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ABSTRACT 

Tendinosis is a condition of chronic pain that afflicts several human tendons, not least the 
patellar tendon, in which case it is often clinically referred to as ‘jumper’s knee’. The exact 
mechanisms behind tendinosis are yet not fully understood. One draw-back in the case of 
patellar tendinosis has been the lack of knowledge of the innervation patterns of the human 
patellar tendon. It cannot be excluded that the processes of tendinosis are influenced by nerve 
mediators, released from nerve endings or from stimulated cells inside the tendon. 

Thus, the studies of the present thesis aimed to 1) map the general, sensory, cholinergic and 
sympathetic innervation patterns of the human patellar tendon, in both the tendon tissue 
proper and the loose paratendinous connective tissue surrounding the tendon, and 2) investigate 
the possible existence of a production of signal substances, traditionally associated with neurons, 
in non-neuronal tendon cells, and to see if there are signs of local cholinergic and 
catecholaminergic signaling pathways. Biopsies of both normal pain-free patellar tendons and 
patellar tendons from patients with chronic painful tendinosis were collected and investigated. 
The main method utilized was immunohistochemistry, using antibodies directed against 
synthesizing enzymes for acetylcholine and catecholamines, against muscarinic and adrenergic 
receptors, and against markers of general and sensory innervation. In situ hybridization (ISH) to 
detect mRNA for the cholinergic/catecholaminergic synthesizing enzymes was also used. 

It was found that the loose paratendinous connective tissue of the patellar tendon was rather 
richly innervated by nerve structures. These consisted of large nerve fascicles, as well as 
perivascular innervation in the walls of some of the larger arteries and smaller blood vessels. It 
was found that part of the nerve structures corresponded to sensory afferents, and that some 
conformed to cholinergic and, especially, sympathetic nerve fibers. The tendon tissue proper 
was strikingly less innervated than the paratendinous tissue. The sparse innervation that was 
found in the tendon tissue proper was seen in narrow zones of loose connective tissue and blood 
vessels, interspersed between the collagen bundles. The overall impression was that the patterns 
of distribution of the general, sensory, and autonomic innervations of tendinosis tendon tissue 
were similar to those of normal tendon tissue proper.  

The most pioneering findings were the immunohistochemical observations of an expression 
of enzymes related to production of both acetylcholine and catecholamines within the tendon 
cells (tenocytes) themselves, as well as of a presence of the receptors for these substances on the 
same cells; features that were predominantly seen in tendinosis tendons. The observations of the 
synthesizing enzymes for acetylcholine and catecholamines in tenocytes were confirmed by ISH 
findings of mRNA for these enzymes in the tenocytes. Immunoreactions for muscarinic and 
adrenergic receptors were also found in blood vessel walls and in some of the nerve fascicles. 

In summary, this thesis presents novel information on the innervation patterns of the human 
patellar tendon, in healthy individuals with pain-free tendons as well as in patients with chronic 
painful tendinosis. Furthermore, it gives the first evidence of the presence of a local, non-
neuronal production in the tendon tissue of signal substances normally seen in neurons, and a 
basis for these substances to affect the tenocytes as these cells also display muscarinic and 
adrenergic receptors. Thus, the results indicate an existence of autocrine and/or paracrine 
cholinergic/catecholaminergic systems in the tendon tissue; systems that seem to be up-
regulated in tendinosis. This is of great interest as it is known that stimulation of receptors for 
both catecholamines and acetylcholine can lead to cell proliferation, interfere with pain 
sensation, influence collagen production, and take part in vasoregulation, as well as, in the case 
of adrenergic receptors, promote cell degeneration and apotosis. All these processes represent 
biological functions/events that are reported to be affected in tendinosis.  

In conclusion, despite the fact that there is very limited innervation within the patellar 
tendon tissue proper, it is here shown that effects of signal substances traditionally associated 
with neurons seem to occur in the tissue, via a local production of these substances in tenocytes. 
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1. INTRODUCTION 

1.1 The human patellar tendon 

1.1.1 Anatomy 

The patellar tendon (Figure 1), sometimes referred to as the ‘patellar ligament’, is an 
extension of the quadriceps tendon, which is the tendon of the quadriceps muscle 
(Latin: M. quadriceps femoris). The quadriceps muscle is the main extensor in the 
knee, and it is composed of M. rectus femoris, M. vastus medialis, M. vastus lateralis, 
and M. vastus intermedius. Apart from extending in the knee joint, M. rectus femoris, 
originating in spina iliaca anterior inferior and inserting into tuberositas tibiae (via the 
quadriceps and patellar tendons), also participates in flexion of the hip joint. The 
vastus muscles have their origins at different sites of the femur, and they insert at the 
tibia via the patella and the patellar tendon. The quadriceps tendon has sometimes 
been described as being attached to the base of the patella, this bone in turn being 
attached via the patellar tendon to the tuberositas tibiae, but it has been suggested that 
a more accurate description of the situation is that the patellar tendon is a 
continuation of the quadriceps tendon in which the patella is embedded as a sesamoid 
bone (e.g., Moore and Dalley, 1999). 
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Figure 1:  Structures in the knee region (right side, ventral view) 
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It has furthermore been shown that the tendon fibers of M. rectus femoris are in 
principal the only tendon fibers of the quadriceps muscle that actually continue over 
the anterior surface of the patella to form the patellar tendon, whereas the tendon 
fibers of the vastus muscles mainly insert at the basis or margins of the patella, or 
continue into the retinacula (lateral or medial) of the knee (Reider et al., 1981).  

The width of the patellar tendon (in the frontal plane) is approximately 30 mm, 
and its thickness (in the sagittal plane) is approximately 4-5 mm (Peers and Lysens, 
2005). The width of the tendon varies during its course, being broader at the patella, 
and more narrow at the insertion site at tuberositas tibiae, in one study measured as 
being 31.9 mm and 27.4 mm respectively (Andrikoula et al., 2006). The average 
length of the patellar tendon is reported to be 46 mm (range 35-55 mm) (Reider et 
al., 1981).  

It has been suggested that the term ‘patellar ligament’ is less appropriate to 
describe the patellar tendon, since its macroscopical and microscopical appearance 
more resembles tendon tissue, and as its function is directly controlled by the 
quadriceps muscle (Peers and Lysens, 2005).  

1.1.2 General tendon histology 

Human tendons of the size of the patellar tendon are surrounded by a loose areolar 
connective tissue, called the paratenon, instead of a true tendon sheath of the type 
seen for some of the tendons of the hand and foot (Kannus, 2000). The paratenon 
contains type I and type III collagen, and works as an elastic sleeve, permitting free 
movement of the tendon against surrounding tissues (Józsa and Kannus, 1997).  

The actual tendon tissue (tendon tissue proper) of tendons in general, has been 
described to be composed of collagen and elastin, embedded in a proteoglycan-water 
matrix, and of cells that produce these elements (Kannus, 2000). The cells are 
elongated fibroblasts and fibrocytes, called tenoblasts and tenocytes, situated between 
the collagen fibers (Kannus, 2000). The collagen of the tendon tissue proper is mainly 
of type I (approximately 95  %), but there are also other types of collagen, type III for 
instance being more abundant in the endotenon (see below) (Riley, 2004). 

The collagen of the tendon tissue proper is reported to be structurally organized in 
a well-defined hierarchy of consecutive components  (Figure 2) in the following 
manner (Józsa and Kannus, 1997; Kannus, 2000):  
Collagen fibrils aggregate to form collagen fibers, the basic units of a tendon, which in 
turn accumulate to form primary fiber bundles (subfascicles). Groups of the latter 
form secondary fiber bundles (fascicles), and groups of these aggregate into tertiary 
fiber bundles, which constitute the tendon. Interspersed between the different fiber 
bundles of varying sizes is a thin network of loose connective tissue, called the 
endotenon, which consequently surrounds the fiber bundles and binds them together. 
The endotenon furthermore carries blood vessels (see below), lymphatics, and nerves 
within the tendon, and is contiguous with another fine connective tissue layer, called 
the epitenon, that surrounds the entire tendon and that makes contact with the 
paratenon (not included in Figure 2) in which the tendon is embedded. 

The tenoblasts, the immature cells of the tendon of newborns, are numerous (high 
cell-to-matrix ratio), of varying appearance (elongated, rounded or polygonal). As the 
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tendon matures these cells gradually decrease in number and start to adapt a uniform 
slender, spindle-shaped appearance (Kannus, 2000). In parallel to this decrease in cell-
to-matrix ratio during aging, the nucleus-to-cytoplasm ratio increases, the tenoblasts 
in the adult tendon having transformed to very elongated, mature tenocytes, that are 
sparsely situated between the collagen fibers, and in which the nucleus almost occupies 
the entire cell (Kannus, 2000). However, this model, describing how tenoblasts 
mature into tenocytes during aging, has been questioned. It has thus been suggested 
that tenoblasts are actually an activated form of tenocytes, this activation taking place 
in certain situations when demand for matrix turnover is high, such as during healing 
processes (Chuen et al., 2004).  

It should be pointed out that there is no single specific marker for tenocytes (or 
tenoblasts), making the cellular elements of tendons difficult to define with certainty 
(Chuen et al., 2004; Riley, 2005a). It is nevertheless presumed that the tenocytes 
represent about 90-95 % of the tendon cell population in normal adult tendons, the 
rest of the cells mainly being synovial-like cells, chondocytes at pressure and insertion 
sites, and vascular cells, such as endothelial cells and smooth muscle cells (Kannus, 
2000).  

 
Collagen fiber Secondary fiber 

bundle 
 

Collagen fibril Primary fiber 
bundle 

Tertiary fiber 
bundle 

Tendon 

 
Endotenon Epitenon  

 
Figure 2:  Schematic image of the structural hierarchy of tendon collagen. 

Redrawn from Józsa and Kannus, 1997, by Gustav Andersson. 
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1.1.3 Blood supply 

The arterial blood supply to the human patellar tendon has been thoroughly mapped 
in a study of 20 specimens (Soldado et al., 2002), revealing the following (Figure 3):  

The patellar tendon is supplied on the medial side by arterial blood from the 
descending genicular artery (1 in Figure 3), a branch of the femoral artery, and from 
the inferior medial genicular artery (2), a branch of the popliteal artery. On the lateral 
side, the tendon is supplied by blood from the superior (3) and inferior (4) lateral 
genicular arteries, which both are branches of the popliteal artery, and from the 
recurrent tibial anterior artery (5), a branch of the anterior tibial artery. It was also 
found that anastomoses (6) exist within both the medial and the lateral systems of 
blood supply.  

Two vascular arches are the main anastomoses between the medial and the lateral 
systems of blood supply; the supratubercular arch (7) on the ventral side of the tendon 
near the tendon insertion, and the retropatellar arch (8) on the dorsal surface of the 
tendon at the level of the tendon-bone junction to the patella. These arches hereby 
form a paratendinous network, which constitutes the origin of arterioles (9-10) that 
pierce the patellar tendon, supplying the tendon tissue with blood. In this regard, the 
patellar tendon is divided into two parts concerning blood supply, the lower segment 
of the tendon being supplied by superficial vessels (9) from the supratubercular arch, 
and the upper segment receiving deep vessels (10) from the retropatellar arch. In the 
middle third of the patellar tendon, these intratendinous vessels anastomose.  

 
a         b 

 

 

 

 
Figure 3:  Schematic image of the blood supply of the patellar tendon. 

For explanation of numbers, see text. Frontal view, right side (a), and sagittal view (b). 
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In contrast to the tendon proper, which is only supplied by blood in the way 
described above (9, 10), the loose paratendinous connective tissue (paratenon), apart 
from receiving arterioles from the main anastomotic arches, also obtains blood supply 
directly from the medial and lateral arteries (Soldado et al., 2002). The level of blood 
vessels seen within the tendon tissue proper is lower than that seen in the 
paratendinous tissue (Soldado et al., 2002). 

For tendons in general, vascular networks of the paratenon are described to be a 
very important source of blood supply for the tendon proper. The arteries of the 
paratenon thus send branches (in the case of the patellar tendon corresponding to 9 
and 10) that penetrate into the tendon tissue proper, in which the blood vessels follow 
streaks of loose connective tissue interspersed between the collagen bundles 
(endotenon, see section 1.1.2) (Józsa and Kannus, 1997).  

1.1.4 Innervation 

The information that so far exists regarding the innervation patterns of the human 
patellar tendon is limited. In a study mainly focusing on the processes that occur in 
patellar tendon autografts after anterior cruciate ligament reconstruction, a brief 
description was given on the occurrence of innervation, partly conforming to sensory 
(SP, CGRP) components, at the distal insertion site of the normal patellar tendon in 
two individuals (Aune et al., 1996). Furthermore, in a study of patients with chronic 
patellar tendinosis, it was shown that there was an existence of free myelinated nerve 
fibers (as seen via immunostaining for the Schwann cell marker S-100) in the 
proximal osteotendinous zone of the patellar tendon, and a periadventitial innervation 
of arteries, particularly in the fat pad adjacent to the inferior pole of the patella 
(Sanchis-Alfonso et al., 2001). In a recent study of the human patellar tendon, thin, 
varicose, nonvascular, sensory (SP-containing) nerves were seen, as well as a few 
perivascular sensory nerve fibers and some sensory fibers in larger nerve bundles (Lian 
et al., 2006). Furthermore, sympathetic (TH-positive) free nerve endings were found 
to be present in the tendon tissue proper, a majority of these, in contrast to the 
sensory fibers, being clearly related to blood vessels (Lian et al., 2006). Concerning the 
possible occurrence of a cholinergic innervation in the human patellar tendon, there is 
very little information. The information that exists mainly derives from a study in 
which observations of AChE reactions in fine nerve fibers in the regions of small blood 
vessels were made (Alfredson et al., 2001). 

Tendons in general have been described to have innervation deriving partly from 
the paratenon. Thus, paratenon nerves form rich plexuses that send a few branches 
penetrating the epitenon, branches that inside the tendon anastomose with branches 
originating from neighboring muscular structures (Józsa and Kannus, 1997). These 
latter nerve structures are described to cross the myotendinous junction and to 
continue into the endotenon septa (Józsa and Kannus, 1997). Deep in the tendon 
tissue proper, where innervation is reported to be relatively scarce, the nerves follow 
the blood vessels running along the axis of the tendon (Józsa and Kannus, 1997). 
Concerning sensory innervation of tendon tissue proper, it has been concluded that 
large tendons (such as the patellar tendon) are relatively hyponeural, and that 
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mechanoreceptors seem to be concentrated to the myotendinous junction and tendon 
insertions (Józsa and Kannus, 1997). 

1.1.5 Tendon cells; metabolism, properties, and possible  
stem cell-like features 

Historically tendon cells were falsely assumed to be metabolically inactive, but today it 
is well established that these cells have an active energy metabolism, and that they also 
produce collagen and other matrix components (Józsa and Kannus, 1997). This latter 
biosynthetic function of the cells is generally high during growth and decreases with 
aging, although many pathological tendon conditions may change the situation 
(Kannus, 2000), a fact that will be discussed further on concerning tendinosis. In 
addition, also exercise may influence turnover of tendon matrix, both in terms of 
collagen degradation and collagen synthesis, the anabolic effects presumably being 
dominant, and the cells of the tendon are actually biosynthetically active throughout 
the lifespan of the individual (Riley, 2004). The tendon cells are thus capable of 
synthesizing all major matrix elements, such as collagen, elastic fibers, proteoglycans, 
and glycoproteins (Kannus, 2000), but it has been discussed whether this production 
is achieved by tenocytes or tenoblasts (see section 1.1.2), the latter cell type possibly 
being an activated variant of the former.  

Since, as already stated above, there are no specific markers for tendon cells, 
neither for identification of tendon cells in general, nor for separating tenocytes from 
tenoblasts, the distinction between the two cell types is based on morphology; 
tenoblasts being defined as rounded cells with ovoid nuclei, and tenocytes as slender, 
spindle-shaped, elongated cells with sparse cytoplasm. Using such a classification, 
Chuen and collaborators set out to determine the level of metabolic activity of human 
patellar tendon tenoblasts, as compared to tenocytes, thereby finding that tenoblasts 
were more active in matrix remodeling, and displayed a much higher proliferation 
rate, than tenocytes (Chuen et al., 2004). In that study, the conventional 
interpretation that tenocytes are terminally differentiated cells was favored, and 
furthermore, it was speculated that tenoblasts may be recruited from different origins; 
being either activated tenocytes or remnants from embryonic development, or perhaps 
even being derived from connective tissue progenitor cells (Chuen et al., 2004). 
Interestingly, observations made in mice tendon cell lines indicate that some tendon 
cells might possess mesenchymal stem cell-like properties, being able to differentiate 
into e.g. osteoblasts or adipocytes (Salingcarnboriboon et al., 2003). This suggestion is 
in part supported by studies on a human fibroblasts-derived cell line, which gave 
evidence of stem-cell characteristics for fibroblasts (Rieske et al., 2005).  
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1.2 Patellar tendinosis (Jumper’s knee) 

1.2.1 Definition of tendinosis, and terminology 

Several human tendons, such as the patellar, Achilles, and extensor carpi radialis brevis 
tendons, are known to develop chronic pain conditions (Khan et al., 1999), in the 
literature previously described as ‘tendinitis’ (or ‘tendonitis’), implying an 
inflammatory pathogenesis. As research in this area has evolved during the years, 
several observations, including histological studies (e.g., Khan et al., 1996) and intra-
tendinous microdialysis (Alfredson et al., 1999; Alfredson et al., 2001), have lead to 
the conclusion that the causal pathology of tendinosis is not, as previously thought, 
inflammation, but most likely rather a degenerative-like process. As a consequence of 
this, the term ‘tendinosis’ has instead been proposed to describe the findings 
interpreted as being degenerative in this chronically painful state of the tendon (e.g., 
Khan et al., 1999; Peers and Lysens, 2005). However, the use of the term 
‘tendinopathy’ for all chronically painful tendon conditions is widely recommended, 
thereby not assuming any information of the underlying pathology (e.g., Maffulli et 
al., 1998; Peers and Lysens, 2005; Riley, 2005a). The use of this latter nomenclature 
also underlines the fact that the pathogenesis of painful tendons is still not well 
understood, and, as has been pointed out by some researchers, the practice of it is 
wise, not least since we cannot exclude the possibility that inflammatory processes are 
involved at some stage of the disease (Riley, 2004). 

It has been suggested that the presence of clinical symptoms (chronic pain, 
tenderness and impaired function in the tendon) suffice for describing tendinopathy 
in general, whereas the diagnosing of tendinosis requires radiological and/or 
histological findings of tendon structure abnormalities (see below) in addition to the 
clinical symptoms (Alfredson, 2005). This latter definition has been used throughout 
the studies of this thesis in our diagnosis of patellar tendon tendinosis (see ‘Patient 
material’, section 3.1.1), and the studies are thus focused on patellar tendinopathy 
involving structural changes of tendon tissue, wherefore tendinosis is the term 
commonly used further on in the text. However, others have stated that tendinosis is 
not necessarily correlated at all to clinical symptoms, instead primarily being merely a 
histopathological diagnosis (Maffulli et al., 1998; Peers and Lysens, 2005).   

The patellar tendon is one of the human tendons most commonly afflicted by 
tendinosis, and this condition is often clinically referred to as ‘jumper’s knee’ due to 
its high prevalence in sports involving jumping, such as volleyball and basketball (e.g., 
Lian et al., 2005).  

1.2.2 Location, clinical symptoms, and diagnostics 

The clinical symptoms of patellar tendinosis is chronic tendon pain, tenderness in the 
painful area, onset of or increased pain during tendon-loading activity, and impaired 
tendon function (Alfredson, 2005). The area of the patellar tendon most frequently 
affected by tendinosis is the proximal part, involving the tendon-bone junction at the 
inferior pole of the patella, and the pain symptoms are described to be well localized to 



 
Patrik Danielson, 2007 
 
 
 

16 
 

this area (Peers and Lysens, 2005). Furthermore, it is the deep posterior (dorsal) 
portion of the proximal tendon (Figure 4) that seems to be most predisposed to 
tendinosis changes, and this is often also seen macroscopically, as this part of the 
tendon in tendinosis patients frequently appears as soft, yellow-brown, disorganized 
tissue (‘tendinosis tendon tissue’) (Khan et al., 1999; Peers and Lysens, 2005), which 
is to be compared to the glistening, stringy, and white appearance of normal patellar 
tendon tissue (Khan et al., 1998). 

Diagnosis is based on several facts and findings, anamnesis and clinical 
examination being the primary tools of the diagnostician. The patient must have a 
long history of pain symptoms from the patellar tendon, long enough to characterize 
them as chronic (generally more than 3 months) (e.g., Kettunen et al., 2002). The 
pain typically has a gradual debut, is often increased by activity, and sometimes 
augmented by prolonged knee flexion. Many patients can relate the onset of the 
symptoms to a period of intensified sporting (Peers and Lysens, 2005). In mild cases, 
the pain only appears after sport activity, whereas later on in the disease process the 
pain can occur at the beginning of, or throughout, such activity; severe cases even 
presenting with pain during daily activities or rest (Peers and Lysens, 2005). It even 
seems as if patellar tendinosis often contributes markedly to the decision to quit an 
athletic career; as much as half of all persons in some patient groups being reported to 
give up their sports career due to the condition (Kettunen et al., 2002). Thus, patellar 
tendinosis can be a serious, and sometimes disabling, condition, this being emphasized 
by a retrospective study that shows that as many as one in three of athletes who visit 
sports medicine clinics with this diagnosis are unable to return to their sports within 
six months (Cook et al., 1997).  
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Figure 4:  Patellar tendon tendinosis area (left side, medial view) 
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In the physical examination of the patellar tendon, a key finding is tenderness 
during palpation of the tendon at the inferior pole of the patella; this being performed 
when the patient has his/her leg fully extended in the knee joint (relaxed tendon), as 
flexion might disguise this symptom (Khan et al., 1998). However, tenderness at 
palpation alone is not sufficient for diagnosis. Thus, in a study assessing palpation as a 
diagnostic tool, it was concluded that in painful patellar tendons of individuals at risk, 
palpation is a moderately sensitive, but not specific, test for tendinosis (as verified by 
ultrasonography) (Cook et al., 2001). Consequently, in addition to palpation 
tenderness, the clinical examination should reveal pain during tendon-loading activity, 
and provocative tests can be used (e.g., Gisslen et al., 2005). It is also of utmost 
importance that differential diagnoses, particularly femuropatellar cartilage lesions, are 
ruled out (Alfredson, 2005). 

Radiologically, both ultrasonography and magnetic resonance imaging (MRI) are 
techniques applicable for contributing in the diagnosing of tendinosis. Thus, 
ultrasonography reveals hypo-echoic zones, irregular tendon structure, and a localized 
widening of the tendon, whereas MRI shows localized widening and increased signal 
intensity; both techniques being reported to correspond well to histopathological 
findings (e.g., Khan et al., 1998; Alfredson, 2005; Peers and Lysens, 2005). However, 
a study on 320 patellar tendons of asymptomatic elite athletes (different sports) 
revealed that ultrasonographic hypo-echoic areas were present in 22 % of these pain-
free tendons (Cook et al., 1998). In control tendons from non-athletic individuals, 
only 4 % of asymptomatic tendons showed these changes (Cook et al., 1998). 

1.2.3 Epidemiology 

Chronic tendon pain in general is common among both athletes and people in the 
general population (Riley, 2005b). Tendinosis in the patellar tendon is particularly 
frequent among elite athletes involved in sports with high demands on speed and 
power in the leg extensors, such as volleyball and basketball (Lian et al., 2005), but is 
also seen in other sports and among recreationally active individuals. The overall 
prevalence of jumper’s knee in a study on 613 elite athletes from different sports was 
found to be 14.2 %, with an additional 8 % reporting previous symptoms (Lian et al., 
2005). As many as 44.6 % of the volleyball players had the clinical diagnosis jumper’s 
knee (Lian et al., 2005). In a group of Swedish elite junior volleyball players, patellar 
tendinosis was found in 11 % of all tendons, whereas in an age-, height-, and weight-
matched group of not regularly sports-active young people no patellar tendinosis was 
seen at all (Gisslen et al., 2005). In an additional study of Swedish elite junior 
volleyball players, the prevalence was about 14 % (Gisslen and Alfredson, 2005). In 
contrast to Achilles tendon tendinosis, which has been seen to occur also in 
individuals with a sedentary lifestyle (Alfredson and Lorentzon, 2000), patellar 
tendinosis is rarely, if ever, seen in physically inactive people. 

Studies have suggested that patellar tendinosis is more common in men than in 
women. Thus, in one cross-sectional study on 240 handball and soccer players the 
condition was found to be twice as common among male athletes as compared to 
female (Lian et al., 2005). A possible sex difference is however not undisputed; one 
prospective study on 138 physical education students showing no significant 
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difference between male and female students in a two year follow-up (Witvrouw et al., 
2001). 

1.2.4 Etiology, pathogenesis, and pathology 

The etiology and pathogenesis of patellar tendinosis are still not completely clarified. 
The information about the pain mechanisms is very scarce, and the condition as such 
in many ways still constitutes a pathological mystery (e.g., Khan et al., 2000; Cook et 
al., 2004a; Hamilton and Purdam, 2004; Alfredson, 2005; Peers and Lysens, 2005). 
In general, it is very important to establish the underlying pathology of a disease, not 
least since a lack of scientifically substantiated information makes the development of 
evidence-based therapies impossible.  

As has already been described above (see ‘Epidemiology’), aspects such as level and 
type of sporting activity, and even sex (male>female), may be predisposing factors of 
patellar tendinosis. The physical strain that the tendon is exposed to, is generally 
thought to be one of the most important factors behind the development of tendinosis 
in general, a conclusion reached by the fact that tendons that are subjected to high 
mechanical demands are the ones most often afflicted (not least patellar and Achilles 
tendons) (Riley, 2005b). Thus, tendon overload/overuse poses as the most commonly 
accepted hypothesis concerning the etiology of tendinosis (e.g., Józsa and Kannus, 
1997; Cook et al., 2004a; Hamilton and Purdam, 2004; Alfredson, 2005; Peers and 
Lysens, 2005).  

Theory on micro-lesions and inadequate tissue repair 

Concerning the pathogenesis of patellar tendinosis, many theoretical models are 
presented in the literature. One rather generally assumed hypothesis today is that 
tendon overload leads to micro-lesions and subsequent inadequate tissue repair, i.e. 
the increased demand of matrix production, due to repetitive micro-trauma, exceeds 
the reparative capacity of the tissue, resulting in a degenerative condition of failed 
healing (Riley, 2004; Peers and Lysens, 2005). Such theoretical models of tendon 
overload are of course supported by the fact that physically inactive people do not 
seem to develop patellar tendinosis, but since that is known to occur for Achilles 
tendinosis (se ‘Epidemiology’), the overuse theories alone are not sufficient to explain 
the pathogenesis, assuming that patellar and Achilles tendinosis are manifestations of a 
similar condition. 

Furthermore, it is puzzling that the posterior collagen fibers of the proximal 
patellar tendon are the ones most commonly afflicted (see section 1.2.2), since these 
fibers are not necessarily always subjected to the highest tensile loads, and furthermore 
that they seem to be adapted to greater strains (Peers and Lysens, 2005). Other 
etiological factors must thus be taken into consideration. 

Increased blood flow (neovascularization?) 

Changes in vascularity have been suggested to be involved in the development of 
patellar tendinosis (Khan et al., 1998). Thus, studies on patellar tendons using 
ultrasound and color/power Doppler technique, have demonstrated an increased 
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vascularity (measured as augmented blood flow; Figure 5), interpreted as 
neovascularization, within and dorsal to the area with structural tendinosis changes 
(Cook et al., 2004b; Alfredson and Ohberg, 2005b; Gisslen and Alfredson, 2005). Of 
considerable interest, an association has been noted between the degree of such 
pathological vascularity and the level of pain in patellar tendinosis (Cook et al., 2005), 
and furthermore, it seems as if a striking majority shows this increased vascularity by 
power Doppler in cases of clinically diagnosed ‘jumper’s knee’ (Gisslen and Alfredson, 
2005; Gisslen et al., 2005). Furthermore, it has been shown that normal ultrasound 
and Doppler findings seem to constitute a low risk of developing the condition also in 
high risk individuals (Gisslen et al., 2007). Nevertheless, structural abnormalities in 
patellar tendons seen via ultrasound can be detected also in pain-free individuals of 
high risk populations (see section 1.2.2), the presence of ultrasonographic changes 
being as much as three times higher than the presence of clinical symptoms (Cook et 
al., 2000). In fact, even in not regularly sports-active, asymptomatic controls, such 
structural changes are rather frequently seen, in one study in 10 % of all pain-free 
patellar tendons (Gisslen et al., 2005). However, most interestingly, Doppler 
technique does not show an increase in vascularity in these controls (Gisslen et al., 
2005), whereas such changes can be detected in asymptomatic individuals of high risk 
sports (Cook et al., 2005). Even so, the link between the pain symptoms and the 
increased blood flow has not yet been found, and only speculations are presented in 
the literature, such as hypotheses of neural in-growth accompanying neovessels thus 
possibly causing the pain (cf. an article on Achilles tendinosis: Alfredson et al., 2003). 
The importance of the blood flow for the pain becomes even more puzzling when 
considering the relatively high success-rate in treating the pain seen for a newly 
developed technique of sclerosing injections targeting the area with increased blood 
flow; the injections substantially reducing the flow (Alfredson and Ohberg, 2005b; 
Hoksrud et al., 2006), see ‘Treatment methods’ (1.2.6) for further information.  
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Figure 5:  Ultrasonographic image of a tendinosis patellar tendon, using 
color Doppler (sagittal view; investigated area indicated in small figure) 
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Insufficient evidence so far leading to biochemical explanation models 

Regardless of theory of pathogenesis for patellar tendinosis, there is thus a missing link 
between the structural changes and the pain symptoms of the condition. Old 
‘tendinitis’ theories (see section 1.2.1), assuming an inflammatory process as the origin 
of the pain, have been put aside, since microdialysis studies in patellar tendons have 
demonstrated that prostaglandin E2 levels in tendinosis tendons are the same as in 
normal tendons (Alfredson et al., 2001), and because no inflammatory cells are found 
in microscopic examination of tendinosis patellar tendons (Khan et al., 1996). 
Another traditional theory regarding the reason for the pain is that the pain derives 
from separation of collagen fibers in severe cases of tendinosis, this theory however 
being heavily contradicted with convincing arguments by Khan, Cook, Maffulli and 
Kannus (Khan et al., 2000): Collagen excision from patellar tendons in autograft 
harvesting cause minimal pain to the donor site, persistent abnormality in collagen 
years after harvesting in such patients still does not inflict pain, and structural changes 
frequently occur also in pain-free individuals (cf. above). Alternatively, patellar tendon 
impingement, or impingement of the adjacent fat pad, has been suggested as possible 
origins of pain (Khan et al., 2000; Peers and Lysens, 2005). Furthermore, another 
theory propose that the changes seen in the proximal patellar tendon in tendinosis 
patients are signs of a sort of biomechanical adaptation to compressive forces within 
the tendon, and that the pain originates from the surrounding, peripheral tissue, 
which becomes placed under increasing load to which it fails to adapt, resulting in 
stimulation of nociceptors (Hamilton and Purdam, 2004).   

Intriguing suggestions have been made during recent years regarding a biochemical 
model for the origin of pain in tendinosis. Thus, the presence of biochemical 
mediators that may influence/irritate nociceptors, in or around the tendon, has been 
proposed (Khan et al., 2000). The involvement of neuropeptides, such as substance P 
(SP), in tendinosis has been discussed (Riley, 2005a), SP being associated with 
stimulation of pain sensation (Lembeck et al., 1981), vasodilatation (Katz et al., 
2003), and neurogenic inflammation (Foreman, 1987). In addition, through 
microdialysis it has been shown that the level of the excitatory neurotransmitter 
glutamate in tendinosis patellar tendons is significantly higher than in normal 
tendons, and immunohistochemistry has revealed that there is a presence of the 
glutamate NMDARl receptor in association with nerve structures in this tendon tissue 
(Alfredson et al., 2001), findings being of interest considering that glutamate can be a 
mediator of pain. 

Furthermore, challenges have been made against the general assumption that 
lesions of the tendon matrix precedes the activation of tendon cells and the 
proliferative repair processes, as well as the pain symptoms, in tendinosis. It has thus 
been proposed that it is equally possible that primary changes in tendon cell 
metabolism, due to tissue strain, may influence the structural properties of the tendon, 
i.e. changes in tenocytes activity may be primary in response to mechanical strain, and 
not secondary to micro-injuries (Riley, 2004). In addition, factors other than 
mechanical ones may influence the tenocytes in this respect, factors like hypoxia, 
drugs, and even locally synthesized biochemical agents. Also, metalloproteinases, a 
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large family of enzymes capable of degrading all tendon matrix components, and being 
involved in cellular activities such as proliferation and apoptosis, are proposed to play 
a major role in tendon adaptation and repair, and it is even implicated that some 
metalloproteinases may be damaging for the tendon, possibly leading to degeneration 
of tissue (Riley, 2005a). Interestingly, even apoptosis has been suggested to be 
involved in the development of tendinosis (Yuan et al., 2003; Scott et al., 2005). 

In summary, the theories of the pathogenesis behind the pain in tendinosis have 
somewhat shifted focus from mechanical explanation models to biochemical ones, and 
the role of the tenocytes themselves has been elevated. 

1.2.5 Histopathological tissue changes 

The histopathological changes seen in patellar tendon tissue in tendinosis have been 
thoroughly reviewed by Khan et al. (Khan et al., 1999): 

The tendons of patellar tendinosis patients, in contrast to normal tendons, do not 
contain tight parallel collagen bundles, but do instead show a disorganized 
appearance, the bundles being separated by clefts of increased mucoid ground 
substance. The tenocytes lose their fine slender spindle-shape, their nuclei become 
more rounded, and there is a clear hypercellularity. As previously stated, inflammatory 
cells are not seen, but an in-growth of small vessels is observed. 

In addition, microscopic studies on tendinosis tendon tissue of human patellar 
tendons have shown that besides the changes seen in tenocyte appearance, there is an 
increase in conspicuous cells within the tendon tissue, these cells having a fibroblastic 
and myofibroblastic appearance (Khan et al., 1996). The Bonar scale, a four point 
scale used for semiquantitative assessments of histopathological changes in tendinosis, 
includes tenocyte appearance as one of the four factors that are judged (the others are 
grading of vascularity, ground substance, and collagen) (Cook et al., 2004a): 

 
Grade for tenocyte changes in tendinosis according to Bonar scale  

Grade 0:  Inconspicuous elongated spindle shaped nuclei with no obvious cytoplasm at 
light microscopy. 

Grade 1:  Increased roundness; nucleus becomes more ovoid to round in shape without 
conspicuous cytoplasm. 

Grade 2:  Increased roundness and size; the nucleus is round, slightly enlarged and a 
small amount of cytoplasm is visible. 

Grade 3: Nuclei are round, large with abundant cytoplasm and lacuna formation 
(chondroid change). 

 
Furthermore, studies on degenerative supraspinatus tendon tissue have shown a 

change in collagen composition, the level of type III collagen being increased relative 
to type I, and there is actually also a decrease in the total amount of collagen (Riley et 
al., 1994). It has been stated that the noted changes in tendon tissue matrix of 
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degenerative tendons are consistent with wound healing processes, although there are 
elements of inadequate remodeling capacity (Riley, 2004). 

1.2.6 Treatment methods 

Patellar tendinosis is not easy to treat (Cook and Khan, 2001; Alfredson, 2005), and 
has posed as a challenge for surgeons and sports physicians for many years. There is no 
golden standard treatment, surgical methods e.g. varying substantially between 
different surgical clinics, and for a long time the treatments available have at best been 
empirical, scientific evidence lacking for most of the huge amount of conservative and 
surgical treatments proposed (Khan et al., 1998; Cook and Khan, 2001). 

Conservative treatments in general 

Concerning rest as a treatment for patellar tendinosis, it has been shown that the level 
of pain decreases in periods of abstinence from training, but when resuming training 
after rest, the majority of athletes experience a recurrence of symptoms (Ferretti, 1986; 
Colosimo and Bassett, 1990). In view of the theories of overload causing tendinosis, it 
seems logical to recommend rest as a treatment, although total immobilization may 
cause tissue atrophy (Peers and Lysens, 2005). According to a review of recommended 
treatment methods for patients with overuse tendon conditions in general, patients 
should be encouraged to reduce their activity rate, avoiding repetitive loading of the 
damaged tendon, since relative rest is suggested to prevent ongoing damage, decrease 
pain, and possibly promote tendon healing, although there are no clear 
recommendations for the duration of rest, and there are no studies on different 
regimens in this regard (Wilson and Best, 2005).  

Regarding the use of non-steroidal anti-inflammatory drugs (NSAIDs) for 
tendinopathies in general, studies on the oral use of such drugs have shown some 
decrease in pain-symptoms, but it has not been concluded that there is any 
improvement in the healing process (Almekinders and Temple, 1998). Also, there are 
controversy concerning the use of NSAIDs, since some study results point in the 
direction that these drugs might even interfere with the healing of the tissue, although 
other studies have concluded that there are no evidence for such statements 
(Sandmeier and Renstrom, 1997). Logically, considering recent years research findings 
contradicting inflammatory involvement in tendinosis (see sections 1.2.1 and 1.2.4), 
there is no theoretical basis for the use of NSAIDs over analgesic drugs without anti-
inflammatory effects. 

Reviews of the literature on local injections of corticosteroids as treatment of 
tendinopathies in general, have pointed towards the occurrence of some early pain 
relief after injection, but as for NSAIDs, beneficial effects of steroids on the healing 
process itself has not been confirmed. The common recurrence of symptoms after 
injections seem to indicate that there are poor healing effects (Almekinders and 
Temple, 1998). Again, it seems inappropriate to treat a non-inflammatory condition 
with anti-inflammatory substances. Furthermore, suggestions have been made that 
steroid injections may predispose for spontaneous tendon ruptures (Józsa and Kannus, 
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1997; Wilson and Best, 2005), although literature does not seem to provide 
convincing support for such claims (Almekinders and Temple, 1998). 

Furthermore, other conservative treatments for patellar tendinosis and 
tendinopathies in general have also been tried (see e.g., Khan et al., 1998; Wilson and 
Best, 2005). 

Eccentric training 

Several studies have evaluated the use of eccentric quadriceps training programs in the 
treatment of patellar tendinosis (e.g., Cannell et al., 2001; Jonsson and Alfredson, 
2005; Visnes et al., 2005; Young et al., 2005; Bahr et al., 2006). In general, it seems 
that eccentric quadriceps training on a decline board is more effective than eccentric 
quadriceps training without a decline board (Purdam et al., 2004). One randomized 
trial performed in Umeå, concluded that, in the short term, treatment with eccentric 
training, but not with concentric training, significantly reduced tendon pain and 
improved function in a group of mixed athletes with patellar tendinosis (Jonsson and 
Alfredson, 2005). Most studies, but not all, show promising results for eccentric 
training on patellar tendinosis, although the materials are often small and the follow-
ups relatively short (e.g., Cannell et al., 2001; Young et al., 2005).  

Sclerosing injection therapy 

During recent years, a new, non-operative, treatment method, in the form of 
sclerosing Polidocanol injections, has shown promising clinical results for patellar 
tendinosis (Alfredson, 2005). This treatment has been developed in Umeå, Sweden, 
by Alfredson, Öhberg and collaborators.  

As has already been described (see section 1.2.4), studies using ultrasound and 
color/power Doppler technique, have demonstrated an increase in vascularity in 
painful tendinosis patellar tendons, in the area with structural changes (deep, dorsal 
part of the proximal patellar tendon). This is seen via Doppler in the form of increased 
blood flow in vessels entering the patellar tendon from the paratendinous tissue on the 
dorsal side. Since this technique cannot register the blood flow in normal tendons, due 
to comparatively low flow velocity, this increase in blood flow seen in patellar 
tendinosis patients has been interpreted as neovascularization (e.g., Alfredson and 
Ohberg, 2005b; Gisslen and Alfredson, 2005). A similar interpretation of this type of 
observations in Achilles tendon tendinosis has been made also for that tendon 
(Ohberg et al., 2001). In this latter study, it was discussed as to whether the effects of 
eccentric training programs (see above) may derive, at least in part, from mechanical 
effects on these assumed neovessels and accompanying nerves; an assumption later 
partially confirmed by another study (Ohberg and Alfredson, 2004). Furthermore, 
injections of local anaesthesia at the site of the increased vascularity outside the ventral 
Achilles tendon seemed to temporarily abolish the tendinosis pain. Based on all these 
findings, the performance of ultrasound- and color Doppler-guided injections with 
the sclerosing substance Polidocanol, for many years used in treatment of varicose 
veins, was initiated for Achilles tendinosis. The results from these studies showed an 
immediate reduction of the blood flow, and a decrease in the tendon pain in a 
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majority of the patients after a series of injections (pilot studies: Ohberg and 
Alfredson, 2002, 2003; randomized controlled study: Alfredson and Ohberg, 2005a).  

The sclerosing Polidocanol injection treatment was then introduced also for 
patellar tendinosis patients, at first in a pilot study, showing promising short-term 
clinical results; 12 out of 15 patients experiencing a significant decrease in pain, and 
being able to go back to pre-injury activity level, after an average of three injections 
(Alfredson and Ohberg, 2005b). The injections are administrated at the level of the 
loose paratendinous connective tissue on the dorsal side of the proximal patellar 
tendon, corresponding to the area where the Doppler technique demonstrates an 
occurrence of high blood flow entering the tendinosis-affected tendon. Just recently, a 
randomized controlled trial, demonstrated results similar to those of the pilot study; a 
majority of elite level Norwegian athletes experiencing significant reduction of pain 
symptoms (Hoksrud et al., 2006). Nevertheless, in both studies, some patients seem 
resistant to the sclerosing treatment. Furthermore, although the simultaneous decrease 
in pain and reduction of blood flow supports the assumption that there must be a link 
between increased vascularity and pain symptoms in patellar tendinosis (see section 
1.2.4), this link is yet to be found, and the mechanisms of the sclerosing therapy thus 
remain an enigma.  

In 2005, in total 70 patellar tendons were reported to have been subjected to this 
therapy, no complications due to the treatment being seen for patellar tendons. On 
the other hand, two complete ruptures in 150 treated Achilles tendons were reported 
(Alfredson, 2005). 

Surgical treatment 

When conservative approaches of treatment for patellar tendinosis prove inadequate, 
operative measures remain. Surgery should be reserved for patients not responding to 
conservative treatments for at least six months (e.g., Khan et al., 1998; Peers and 
Lysens, 2005). In a study comparing eccentric training with surgical treatment the 
clinical results were the same in both groups, and it was concluded that conservative 
regimen should be tried for twelve weeks before considering operative measures (Bahr 
et al., 2006). 

There are numerous different surgical methods for treatment of proximal patellar 
tendinosis, perhaps reflecting the lack of randomized trials comparing different 
procedures (Khan et al., 1998; Peers and Lysens, 2005). Methods available, as seen in 
a review of the literature in the field, include open patellar tenotomy, arthroscopic 
patellar tenotomy, osteotomy (resection of the distal patellar pole), and ultrasound-
guided percutaneous longitudinal tenotomy (Coleman et al., 2000). In this review by 
Coleman and collaborators it was concluded that studies with a poor scientific study 
design generally reported good clinical results, whereas studies with a good study 
design reported poor clinical results (Coleman et al., 2000). In conclusion, it seems as 
if the results after surgery are varying and unpredictable. 

Although the new sclerosing Polidocanol injection treatment has drastically 
challenged the need for surgery in many patients, operative methods still seem to have 
their place in the therapy regimen of patellar tendinosis. Firstly, not all patients seem 
receptive to the sclerosing Polidocanol treatment (see above), and, secondly, this 
treatment, although conservative in its nature, often requires repetitive injections 
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before achieving good results, thereby in a sense being more demanding for the 
patient. Just recently, a new surgical method, using arthroscopic shaving of the 
tendinosis area on the dorsal side of the patellar tendon (area with increased 
vascularity), has been tried and evaluated: The short-term results show a significant 
decrease in pain symptoms, and a resuming of pre-injury activity-level, in 13 out of 15 
patients (Willberg et al., 2006). 

1.3 Production in non-neuronal cells of signal substances 

traditionally associated with neurons  

In line with intriguing new theories on the pathogenesis of tendinosis, implying the 
involvement of biochemical substances that may influence nociceptors or nerve fibers 
in the tendon (see section 1.2.4), a lot of research in the last years have been made on 
the expression of substances that are traditionally associated with neurons, in non-
neuronal cells. One such substance that has been devoted particular attention is 
acetylcholine (ACh), a classical neurotransmitter. Thus, ACh, or its synthesizing 
enzyme choline acetyltransferase (ChAT), has been found to be present in several non-
neuronal human tissues, such as in epithelium of airways and the epidermis, in 
endothelial cells and muscle cells, and in different kind of immune cells (Wessler et 
al., 2001; Kawashima and Fujii, 2003). This occurrence of non-neuronal ACh gives 
an explanation as to why the expression of ACh receptors, such as muscarinic 
receptors (mAChRs), is so widespread in cells not innervated by cholinergic neurons 
(Wessler et al., 1998). Thus, there is basis for local autocrine/paracrine cholinergic 
systems throughout the human body. It is known that ACh has various effects on 
human cells (see below), and its possible role in the pathogenesis of various diseases 
has been discussed (Wessler et al., 2001).  

Concerning tendon tissue, it is not previously known as to whether or not ACh is 
produced by, or has effects on, tendon cells. However, in other tissues, fibroblasts, i.e. 
the equivalent of tendon tenocytes, have been shown to express ACh receptors in 
mammalians (e.g., Sekhon et al., 2002). Taking into consideration what is known 
about the histopathological changes of tendinosis, it is very interesting to note that 
ACh can manifestly promote the proliferation of myofibroblastic cells (Oben et al., 
2003b), and furthermore that stimulation of certain ACh receptors may stimulate 
angiogenesis and collagen deposition during wound healing (Jacobi et al., 2002). Of 
considerable interest, with regards to the unanswered questions concerning the origin 
of the pain in tendinosis, is the suggestion that ACh, synthesized in non-neuronal 
cells, may play a role in modulating peripheral nociception (Wess et al., 2003). In fact, 
ACh is shown to have the capacity to induce pain (Vogelsang et al., 1995), and such 
effects may to some extent be mediated through M2 receptors, as these receptors exists 
on certain sensory afferents (Haberberger and Bodenbenner, 2000). 

Not only ACh, but also other classical neurotransmitters have been found outside 
the nervous system in mammalians. This includes catecholamines, a group of 
neurotransmitters that includes epinephrine, norepinephrine, and dopamine. Thus, 
fibrogenic cells of the mouse liver contain catecholamine biosynthetic enzymes and 
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release norepinephrine (Oben and Diehl, 2004). Actually, these cells also express 
adrenergic receptors, forming a morphological basis for autocrine/paracrine effects, 
and, most interestingly, they have been shown to respond to catecholamines by 
promoting hepatic fibrosis (Oben et al., 2004). Furthermore, it is shown that 
adrenergic stimulation of mouse fibroblasts (Anesini and Borda, 2002) and rat 
myocytes (Burniston et al., 2005) may be related to cell proliferation and/or apoptosis. 
Finally, it has been shown that human cells, in a fibroblast-derived cell line, can be 
induced to express the catecholamine synthesizing enzyme tyrosine hydroxylase (TH) 
(Rieske et al., 2005). 
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2. AIMS 

The aims of the present thesis were 

1) to map the innervation patterns of the human patellar tendon regarding 

a) general innervation (PGP 9.5) in normal [I] and tendinosis [V, VII] 
tendons. 

b) sensory innervation (SP/CGRP) in normal [I] and tendinosis [V, VII] 
tendons, and the presence of the SP-preferred receptor, NK-1 R, in both 
groups of tendons [II]. 

c) cholinergic innervation (AChE/VAChT/ChAT), and the presence of M2R 
in nerve structures and blood vessel walls, in normal and tendinosis 
tendons [III]. 

d) sympathetic innervation (TH/NPY), and the presence of α1-, α2A- and β1-
adrenoreceptors in nerve structures and blood vessel walls, in normal [V] 
and tendinosis [V, VII] tendons. 

2) to study the possible existence of a local production of signal substances 
traditionally associated with neurons, and of receptors for these, in non-
neuronal cells in the human patellar tendon tissue, by investigating the possible 
occurrence in tenocytes of   

a) the acetylcholine synthesizing enzyme choline acetyltransferase (ChAT) 
[III, IV], of ChAT mRNA [IV], of VAChT [III, IV], and of M2R [III, IV], 
in both normal and tendinosis tendons. 

b) the rate-limiting enzyme in synthesis of catecholamines, tyrosine 
hydroxylase (TH), [V], of TH mRNA [VI], and of adrenoreceptors [V], in 
both normal and tendinosis tendons. 
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3. MATERIAL AND METHODS 

3.1 Patient material 

For an overview of the patellar tendon patient material, see Table 1, in which it is also 
indicated how specimens from the different subjects were included in the papers. In 
paper II, specimens of Achilles tendons were also analyzed. 

3.1.1 Tendinosis patients 

These studies included a group consisting of 17 sports active (from elite level to 
recreational level) patients (for details, see Table 1) with a long duration of chronic 
pain symptoms from the patellar tendon, diagnosed as tendinosis via clinical 
examination, combined with ultrasonography or MRI. Clinically, all patients 
displayed tenderness in the proximal part of the tendon and pain during tendon 
loading activity. The tender part of the tendon corresponded to an area with structural 
tissue changes seen by ultrasonography (localized widening of the tendon, irregular 
structure and focal hypo-echoic areas) or MRI (localized widening and increased signal 
intensity). All patients were otherwise healthy, on no medication, and not smoking.  

Five of the patients (see Table 1) had been subjected to treatment with sclerosing 
(Polidocanol) injection therapy according to an established procedure (Alfredson and 
Ohberg, 2005b) (see also section 1.2.6), but this had had a poor effect on the tendon 
pain despite repetitive injections. Before the sclerosing injections, all these patients had 
also undergone an eccentric training program (cf. Jonsson and Alfredson, 2005) 
without symptom relief. These five patients, who were later operated on, are in this 
thesis, and in paper IV and VII, referred to as ‘therapy-resistant’. 

3.1.2 Normal controls 

A group of 16 voluntary individuals (for details, see Table 1) was selected as control 
group. These individuals all had pain-free and normal patellar tendons, as seen via 
clinical examination and also verified by ultrasonography in a majority of the cases. 
These individuals were healthy, on no medication and not smoking. They were 
engaged in moderate exercise activities on recreational level (walking, jogging, work-
out).  

3.1.3 Ethics 

The study protocol was approved by the Committee of Ethics at the Faculty of 
Medicine and Odontology, Umeå University, and by the Regional Ethical Review 
Board in Umeå. The experiments were conducted according to the principles 
expressed in the Declaration of Helsinki. 
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Table 1:  Overview of the patellar tendon patient material 

Code Sex Age Papers Note 

Normal controls  n=16; mean age: 32.1 years; range: 20-47 years 

PM1 male 28 years I II III IV V VI VII  
PM2 male 45  I II III IV V VI VII  
PM3 male 47  I II III IV V VI VII  
PM4 male 30  I II III IV V VI VII  
PM5 male 36  I II III IV V VI VII  
PM6 male 20  I II III IV V VI VII  
PM7 male 30  I II III IV V VI VII  
PM8 male 30  I II III IV V VI VII  
PM9 male 28  I II III IV V VI VII  
PM10 male 28  I II III IV V VI VII  
PM11 male 25  I II III IV V VI VII  
PM12 male 25  I II III IV V VI VII  
PM13 male 22  I II III IV V VI VII  
PM14 male 33  I II III IV V VI VII  
PM15 male 44  I II III IV V VI VII  
PK1 female 43  I II III IV V VI VII  

Tendinosis patients  n=17; mean age: 26.1 years; range: 16-47 years 

PTM1 male 32 years I II III IV V VI VII  
PTM3 male 29  I II III IV V VI VII  
PTM4 male 22  I II III IV V VI VII  
PTM5 male 31  I II III IV V VI VII  
PTM6 male 27  I II III IV V VI VII  
PTM7 male 26  I II III IV V VI VII  
PTM8 male 47 I II III IV V VI VII therapy-resistant 
PTM9 male 18 I II III IV V VI VII therapy-resistant 
PTM10 male 29 I II III IV V VI VII therapy-resistant 
PTM11 male 25 I II III IV V VI VII  
PTM12 male 24 I II III IV V VI VII therapy-resistant 
PTM13 male 36 I II III IV V VI VII  
PTK1 female 23 I II III IV V VI VII  
PTK2 female 20 I II III IV V VI VII  
PTK3 female 19 I II III IV V VI VII therapy-resistant 
PTK4 female 20 I II III IV V VI VII  
PTK5 female 16 I II III IV V VI VII  
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3.2 Sampling 

3.2.1 Surgery (tendinosis tendons) 

The biopsies from the tendinosis tendons were taken during surgical treatment, and 
were from the painful area with structural changes (tendinosis area). This area 
corresponded to the proximal part of the patellar tendon proper (deep/dorsal portion). 
The size of the biopsies varied, the minimum size being 1 mm x 4 mm. 

The biopsies were in principle collected through one of two surgical procedures:  
In the most common procedure the patellar tendon was exposed via a longitudinal 

lateral incision. The paratenon was opened, and via a longitudinal midline incision 
(from superficial to deep side) the tendon itself was opened. Macroscopically 
abnormal tissue (tendinosis tendon tissue, cf. section 1.2.2) was removed.  

In another procedure (performed on the seven last collected biopsies; PTM11-13 
and PTK2-5, see Table 1), the samples were taken during an arthroscopic shaving 
operation (cf. Willberg et al., 2006), prior to the actual shaving. In these seven cases, 
the dorsal arthroscopic approach made it possible to collect material from the loose 
paratendinous connective tissue dorsal to the tendon tissue proper, i.e. from the area 
were the sclerosing Polidocanol injections are given (cf. section 1.2.6). 

It should be stressed that, concerning the tendon tissue proper, the same area of 
the patellar tendon, i.e. the deep/dorsal part of the proximal tendon (the part where 
the tendinosis changes most frequently are localized, see Figure 4), was addressed in 
both procedures. 

3.2.2 Biopsies from normal tendons 

In the normal patellar tendons, the biopsies were taken from the same level of the 
tendon (i.e. the proximal part of the tendon), as were the biopsies from the tendinosis 
tendons. Using local anaestesia, the biopsies from the normal tendons were collected 
through a small skin incision. Because of the superficial, ventral approach in this 
procedure, these biopsies came to represent not only tissue from the tendon proper, 
but also, to some extent, loose paratendinous connective tissue from the superficial 
ventral side of the tendon. The size of these biopsies varied, the minimum size being 1 
mm x 4 mm. 

Due to ethical reasons, no paratendinous tissue dorsal to the tendon proper was 
collected from the normal controls. Furthermore, also for ethical reasons, no tissue 
samples were collected from patients that had been successfully treated with sclerosing 
injections. 

3.3 Processing of tissue 

The specimens of both tendinosis and normal tendon tissue were processed in two 
alternative ways: They were either chemically fixed before freezing, or were directly 



 
Innervation patterns and locally produced signal substances in the human patellar tendon 

 
 
 

31 
 

frozen after sampling. In most cases, two different samples were taken from the same 
individual. In this way, both chemically fixed and unfixed samples were available from 
a majority of the individuals studied. The specimens that were fixed were treated by 
immersion overnight at 4°C in a solution of 4% formaldehyde in 0.1 M phosphate 
buffer, pH 7.0. These specimens were thereafter thoroughly washed in Tyrode’s 
solution, containing 10% sucrose, at 4°C overnight, mounted on thin cardboard in 
OCT embedding medium (Miles Laboratories, Naperville, IL), frozen in propane 
chilled with liquid nitrogen, and thereafter stored at –80°C until sectioning. The 
specimens that were not chemically fixed were directly transported to the laboratory 
for freezing. They were embedded and frozen in the same way as were the chemically 
fixed specimens. 

Concerning tissue samples for processing with ISH, unfixed biopsies were utilized, 
and postfixation according to the ISH protocol was performed (see below). 

3.4 Sectioning 

Series of 7-10 µm thick sections of specimens from all groups were cut using a 
cryostat. The sections were mounted on slides pre-coated with chrome-alun gelatin, 
dried and processed either for immunohistochemistry or histochemistry, or stained 
with hematoxylin-eosin for delineating tissue morphology. 

In the case of the unfixed biopsies used for ISH, series of 10 µm thick cryosections 
were cut using a cryostat (with a knife washed in 70 % EtOH in DEPC-H2O) and 
mounted onto Super Frost Plus slides (nr. 041300, Menzel-Gläser), directly before the 
ISH staining.  

3.5 Immunohistochemistry 

3.5.1 Immunofluorescence (TRITC and FITC) 

Immunofluorescence was performed for demonstration of α1-AR, α2A-AR, β1-AR, 
CD31, CGRP, M2R, NK-1 R, NPY, PGP 9.5, SP, TH, and VAChT (TRITC), and 
for ChAT and VAChT (FITC). See also Table 2. 

In this technique, sections were first pretreated with acid potassium permanganate 
for 2 min, a procedure that was used to enhance specific immunofluorescence 
reactions (Hansson and Forsgren, 1995), and thereafter followed rinsing three times 
for 5 min each in phosphate-buffered saline (PBS) (these initial steps were not 
performed in the staining for M2R and NK-1 R). Then followed incubation for 20 
min in a 1% solution of detergent Triton X-100 (Kebo Lab, Stockholm) in 0.01 M 
PBS, pH 7.4, and again rinsing three times for 5 min each in PBS. The sections were 
thereafter incubated in 5 % normal swine serum (code: X0901; Dako, Denmark) in 
PBS supplemented with 0.1 % bovine serum albumin (BSA) for 15 min at room 
temperature. Then the sections were incubated with the primary antibody, diluted in 
PBS with BSA, in a humid environment. Incubation was performed overnight at 4°C 
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or for 60 min at 37°C. After incubation with specific antiserum, and three 5 min 
washes in PBS, another incubation in normal swine serum followed as described 
above, after which the sections were incubated with secondary antibody corresponding 
to tetramethylrhodamine isothiocyanate (TRITC)-conjugated swine antirabbit IgG 
(code: R0156; Dako, Denmark), diluted 1:40, for 30 min at 37°C. The sections were 
finally mounted in Vectashield microscopy mounting medium after a last 3 x 5 min 
wash in PBS.  

In the case of staining for CD31, VAChT (antibody from Santa Cruz), and ChAT 
the following differences compared to the above described scheme were made:  

Concerning CD31: The secondary antibody was TRITC-conjugated rabbit 
antimouse IgG (code: R0270; Dako, Denmark), diluted 1:40, and 5 % normal rabbit 
serum (X0902; Dako, Denmark) in PBS supplemented with 0.1 % BSA was utilized 
instead of normal swine serum. 

Concerning VAChT (antibody from Santa Cruz) and ChAT: The secondary 
antibody was fluorescein isothiocyanate (FITC)-conjugated AffiniPure donkey 
antigoat IgG (code: 705-095-147; Jackson ImmunoReserach, PA), diluted 1:100, and 
5 % normal donkey serum (code: 017-000-121; Jackson ImmunoReserach, PA) in 
PBS was utilized instead of normal swine serum. The primary and secondary 
antibodies were diluted in PBS without supplementary BSA (according to instructions 
from the supplier of the secondary antibody). 

3.5.2 Peroxidase-antiperoxidase (PAP) immunostaining 

PAP staining was performed for demonstration of CGRP, NK-1 R, NPY, PGP 9.5, 
SP, and TH. See also Table 2. 

In this method, microwave antigen retrieval was used (except in staining for NK-1 
R) in order to reveal epitopes hidden by the formaldehyde fixation. This was carried 
out by briefly placing the slides in plastic Koplin jars being filled with 0.01 mol/l 
citrate buffer, pH 6,0. The jars were then placed in the microwave oven (55°C) and 
were boiled at 650 W for 5 min x 3. After each cycle, the slides were transferred to 
new jars with fresh citrate buffer cooled to room temperature. After cooling for 20 
min, the sections were then rinsed in PBS buffer for 5 min x 3. After that the sections 
were pretreated with acid potassium permanganate for two min, after which followed 
rinsing in PBS for 5 min x  3 (these last two steps were not performed in staining for 
NK-1 R). Thereafter the slides were incubated in a 1 % Triton X-100 solution in 0.01 
M PBS, pH 7.4, for 20 min, and then washed in PBS 5 min x 3, after which 
endogenous peroxidase activity was blocked by 30 min incubation in 1 % H2O2. After 
subsequent washing in PBS 5 min x  3, the sections were incubated with 5 % normal 
swine serum (code: X0901; Dako, Denmark) in PBS supplemented with 0.1 % BSA 
for 15 min at room temperature. Incubation with primary antibody, diluted in PBS 
with BSA, was thereafter performed for 60 min at 37°C. After again washing in PBS 5 
min x 3 and another incubation with normal swine serum as described above, the 
secondary antibody was applied (swine anti-rabbit, diluted 1:100 in PBS with BSA; 
code: Z0196; Dako, Denmark) and incubation followed for 30 min at room 
temperature. The sections were thereafter once more rinsed in PBS 5 min x 3, then 
incubated for 30 min in room temperature with peroxidase-labeled IgG 
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immunoglobulin (1:100; PAP-rabbit; code: Z0113, Dako, Denmark), rinsed again in 
PBS 5 min x 3 and developed in diaminobenzidine (DAB) solution for 5 min. Before 
dehydration, the sections were dipped for 20 sec in Mayers hematoxylin (htx) for 
delineating general tissue morphology. After that the sections were dehydrated and 
finally mounted in either DPX or Pertex microscopy mounting medium.  

In the case of staining for PGP 9.5 with the primary sheep antibody from 
Bindingsite, an enzymatic detection kit was used (polyMICA, Bindingsite, 
Birmingham, UK, code HK004.D). 

3.5.3 Immunostaining using EnVision® detection  

Concerning demonstration of VAChT immunoreaction (with antibody from Sigma), 
staining using EnVision® detection was found to be a complementary staining 
method [III].  

In this technique, microwave antigen retrieval was used as described for PAP 
staining (see above). After cooling for 20 min, the sections were rinsed in PBS buffer 
for 5 min x 3, then pretreated with acid potassium permanganate for two min, after 
which followed rinsing in PBS for 5 min x  3. Then the slides were incubated in a 1 % 
Triton X-100 solution in 0.01 M PBS, pH 7.4,  for 20 min. The sections were then 
washed in PBS 5 min x 3, and endogenous peroxidase activity was blocked by 30 min 
incubation in 1 % H2O2. After subsequent washing in PBS 5 min x  3, the sections 
were incubated with normal 5 % goat serum in PBS supplemented with 0.1 % BSA 
for 15 min. Incubation with primary antibody (antibody against VAChT from Sigma) 
was performed for 60 min at room temperature. After again washing in PBS 5 min x 
3, and another incubation with normal goat serum as described above, the secondary 
antibody complex was applied (Dako EnVision®+, goat antirabbit IgG conjugated to 
a peroxidase-tagged polymer, code K4002; undiluted; DakoCytomation, Glostrup, 
Denmark) for a 30 min incubation in room temperature. The sections were thereafter 
once more rinsed in PBS 5 x 3, and then developed in diaminobenzidine (DAB) 
solution for 5 min. Before dehydration the sections were dipped for 20 sec in Mayers 
hematoxylin (htx) for delineating general tissue morphology. After that the sections 
were dehydrated and finally mounted in Pertex microscopy mounting medium.  

3.5.4 Primary antibodies 

Several polyclonal antibodies, and one monoclonal antibody (M0823), were utilized as 
primary antibodies for the immunohistochemical stainings. For an overview of the 
properties of these antibodies, see Table 2. Concerning detailed descriptions of the 
characteristics of the antibodies, see the separate papers [I-VII]. In Table 2, it is 
indicated in which papers the different antibodies were used.  
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Table 2:  Overview of primary antibodies 

Antigen Code Source Type Dilution Tissue Method Papers 

α1-AR PC160 Oncogene, Boston, 
MA, USA 

Rabbit 1:50 - 
1:100 

Fixed TRITC I II III IV V VI VII

α2A-AR PC161 Oncogene, Boston, 
MA, USA 

Rabbit 1:50 - 
1:100 

Fixed TRITC I II III IV V VI VII

β1-AR PC162 Oncogene, Boston, 
MA, USA 

Rabbit 1:50 - 
1:100 

Fixed TRITC I II III IV V VI VII

CD31 M0823 Dako, Denmark Mouse 1:100 Unfixed TRITC I II III IV V VI VII

CGRP RPN-
1842 

Amersham 
International, 
Buckinghamshire, 
UK 

Rabbit 1:100 Fixed TRITC I II III IV V VI VII

CGRP PEPA27 Serotec, UK Rabbit 1:100 – 
1:200 

Fixed PAP, 
TRITC 

I II III IV V VI VII

ChAT AB144P Chemicon, 
Temecula CA 

Goat 1:25 -  
1:50 

Fixed FITC I II III IV V VI VII

M2R M9858 Sigma, St Louis, 
MO 

Rabbit 1:100 Unfixed TRITC I II III IV V VI VII

M2R AB5166 Chemicon, 
Temecula, CA 

Rabbit 1:100 Unfixed TRITC I II III IV V VI VII

NK-1 R NB 300-
119 

Novus, Cambridge, 
UK 

Rabbit 1:100 Unfixed TRITC I II III IV V VI VII

NK-1 R S8305 Sigma, St Louis Rabbit 1:100 Fixed PAP, 
TRITC 

I II III IV V VI VII

NK-1 R Pc 481 Oncogene, Boston, 
MA 

Rabbit 1:100 Unfixed, 
fixed 

PAP I II III IV V VI VII

NK-1 R Pc 324 Oncogene, Boston, 
MA 

Rabbit 1:100 Fixed TRITC I II III IV V VI VII

NK-1 R AB5060 Chemicon Int, 
Temecula, CA 

Rabbit 1:100 Unfixed TRITC I II III IV V VI VII

NPY PC223L Oncogene, Boston, 
MA, USA 

Rabbit 1:500 - 
1:1000 

Fixed PAP, 
TRITC 

I II III IV V VI VII

PGP 9.5 7863-
0504 

Biogenesis, UK Rabbit 1:100 - 
1:1000 

Fixed PAP, 
TRITC 

I II III IV V VI VII

PGP 9.5 PH164.
XS 

Bindingsite, 
Birmingham, UK 

Sheep 1:1000 Fixed PAP I II III IV V VI VII

SP i675/002 UCB, Brussels, 
Belgium 

Rabbit 1:200 Fixed TRITC I II III IV V VI VII

SP 8450-
0004 

Biogenesis, UK Rabbit 1:25 - 
1:100 

Fixed PAP, 
TRITC 

I II III IV V VI VII

TH P40101 Pel-Freez, Rogers, 
Arkansas, USA  

Rabbit 1:50 – 
1:100 

Fixed PAP, 
TRITC 

I II III IV V VI VII

VAChT v5387 Sigma, St Louis, 
MO 

Rabbit 1:100 Fixed TRITC, 
EnVision

I II III IV V VI VII

VAChT sc-7716 Santa Cruz, CA Goat 1:25 - 
1:100 

Fixed FITC I II III IV V VI VII
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3.5.5 Control stainings, including preabsorbtions 

Based on continuous test stainings of the sections of tendon specimens, and stainings 
with the currently used antibodies on sections of reference tissue specimens, certain 
protocols (immunofluorescence, PAP or EnVision; microwave antigen retrieval and/or 
pretreatment with potassium permanganate; chemically fixed or unfixed tissue) turned 
out to be the most useful for the different antibodies in delineating specific 
immunoreactions (cf. protocols above and Table 2).   

For control purposes, the primary antibodies were omitted or replaced with 
normal serum or PBS supplemented with 0.1 % BSA. 

Furthermore, sections were also incubated with ChAT-, VAChT-, M2R-, SP-, 
CGRP-, and NPY-antisera that had been preabsorbed overnight at 4°C with the 
respective antigens. For an overview of the details of this, see Table 3. 

For testing the specificity of the TH antiserum, comparative stainings of rat 
adrenal medulla, in which the staining pattern of TH is well established, were 
performed. Comparative stainings on mouse pancreas and rat superior cervical 
ganglion were also performed. 

Concerning the evaluation of the stainings for the adrenergic receptors, the 
reactions obtained after stainings of human colonic and fetal rat heart tissues were 
evaluated in parallel, and regarding the evaluation of M2R-stainings, sections of 
human colonic tissue were analyzed in parallel. Furthermore, comparative stainings 
with antibodies against non-related receptors (FGF-receptor [code: F542; Sigma; 
1:100], and EGF-receptor [code: PC19; Oncogene; 1:100]) showed that the reactions 
seen with the antibodies for the adrenergic receptors and M2R were not demarcated by 
these reference antibodies.  

Regarding control stainings for ChAT and VAChT on reference tissue specimens, 
see paper III. Concerning control stainings for NK-1 R, see paper II.  

 
 
 

Table 3:  Overview of antigens used for preabsorption controls 

Antigen Code Source Used with ab Dilution Papers 

CGRP C2806 Sigma, St Louis, 
MO 

PEPA27 10-20 µg/mL antiserum I II III IV V VI VII

ChAT AG220 Chemicon, 
Temecula CA 

AB144P 20 µg/mL antiserum I II III IV V VI VII

M2R AB5166- 
peptide 

Chemicon, 
Temecula, CA 

AB5166 50-100 µg/mL antiserum I II III IV V VI VII

NPY SC115P NeoMPS, 
Strasbourg, 
France 

PC223L 20-50 µg/mL antiserum I II III IV V VI VII

VAChT sc-7716 P Santa Cruz, CA sc-7716 150 µg/ml antiserum I II III IV V VI VII

SP S3144 Sigma, St Louis, 
MO 

8450-0004 10-20 µg/mL antiserum I II III IV V VI VII
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3.6 Histochemical staining 

Histochemical staining according to Gomori (Gomori, 1952) was used to 
demonstrate acetylcholinesterase (AChE) activity [III]. Nonspecific AChE was 
inhibited by preincubation with tetraisopropylphosphoramide (iso-OMPA, 0.1 mM) 
for 30 min. Thereafter followed rinsing in distilled water and the sections were then 
developed in fresh 1 % ammonium sulphide (60 s), counterstained in 1 % Methyl 
Green (30 s), washed in tap water, and mounted in glycerin-gelatin jelly. For further 
descriptions of the procedures, see also (Forsgren, 1986). 

3.7 In situ hybridization (ISH) 

Digoxigenin (DIG)-hyperlabeled oligonucleotide antisense probes (ssDNA) for 
detection of human mRNA (for details, see Table 4) were used on sections of unfixed 
biopsies [IV, VI]. ISH was performed according to an established ISH protocol 
(Panoskaltsis-Mortari and Bucy, 1995), using an alkaline phosphatase (AP)-labeled 
anti-DIG antibody (11 093 274 910; Roche, Germany) for detection, with a few 
modifications.  

The 10 µm thick sections (see ‘Sectioning’ above) were air-dried at room 
temperature (RT) for 30 min and thereafter fixed in 4 % paraformaldehyde (PFA) in 
0,1 M phosphate buffer (the PFA solution was first passed through a 0.45 µm sterile 
filter) for 60 min at RT. The slides were then washed with 2x saline sodium citrate 
(SSC) for 2 x 10 min. Concerning SSC the following procedures were performed: 20x 
SSC was prepared from 3 M NaCl and 0.3 M sodium citrate, pH 7.0 [+20 °C], and 
autoclaved. 2x SSC was prepared by doing 10x dilution of 20x SSC in DEPEC-H2O. 

The sections were thereafter incubated in 0.2 M HCl for 8 min at RT to inhibit 
endogenous alkaline phosphatase acitivity. After this, the sections were acetylated by 
incubation of slides for 15 min at RT in a mixture of 195 mL DEPC-H2O, 2.7 mL 
tiethanolamine, 0.355 mL HCl, and 0.5 mL acetic anhydride (the acetic anhydride 
was added after the slides had been placed in the slide holder). Slides were then again 
rinsed in 2x SSC. After that, 50 ng (ChAT probe) or 100 ng (TH probe) of the 
ssDNA probe was put in 15 µL of hybridization solution in a 1.5 mL eppendorf tube 
and denaturated for 5 min in 80 °C and then put on ice. The hybridization solution 
was as follows: 500 µL formamide, 200 µL 20x SSC, 50 µL of 20x Denhardt’s 
solution, 50 µL herring sperm DNA (10 mg/mL) heat-denatured, 25 µL bakers yeast 
RNA (10 mg/mL), 175 µL dextran sulfate (50 %); total volume: 1.0 mL. 

The probe-containing hybridization solution was then applied to each section, the 
sections thereafter being covered with cover slips and sealed with nail polish. 
Incubation followed at 37 °C (ChAT probe) or 56 °C (TH probe) overnight. The 
slides were thereafter washed for 2 x 10 min at RT in 2x SSC and for 5 min at RT in 
STE-buffer (500 mM NaCL, 20 mM Tris-HCl [pH 7.5], 1 mM EDTA). Incubation 
in 100 µL RNase A (40 µg/ml in STE) thereafter followed for 30 min at 37 °C. After 
this, the slides were washed for 20 min at 56 °C in 2x SSC, 50 % formamide (25 mL 
100 % and 25 ml 2x SSC buffer), then for 2 x 5 min placed at RT in 1x SSC, and for 
2 x 5 min at RT in 0.5x SSC. Then the slides were washed for 5 min in buffer 1 (100 
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mM Tris-HCl [pH 7.5] + 150 mM NaCl). Thereafter followed incubation of the 
sections in buffer 1 containing 4 % normal horse serum (NHS) for 60 min at RT in a 
humid chamber. Then the sections were incubated in 100 µL of the AP-labeled anti-
DIG antibody (diluted 1:500 in buffer 1 with 4 % NHS) for 60 min at RT in a 
humid chamber. The slides were thereafter washed for 2 x 10 min in buffer 1, and for 
2 x 5 min in buffer 2 (100 mM Tris-HCl [pH 9.5] + 100 mM NaCl + 50 mM 
MgCl2). After this, the enzyme (AP) substrate solution (20 µL NBT/BCIP in 1 mL 
buffer 2 with 10 µL levamisole) was sterile filtered (22 µm) and added to the sections, 
and the slides were then incubated up-and-down in the dark at 4 °C overnight. The 
color reaction was then stopped by placing the slides in buffer 3 (10 mM Tris-HCl 
[pH 8.0] + 1 mM EDTA). Thereafter followed counter-staining of the slides in 
methylgreen (0.5 % – 0.5g/100mL) by the following procedure: The slides were 
dipped for 30 s in 75 %-ethanol, for 30 s in 95 %-ethanol, for 4-5 s in 0.5 % 
methylgreen, and finally washed in pure (99.5 %) ethanol x 3. The slides were 
mounted in Pertex microscopy mounting medium. 

The corresponding sense DIG-hyperlabeled ssDNA probes were used as negative 
controls. As positive control probe, a B-actin probe (GD5000-OP; GeneDetect, New 
Zealand) was used.  

 
 

Table 4:  Overview of ssDNA probes 

Probe Code Source Dilution Papers 

Antisense probe 1 , 
recognizing human 
ChAT mRNA 

GD1001-CS 
(custom made) 

GeneDetect®, 
New Zealand 

50 ng in 15 µL 
hybridization solution 

I II III IV V VI VII

Antisense probe 2 , 
recognizing human 
TH mRNA  

GD1811-OP GeneDetect®, 
New Zealand 

100 ng in 15 µL 
hybridization solution 

I II III IV V VI VII

1 GreenStar* DIG-hyperlabeled oligonucleotide probe 
  Sequence: CCATAGCAGCAGAACATCTCCGTGGTTGTGGGCACCTGGCTAGTGGAGAG 

2 GreenStar* DIG-hyperlabeled oligonucleotide probe. Sequence: AACCGCGGGGACATGATGGCCT 

 

3.8 Microscopic examination, and evaluation 

Sections were either examined under a Leitz Orthoplan photomicroscope equipped 
with epifluorescence optics or a Zeiss Axioskop 2 plus microscope equipped with 
epifluorescence optics and an Olympus DP70 digital camera. 

All sections were independently evaluated by two microscopists (P.D. and S.F. [I-
VII]), and in some cases by three microscopists (P.D., S.F., and G.A., [IV, VII]). 

Based on the fact that immunostainings for demonstration of a certain antigen 
were made simultaneously for a large number of sections, it was possible to make 
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comparisons concerning the magnitude/degree of intensity, as well as the frequency of 
the obtained immunoreactions (semiquantitative assessments) [II, III, IV, V]. These 
estimations were based on evaluations made by more than one microscopist, 
independently of each other (cf. above).  



 
Innervation patterns and locally produced signal substances in the human patellar tendon 

 
 
 

39 
 

 

4. RESULTS 

4.1 General histology 

The general histological patterns of the patellar tendon specimens were delineated 
through staining with htx-eosin. 

4.1.1 Tissue morphology 

Normal tendons (paper I) 

Normal tendon specimens consisted of tendon tissue proper, and paratendinous tissue 
from the ventral side of the tendon (cf. ‘Material and methods’). In these specimens, it 
was easy to microscopically differentiate the tendon tissue proper from the 
paratendinous tissue. The former consisted of collagen forming typically well-
organized, parallel fiber bundles (Fig. III:5a, and Fig. V:1) in-between which there 
were narrow zones of loose connective tissue harboring blood vessels. The degree of 
vascularity was however modest. 

The paratendinous tissue (ventral side of tendon) was mainly composed of loose 
connective tissue, in which there were wavy collagen bundles, randomly occurring 
collagen fibers, and large arteries and nerve fascicles (Fig. I:1a). 

There was a clear border zone between the tendon tissue proper and the loose 
paratendinous connective tissue (Fig. I:1b). 

Tendinosis tendons (paper V, VII) 

As described in ‘Material and methods’, the tendinosis tendon specimens were taken 
from the portion of the tendon that radiologically showed structural changes, and that 
was also macroscopically seen to consist of abnormal tissue (see section 1.2.2 in 
‘Introduction’). Thus, this tissue was from the actual tendon, corresponding to tendon 
tissue proper anatomically. However, to the naked eye this tissue did not show the 
typical appearance of normal tendon tissue, and consequently it is referred to as 
‘tendinosis tendon tissue’. Furthermore, in some specimens [VII], parts of the 
paratendinous tissue dorsal to the tendon were also collected (see ‘Material and 
methods’). 

In the patient group, there was a great variability concerning the morphology of 
the tendinosis tendon tissue [V]. Thus, parts of the tendinosis specimens showed a 
fairly parallel alignment of collagen fibers and a modest amount of loose connective 
tissue (Fig. V:2), resembling the appearance of normal patellar tendon tissue. In other 
parts of the tendinosis specimens, the collagen fibers were more irregularly arranged 
and there was a large amount of loose connective tissue. The morphology was overall 
deranged in some specimens. In comparison with the normal patellar tendon tissue 
proper, the blood vessels were clearly more abundant (hypervascularity) in most of the 
tendinosis specimens.  
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The paratendinous tissue collected from the dorsal side of the patellar tendon in 
some tendinosis patients [VII], was seen to mainly consist of loose connective tissue, 
containing randomly occurring collagen fibers and fiber bundles, large and small 
blood vessels, and nerve fascicles. Fat tissue was also frequently observed, and 
occasionally areas with synovial-like cells could be detected. 

4.1.2 Tenocytes; morphology and frequency 

Normal tendons (paper III, V) 

The normal patellar tendon samples generally exhibited a modest number of 
tenocytes. However, very occasionally, hypercellularity did occur in parts of normal 
tendon tissue.  

The tenocytes of normal tendons had a typical spindle-shaped, fairly straight and 
slender appearance (e.g. Fig III:5a).  

Tendinosis tendons (paper III, V) 

In the specimens of tendinosis tendons, there was a varying degree of hypercellularity. 
Most tendon samples contained a very large number of tenocytes (Fig. VI:1b), 
whereas some specimens almost resembled normal tendons with regard to the amount 
of cells, i.e. there was a moderate number of tenocytes in these specimens.  

Also concerning tenocyte morphology, a variability was noted within the 
tendinosis group. Many tenocytes of tendinosis specimens were seen to be somewhat 
disfigured in their appearance. These particular tenocytes often had a more ‘wavy’ 
appearance, i.e. being less straight in their course, and were sometimes broader (more 
rounded/plump in appearance) (Fig. III:5b), than those of the normal patellar 
tendons. The level of disfigured tenocytes within the tendinosis samples varied, some 
specimens having almost only tenocytes of abnormal appearance, whereas other 
specimens only had a few of these cells. However, all tendinosis specimens did to 
varying extent contain tenocytes showing a normally looking appearance (slender and 
spindle-shaped) as well.  

4.2 Innervation patterns 

4.2.1 General innervation  

General innervation patterns were delineated via immunohistochemical staining for 
the general nerve marker PGP 9.5.  

Normal tendons (paper I) 

In the tendon tissue proper, PGP 9.5-immunoreactions were seen in the form of nerve 
fascicles and perivascular nerve fibers in the zones of loose connective tissue 
interspersed between the collagen bundles (cf. ‘General histology’); predominantly in 
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such zones occurring superficially, close to the loose paratendinous connective tissue 
(Fig. I:5a-c). However, nerve fascicles, and nerve fibers being associated with 
arterioles, could also in a few cases be seen in zones of loose connective tissue in the 
deep parts of the well-organized tendon tissue proper as well (Fig. I:5e). Nevertheless, 
on the whole, the level of innervation within the tendon tissue proper was scarce. 

In the loose paratendinous connective tissue, there were marked immunoreactions 
for PGP 9.5 in the form of large nerve fascicles (Fig. I:2a-b) and perivascular nerve 
fibers, mainly in association with arteries. In the latter case, the nerve fibers were to a 
large extent located in the media-adventitia junction of the vessel walls (Fig. I:3a-b). 
The nerve fascicles of the loose paratendinous connective tissue were generally larger 
than those of the tendon tissue proper. Nerve fibers were also seen in association with 
some of the smaller blood vessels (Fig. I:3c). On the whole, the nerve structures were 
much more abundant in the loose paratendinous connective tissue, than in the tendon 
tissue proper. 

Tendinosis tendons (paper V, VII) 

In the tendinosis tendon tissue [V] PGP 9.5-immunoreactions were seen in the form 
of nerve fascicles and nerve fibers associated with arteries and arterioles (Fig. V:3). 
These structures were predominantly observed in the regions where loose connective 
tissue was abundant. Some arborizing and/or more freely coursing nerve fibers were 
also seen (Fig V:3c). The pattern in principle resembled that of the tendon tissue 
proper of normal tendons. As was the case for the latter tissue, the magnitude of 
innervation was low.  

In the dorsal loose paratendinous connective tissue [VII], PGP 9.5-
immunoreactions were detected in the form of abundant perivascular nerve fibers (Fig. 
VII:1a-c), especially around large arteries, although some vessels were seen to be not 
innervated at all. Also nerve fascicles displaying PGP 9.5-immunoreactions were 
observed. 

4.2.2 Sensory innervation, and presence of NK-1 receptors  

Sensory innervation patterns were revealed through immunohistochemical staining for 
the sensory nerve markers SP and CGRP, and staining was also performed to map the 
occurrence of the SP-preferred receptor, the neurokinin-1 receptor (NK-1 R). 

Normal tendon sensory innervation (paper I) 

In the tendon tissue proper, SP- and CGRP-immunoreactions could occasionally be 
observed in the thin nerve fascicles seen in the zones of loose connective tissue close to 
the loose paratendinous connective tissue (Fig. I:5d). SP- and CGRP-
immunoreactions were, however, exceedingly rare in the deep parts of the tendon 
tissue proper (Fig. I:5f). 

In the loose paratendinous connective tissue, CGRP-, and to some extent SP-
immunoreactions, were detected in the large nerve fascicles (Fig. I:2c-e). Furthermore, 
such reactions were also seen in nerve fibers at the media-adventitia junction of the 
large arteries (Fig. I:3e-f), and in some fibers occurring close to smaller vessels (Fig. 
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I:3d). Serial sectioning revealed that CGRP- and SP-immunoreactions occurred at 
similar regions (Fig. I:4).  

Tendinosis tendon sensory innervation (paper V, VII) 

In the specimens of tendinosis tendon tissue [V], SP- or CGRP-immunoreactions 
were overall rarely detected, but could infrequently be found in the shape of punctuate 
reactions in nerve fascicles (Fig. V:3 lower inset; Fig. V:8d). In principle, the situation 
corresponded to that seen for the tendon tissue proper of the normal patellar tendon. 

In the dorsal loose paratendinous connective tissue [VII], CGRP-
immunoreactions (Fig. VII:2b) were rarely detected at perivascular sites, and SP-
immunoreactions were even more scarce. 

NK-1 receptors in normal and tendinosis tendon tissue (paper II) 

NK-1 R-immunoreactions were seen in the walls of large and small blood vessels (Fig. 
II:1), particularly in the innermost located cells, and, to some extent, also in small 
nerve fascicles (Fig. II:3c), in varicose nerve fibers, and also, surprisingly, in some 
tenocytes (Fig. II:1b, inset). Reactions appeared at intracellular locations. The most 
pronounced NK-1 R-immunoreactions were seen in tendinosis specimens displaying 
marked hypervascularity. 

In the studies on NK-1 R patterns, not only patellar tendons but also human 
Achilles tendons (control and tendinosis tendons) were examined. The pattern was 
similar in both types of tendons. 

4.2.3 Cholinergic innervation, and presence of M2 receptors in 
nerve structures and blood vessel walls 

Cholinergic innervation patterns were delineated via immunohistochemical staining 
for VAChT and ChAT, and histochemical staining for AChE, the ACh degrading 
enzyme. ChAT is the ACh synthesizing enzyme, and VAChT is an enzyme known to 
shuffle ACh from an intracellular site of synthesis into vesicles in the nerve terminal 
(Eiden, 1998). Furthermore, immunohistochemistry using antibodies against the 
muscarinic ACh receptor M2R was also performed. 

Normal tendons (paper III) 

In the tendon tissue proper of normal patellar tendons, weak VAChT-, but not with 
certainty ChAT-, immunoreactions could be seen in some of the nerve fascicles, and 
no fine nerve fibers exhibiting VAChT-/ChAT-immunoreactions were seen. AChE-
reactions could be seen in the form of fine nerve fibers in the vicinity of the walls of 
some of the fine blood vessels.  

Immunoreactions for M2R could be seen in some of the nerve fascicles, but were 
predominantly detected as intracellular punctuate reactions in the walls of some of the 
blood vessels (Fig. III:1), especially in the innermost cell layer. The occurrence of 
immunoreactions in the endothelium was verified by parallel staining for the 
endothelial marker CD31 (Fig. III:2b compared to Fig. III:2a).  
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Tendinosis tendons (paper III, IV) 

In the tendinosis tendon tissue, the nerve fascicles displayed very faint VAChT-
immunoreactions, but not with certainty any ChAT-reactions, and no fine nerve 
fibers showing VAChT-/ChAT-immunoreactions were detected. AChE-reactions in 
the form of nerve fibers coursing along the walls of some of the fine blood vessels were 
however seen (Fig. III:11). On the whole, no convincing differences in comparison 
with normal tendons could be seen with regard to the cholinergic innervation.  

M2R-immunoreactions could be seen in some of the nerve fascicles of the 
tendinosis tendons. In the blood vessel walls of the tendinosis tendons an occurrence 
of intracellular punctuate M2R-immunoreactions was on the whole more marked than 
that seen in the normal tendons, as determined by semi-quantitative evaluation. It was 
noticed that the specimens exhibiting hypervascularity were the ones displaying the 
most distinct immunoreactions (Fig. III:3-4). As was the case in the specimens of 
normal tendons, the immunoreactions were most distinctly seen in the endothelium. 

4.2.4 Sympathetic innervation, and presence of adrenergic 
receptors in nerve structures and blood vessel walls  

Sympathetic innervation patterns were revealed through immunohistochemical 
staining for NPY, a neuropeptide that is mainly present in sympathetic nerve fibers 
(e.g., Forsgren, 1989), and for TH, the rate limiting enzyme in catecholamine 
synthesis.  Staining was also performed to map the occurrence of α1-, α2A-, and β1-
ARs. 

Normal tendons (paper V) 

In the tendon tissue proper, there were only a few NPY- and TH-immunoreactive 
nerve fibers of a varicose type located in the vicinity of a few of the blood vessels, 
particularly small sized arterioles (Fig. V:6a). The walls of the larger blood vessels were 
also only infrequently supplied with sympathetic innervation. Nerve fascicles showing 
NPY- and TH-immunoreactions were rare. 

In the loose paratendinous connective tissue, marked NPY- and TH-
immunoreactions were seen, predominantly in the form of large nerve fascicles (Fig. 
V:4), but also as nerve fibers located in the proximities of blood vessels or in the 
media-adventitia junction of their walls (Fig. V:5).  

Immunoreactions for the α1-, α2A-, and β1-ARs were seen in the large nerve 
fascicles of the paratendinous tissue, the reactions for α1-andrenoreceptors being the 
most distinct (Fig. V:10b-d). It was shown via serial stainings that these nerve fascicles 
corresponded to nerve fascicles containing nerve fibers being positive for SP, as well as 
for NPY and TH. Immunoreactions for the adrenoreceptors were also detected in the 
more infrequently occurring small nerve fascicles of the tendon tissue proper. 

α1-, α2A-, and β1-AR-immunoreactions were also seen in the smooth muscle cells of 
the media of arterioles located in the loose paratendinous connective tissue, and to 
some extent in the walls of the blood vessels situated in the tendon tissue proper. It 
was generally seen that the α1-AR-immunoreactions in blood vessels were the most 
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pronounced, whereas β1- and α2A-AR-immunoreactions were less distinct, α2A-AR-
immunoreactions only appearing very faintly.  

Tendinosis tendons (paper V, VII) 

In the samples of tendinosis tendon tissue [V], nerve fibers showing NPY- and 
especially TH-immunoreactions were seen in the regions in which there was plenty of 
loose connective tissue and in which the blood vessels were abundant. However, in the 
regions that were mainly being built up of parallel collagen fiber bundles (cf. ‘Tissue 
morphology’ above), very few TH- and NPY-immunoreactive nerve fibers were noted, 
these being delicate in their appearance and mainly seen in or near the media-
adventitia junction of the blood vessels (Fig. V:7a and Fig. V:9). Infrequently, some of 
the small nerve fascicles showed TH- or NPY-immunoreactions (Figs. V:8a-c). In 
summary, the patterns of sympathetic innervation in general did not obviously differ 
from that seen for the tendon tissue proper of normal tendons. 

Nerve fascicles in the tendinosis tendon tissue displayed an immunoreaction 
pattern for adrenergic receptors similar to that of controls, the level of 
immunoreaction for the α1-adrenoreceptor being the most pronounced. Also in these 
nerve fascicles immunoreactions for SP, as well as for NPY and TH, were seen. 

Regarding AR-immunoreactions in blood vessel walls of tendinosis tendon tissue, 
the patterns corresponded to those of normal tendons (cf. above), the α1-AR-
immunoreactions being the most marked, and the α2A-AR-immunoreactions being the 
least distinct. However, as judged by semi-quantitative assessment, it was evident that 
the α1-AR-immunoreactions in the vasculature of the tendinosis tendon samples (Fig. 
V:11d-f) were even more distinct than those in the samples of tendon tissue proper of 
normal tendons (cf. Fig. V:11b-c). Also regarding β1-AR-immunoreactions, the most 
pronounced reactions were seen in a few of the tendinosis samples, although no 
general difference was seen between the two groups in this regard. 

In the dorsal loose paratendinous connective tissue [VII], the perivascular 
innervation was seen to mostly correspond to sympathetic nerve fibers, as seen via 
occurrence of a marked expression of TH-immunoreactions (Fig. VII:1e, g). TH-, as 
well as NPY-, immunoreactions were also seen in the nerve fascicles (Fig. VII:1h). 
Furthermore, α1- and α2A-adrenoreceptor immunoreactions were frequently detected 
in cells of the blood vessel walls (Fig. VII:1d). 

4.3 Presence in tenocytes of synthesizing enzymes and 

receptors for signal substances traditionally 

associated with neurons 

4.3.1 Cholinergic system  

The possible existence of a local production of ACh in non-neuronal cells of patellar 
tendon tissue was investigated via immunohistochemical staining for the ACh 
synthesizing enzyme ChAT, and also for VAChT. The occurrence of over-expression 
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of VAChT is said to increase the amount of ACh release (Prado et al., 2002), and in 
studies on the human ovarium (Fritz et al., 1999), it has been shown that VAChT co-
exist with ChAT in the granulose cells, further evidencing that presence of VAChT in 
cells is correlated to ACh synthesis.  

Furthermore, ISH for detection of ChAT mRNA was performed.  
In order to investigate if there is a basis for local ACh effects in the tendon tissue, 

immunohistochemical stainings for visualization of M2R were done. 

ChAT and VAChT in tenocytes (paper III, IV) 

In normal patellar tendon specimens, no immunoreactions for ChAT could be 
detected with certainty in tenocytes. In the tendinosis tendon samples, particularly in 
the tendinosis samples showing a marked hypercellularity and an abundance of 
disfigured tenocytes (cf. section 4.1.2), many tenocytes displayed ChAT 
immunoreaction (Fig. III:8-9a). Furthermore, in the samples of tendinosis tendons, 
VAChT immunoreactions could be detected in some of the tenocytes (Fig. III:10). In 
this regard, as for ChAT, there was an interindividual variability within the tendinosis 
group, as specimens showing marked hypercellularity frequently displayed 
immunoreactions in tenocytes, whereas in other specimens, only a few tenocytes 
exhibited immunoreactions. In addition, it was in the disfigured tenocytes that the 
most distinct VAChT immunoreactions could be detected. Thus, tenocytes with the 
normal straight and slender appearance were not seen to be immunolabelled. 

In therapy-resistant cases (see section 3.1.1) [IV], it was evident that the degree of 
immunoreactions for ChAT (Fig. IV:1b) and VAChT in the tenocytes, both in terms 
of numbers of tenocytes being immunolabeled and concerning the magnitude of 
immunoreactions in individual tenocytes, was more distinct as compared to the degree 
of reactions seen in the tendinosis tendon tissue of the other tendinosis patients, and 
clearly more pronounced than that seen in tendon tissue of controls. Thus, the 
overwhelming majority of the tenocytes in tendon samples from therapy-resistant 
patients were immunoreactive for the investigated antigens related to the cholinergic 
system. 

Concerning the preabsorptions (see section 3.5.5) made for the ChAT and 
VAChT antisera, preincubation with the respective antigen eliminated the 
immunoreactions in the tenocytes. 

ChAT mRNA in tenocytes (paper IV) 

Tenocytes of the investigated tissue (tendinosis tendon tissue from a therapy-resistant 
patient) clearly expressed alkaline phosphatase reactions indicating mRNA for ChAT 
in the staining with the antisense probe (Fig. IV:1c), reactions not seen using the sense 
probe.  

M2Rs in tenocytes (paper III, IV) 

In normal tendon samples, punctuate M2R-immunoreactions very occasionally 
occurred in tenocytes in parts of the specimens where there were hypercellularity (Fig. 
III:7a). However, in the great majority of normal patellar tendon samples, typically 
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exhibiting a moderate number of tenocytes and a modest degree of vascularity, no 
M2R-immunoreactions could with certainty be detected in tenocytes (Fig. III:6a). 

In the tendinosis tendons, punctuate immunoreactions for M2R in the tenocytes 
occurred on the whole much more frequently (Fig. III:6b-c) than in the normal 
tendons. There was, however, a striking interindividual variability within the 
tendinosis group in this regard, the specimens with a high degree of hypercellularity 
displaying immunoreactions in many tenocytes (Fig. III:6b), whereas in other 
specimens, with a moderate number of tenocytes, only a few tenocytes exhibited 
immunoreaction (Fig. III:6c). It was furthermore noted that it was predominantly 
tenocytes with a disfigured appearance (cf. section 4.1.2) that displayed M2R-
immunoreactions. Normally looking tenocytes did in principle not display any such 
reactions. 

In therapy-resistant cases [IV], it was seen that the degree of immunoreactions for 
M2R in the tenocytes was more distinct as compared to those in the tendinosis tendon 
tissue of the other tendinosis patients, and clearly more pronounced than those in 
tendon tissue of controls. Thus, the overwhelming majority of the tenocytes in tendon 
samples from therapy-resistant patients were immunoreactive for M2R. 

Concerning the preabsorptions (see section 3.5.5) made for the M2R antiserum, 
preincubation with the antigen eliminated the immunoreactions in the tenocytes. 

4.3.2 Catecholaminergic system  

The possible existence of a local catecholamine production in non-neuronal cells of 
patellar tendon tissue was investigated through immunohistochemical staining for 
TH, the rate-limiting enzyme in catecholamine synthesis, and via ISH detection of 
TH mRNA. In order to investigate if there is a basis for local catecholamine effects in 
the tendon tissue, immunohistochemical stainings for visualization of α1-, α2A-, and 
β1-ARs were performed. 

TH in tenocytes (paper V) 

In tenocytes of both normal and tendinosis tendon samples, intracellular punctuate 
immunoreactions for TH were detected in tenocytes (Fig. V:14-15a). These 
immunoreactions were generally more marked in the tendinosis tendon samples as 
compared to in the normal samples. It was also obvious that the most distinct 
reactions were seen in the parts of the tendinosis samples showing hypercellularity and 
tenocytes with disfigured appearance. 

Reference tissues known to harbor neuronal or non-neuronal cells expressing TH 
were processed simultaneously with the tendon specimens. The results of these control 
stainings are further described in paper V.  

TH mRNA in tenocytes (paper VI) 

Tenocytes displayed alkaline phosphatase reactions indicating mRNA for TH after 
incubation with the antisense probe (Fig. VI:2-3). It was hereby seen that some 
tenocytes displayed alkaline phosphatase reactions, whereas others in the same tissue 
were negative or displayed very faint reactions. On the whole, it was seen that 
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disfigured tenocytes of tendinosis tendons (cf. section 4.1.2) were the ones showing 
the most marked reactions, whereas normally looking tenocytes, in both tendinosis 
specimens and normal tissue, hardly displayed any reactions at all. In consequence, the 
tenocytes of tendinosis specimens displayed more distinct and clearly more frequent 
alkaline phosphatase reactions than did the ones of normal tendon tissue. No reactions 
were seen at all when applying the sense probe. 

Adrenergic receptors in tenocytes (paper V) 

In a few samples of normal tendon tissue, the tenocytes exhibited immunoreactions 
for adrenergic receptors, the clearest reactions being seen for α2A-AR. 

In some samples of tendinosis tendon tissue, immunoreactions for adrenergic 
receptors, particularly α2A-AR, were detected intracellularly in tenocytes (Fig. V:13), as 
was the case for normal tendons. However, the reactions that were seen in tendinosis 
samples were somewhat more marked than those seen in samples of controls. 

Reference tissues known to harbor adrenergic receptors were processed in parallel 
with the tendon specimens. The results of these control stainings are further described 
in paper V. 

4.4 Innervation patterns in relation to local production of 

cholinergic/catecholaminergic signal substances; 

summary of results 

The studies on the innervation patterns of the tendon tissue proper, of both normal 
and tendinosis tendons, show that there is a limited innervation in the deep parts of 
the tendon, but that there, on the other hand, is a pronounced occurrence of the 
studied adrenergic and cholinergic receptors (and of NK-1 R) in these parts. Hence, 
there seems to be a mismatch between the levels of innervation found, and the 
quantity of the receptors in the tendon tissue proper of the human patellar tendon, 
particularly in tendinosis. However, there are remarkably distinct signs of a local, non-
neuronal production of traditionally neuronal signal substances in the tenocytes, 
especially in tendinosis tendons. 
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5. DISCUSSION 

The studies in this thesis delineate the before largely unknown innervation patterns of 
the human patellar tendon, and provide novel evidence in favor of a local production 
of signal substances, traditionally associated with neurons, in the tendon cells, 
particularly in patellar tendinosis. The investigations, using immunohistochemistry 
and in situ hybridization, describe the situation in a tendon biopsy at a certain time, 
and therefore do not capture a dynamic event, making it impossible to claim that the 
findings here presented provide us with the answer to the mystery of the casual 
connections leading to structural rearrangement and pain in the processes of 
tendinosis. However, the results contribute significantly to our knowledge of the 
tendon tissue in normal and tendinosis tendons, thereby enhancing our understanding 
of the environment in which tendinosis processes occur. Furthermore, the findings 
present previously unknown information about the tendon cells, information that may 
support ‘biochemical theories’ on the pathogenesis of patellar tendinosis, as it suggests 
the involvement of locally produced mediators that may influence the tendon tissue 
itself, and possibly nerve fibers within it, in the development of tendinosis. 

5.1 Morphological aspects 

The general histology of normal patellar tendons, as well as the histopathological 
changes seen in patellar tendinosis (e.g., Khan et al., 1996), have been thoroughly 
described before (see ‘Introduction’, sections 1.1.2 and 1.2.5). The findings on tissue 
morphology of the present studies [I, III, V], correspond well to these previous 
findings. The investigations made here on histological patterns were mainly performed 
in order to correlate the other discoveries (innervation patterns, and patterns of 
biosynthetic enzymes and receptors in local cells) to morphologic characteristics of the 
tissue. Nevertheless, certain findings deserve to be commented on here. 

5.1.1 Paratenon and endotenon 

In these studies, the tendon tissue proper of normal patellar tendons was seen to make 
contact to a more superficial layer of loose paratendinous connective tissue [I]. This 
loose paratendinous connective tissue corresponds to what has been called ‘paratenon’ 
in the commonly accepted nomenclature (Józsa and Kannus, 1997). Thus, it 
constitutes the tissue that surrounds the tendon and works as an elastic sleeve that 
allows free movement of the tendon against adjacent structures. The same kind of 
tissue from the deep dorsal side of the patellar tendon was collected and investigated 
in tendinosis patellar tendons in paper VII. 

In normal patellar tendons, the straight, parallel collagen bundles were found to be 
interspersed with narrow zones of loose connective tissue harboring blood vessels and 
a few nerve fibers [I]. These zones seem to be consistent with the ‘endotenon’, based 
on the description of the latter as being a thin network of loose connective tissue, 
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carrying blood vessels, lymphatics, and nerves, between the different collagen fiber 
bundles (see ‘Introduction’, section 1.1.2).  

5.1.2 Tenocytes and/or tenoblasts? 

In the normal tendon specimens, the tendon cells were found to be of a typical 
slender, elongated, spindle-shaped form, whereas in the tendinosis tendons, many 
tendon cells had a deviant appearance, often being broad (rounded/plump) and ‘wavy’ 
(less straight in their course) [e.g. III]. Nevertheless, all tendinosis specimens did to 
varying degrees contain tendon cells showing a normal appearance as well.  

It seems uncontroversial to call the tendon cells of spindle-shape appearance 
‘tenocytes’ (e.g., Kannus, 2000; Chuen et al., 2004). It is, however, not equally clear-
cut to call the tendon cells of deviant appearance in tendinosis specimens simply 
‘disfigured tenocytes’. Thus, following a strict morphological definition made by some 
(Chuen et al., 2004), these cells are likely to correspond to ‘tenoblasts’. Bearing in 
mind the fact that it was these cells of changed appearance that displayed the most 
distinct immunoreactions for biosynthetic enzymes and receptors in the present 
studies, the term ‘tenoblast’ might be a more accurate description. Thus, tenoblasts are 
commonly described as the metabolically more active variant of tendon cells. 
Nevertheless, it is not generally accepted that cells of changed appearance in tendinosis 
should be referred to as tenoblasts. That is e.g. obvious from the description of the so-
called Bonar scale (Cook et al., 2004a), in which changes in appearance are described 
for tenocytes of different stages. Furthermore, abnormally looking cells in tendinosis 
have also been referred to as being ‘fibroblastic’ and/or ‘myofibroblastic’ in their 
appearance (Khan et al., 1996).  

As discussed above, there seems to be a lack of consensus regarding what to call the 
cells of tendinosis tendon tissue. Traditionally, tenoblasts are described as the 
immature, metabolically active cells of the growing tendon, whereas the mature 
tendon contains terminally differentiated tenocytes of lower activity (see 
‘Introduction’). It is also generally thought that the tendon can respond to e.g. injury 
with an increased cell activity, but whether this is performed by tenoblasts remaining 
from the development stages, by tenocytes being ‘reactivated’, or by cells recruited 
from neighboring progenitor cells, is, as previously discussed, not yet clarified (e.g., 
Chuen et al., 2004). In addition, observations made in the mouse suggest that some 
tendon cells might possess stem cell-like properties themselves (Salingcarnboriboon et 
al., 2003) (see below).  

5.2 Methodological aspects 

One draw-back of these studies is the fact that, due to ethical reasons, the biopsies of 
normal tendon tissue could not be taken as deep in the patellar tendon as where the 
biopsies of tendinosis tissue taken (see ‘Material and methods’, section 3.2). Thus, the 
biopsies of normal tendons were taken somewhat more superficially (to the ventral 
side) than the tendinosis samples. The latter samples were taken from superficial to 
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deep part of the tendon (except in the last seven cases using arthroscopic technique), 
but were mainly containing tissue from the deep/dorsal portion of the tendon proper, 
i.e. the portion showing an abnormal appearance and structural changes. One should 
thus have this in mind, when comparing the findings of normal tendon tissue proper 
with those of tendinosis tendon tissue (abnormal tendon tissue proper).  

Furthermore, in the normal tendons, the loose paratendinous connective tissue on 
the ventral side of the patellar tendon was also examined. In the last seven cases of 
tendinosis patients [VII], the loose paratendinous connective tissue dorsal to the 
tendon was investigated, this tissue being interesting in relation to the increased blood 
flow seen here in tendinosis (by Doppler), and also in relation to the sclerosing 
Polidicanol injections that are directed to this region. From voluntary controls, this 
tissue dorsal to the tendon could not be collected, making comparison concerning the 
loose paratendinous connective tissue between the two groups impossible.  

Concerning comparisons in general between the tendinosis and control groups, it 
was not possible to make quantitative evaluations by the methods here used. The 
results are thus based on semi-quantitative assessments, made by two (or in some 
studies three) microscopists. This fact should be taken into consideration when 
drawing further conclusions from the comparative results.  

5.3 Innervation of the patellar tendon 

5.3.1 Nerve patterns 

As stated in ‘Results’, the overall impression from the studies on the innervation 
patterns of the tendon tissue proper of human patellar tendons, concerning both 
normal control tissue and tendinosis tendon tissue, is that there is a limited 
innervation in the deep parts of the tendon, concerning all the aspects of innervation 
here investigated.  

Thus, there is a sparse supply of sensory nerves [I, V], which corresponds well to 
conventional belief concerning tendons in general, namely that they are relatively 
hyponeural in this regard (Józsa and Kannus, 1997). However, this finding of a low 
sensory innervation might be considered as surprising in the cases of tendinosis 
tendons, when taken into account the pronounced pain that tendinosis patients 
experience from their patellar tendon. Concerning the sympathetic component of the 
innervation seen, the deep parts (tendon tissue proper) of both normal and tendinosis 
tendons, were likewise sparsely innervated, although the overall impression was that 
most of the innervation seen with the general nerve marker corresponded to a 
sympathetic component [V, VII]. No evident differences could be noted between 
normal and tendinosis tendons. However, it should be recalled that Lian and 
collaborators (Lian et al., 2006) recently noted an increased occurrence of thin, 
varicose, sprouting nonvascular SP-positive nerves in tendinosis patellar tendons as 
compared to controls, as well as a decreased occurrence of vascular sympathetic nerve 
fibers in the tendinosis tendons. It is difficult to explain the discrepancy between the 
results of that study and the studies of this thesis [I, V]. Differences in biopsy size and 
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location may be of some importance. There is also a question of how far-reaching 
conclusions that can be drawn from small patient materials (similar in both cases). 

Concerning cholinergic innervation, the present studies showed only occasional 
fine nerve fibers coursing in association with the walls of some of the blood vessels, 
and a few nerve fibers in nerve fascicles [III]. This corresponds rather well to previous 
findings regarding cholinergic innervation (Alfredson et al., 2001). 

In contrast to the findings in the tendon tissue proper of rather low levels of 
innervation, the loose paratendinous connective tissue (paratenon), on both the dorsal 
and the ventral side of the tendon, was much more richly innervated, especially 
concerning sympathetic innervation [I, V, VII]. This is in line with findings in both 
the rat (Ackermann et al., 1999), and the human (Bjur et al., 2005), Achilles tendon, 
for which it has been shown that the level of innervation within the tendons decreases 
with the distance from the surface of the tendon. 

5.3.2 Receptors 

In contrast to the low magnitude of innervation in deep parts of the patellar tendons 
here studied, the presence of the studied adrenergic [V] and cholinergic [III] receptors 
(and of NK-1 R [II]) was notably marked. This was in particular the case for blood 
vessel walls, but also for nerve fascicles, and tenocytes, in the latter case especially in 
tendinosis tendons. As stated in ‘Results’, the conclusion is that there seems to be a 
mismatch between the level of innervation found, and the amount of the receptors in 
the tendon tissue proper, particularly in tendinosis. Thus, one might ask if the 
pronounced expression of receptors is secondary/compensatory to the low innervation, 
or if the receptors receive their stimulation from mediators of other origins than the 
nerves, a question especially merited for the receptors on the tenocytes. For the 
adrenergic receptors, the possibility of effects originating from circulating 
epinephrine/norepinephrine must be taken into account. However, cartilage and 
menisci do also have few nerves, and even scarce vascularization, but still, cells of these 
tissues in the chicken have been found to express mRNA for adrenoreceptors all the 
same (Wall et al., 2004). Hence, apart from nerve-mediated effects, and effects of 
circulating substances, local sources in the tendon tissue itself must be taken into 
consideration.  

5.3.3 Possible implications with regard to blood vessel 
regulation in tendinosis 

In the blood vessel walls of the investigated tendons, immunoreactions for M2R, α1-
AR, α2A-AR, and β1-AR were detected. The reactions, especially concerning α1-AR, 
seemed to be more pronounced in the tendinosis tendon samples than in the normal 
control tendons.  

ACh is known to be a vasodilator (e.g., Phillips et al., 2000), although the role of 
M2R in the mediation of this ACh effect does not seem to be very important in 
human blood vessels (Bruning et al., 1994). Stimulation of α1-AR (Leech and Faber, 
1996; Hrometz et al., 1999) and α2A-AR (Chotani et al., 2004) mediate constriction 
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of blood vessels, whereas stimulation of β1-AR mediates relaxation of blood vessels 
(Graves and Poston, 1993).  

The findings of particularly marked immunoreactions for an adrenergic receptor 
mediating vasoconstriction (α1-AR) in the blood vessel walls of the tendinosis tendons 
are especially interesting, not least in view of the high blood flow (velocity) of the 
blood vessels in tendinosis patellar tendons, as seen via color Doppler examination (cf. 
‘Introduction’ section 1.2.4 and Alfredson and Ohberg, 2005b). Consequently, it is 
possible that the up-regulation of α1-AR seen in the blood vessel walls of tendinosis 
tendons is related to the change in vascularity that is seen in this condition. Notably, 
in our studies of the dorsal paratendinous tissue, where this increase in blood flow is 
seen to enter the tendon, the sympathetic component of the perivascular innervation 
was very marked [VII]. 

5.4 Evidence of a local production of signal substances 

traditionally associated with neurons, and of a 

presence of receptors for these, in tenocytes 

In the studies of this thesis, the existence of synthesizing enzymes for acetylcholine 
(ACh) [III, IV] and catecholamines [V, VI] in human patellar tendon tenocytes was 
shown on both protein and mRNA level. This was mainly noted in tenocytes showing 
a conspicuous appearance in the tendinosis tendon tissue (see ‘Morphological aspects’ 
above). These findings seem to indicate that tenocytes, particularly in tendinosis 
tendons, produce ACh, as well as catecholamines. Furthermore, the tenocytes were 
found to express both ACh receptors (M2Rs) [III] and receptors for catecholamines 
(α1-, α2A-, and β1-adrenoreceptors) [V]. All these observations considered, the findings 
favor the occurrence of autocrine and/or paracrine systems of the tendon tissue; 
systems that seem to be up-regulated in tendinosis. This is of great interest for several 
reasons, as will be discussed below. However, it should also be emphasized, that if 
there is a true up-regulation of ACh and/or catecholamine production in tendinosis 
tendon tissue (which is yet to be confirmed by quantitative methods), the cross-
sectional nature of our studies makes it impossible to determine whether such an 
increase is causative for the processes of tendinosis, or merely a byproduct of the 
disease.  

5.4.1 Possible implications in relation to tissue changes in 
tendinosis (proliferation, degeneration, apoptosis) 

As described in ‘Introduction’, tendinosis is known to be a condition in which 
hypercellularity, capillary proliferation, and discontinuity of collagen occurs, but it has 
also been associated with degenerative and apoptotic events. With this in mind, and in 
light of the findings in the present studies of a possible local production of ACh and 
catecholamines, and of receptors for these substances on the tendon cells, it is 
tempting to raise speculations of an association between these findings and the tissue 
changes that take place in tendinosis. 
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In favor of such an association are the findings that ACh (Oben et al., 2003b) and 
norepinephrine (Oben et al., 2003a) can stimulate the proliferation of myofibroblastic 
hepatic stellate cells in mice and induce collagen gene expression in these cells. Bear in 
mind that some cells in tendinosis patellar tendons are reported to be of a 
myofibroblastic appearance (Khan et al., 1996). Furthermore, prolonged stimulation 
of α1-ARs on rat fibroblasts in vascular adventitia may induce proliferation of these 
cells, an effect seen to be increased after injury (Zhang and Faber, 2001). In addition, 
stimulation of nicotinic ACh receptors on pulmonary fibroblasts may augment 
collagen accumulation (Sekhon et al., 2002), and agonists of nicotinic ACh receptors 
can also stimulate angiogenesis and increase collagen deposition during wound healing 
of the skin (Jacobi et al., 2002).  

Concerning theories on apoptotic involvement in tendinosis, it has been shown 
that apoptosis can occur in tendons as an effect of excessive mechanical loading (Scott 
et al., 2005). In view of this, it is interesting to note that stimulation of β1-ARs in vivo 
may induce apoptosis of cardiac muscle cells in the rat heart (Burniston et al., 2005).  

In conclusion, studies in this thesis give a basis for both cholinergic and adrenergic 
effects in tendon tissue, and it thus seems logical to speculate as to whether there 
might be interactions between these two systems in the tenocytes, especially in 
tendinosis. In accordance with such an interpretation, both adrenergic and muscarinic 
receptors are reported to be up-regulated in human conjunctival cells in response to 
stress (exposition to inflammatory cytokines) (Enriquez de Salamanca et al., 2005). 

5.4.2 Stem cell-like characteristics of tenocytes/tenoblasts? 

It could be asked as to whether the tenocytes (or tenoblasts, cf. above) that express the 
synthesizing enzymes for catecholamines and acetylcholine, have in fact been 
‘slumbering’ stem-cells from the beginning, recruited for the purpose of tissue repair. 
As already described, there are earlier findings in a mouse tendon cell line that have 
shown that some tendon cells have the capability of differentiating into osteoblasts or 
adipocytes, thus possessing mesenchymal stem cell-like properties (Salingcarnboriboon 
et al., 2003). Also, in line with our observations favoring a local catecholamine 
production in human tendon cells (presence of TH in tenocytes), it has been 
demonstrated that cells in a human fibroblast-derived cell line can be induced to 
express TH and characteristics of stems cells and cells of neuroectodermal origin, and 
it has even been speculated that the fibroblasts can be induced to become mature 
neurons (Rieske et al., 2005). It is also previously reported that mesenchymal stem 
cells are present in various tissues other than bone marrow, such as the synovium 
(Shirasawa et al., 2006) and scalp tissue (Shih et al., 2005). Based on the findings of 
the M2R in the tenocytes of the present studies, it is also of interest to note that M2Rs 
are known to be involved in stem cell development and proliferation (Eglen, 2006). 
There is actually increasing evidence suggesting that processes of tissue repair are 
driven by stem-like cells in mature tissues, cells thought to be stem/progenitor cell 
residues from developing stages (Shih et al., 2005). 
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5.4.3 Possible implications regarding chronic tendon pain 

The big mystery that still surrounds tendinosis is the ‘missing link’ between the 
structural changes that occur in this condition and the pain symptoms that the 
patients experience. One very important finding of these studies is that there are 
sensory afferent nerves present in the tendon tissue, albeit their presence is sparse [I, 
V]. This information tells us that pain sensation can originate in, and be transmitted 
from, the tendon. It does not explain where the pain comes from in tendinosis, but 
since the afferents are there, it means that these sensory nerves can be affected, may it 
be by nerve transmitters from other components of the peripheral nervous system, or 
speculatively by substances produced in the tendon tissue, such as acetylcholine and 
catecholamines.  

It is thus interesting to note that ACh, when applied to human skin, can induce 
pain (Vogelsang et al., 1995), and that an ACh analogue, carbachol, has been shown 
to stimulate excitation of nociceptive C-fibers (sensory afferents) in vitro in the rat 
skin (Steen and Reeh, 1993). In the present studies on human tendons, it was shown 
that nerve fascicles contained sensory fibers [I, V], and also expressed 
immunoreactions for M2R [III]. This is of great interest, since it is previously shown 
that sensory nerve fibers in the rat skin also express M2Rs (Haberberger and 
Bodenbenner, 2000), implying that the excitatory effects on sensory afferents seen by 
stimulation with ACh, or its analogues, could be mediated, at least partly, by 
activation of these M2Rs. However, contradictory to this, other studies have shown 
that stimulation of M2Rs on sensory neurons instead may inhibit nociception (Dussor 
et al., 2004). 

Furthermore, the nerve fascicles of the tendon tissue that contained sensory nerve 
markers, were also seen to express the different adrenergic receptors investigated [V]. 
This provides a morphological basis also for catecholamines to interfere with afferent 
signaling in sensory nerves of the tendon. Such effects might be performed by 
catecholamines released from efferent sympathetic nerve endings in close connection 
with the sensory afferents, or, highly speculatively, by catecholamines produced in the 
tenocytes (see below). The former theory is supported by the findings in these studies 
of sympathetic nerve fibers in the same fascicles as sensory nerve fibers [V]. In support 
of the speculation that catecholamines may modulate sensory information, it has 
previously been suggested that the sympathetic nervous system can generate or 
enhance pain (e.g., Baron et al., 1999), and that this is accomplished via functional 
interactions with sensory afferents under certain pathological conditions (Wong, 
1993). Such interactions are proposed to occur in the form of release of 
norepinephrine from sympathetic terminals targeting adrenergic receptors on 
membranes of afferent neurons (Baron, 2000). It should be reminded that the 
adrenergic receptor occurring most frequently in the patellar tendon nerve fascicles 
was the α1-AR. This is an interesting finding as there are suggestions that 
sympathetically dependent pain is caused by an overexpression of α1-ARs on 
nociceptive primary afferents (Treede, 1998).  

Concerning the effects of the sclerosing Polidocanol injection therapy (see section 
1.2.6) on the pain symptoms in tendinosis, the mechanisms of this therapy cannot 
here be determined. However, our investigations of the dorsal loose paratendinous 
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connective tissue of tendinosis tendons [VII] delineate the nerve patterns of the area 
targeted with the injections, and thus provide information on the nerve structures that 
may be affected by the treatment. Since these structures were mainly seen to 
correspond to sympathetic perivascular nerves, it is tempting to raise speculation of an 
involvement of the sympathetic peripheral nervous system in the pain from this area 
(see paper VII for further discussion on this).  

A highly speculative suggestion based on what is discussed here, is that ACh [III, 
IV] and catecholamines [V, VI] produced by the tenocytes in tendinosis, perhaps in 
response to this stress-induced condition, may interfere with the few sensory afferents 
present in the tendon tissue, possibly via effects on M2Rs and adrenergic receptors, 
respectively, on these afferents, thereby enhancing nociceptive signaling of pain. Thus, 
the findings of these studies can be discussed in the context of new ‘biochemical’ 
models for explanation of tendinosis development and the associated pain. As 
described in ‘Introduction’, such models propose the involvement of biochemical 
mediators, possibly produced by stimulated cells in the tendon, mediators that may 
contribute to the pain sensation and other processes that occur in tendinosis (Khan et 
al., 2000; Riley, 2005a). Nevertheless, it seems more likely that ACh and 
catecholamines produced in the tenocytes have effects on the tendon tissue itself, i.e. 
in an autocrine and/or paracrine fashion (see section 5.4.1).  
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6. CONCLUSIONS 

In conclusion, these studies show: 

• That the innervation in the deep parts of the patellar tendon in both normal 
tendons and tendinosis tendons is limited for all the investigated components 
(sensory, cholinergic, sympathetic). 

• That there is a marked presence of the studied receptors in the blood vessel walls 
and also a presence of these in nerve fascicles of tendon tissue, particularly in 
tendinosis tendons. 

• That there is evidence suggesting that the tenocytes can produce acetylcholine 
and catecholamines, particularly when there are tendinosis changes in the tissue. 
This was evidenced by the findings of synthesizing enzymes (and their mRNA) 
in the tenocytes. 

• That muscarinic and adrenergic receptors are present on tenocytes, particularly 
in tendinosis tendons. 

 
It is furthermore concluded: 

• That the findings constitute a morphological basis for the possible occurrence of 
autocrine and/or paracrine processes, concerning the cholinergic/ 
catecholaminergic systems, in the tendon tissue, particularly in tendinosis 
tendons. 

• That there is a basis for the occurrence of marked effects of signal substances, 
traditionally associated with neurons, in the tendon tissue, despite the sparse 
innervation. 

• That the findings of a local production of signal substances are likely to be of 
importance for the functional events that occur in tendinosis. 
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