;446). As mentioned above, 

these findings have been in accordance with subsequent histological examination after 

operation and Öhberg et al (13) and Gisslen et al (421) showed that structural abnormalities 

seen by US seem to be associated with pain in the tendons. 

 

In contrast, Lian et al (58) found that in earlier stages of the disease, the results may be more 

dissociated, and in a study from 1990 Myllymaki (310) found only that 50% of athletes with 
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jumper’s knee have ultrasonographically abnormal patellar tendons. Khan et al (433) found 

that US showed only moderate correlation with clinical assessment of acute and chronic 

Achilles tendon disorders.  

 

MRI has also been used for musculoskeletal imaging during the last 20 years, and both MRI 

and US are competing modalities in the diagnosis of tendon pathology. US has several 

significant advantages over MRI. The greatest strength of the US is that it is interactive and 

the examiner is in contact with the patient, and any site of reported pain or tenderness can be 

directly correlated with its real-time scan appearance on the screen. The ultrasonographer can 

make use of the dynamic real-time character of US, so that tendons can be studied throughout 

their range of motion and side-to-side comparison is always available during the US 

examination. This unique advantage over other cross-sectional imaging modalities like CT 

and MRI is of course especially applicable in the evaluation of mobile structures such as 

tendons (447;448). Tissue with few mobile protons emits little or no signal and, therefore, the 

internal architecture of the tendon is not well demonstrated in MRI (449-451). In contrast, US 

shows the fine internal structure of tendons, and US therefore pictures the anatomic border of 

the tendon more precisely than MRI (428), and in agreement with this the “standard 

deviation” (SD) and “range of the mean difference” from repeated measurement are less in 

US than in MRI (432). In agreement with this, Warden has shown that US is more accurate 

than MRI in confirming clinically diagnosed patellar tendinopathy (452). MRI requires 

complex surface coils to attain maximal spatial resolution. It is much easier to change to a 

higher-frequency US transducer to obtain greater spatial resolution. In fact, the spatial 

resolution of US is much better than that of MRI if both examinations are performed with the 

most modern equipment (449;453). Furthermore, US can demonstrate the neovascularisation 

in tendinopathy; however, this was not a part of this study.  

Despite the fact that US is increasingly used in sports medicine, only modest methodological 

studies exist concerning US of tendons with measurement of the inter- and intra-observer 

variation (449;454;455), and there is no documented consensus as to where and how tendons 

should be measured. MRI is well established as an imaging modality in tendon research 

(456;457) because MRI hitherto is regarded as being more easy to perform in a standardised 

manner than US (321). It is also possible with US to examine the exact same fix point of the 

tendon during repeated measures by recording, in the longitudinal scan plane, the distance 

from the measuring point to the bony attachment of the tendons. This technique – as evaluated 
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in this thesis - will probably reduce the variation of repeated measurement. And if US has 

acceptable inter- and intra-observer variation, it can be turned to practical account, and the 

examiner will have a method easy to use and which allows the examiner to improve 

monitoring of treatment not only in daily clinic but also in future studies. 

One of the purposes of this study was to evaluate US in preparation for improving the 

accuracy of measurement of tendon thickness and objectivity of the treatment control of 

patients in the daily clinic and in future studies. The purpose of this study is not to compare 

US and MRI, because US today is a well established first choice modality regarded as the 

examiner’s extended hand in the daily clinic, which will never be the case for MRI, although 

new MRI techniques are being developed (450;458). 

 

In summary, US is a readily available, quick, safe and inexpensive method to image tendon 

tissue structure. Today US is a well established first choice modality regarded as the 

examiner’s extended hand in the daily clinic. 

 

5. Pressure algometry 

Pressure algometry, as a method for inducing experimental pain, has been used for decades 

(459). The essence of pressure algometry is that increasing pressure is applied to the part of 

the body that is being investigated, and the outcome is the patients’ reaction to the pressure. 

The outcome measurement in pressure algometry is the pain detection threshold (PDT), i.e.: 

the point at which pressure pain is first experienced by the patient. Numerous studies 

involving measurement of pressure pain in deep tissues, myofascial pain syndromes, 

headaches, wounds and joints have been performed (460-468). Short-term reliability has been 

documented, long-term reliability has been evaluated but is more questionable, and diurnal 

variation in PDT has been shown to be small (464). Hitherto only a few studies have used 

pressure algometry to examine tendon PDT in athletes with chronic tendinopathy (391;468). 

If pressure algometry can be proved to be valuable in monitoring the effect of treatment in 

chronic tendinopathy, then the technique can be beneficial in future studies. 

 

In summary, pressure algometry is an objective method for measuring the pain detecting 

level. Hitherto only a few studies have used pressure algometry in examining chronic 

tendinopathy. 
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6. Glucocorticosteroids 

The mechanisms of action of the anti-inflammatory action of glucocorticosteroids are not 

completely understood, but glucocorticosteroids modulate inflammation through an effect on, 

not only prostaglandin production, but also by modulating the cytokine activity with 

suppression of cytokines as IL-6 and IL-1-β (235) in the parenchymal tissue as well as the 

cellular component. The classic inflammation and the neurogenic inflammation are 

overlapping, and glucocorticosteroids can inhibit the Substance P-mediated COX2 

expression. Glucocorticosteroids regulate vascular reactivity by acting on both endothelial 

and vascular smooth muscle cells and glucocorticosteroid receptor protein has been identified 

in endothelial and vascular smooth muscle cells and in the cytoplasm (469). In endothelial 

cells, glucocorticosteroids suppress the production of vasodilators, such as prostacyclin and 

nitric oxide (124;125). Therefore glucocorticosteroids are to some extent vasoconstrictors.  

The effects of glucocorticosteroids differ significantly with cell type, and effects may vary 

with the growth state and other associated factors. For example, glucocorticosteroids block 

the growth of hepatocytes (470) but induce cell growth and proliferation in fibroblasts (471). 

The direct effects of local injected glucocorticosteroids on the material properties of the 

tendon are unknown, and documentation of the effect and side effects is inadequate (55;472). 

Local injections of glucocorticosteroids have a few well-known side effects (473): iatrogenic 

infection (the most serious but less common complication), local irritation (postinjection 

“flare”), erythema of the face and torso, skin atrophy and a minor systemic effect. Local 

injection with glucocorticosteroids is a common treatment for tendinopathies, although 

several case reports of tendon rupture have been published (86;474;474-478), but the question 

remains unanswered: Was the rupture of the tendon a result of the disease within the tendon 

that predated the injection, or was it the result of the effects of the injection of 

glucocorticosteroids? In two studies including more than 400 patients (479;480) all with 

Achilles tendinopathy, the rupture rate were not higher in the group treated with local 

glucocorticosteroid injections (3.7 - 6%) than in the non-treated group (3.5 - 8%). Read (481) 

found a 3% rupture rate in patients receiving glucocorticosteroid injections, while Nehrer 

(430) in a small study showed that in the patients with US-verified thickening of the Achilles 

tendons and chronic pain, a spontaneous rupture in non-glucocorticosteroid-treated occurred 

in 28% of the cases after a follow-up of 48 months. 

A number of animal and laboratory studies have addressed the topic of glucocorticosteroid 

injections into or around tendons, with mixed results. Several studies have shown that local 
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and systemic glucocorticosteroids decrease cell proliferation, human tenocytes activity, 

metabolism, and collagen synthesis (causing a reduction of tensile strength of tendons and 

isolated collagen fascicles (482-492)), and suppress proteoglycan production in human 

tenocytes (493;494); although other studies have failed to demonstrate any deleterious effect 

of glucocorticosteroid injections (495-498). In cultured human tenocytes the suppression of 

glucocorticosteroids was reversed by simultaneous addition of platelet-derived growth factor 

(PDGF) (493;494). 

Intratendinous injection of glucocorticosteroids is usually condemned, although obviously not 

all studies, as mentioned above, agree, and even in human pilot studies (499;500), 

intratendinous glucocorticosteroid injection has no side effects. But, no evidence of any 

serious side effects (except infection) of peritendinous glucocorticosteroids injections in 

human in vivo exists in the literature (28;30;480;501). There are only few randomised, 

placebo controlled studies concerning the effect of local glucocorticosteroids and chronic 

tendon injuries especially in the Achilles and patellar tendons (29;30;55;501;502). An effect 

has been shown in treatment of trigger finger (503-505) and (sub)acute Achilles tendinitis 

(31), whereas only a short-term effect has been shown in tennis elbow (506;507) and rotator 

cuff tendinitis (508-512). With these conditions, studies with a higher methodological score 

produced more favourable results. However, a double blind randomised controlled trial 

examining the effectiveness of glucocorticosteroid injections in Achilles paratenonitis showed 

no benefit (pain, tenderness and return to normal activity) of peritendinous metylprednisolone 

and marcaine over marcaine injections alone (501).  

 

It is well known that most blindly injections are not correctly placed. Among others, Eustance 

found that even in the hands of musculoskeletal specialists, only a minority of injections are 

performed accurately (29% of subacromial and 42% of intra-articular shoulder injections) and 

that outcome correlates significantly with accuracy of injection (513;514). Zhingis et al found 

similar results in subjects with tenosynovitis stenosans (De Quervain's) (515). US-guided 

injection – as used in this thesis - will increase the accuracy of injections, and that will most 

likely reduce side effects and increase effect.  

 

In summary, the use of glucocorticosteroids injections is widespread in the treatment of 

chronic tendon overload syndromes, despite there being little reproducible evidence in the 

literature to support the efficacy of glucocorticosteroid injection in managing tendinopathies. 
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No randomised, placebo-controlled human studies exist concerning glucocorticosteroid 

injection in the treatment of chronic Achilles or patellar tendinopathy. Many experimental 

studies had shown a decreased collagen synthesis, and many human case reports of tendon 

ruptures in chronic tendinopathy have been published. However, it is not possible to decide, 

based on the published evidence, whether the ruptures are due to the injection or the disease 

for which the injections were given. The rate of rupture in patients with Achilles tendinopathy 

seems to be 3-8% irrespective of treatment. Whether the blockade of the arachidonic 

pathways to limit inflammation has a stimulating or detrimental effect on regeneration or 

healing processes in tendinopathies in vivo is unknown. 
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AIMS OF THE THESIS 

 

The overall aim of this study was to gain new knowledge about the treatment of Achilles and 

patellar tendinopathy with peritendinous injected glucocorticosteroids and to evaluate the 

usefulness of US and pressure algometry in managing tendinopathy. 

 

Specific aims were: 

* Study the effect of ultrasonographically guided peritendinous glucocorticosteroid 

injections in chronic Achilles and patellar tendinopathy. 

* Examine whether it is possible by US of the Achilles and patellar tendons to identify a 

group of asymptomatic athletes with an increased risk of developing symptomatic 

injuries in the Achilles and patellar tendons. 

* Evaluate the intra- and inter-observer variations of US and pressure algometry with 

special emphasis on using the modalities as objective measurements of the effect of 

treatment. 
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MATERIALS  

 

Study I 

Ultrasonography in evaluation of Achilles and patellar tendon thickness. 

Sub-study 1: 

Among  30 voluntary elite football players, we studied the following tendons 

 38 Achilles tendons (mean age 26.3 years, height 180 cm, weight 77.5 kg) 

 27 patellar tendons (mean age 26.4 years, height 179 cm, weight 77.1 kg) 

 

Sub-study 2:  

Among  30 voluntary elite football players, we studied the following tendons: 

 33 normal Achilles tendons (mean age 26.6 years, height 180 cm, weight 78.1 kg), 

 14 abnormal Achilles tendons (mean age 28.8 years, height 183 cm, weight 83.7 kg), 

 35 normal patellar tendons (mean age 26.2 years, height 180 cm, weight 77.9 kg), 

 10 abnormal patellar tendons (mean age 26.3 years, height 182 cm, weight 80.3 kg). 

 

Sub-study 3:  

Among  27 voluntary males and females, we studied the following tendons: 

52 Achilles tendons (mean age 24.0, height 183 cm, weight 77.7 kg). 

 

 

Study 2  

In this study (Ultrasonography and pressure algometry in evaluation of Achilles and 

patellar tendons. Intra and inter observer variability) the following 

volunteers were included: 

Among   40 voluntary patients, we studied the following: 

57 tendons with US and  

47 tendons by pressure algometry.  

12 algometry measurements were made at the temporal region as a reference point. 

None of the above 40 voluntary patients were included in other studies. 
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Study 3 

Influence of acute physical activity immediately before ultrasonographic measurement 

of Achilles tendon thickness. 

Among 10 asymptomatic female elite handball players (mean age 26 years, height 175 cm, 

weight 69 kg), we studied 20 Achilles tendons by US. 

None of the above 20 voluntary female elite handball players were included in other studies. 

 

 

Study 4 

Significance of ultrasonographically detected asymptomatic tendinosis in the patellar 

and Achilles tendons of elite soccer players: A longitudinal study. 

Among 54 volunteer professional male soccer players (18-35 years of age) from two clubs in 

the best Danish league (SAS League), we examined the following tendons: 

     98 asymptomatic patellar tendons and  

     96 asymptomatic Achilles tendons were included.  

None of the above 54 soccer players were included in other studies. 

 

 

Study 5 

In this study (Ultrasonography as a tool for diagnosis, guidance of local steroid injection 

and together with pressure algometry monitoring of the treatment of athletes with 

chronic jumper’s knee and Achilles tendinitis) the following were included: 

 24 athletes (mean age 43.7 years, height 180 cm, weight 84,8 kg) with unilateral 

chronic Achilles tendinitis for more than 6 months and 

 24 athletes (mean age 28.4 years, height 180 cm, weight 78,7 kg) with unilateral 

chronic jumper’s knee for more than 6 months. 

None of the above 48 athletes were included in other studies. 
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ETHICS 

 

All studies were carried out according to the Helsinki declaration and were approved by the 

local ethics committees. All patients and volunteers entered the study after oral and written 

information and gave consent to participate. 

 

 

METHODS 

 

Ultrasonography (US) 

In study I, a SonoSite TITAN portable ultrasonograph with an electronic 10 MHz linear 

transducer was used for the ultrasonographic examination in sub-studies 1 and 2. A high 

resolution Hitachi 8500 ultrasonograph with a 12 MHz linear transducer was used in sub-

study 3. In studies II, III, IV and V a high resolution Toshiba ECCOCEE ultrasonograph with 

a mechanical 7.5 MHz linear and phased array transducer with waterpad was used for the 

ultrasonographic examinations. 

All tendons were scanned longitudinally and transversally, and the tendons were measured in 

accordance with earlier studies: The Achilles tendons were measured with patients in a prone 

position and their heels overhanging the examination couch to enable movement of the feet 

(59;118;418;426;429-434), and the patellar tendons were measured with patients in supine 

position (65). Both the ankles and the knees were flexed 90 degrees which ensures 

standardised tension on the tendon and provides the best imaging during contraction of the 

quadriceps and gastrocnemius muscles. This position straightens the extensor tendons to 

avoid the waving appearance of the tendons, clear the artefact and show the normal fibrillar 

texture of the tendons, which is best seen in the longitudinal scan (415). Ninty degrees flexion 

was chosen because it is easy to assess without a goniometer. Other studies have chosen 30 

degrees (449) and 45 (455) degrees knee flexion. The tendons were examined at rest and 

during active and passive flexion/extension manoeuvres (415) so the dynamic nature of the 

real-time examination was exploited to the fullest.  

When three-dimensional impressions of the tendon were gained by moving the transducer 

side to side in the longitudinal scan and proximal to distal in the transversal scan, the tendon 

thickness could be measured at the thickest point in both longitudinal and transversal scans.  

In the longitudinal scan, the thickness of the normal Achilles tendons was measured 20 mm 
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from the attachment of the calcaneus, and the thickness of the normal patellar tendons was 

measured 6 mm from the attachment of the patella. In the longitudinal scan, the thickness of 

the abnormal Achilles and patellar tendons was measured at the thickest point, and the 

distance from the point of measuring to the attachment of the calcaneus or patella was 

recorded.  

In studies III, IV and V, the maximum anteroposterior (AP) diameter (method I, figure 2) was 

measured in the longitudinal scan. In all other measurements, the transducer in the 

longitudinal scan was moved and angled medially and laterally until the diameter 

perpendicular to the greatest width of the tendon was measured (method II, figure 2), 

corresponding to the shortest diameter at the thickest point in the tendon.  

 

 

Pressure algometry 

For pressure algometry, a Somedic Algometer was used. Pressure diameter was 1.0 cm2 and 

pressure rate was 40 kPa/sec. In the Somedic Algometer it is possible to control pressure rate 

by visual feedback. Such control, however, relies to some degree on the ability of the 

investigators to perform standardised pressure applications (464).  

The ankle and knee joints were held in a standardised angle (90o), allowing the algometric 

investigations of the tendons to be performed under exactly the same circumstances through 

out the entire study (see photos below). 

  

 
After the distance from the tendon insertion on calcaneus or patella to the thickest point of the 

tendon was recorded by US in the longitudinal scan, the thickest point of the tendon was 

marked with a pen on the skin so the pressure algometry could be made at exactly that same 

point during all measurements. 
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When the patients experienced pressure pain, he/she activated the hand-held stop-button and 

the corresponding pressure (kPa) could be read on the display as PDT. 

 

Questionnaire. 

On the first day, the athletes were introduced to a questionnaire with a numeric pain rating 

scale (NRS) for “pain at rest” and “pain during walking”. The athletes completed the 

questionnaire at all the follow-ups without assistance from the investigators. After filling in 

the questionnaire, the athletes were interviewed by the same examiner. The VAS and NRS 

represent a quantitative assessment of subjective factors (516), and the reliability of VAS (and 

NRS) has earlier been documented (516;517), and their application is today widespread (518). 

 

Clinical examination. 

The diagnosis was made by US, interview and clinical examination, mainly based on 

palpation of the tendon, its surrounding tissue and its insertion. The tendons were palpated 

with the knees stretched and the ankles slightly plantar flexed because the tenderness 

significantly decreases or the tendon becomes totally painless when they are stretched. The 

palpation of the Achilles tendon was performed by gently palpating the whole length of the 

Achilles tendon, by gently squeezing the tendon between the thumb and the index finger. The 

palpation of the patellar tendon was performed by pressure from the thumb against the tendon 

at the insertion at the lower pole of patella. The athletes were asked to state whether palpation 

tenderness was present or absent. The examiner graduated the pain reaction as none, light, 

modest and severe (with avoiding reaction). 

 

Blinding procedure 

The glucocorticosteroid and placebo injections were blinded for both the athletes and the 

examiners. One person who did not participate in patient contact or measurements had the 

responsibility for the treatment code and for mixing the injections. The syringe was carefully 

shaken to prevent the precipitation of the glucocorticosteroids (see the section “Medicine and 

placebo” below). 

In study I (sub-studies 2 and 3) and in study II, the US measurements were blinded for the 

examiners. That part of the screen of the ultrasonograph where the result of the measurement 

could be seen was covered for the examiner. Either the blinded records were measured by an 

independent observer or the ultrasonographic images, including the blinded measurement, 
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were printed out for later recording. 

In study II, the pressure algometry measurements were blinded for the examiners. The 

examiner could not see the results of the PDT measurement, and another person recorded the 

results. Moreover, it is impossible to produce specific values in PDT measurements by 

changing the pressure or the pressure rate. 

In study V, the US and PDT measurements were done with intervals of several days, weeks 

and months. The examiners had no possibility of remembering the details of the US or PDT 

of the previous measurements. 

 

Medicine and placebo. 

The active (glucocorticosteroid) injection 

contained 3.5 ml of 10 mg/ml lidocain and 

0.5 ml Kenalog® (containing 20 mg 

triamcinolone) in a 5 ml syringe. The 

placebo injection contained 3.5 ml of 10 

mg/ml lidocain and 0.5 ml 20% Intralipid® 

in a 5 ml syringe. Intralipid® was added in 

order to make the placebo look like the 

milky Kenalog® solution. It was not 

possible to tell the difference between 

placebo and active treatment by colour or 

viscosity. 

 

Rehabilitation 

All athletes were given the same explanation and instruction by the same examiner. They 

were allowed to start rehabilitation 4 days after the first injection by running within the limit 

of pain. They were instructed in stretching and graduated strength training for the calf or thigh 

muscles. They were allowed to train all other parts of the body without limitations.  

 

Statistic 

In all studies I-IV the level of significance was set at 5 % (p < 0.05). 

Study I. (Ultrasonography in evaluation of Achilles and patella tendon thickness). 

In sub-study 1, a test for interaction was used for testing the difference in thickness at 



50 
 
different points of the tendons. 

The repeated measurements were tested by paired t-test in sub-studies 2 and 3. 

The variation in the measurements of the same tendon consists of a systematic variation and a 

random variation. The systematic variation can be corrected if known, whereas this is not 

possible for the random variation. SDintra expresses the random variation (standard deviation) 

within an observer’s repeated measurements using the same method and was calculated as 

SD2
intra = SD2

dif-intra/2, where SDdif-intra is the standard deviation of the difference between two 

measurements performed by the same method. The average of the two SD2
intra was 

subsequently calculated. SDinter was defined as the additional variation the two different 

methods’ measurements would add to the random variation within the observer’s repeated 

measurements (using the same method). If SDinter was calculated as negative, it was counted 

as 0. SDtotal expressed the total random variation between the repeated measurements of 

different methods. This variation included both the variation between the observer’s first and 

second measurements (SDintra) and the additional variation due to measurements using 

different methods (SDinter). Therefore the total variation SDtotal
2 = SD2

inter + SD2
intra, 

considering that SD2
inter = (SD2

dif-inter- SD2
intra)/2, and SDdif-inter was the standard deviation of 

the difference between the two methods’ means.  

The variation was described absolutely calculated from differences (mm). Because the 

variations seem to be directly proportional to the thickness of the tendons, the relative 

variations measured as the SD on the logarithmically transformed data on a single 

measurement within each method were calculated. The standard deviations (SD) calculated 

from the relative differences were estimates of the coefficient of variation (CV= SD/Mean • 

100).  

In sub-study 2, the systematic variation was described by mean differences and compared by 

paired t-test.  

The standard deviations within methods in sub-study 3 were compared pair-wise by the 

Pitman test and the means of the three methods by ANOVA. 

 

Study II. (Ultrasonography and pressure algometry in evaluation of Achilles and patellar 

tendons. Intra- and inter-observer variability). 

SDintra expresses the random variation (standard deviation) within an observer’s repeated 

measurements and was calculated for both observers as SD2
intra = SD2

dif-intra/2, where SDdif-intra  

is the standard deviation of the difference between two measurements performed by the same 
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observer. Finally, the average of the two SD2
intra was calculated. SDinter was defined as that 

additional variation the two different observers’ measurements would add to the random 

variation within the observer’s repeated measurements. If SDinter was estimated as negative, it 

was counted as 0. SDtotal expressed the total random variation between the repeated 

measurements of different observers. This variation included both the variation between the 

observer’s first and second measurements (SDintra), and the additional variation due to 

measurements of different observers (SDinter). Therefore the total variation SDtotal
2 = SD2

inter + 

SD2
intra considering that SD2

inter = (SD2
dif-inter- SD2

intra)/2, where SDdif-inter was the standard 

deviation of the difference between the means of the two observers.  

The variation was described both absolutely, calculated from differences (mm or kPa), and 

relatively, calculated from relative differences (%). The standard deviations (SD) calculated 

from the relative differences were estimates of the coefficient of variation (CV= SD/Mean • 

100). 

Changes/differences within persons were compared by paired t-test.   

 

Study III. (Influence of acute physical activity immediately before ultrasonographic 

measurement of Achilles tendon thickness). 

One sample t-test on differences was used. 

 

Study IV. (Significance of asymptomatic ultrasonographic tendinosis in the patellar and 

Achilles tendons among elite soccer players: A longitudinal study). 

The risk of developing symptoms during the season (+/-) related to the ultrasonography of the 

tendons (sick/normal) was tested with Fisher exact test. 

 

Study V. (Ultrasonography as a tool for diagnosis, guidance of local steroid injection and, 

together with pressure algometry, monitoring of the treatment of athletes with 

chronic jumper’s knee and Achilles tendinitis: a randomised, double-blind, placebo-

controlled study).  

Since the difference between the two measurements in tendon thickness before and after 

treatment seemed to depend on the magnitudes of the changes, natural logarithmic 

transformation was used. Instead of looking at absolute differences, we used relative changes. 

Unpaired t-tests were used to compare changes in the treatment groups. The correlation 

between the changes in diameter of an affected tendon, as measured by ultrasonography, and 



52 
 
age of athletes was tested by Spearman’s rank correlation test. The difference between the 

results of the questionnaire (NRS value) in the glucocorticosteroid and the placebo groups 

was tested by Fisher exact test, 2-tailed. Breslow-Day test for homogeneity of the odds ratio 

for improvement was p = 0.778, which allowed the uniting of the two groups (ACH and PAT) 

when the odds ratio was calculated. 
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RESULTS 

 

In this section, the main results from the four studies are summarised. Details are given in the 

original papers at the end of this book. 

 

Study I 

Ultrasonography in evaluation of Achilles and patella tendon thickness 

Sub-study 1. Tendon thickness in relation to distance from the attachment at patella or 

calcaneus. 

The changes of the thickness of the left and right tendons measured by ultrasonography at 

different distances were not significantly different, either for the Achilles tendons (p = 0.12) 

or for the patellar tendons (p = 0.27). The difference in the thickness of the right and left 

Achilles tendons was calculated to 0.1 mm (se = 0.10, p = 0.39) and to -0.3 mm (se = 0.13, p 

= 0.02) for the patellar tendons. 

The thickness of the Achilles tendon 10, 20, 30, 40 and 50 mm from the attachment at the 

calcaneus was not significantly different, p = 0.45. However, the thickness of the patellar 

tendon was significantly higher proximal than distal. From 5 mm to 30 mm from attachment 

the patellar tendon decrease 0.74 mm in thickness (se = 0.07, p < 0.001).  

Sub-study 2. Transversal contra longitudinal scan. 

In general, in repeated ultrasonographic measurements, all the second measurements in both 

transversal and longitudinal scans (except longitudinal scan of the normal patellar tendon) 

were higher on average than the first measurements. However, these differences were only 

significant in the transversal scan for both the normal left (p = 0.04) and right (p = 0.02) 

patellar tendon, and for the left and right tendons analysed together (p = 0.001). 

In general in the measurements of tendon thickness by ultrasonography, SD and CV were 

increased in all the transversal scans in relation to the longitudinal scan (except the normal 

left Achilles tendons). However, these differences were only significant for the right normal 

Achilles (p = 0.003) and the abnormal patellar tendons (p = 0.008). When the normal left and 

right Achilles tendons were analysed together, there were no significant difference between 

longitudinal and transversal scans (p = 0.51), and when the normal left and right patellar 

tendons were similarly analysed, there were still no significant differences between 

longitudinal and transversal scans (p = 0.07). 

In the total variation (SDtotal), the contribution caused by the different methods of 
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measurement (longitudinal and transversal), SDinter, was negligible in normal tendons but not 

in abnormal tendons. 

Sub-study 3. Method I contra method I 

The thickness of the Achilles tendons measured with methods A (AP thickness, transversal 

scan), B (AP thickness, longitudinal scan) and C (the “true” thickness, longitudinal scan) were 

significantly different (on average 5.58 mm, 5.17 mm and 4.78 mm, respectively) with p < 

0.001. The SD on repeated measurement within each method was calculated to 0.344 mm, 

0.308 mm and 0.209 mm, respectively. There was no significant difference between methods 

A and B (p = 0.36), but the average of method C was significantly less than method A (p < 

0.001) and method B (p = 0.008). 

The relative variations measured as the SD on the logarithmically transformed data on a 

single measurement within each method (CV) were calculated to be 6.1%, 5.2% and 4.4%, 

respectively. There was no significant difference between methods A and B, or between 

methods B and C, whereas the SD of method C was significantly less than that of method A 

(p = 0.02). 

 

Study II 

Ultrasonography and pressure algometry in evaluation of Achilles and patellar tendons. 

Intra- and inter-observer variability. 

The random total variation (SDtotal) between the two observers’ measurements in normal and 

abnormal Achilles and patellar tendons was 0.25 – 0.33 mm (3.8 – 8.7 %), and the 

contribution caused by the different observers’ measurement was less than the variance due to 

one observer’s repeated measurement. 

There were no systematic statistically significant differences between the two observers’ 

ultrasonographic measurements of the Achilles and patellar tendon thickness (although 

observer1 on average had higher values than did observer2).  

There was no statistical difference between one observer’s repeated ultrasonographic 

measurements (intraobserver variation). 

The random total variation (SDtotal) between the two observers’ PDT measurements in normal 

and abnormal Achilles and patellar tendons and the temporal regions was 12.8 – 21.1 %.  

There was a systematic statistically significant difference in the means of the two observers’ 

PDT measurements of the normal tendons and in the temporal region. In contrast there were 

no significant differences in the measurements of the abnormal tendons.  
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In all PDT measurements, the means for the observer’s first measurements were higher than 

the means for the second measurements, and in several cases these differences were 

statistically significant.  

There was no statistical difference between one observer’s repeated measurements of PDT 

(intra-observer variation). 

 

Study III 

Influence of acute physical activity immediately before ultrasonographic measurement of 

Achilles tendon thickness. 

Before acute intensive exercise the mean thickness of the 10 right Achilles tendons was 5.0 

mm (SD 0.5 mm), and for the 10 left Achilles tendons 5.0 mm (SD 0.84 mm). 

The mean thickness of the 10 right Achilles tendons was increased by 0.04 mm and the 95% 

confidence intervals was from -0.19 to 0.26 mm (95%CI -0.19:0.26) and for the 10 left 

Achilles tendons the mean thickness was increased 0.22 mm (95%CI -0.05;0.49 mm). The 

difference (before/after exercise) in the mean value of the right and the left Achilles tendons 

was not statistically different from 0 (p = 0.13). The mean thickness of all the 20 Achilles 

tendons was on average increased by 0.13 mm (95%CI -0.09;0.35 mm) after the acute 

exercise, but the difference was not statistically significantly different from 0 (p=0.25). 

 

Study IV 

Significance of ultrasonographically detected asymptomatic tendinosis in the patellar and 

Achilles tendons of elite soccer players: a longitudinal study. 

At the start of the season in January, the average anteroposterior diameter of the Achilles 

tendons was 4.7 mm (SD, 0.54) in players without spindle-shaped thickening, and 6.5 (SD, 

1.27) mm in players with spindle-shaped thickening. Ultrasonographically detected spindle-

shaped thickening was found in 11 of the 96 asymptomatic Achilles tendons.  

At the end of the season in December, 36% of the asymptomatic ultrasonographic abnormal 

Achilles tendons were still asymptomatic, but the tendons appeared, ultrasonographically, to 

have normalised, while 45% of the tendons had become symptomatic during the season.  

In relation to the group with normal Achilles tendons, the risk of developing symptoms 

related to the Achilles tendons during the season was significantly higher in the group that  

had spindle-shaped thickening of the Achilles tendon at the start of the season 

in January (p < 0.05). 
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At the start of the season in January, the average anteroposteror diameter of the patellar 

tendons was 4.2 mm (SD, 0.76) in the players without ultrasonographically defined 

hypoechoic regions. In players with hypoechoic regions, it was 6.4 mm (SD, 1.15). 

Hypoechoic regions were detected ultrasonographically in 18 of the 98 asymptomatic 

patellar tendons at the start of the season in January.  

At the end of the season in December, 33% of the asymptomatic ultrasonographic abnormal 

patellar tendons were still asymptomatic, but the tendons appeared, ultrasonographically, to 

have normalised, while 17% of the tendons had become symptomatic during the season.  

The risk of developing symptomatic jumper’s knee during the season was significantly greater 

for the asymptomatic group that had hypoechoic regions in the patellar tendon at the start of 

the season in January than for the group with normal patellar tendon (p  < 0.05).  

 

Study V 

Ultrasonography as a tool for diagnosis, guidance of local steroid injection and, together 

with pressure algometry monitoring, of the treatment of athletes with chronic jumper’s knee 

and Achilles tendinitis: a randomised, double-blind, placebo-controlled study. 

Even though the athletes were referred from orthopaedic departments, only one-third of them 

fulfilled the inclusion criteria. Two of the referred athletes had a neglected total rupture of an 

Achilles tendon. The patella group (PAT) was on average 15 years younger than the Achilles 

group (ACH).  

Tendon diameter as measured by ultrasonography was significantly reduced after 

glococorticosteroid injections in both the ACH-S, and PAT-S groups. As early as 1 week after 

the first glucocorticosteroid injection, the average diameter of the affected tendons was 

significantly reduced in the ACH-S group from 9.8 mm to 9.0 mm (p = 0.002), and in the 

PAT-S group from 7.8 mm to 6.9 mm  (p < 0.0001). After 3 weeks, average diameter was 

reduced further to 8.0 mm (p = 0.0003) in the ACH-S group and to 6.1 mm (p < 0.0001) in the 

PAT-S group. After 6 months, tendon diameter in the ACH-S group was increased to 8.6 mm 

and in the PAT-S group to 6.4 mm, which was still significantly less than the first 

measurement (p = 0.002 for both groups). There was no change in diameter at any time in the 

placebo-treated groups (ACH-P and PAT-P). In all tendons, there was reduction in 

pathological change (tendon thickening and inflammation/oedema of the tendon), but only in 

seven of the asymptomatic athletes, who believed they were well, were the tendons 

ultrasonographically completely normalised, compared with the contralateral side.  
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There was a significant difference in pressure pain detection threshold between the affected 

tendons and the controls. One week after first injection, the pressure pain detection threshold 

was higher both in the ACH-S group, having increased from 339 kPa to 436 kPa (p = 0.01), 

and in the PAT-S group, having increased from 430 kPa to 535 kPa (p = 0.07). After 3 weeks, 

the pressure pain detection threshold had further increased in the ACH-S group to 599 kPa (p 

=0.0006), and in the PAT-S group to 639 kPa (p = 0.003). After 6 months, the pressure pain 

detection threshold in the ACH-S group was decreased to 487 kPa (p = 0.02) and 542 kPa (p 

= 0.07) in the PAT-S group. There was no change in the pressure pain detection threshold in 

the placebo-treated groups (ACH-P and PAT-P).  

As early as 1 week after the first glucocorticosteroid injection, walking pain measured on a 

numeric rating scale (NRS) of 0 – 10 was reduced from 3.6 to 2.1 in the ACH-S group and 

from 2.9 to 1.7 in the PAT-S group. After 4 weeks, the pain was further reduced to 0.7 in the 

ACH-S group and to 1.3 in the PAT-S group. After 6 months, walking pain in the ACH-S 

group was increased to 1.9 and to 2.4 in the PAT-S group. Of the 24 athletes primarily treated 

with glucocorticosteroids (ACH-S and PAT-S), 15 patients had reduced walking pain after the 

first injection. Of the 24 placebo- treated athletes (ACH-P and PAT-P), only six had reduced 

walking pain. The difference between the glucocorticosteroid and the placebo groups is 

significant (p = 0.02), and the estimated odds ratio for improvement was 5.00 (95% 

confidence interval 1.46 – 17.10).  

Atrophy was seen in 11 of the 24 glucocorticosteroid-treated in the ACH groups, and in nine 

of the 24 glucocorticosteroid-treated in the PAT groups. In nearly half of the athletes, the 

changes disappeared before the 6-month control. In none of the athletes did the atrophy give 

any problems. One of the athletes in the ACH-S-group developed a total rupture of the 

Achilles tendon. 
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DISCUSSION  

 

Despite the fact that chronic injuries in the Achilles and patellar tendons are common injuries 

with increasing incidence, there are still many unanswered questions. 

Primarily, there are problems with both the accuracy of the diagnosis and the evaluation of the 

treatment, and there is little scientific evidence for the majority of treatments proposed and 

used for chronic tendon problems. Furthermore, the pathology and aetiology are still debated.  

In agreement with earlier studies (62;66;433), this thesis showed that it can be very difficult to 

decide by clinical examination alone whether a tendon is thicker than normal, and only 1/3 of 

the referred patients in this study fulfilled the inclusion criteria, despite most patients being  

referred from sports clinics established in orthopaedic departments. In Cook’s studies (64;66), 

only 22-41 % of the athletes with clinical jumper’s knee and tenderness to palpation of the 

proximal third of the patellar tendon have US lesions in the tendon, and in the studies of 

Maffulli (62) and Cook (66), the sensitivity to predict US tendon changes in symptomatic 

Achilles and patellar tendinopathy by palpation of the tendon was 58% and 68%, respectively. 

Many of patients referred with clinical suspicion of chronic tendinopathy had 

ultrasonographically normal tendons or only minimal intratendinous changes, or in rather few 

cases peritendinitis, bursitis, partial or even total ruptures of the (Achilles) tendons. Intra- 

articular lesions (menisc lesions, osteoarthrosis, chondromalacia, osteochondritis, 

(osteo)chondral lesions, hypertrophic plica, synovitis and subluxation of the patella) were also 

seen as a part of the well-known differential diagnosis (305;519). In the light of these facts, it 

seems likely that most of the earlier studies concerning chronic tendinopathy have included 

(many) patients who did not have thickening of the tendons, and who therefore would be 

expected to have a better prognosis (442;520). Using US, the homogeneity of a study group of 

patients with tendinopathy can be increased. US should therefore be used as the diagnostic 

modality in future studies of Achilles and patellar tendinopathy. 

 

In conformity with earlier findings (432;449), US of Achilles and patellar tendon thickness 

has, in this thesis, an acceptable inter- and intra-observer variation. The US measurements of 

the Achilles and patella tendons had a total coefficient of variation (CV) less than 9 %, and in 

the study by O’Conner (449), the CV was less than 10% for both normal Achilles and patellar 

tendons. In an earlier study, even interobserver reliability in assessment of the hypoechoic 

areas in the patellar tendons has been found to be high (455).  
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If the same observer makes all US measurements, the total variance (SDtotal) will generally be 

reduced, but because the contribution from the inter-observer variation (SDinter) is negligible, 

the total variation will only increase slightly. Therefore, two different observers can make the 

repeated measurements in future studies. This opens the possibility that totally blinded control 

measurements can be made by an observer at a department not involved in a particular study. 

This could increase the objectivity of a study. The result also indicates that ultrasonography of 

Achilles and patella tendons are excellent for evaluation of changes in tendon thickness in 

tendinopathy, not only between groups of patients with Achilles or patella tendinopathy, but 

also for monitoring individuals over time. 

If the distance from the point of measurement to the bone attachment of the tendon is 

recorded, then the following observers can measure the tendon thickness at exactly the same 

point.  

Pressure algometry was used as objective evaluation of the effect of treatment in Achilles and 

patellar tendinopathy for the first time. The inter- and intra-observer variability was in 

agreement with earlier joint, muscles and myofascial triggerpoints studies (454;464;466;467) 

and tendon studies (391;468). The variation in PDT was more marked in normal tendons than 

in abnormal tendons, and the differences between the two observers’ PDT measurements 

were statistically significant in normal but not in abnormal tendons. Normal tendons needed a 

higher pressure to reach the PDT, and when the pressure increased, it was more difficult to 

produce a constantly increasing pressure. This could explain the increased variation in PDT in 

normal tendons compared with abnormal tendons.  

The technique of pressure algometry is easily learned, and in this study, where one observer 

was very experienced in pressure algometry while the other observer was relatively 

inexperienced, the variation in PDT measurements of the inexperienced observer were not 

higher than those of the experienced observer. PDT measurement is recommanded as an 

objective effect parameter in future studies. However, because of a relative high variation of 

repeated measurements (CV 12.8-21.1%), as also found in earlier studies (454), pressure 

algometry should only be used for examination of groups of athletes. This is in agreement 

with previous studies (521-523). 

 

The intra- and inter-observer variability of repeated measurements of Achilles and patellar 

tendon thickness with US were slightly smaller in longitudinal scan than in transversal scan. 

This is in agreement with Richard et al (436), who found a higher kappa value when tendon 
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thickness was measured in longitudinal scan than in transversal scan, whereas Kallinen and 

Suominen (435) found equal SD in longitudinal and transversal scan, and O’Connor (449) 

reported that longitudinal and transversal measurement performs equally well at the 

anatomical site assessed. When moving the tendons in longitudinal scan, the tendon, epitenon 

and paratenon can usually be distinguished from each other, which can be difficult in 

transversal scan. There is therefore a risk in transversal scan to include epitenon and part of 

the paratenon in the measurement of tendon thickness (432). In this study, there were, 

however, no significant differences in tendon thickness measured by transversal and 

longitudinal scan (except the abnormal patellar tendons), but in the study by Kallinen (435), 

he found a 10% increase in tendon thickness in transversal scan in relation to longitudinal 

scan. Both the results of the study by Kallinen and our data are in discrepancy with Fornage 

(422), who stated that transversal scan is crucial for measuring the true thickness of the 

Achilles tendon because longitudinal scan overestimates tendon thickness. Fornage’s 

statement, however, was only based on reflections and not suported by scientific studies. In 

longitudinal scan, the transducer can be tilted medially and laterally, but in transversal scan 

the transducer can, in addition, also be tilted proximally and distally, which of course 

increases the possibility for errors in measurements. In the longitudinal scan, tendon thickness 

and the distance from the point of measurement to the bony attachment can be made easily 

and rapidly be measured. This allows the examiner to measure exactly the same part of the 

tendon in future measurements. This is especially important in US of the patellar tendon, 

where the upper attachment of the patellar tendon is cone-shaped. In study I (substudy 2), an 

increased SD of the differences in repeated measurement of the thickness of the patellar 

tendon was found when the thickness was measured in transversal scan plane in relation to 

longitudinal scan plane. Only a few millimetres proximal-distal displacement of the 

transducer in transversal scan will change the measured thickness of the cone-shaped upper 

part of the patellar tendon significantly, especially in the abnormal tendons. In future, US 

measurement of patellar tendon thickness should be done in longitudinal scan, wherease 

Achilles tendon thickness can be measured in both longitudinal and transversal scan.  

 

We found that acute intensive exercise (150 tiptoe in 1½ minute) has no significant effect on 

Achilles tendon thickness in patients with normal tendons. The mean thickness of all the 

Achilles tendons was on average increased by 0.13 mm (3%) 20 minutes after the exercise. In 

another study, the effect of acute exercise of the calf muscles (45 heavy-load eccentric 
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repetitions with the knee straight and 45 repetitions with the knee bend) on the tendon volume 

(and intratendinous signals) in patient with Achilles tendinopathy and normal Achilles 

tendons was evaluated by MRI before and “immediately after” the exercise (456). In this 

study, tendon volume was significantly increased in both patients with tendinopathy (12%) 

and with normal tendons (20%), corresponing to a 6% increase in tendon thickness (assuming 

the Achilles tendons to be cylindrical). The intratendinous signals were increased 

approximately 30%. Boesen et al (298) found that acute exercise increased the Doppler 

signals in both normal (5 km fast running) and tendinopathic (45 heavy-load eccentric 

repetitions) Achilles tendons. No one has examinated how long changes persist after acute 

exercise. Based on the above findings, it seems sufficient to recommend that intensive acute 

training is not carried out immediate before ultrasonographic examination. 

 

In this study, the prevalence of asymptomatic thickening and hypoechoic regions was 18% in 

the patellar and 11% in the Achilles tendon. In earlier studies of thickening and hypoechoic 

regions in the patellar tendon, both a lower (14 %) (57) and a higher prevalence (20 %-70 %) 

were found (57;58;61;62;64;65;433;443;519;524). MRI studies in asymptomatic subjects 

have shown that 7 % have “tendon tears” (63) and 6 % have “abnormal morphology” of the 

Achilles tendons (433) whereas 24% have unequivocal intratendinous lesion and 47% have 

equivocal changes of the patellar tendons (524). The lower prevalence of ultrasonographic 

intratendinous changes in this thesis is most likely due to the definition of “abnormal”. In this 

study only tendons with at least 1 mm thickening were defined as “abnormal”. In most other 

studies “hypoechoic regions” (without tendon thickening) were included (62;64;433;443;518) 

in the definition. It seems reasonable to have a lower limit for registration of “lesions” by US 

because the improvement in imaging devices will detect smaller and smaller changes in the 

tendons, and the limit between normal and abnormal will diminish. Thus, in a recent study 

(65), prevalence of hypoechoic lesion in the patellar tendons in asymptomatic elite basketball 

players was as high as 70%. It is important to define clearly the ultrasonographic inclusions 

criteria for comparability with others studies. One definition of “increased thickening” could 

be that Achilles tendons with mid-portion spindle-shaped ultrasonographic thickening of more 

than 1 mm in relation to the normal distal part of the tendon and patellar tendons with 

thickening and a hypoechoic region more than 2 mm (AP diameter) in the transverse scan 

plane be classified as “severely abnormal”. Hypoechoic Achilles tendons with 

ultrasonographically detected mid-portion tendon thickening between 0.5-1 mm and patellar 
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tendons with hypoechoic regions between 1 and 2 mm (AP diameter) in the transverse scan 

plane could be classified as “slightly abnormal” 

 

Studies of post-mortem material (56) have indicated that tendon degeneration is present in up 

to 30% of asymptomatic individuals. Combined with the results of this study, where 

asymptomatic players with ultrasonographic intratendinous abnormalities are in an increased 

risk group for developing symptoms during the next 12 months, it seems plausible that 

tendons run through an asymptomatic periode before they become symptomatic. It is possible 

that tendons have a baseline mechanical strength that depends on the loading history of the 

tendon (training level). Once rapid increase in training load, frequency or duration occurs, the 

tendon may not be able to adapt fast enough to this change. Under normal circumstances, 

small overload “injuries” will heal as a normal part of tendon remodelling, but if the overload 

continues, the degradation of collagen will exceed the synthesis of collagen and the tendon 

will be weaker, resulting in progressive pathologic and ultrasonographic tendon changes that, 

after an asymptomatic period of several months, slowly aggravate and finally reach the pain 

limit and become symptomatic.  

This subclinical period could explain why “US appearance does not correspond precisely with 

clinical features” and the many “false positives” as some authors have noted (433;443), and 

also explain why tendinopathy is found in nearly all spontaneous tendon ruptures in 

asymptomatic athletes (56;525). Studies using post-mortem biopsy material (56) indicate that 

tendon degeneration is present in up to 30 % of asymptomatic individuals, or nearly the same 

frequency of abnormalities found on ultrasonography in asymptomatic athletes in this and 

other studies.  
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Figure 3. The tendinopathic “iceberg” 

 

Chronic tendinopathy can be compared to an iceberg, with pain being the tip of the iceberg. 

This “iceberg theory” can also explain the frequent relapse of symptoms when the athletes 

resume sports activity with insufficiently strengthen tendons after too short a rehabilitation 

period (or too shortly after medical treatment, as in this thesis), because the player only just 

comes under the PDT, while most of the intratendinous abnormalities in the tendon still exist.  

The ultrasonographic intratendinous abnormalities in the asymptomatic Achilles and patellar 

tendons might represent old changes from earlier lesions. More probable, the ultrasonographic 

abnormalities represented subclinical tendon changes (injuries, adaptation) with the potential 

to either resolve spontaneously (27% in this study of jumper’s knee resolved spontaneously 

consistent with 28-40% in earlier studies (443;518;519)), or to remain unchanged 

asymptomatic (55% in this study remain unchanged asymptomatic consistent with 50-69% in 

earlier studies (443;518;519)), or progress to clinical tendinopathy (57), which was also seen 

in this study. Although other studies have found that asymptomatic hypoechoic areas in 

patellar tendons increase the frequency for developing symptomatic jumper’s knee (57), this 

study also demonstrated a significant correlation between athletes with asymptomatic 

ultrasonographic intratendinous abnormalities in Achilles tendons and the risk for developing 

symptoms during the next 12 months. The asymptomatic ultrasonographic abnormalities in 

Achilles tendons result in a higher risk of developing symptoms than the analogous 
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abnormalities in the patellar tendons. Future studies will show whether it is possible to take 

advantage of this subclinical period to start prophylactic treatment or rehabilitation of this 

asymptomatic high risk group of athletes to prevent the intra-tendinous lesions aggravating to 

a symptomatic stage, and to what extent it is necessary to wait for the ultrasonographic 

normalisation of the tendons before allowing the athletes to return to maximal sport. 

 

Ultrasonographically guided peritendinous injection of glucocorticosteroids was very 

effective in reducing the pain and thickness of Achilles and patellar tendons in athletes with 

chronic tendinitis. As early as 1 week after the first glucocorticosteroid injection, walking 

pain was reduced from 3.6 to 2.1 in the group with Achilles tendinopathy and from 2.9 to 1.7 

in the group with patellar tendinopathy (after 4 weeks, walking pain was further reduced to 

0.7 and 1.3, respectively, and after 6 month increased to 1.9 and 2.4, respectively). Read (480) 

found that the pain measured by the VAS was significant reduced from 5.5 to 0.2 in 7-14 days 

after peritendinous glucocorticosteroid injection in Achilles tendinopathy. In two other studies 

evaluating eccentric exercise in patellar tendinopathy (21;526), the pain  was reduced after 12 

weeks from 7.4 to 2.9 and from 7.3 to 2.3 (pain during “activity” and pain during “sports 

activity,” respectively).  

US before and after treatment showed that the intratendinous changes are reversible (see 

figure 1 a-d) and intratendinous lesions should therefore not uncritically be removed by 

surgery as suggest by some authors.  

 

Figure 1 a, b, c, d  

 

Fig 1 a 
Fig 1 b Fig 1 a 
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Figure 1 a and b: US of the patellar tendon (transversal and longitudinal scan) before 

treatment. 

Figure 1 c and d: US of the same patellar tendon (transversal and longitudinal scan) a half 

year after treatment with peritendinous glucocorticosteroid injections. The 

tendon diameter is reduced from 8.1 mm to 3.7 mm, and the intra tendinous 

hypoechoic granuloma has disappeared. 

 

No treatment mentioned in the literature has demonstrated such a dramatic and rapid effect on 

tendinopathy with regard to reduction of pain and tendon thickness as the peritendinous 

glucocorticosteroid injections. Despite the dramatic effect, most of the athletes in this thesis 

had a relapse of symptoms after 6 months, which may have occurred because the tendons 

were still not healed or because of too aggressive rehabilitation that allowed running as early 

as 4 days after the injections. If the athletes resumed the sports activity after a too short and 

insufficient period of rehabilitation during which the player only just came under the PDT, a 

relapse of symptoms could be expected. The overload injury arises when the load exceeds the 

strength of the tissue. The glucocorticosteroids can naturally not change this disproportion 

between load and strength, and if this disproportion continues, the tendinopathy will of course 

recur. Glucocorticosteroids can reduce the pain and the period of deleterious immobilisation 

and allow the athlete to start rehabilitation faster, but (very) slowly increasing rehabilitation 

levels and adjusting (eccentric) training intensity seems to be the main treatment, 

glucocorticosteroids being only a supplement. The effect of the glucocorticosteroid used 

(triamcinolone) is 6 weeks. The results 6 months after treatment tell us therefore more about 

the rehabilitation than the effect of glucocorticosteroids.   

Of course, glucocorticosteroid injections should never be misused to reduce the pain to just 

under the PDT and allow the athletes to continue the deleterious over loading, which most 

Fig 1 c Fig 1 d 
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likely increases the risk for rupture of the tendons. If rehabilitation does not cure the chronic 

tendinopathy, US-guided peritendinous injection with long-acting glucocorticosteroids can be 

used as a part of a long-term rehabilitation period, which, based on the findings in this thesis, 

must necessarily be spread over several months (may be a half year) before maximum 

exercise is allowed. Because the effect of the injected glucocorticosteroids increased the first 

4 weeks, it seems reasonable to repeat the injection earliest after 4-6 weeks if the first 

injection has clearly reduced but not totally removed the symptoms and the progress in 

improvement has stopped. Because the US-guided injection is correctly placed, further 

injections are not recommended if the first injection had no effect at all. 

In contrast to peritendinous injected glucocorticosteroids, operation increases the thickness of 

the tendons significantly, and the new sclerosing therapy of the neovessels in chronic Achilles 

tendinopathy (11;32;308;527) does not reduce the thickness after 1 week and only slightly 

after 6 months. An explanation for the effect of operation (and sclerosing therapy) could, 

among others, be that the treatment results in a denervation of the small nerves that 

accompany the neovessels. The increased thickness after operation and shock wave indicate 

different paths of action in relation to peritendinous glucocorticosteroid injections. 

In contrast to peritendinous glucocorticosteroid injection, intratendinous glucocorticosteroid 

injections (499) do not decrease tendon thickness after 1 week, maybe because the 

intratendinous injection causes an acute intratendinous lesion. 

Despite the aggressive treatment and rehabilitation used in the investigations making up this 

thesis, only one athlete (corresponding to 2 % of the players with tendinopathic tendons and 

4% of those with Achilles tendinopathy) had a total rupture of the treated tendon in the 2 year 

follow-up. This corresponds to earlier reported rupture frequencies of 3.5 - 8% (479;480), 

independent of treatment. This one athlete was the only athlete with insertional Achilles 

tendinopathy, which is known to have a worse prognosis than mid-point Achilles 

tendinopathy (14). A previous study (430) showed that in the patients with US verified 

thickening of the Achilles tendons and chronic pain, a spontaneous rupture occurred in 28% 

of the cases after a follow-up of 48 months (+/- 8 months). This naturally does not allow us to 

argue that US-guided peritendinous injection of long-acting glucocorticosteroids in humans 

does not increase the risk of tendon rupture, but it does mean that the increased risk of rupture 

especially as seen in animal and experimental studies due to decreased collagen syntheses, is 

not - based on the available evidence in humans – enough to condemn the treatment if the 

diagnosis is US verified (499), and if the athletes are properly rehabilitated before maximal 
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load is allowed. 

Based on these considerations, peritendinous glucocorticosteroid injection is, at present, the 

most effective agent to reduce the pain and the thickness of the tendons in chronic 

tendinopathy, and it is, together with rest and rehabilitation with eccentric exercise (13), the 

only treatment with a documented capability to normalise the US image of the tendons. 

Future human studies with US-guided peritendinous glucocorticosteroids injection in 

combination with growth factors (for example platelet-rich plasma (PRP) containing platelet-

derived growth factor (493;494;528;529) and exogenous vascular endothelial growth factor 

(VEGF) (530)) will show whether this combination could increase the healing rate and reduce 

the rupture frequency even more. 

 

It has been postulated that the dramatic reduction in tendon thickness (and maybe the pain) 

after glucocorticosteroid treatment is due to glucocorticosteroids reducing the water content in 

the tendons. However, in an experimental animal study of Achilles tendinopathy induced by 

peritendinous injections of PGE1 (404), the thickness of the Achilles tendons 1 week after 

peritendinous injections of PGE1 was 134% of the non-injected control value. At the end of 

the study, tendon thickness in the PGE1 injected was 120% of the control value. In the PGE1 

injected tendons, intratendinous water content increased sharply after the first week (160% of 

control value). With time, the intratendinous water content decreased, and, by the end of the 

study, it had returned to close to the water content of the control tendons (404). This animal 

study does not suggest that the considerable glucocorticosteroid- induced reduction in tendon 

thickness found in this thesis only 1 week after glucocorticosteroid injection solely is due to 

reduction in water content, because the water content in the chronic tendinopathies was 

normal. However, in biopsies from Achilles tendinopathy tendons and normal tendons, water 

content was highest in the tendinopathy tendons (531). 

The effect of glucocorticosteroids could theoretically be due to an analgesic effect on the 

neuropeptides (calcitonin gene-related peptide (CGRP) and substance P (SP)), which are 

increased in tendinopathy, but it seems unlikely that this could explain the dramatic reduction 

in tendon thickness. 

To some extent glucocorticosteroids are vasoconstrictors, which may explain the change in 

vascularity, and, secondly, the reduction in thickness and the decreased pain, due to reduction 

in the supply of different noxious stimuli and pro-inflammatory agents like, e.g. PGE and 

cytokines, whose effect will further be reduced by the glucocorticosteroids. However, if the 
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effect of glucocorticoids is mainly based on the effect of vasoconstriction, a more rapid 

relapse could be expected, when the effect of steroid ends after 4-6 weeks. 

The glucocorticoids with their anti-inflammatory effect have the same dramatic clinical effect 

on pain, swelling and hyperaemia in tendinopathy (499;532) as they do in rheumatoid arthritis 

(RA). The two diseases have many of the same pro-inflammatory agents in common. Because 

glucocorticosteroids do not cure either tendinopathy or RA, the symptoms often relapse in 

both diseases. The two diseases have also many symptoms in common (rubor, dolor, tumor, 

calor, functio laesae), and because the clinical responses to glucocorticosteroids in chronic 

tendinopathy and inflammatory RA are comparable, a conclusion which immediately suggests 

itself is that the effect of glucocorticosteroids in chronic tendinopathy is due to their anti-

inflammatory properties as is their effect in inflammatory arthritis. 

 

A few years ago, chronic tendon overuse was believed to be due to a chronic inflammatory 

process, but because no inflammatory cells were demonstrated in the ruptured tendons, the 

opinion changed from inflammation (“tendinitis”) to degeneration (“tendinosis”). It was not 

the purpose of this thesis to study the question whether or not Achilles and patellar 

tendinopathy is an inflammatory rather than a degenerative condition, but the significant 

reduction in tendon thickening and pain, and increase in PDT only 1 week after peritendinous 

glucocorticosteroid injections, can most likely be explained by a reduction in an inflammatory 

process. Furthermore, if the changes induced by glucocorticosteroids are due to changes in a 

degenerative process, the time frame is too short to expect that glucocorticosteroids could 

influence processes that are usually connected to degeneration of the connective tissue, such 

as collagen synthesis and fibroblast migration, processes that normally changes slowly. These 

results put a question mark over the pure degeneration theory. 

 

Continuing progress in research in molecular biology and biomechanics has provided much 

new information and given birth to new hypotheses in chronic tendinopathy.  Overloading is 

still, however, crucial in the development of tendinopathy in individuals who, perhaps 

because of genetic factors, are predisposed. Under normal circumstances, small overload 

injuries will heal as a normal part of tendon remodelling, but if the overload continues, these 

small injuries result in progressive tendon changes that, after an asymptomatic period of 

several months, slowly aggravate and finally reach the pain limit and become symptomatic.  

Ultrasonography can reveal this asymptomatic period. 
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The existing data indicate that prolonged mechanical stimuli induce the production of several 

different pro-inflammatory mediators (including cytokines, interleukines, prostaglandins and 

neuropetides). The tendon cells can produce these agents when subjected to cyclic stress. 

When cytokines and prostaglandins are injected around healthy animal tendons, they result in 

tendinopathy.  

It seems plausible that tendinopathy begins with cellular activation and inflammation, which 

proceeds through phases of increased ground substance, collagen separations and eventually 

neovascularisation, and that the glucocorticosteroid sensitive mechanisms play a crucial role 

in this process. The literature indicates – despite a great deal of uncertainty regarding the 

concepts – that the inflammatory process may be related to the development of tendinopathy 

and that inflammation may also play a role in chronic tendinopathy. Furthermore, 

glucocorticoids are, at the moment, the most effective treatment in tendinopathy with regard 

to reduction of pain, tendon thickness and neovascularisation 

The following are one of the major questions for the future. Is it advantageous to block this 

inflammatory cascade, and what is the most effective way to block it with the smallest 

possible number of side effects?  

 

More attention should be directed to the “tendinitis myth” in the future. 
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FUTURE ASPECTS 

 

On the basis of the results in this thesis, further studies should, among other things, focus on:  

 

 

* finding out to what extent specific prophylactic training among asymptomatic athletes with 

ultrasonographically abnormal Achilles and patellar tendons can reduce the 

frequency of athletes that later develop symptoms from these tendons. 

 

* determining in what extent athletes who are asymptomatic after treatment for tendinopathy 

should wait until US of the tendon is normalised before they participate in vigorous 

sport. 

 

* investigating the effect of US-guided peritendinous glucocorticosteroids combined with (3-) 

6 months’ rehabilitation on tendinopathy with special focus on reducing the 

frequency of relapse of symptoms. 

 

* making clear that use of US should be mandatory for making the diagnosis of tendenopathy 

in future studies of Achilles and patellar tendons. Ultrasonography, pressure 

algometry and VAS or NRS pain should be used before and after treatment as effect 

parameters.  

 

* investigate new medical treatment eventuel combined with platelet-rich plasma or other 

growth factors. 
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ENGLISH SUMMARY  

Measuring of the Achilles and patellar tendon thickness by ultrasound has an acceptable inter- 

and intra-observer variation in this thesis.   

Ultrasonography is recommended for use in the diagnosis of Achilles and patellar 

tendinopathy, and together with pressure algometry measurement recommended as an 

objective effect parameter in future studies. However, because of a high inter- and intra-

observer variation of repeated measurements, pressure algometry should only be used for 

examination of groups of athletes, whereas ultrasonography can be used to follow a single 

patient over time.  

 

Continuing progress in research in molecular biology and biomechanics has provided much 

new information and given birth to new hypotheses in chronic tendinopathy. Overloading is 

still, however, crucial in the development of tendinopathy in individuals who, perhaps 

because of extrinsic and intrinsic (including genetic) factors, are predisposed.  

Under normal circumstances, small overload injuries will heal as a normal part of tendon 

remodelling, but if the overload continues, these small injuries result in progressive tendon 

changes that, after an asymptomatic period of several months, slowly aggravate and finally 

reach the pain limit and become symptomatic. The pain is only the tip of the iceberg. The 

asymptomatic period can be detected by ultrasonography. 

Most of the histologic findings in tendinopathy represent chronic degeneration, regeneration 

and microtears of the tendinous tissue. The prevailing opinion is that no histological evidence 

of acute inflammation has been documented, but in newer studies using 

immunohistochemistry and flow cytometry inflammatory cells have been detected. 

Nerve ingrowth is known to occur as a response to tendon injury, and a number of studies 

have demonstrated new nerve ingrowth in the tendon proper in tendinopathy. The ingrown 

nerves express substance P (SP) and calcitonin gene-related peptide (CGRP), which can be 

one of the explanations for the pain in tendinopathy.  

The existing data indicate that the initiators of the tendinopathic pathway include traumatic 

events, or a prolonged repetitive motion injury inducing production of many proinflammatory 

agents (e.g. cytokines, prostaglandins, different growth factors and neuropetides). The 

proinflammatory mediators induce apoptosis, elaboration of pain mediators and MMP, which 

degrade collagen and proteoglycans. The end result is a weak tendon with an increased risk of 

rupture. These agents can be produced by tendon cells, are found in tendinopathy and cause 
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tendinopathy when injected in or around tendons in animals. Because of the complex 

interaction between the proinflammatory agents and the neuropeptides, it seems impossible 

and somewhat irrelevant to distinguish sharply between chemical and neurogenic 

inflammation.  

Furthermore, this thesis shows ultrasound-guided peritendinous injected glucocorticoids are, 

at the moment, the most effective treatment in tendinopathy with regard to reduction of pain 

and tendon thickness.  

The evidence in the literature and the dramatic effect of injected glucocorticoids (although 

many of the athletes have a relapse of symptoms after 6 months) in this thesis indicates – 

despite a great deal of uncertainty regarding the concepts – that an inflammatory process may 

be related to the development of tendinopathy and that the inflammation may also play a role 

in chronic tendinopathy.  

The following are one of the major questions for the future. Is it advantageous to block this 

inflammatory cascade, and what is the most effective way to block it with the smallest 

possible number of side effects?  

More attention should be directed to the “tendinitis myth” in the future. 



73 
 

DANSK RESUME 

 

Ultralydscanning af Achilles- og knæskalssener har i dette studie en acceptabel inter- og 

intraobservatør variation.  

Ultralydscanning anbefales i fremtidige studier anvendt dels i diagnostikken af tendinopatier i 

Achilles- og patelarsenerne, og dels sammen med trykalgometri som en objektiv 

effektparameter. På grund af en større inter- og intraobservatør variation, anbefales 

trykalgometri fortrinsvis til gruppeundersøgelser, mens ultralydscanninger kan anvendes såvel 

til at sammenligne grupper som til at kontrollere patienter longitudielt.  

 

Fremskridt i molekylærbiologiske og biomekaniske forskning har afstedkommet megen ny 

viden og affødt nye teorier omkring kronisk tendinopati. Overbelastning er imidlertid forsat 

afgørende i udviklingen af tendinopati hos personer, som måske pga genetiske forhold er 

disponeret. 

 

Sædvanligvis vil små overbelastningsskader hele op som en normal del af senens 

remodellering. Hvis overbelastningen forsætter, vil disse småskader medføre progredierende 

seneforandringerder og efter en periode over flere måneder langsomt forværres og sluttelig nå 

smertegrænsen og blive symptomatiske. Smerten ved tendinopati er kun toppen af isbjerget. 

Den asymptomatiske periode kan påvises ved ultralydscanning. 

 

De fleste histologiske forandringer ved tendinopati repræsenterer kronisk degeneration, 

regeneration og mikroskopiske bristninger i senevævet. Den almindelige holdning er, at der 

ikke er evidens for akut inflammation, men i nyere studier, hvor immunohistokemi og flow 

cytometri anvendes, er der påvist inflammationsceller. 

Nerveindvækst opstår som respons på seneskader, og mange undersøgelser har vist ny 

nerveindvækst i sener med tendinopati. Fra nerverne frigøres neuropeptiderne substance P 

(SP) og calcitonin gene-related peptide (CGRP), som kan være en af forklaringen på smerten i 

tendinopati. 

 

Eksisterende data indikerer, at initieringen af den ”tendinopatiske kaskade” inkluderer 

traumer eller langvarige, gentagne belastningsskader, der inducerer produktinen af mange 

inflammatoriske stoffer (f.eks. cytokiner, prostaglandiner, vækstfaktorer og neuropeptider). 
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De proinflammatoriske stoffer inducerer apoptosis, smertemediatorer og metalloproteinaser 

(MMP), som nedbryder kollagen og proteoglykaner. Slutresultatet er reduceret senestyrke og 

øget risiko for bristninger. Disse stoffer kan produceres af celler i senen, findes i sener med 

tendinopati og fremkalder tendinopati, hvis de injiceres i eller rundt om senerne hos dyr.  

På grund af den komplekse interaktion mellem de proinflammatoriske stoffer og 

neuropeptiderne, synes det umuligt og delvist irrelevant at skelne skarpt mellem kemisk og 

neurogen inflammation. 

Resultaterne i denne undersøgelse viser, at ultralydvejledt injektion af peritendinøs 

glucocorticosteroid i øjeblikket er den mest effektive behandling ved tendinopati, hvad angår 

smerte og senetykkelse. 

Evidensen i litteraturen og den dramatiske effekt af injiceret glucocorticosteroid (skønt mange 

af idrætsudøverne fik tilbagefald efter 6 måneder) i denne undersøgelse indikerer – trods en 

stor del usikkerhed omkring antagelsen – at inflammation er relateret til ikke kun udviklingen 

af tendinopati, men også spiller en rolle i kronisk tendinopati. 

Det følgende er et af de væsentlige spørgsmål til fremtiden. Er det fordelagtigt at blokere 

denne inflammatoriske kaskade, og hvad er den mest effektive måde at blokere denne på med 

færrest muligt bivirkninger? 

Mere opmærksomhed anbefales i fremtiden rette mod ”tendinitis myten”.  
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