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Tendinopathy is a major cause of sick leave,9 as well as
morbidity related to athletic performance.21 However, the
basic pathogenesis of pain and degeneration in chronic
tendon disease is generally poorly understood, which lim-
its our ability to develop specific therapeutic interventions.
In the absence of inflammation, the chemical and morpho-
logic substrate for the experienced pain is also mostly
unknown. However, neurogenic inflammation was recently

implicated in the origin of achillodynia,13 suggesting new
therapeutic targets to mitigate symptoms.

Patellar tendinopathy is believed to be a tendon overload
injury caused by a combination of internal and external
risk factors.29 Studies using Doppler flow technique6,7,28 and
histologic evaluations25,26 have demonstrated increased
blood vessel density in patients with degenerative tendon
disease. Blood vessels cannot explain the pain suffered by
these patients, and thus other factors related to pain
pathophysiology, among them neuromediators, have been
suggested3,5,19,33 but are yet unidentified in patellar
tendinopathy.

Recent observations have established that normal
innervation of the tendon envelope (paratenon and sur-
rounding loose connective tissue) consists of sensory and
autonomic nerve fibers,2,3,5 which are suggested to play an
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Background: The occurrence of nerve ingrowth and its relation to chronic tendon pain (tendinopathy) are still largely unknown. In
healthy tendons, the innervation is confined to the paratenon, whereas the tendon proper is devoid of nerve fibers. In this study on
the pathogenesis of tendinopathy, the authors examined sensory and sympathetic nerve fiber occurrence in the patellar tendon.

Hypothesis: Nerve ingrowth and altered expression of sensory and sympathetic neuromediators play a major role in the patho-
physiology of pain in patellar tendinopathy.
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Methods: Biopsies from the patellar tendon in patients with patellar tendinopathy (n = 10) were compared with biopsies from a
control group (n = 10) without any previous or current knee symptoms compatible with patellar tendinopathy. The biopsies were
stained immunohistochemically for sensory and autonomic nerve markers. The biopsies from the 2 groups were compared using
subjective and semiquantitative methods.

Results: Chronic painful patellar tendons exhibited increased occurrence of sprouting nonvascular sensory, substance
P–positive nerve fibers and a decreased occurrence of vascular sympathetic nerve fibers, positive to tyroxin hydroxylase, a
marker for noradrenaline.

Conclusion: The altered sensory-sympathetic innervation suggests a role in the pathophysiology of tendinopathy. Ingrowth of
sprouting substance P fibers presumably reflects a nociceptive and maybe a proliferative role, possibly as reactions to repeated
microtraumata, whereas the decreased occurrence of tyroxin hydroxylase may represent a reduced antinociceptive role. These
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important role in the regulation of pain, inflammation, and
tissue repair.12,13,24,26 However, the healthy tendon proper
is practically devoid of nerve fibers.2,3,5 From other pain
conditions, for example, low back pain, a relationship
between sensory nerve ingrowth with expression of sub-
stance P (SP) in the disc and pathogenesis of pain has been
shown.16 Recently, SP was also demonstrated in Achilles
tendinopathy.5,10,33 In rheumatoid arthritis, a connection
has been demonstrated between decreased sympathetic
input (ie, low levels of noradrenaline) and decreased anti-
inflammatory capability.34

However, in tendinopathy, the relative ratio of sensory
and autonomic nerve fibers and their clinical relationship to
pain have not been studied. Thus, in this study, we compared
the occurrence of sensory and sympathetic nerve fibers
between chronic painful patellar tendons and controls.

METHODS

Patient Groups

The patient group included athletes from different sports
who were included in a prospective randomized trial com-
paring surgery with eccentric training.8 The following
diagnostic criteria were used for patellar tendinopathy:
history of exercise-related pain in the proximal patellar
tendon or the patellar insertion and distinct tenderness
to palpation corresponding to the painful area.11 To be
included in the study, the patients had to have a clinical
diagnosis of jumper’s knee grade IIIB; that is, the patient
had pain during and after activity and was unable to par-
ticipate in sports at the same level as before pain.22,32 In
addition, the patient had to have thickening and signal
changes on the MRI corresponding to the painful area to
ensure that the biopsies were taken from the tendino-
pathic area. Patients had to have symptoms for a mini-
mum of 3 months and be willing to undergo surgery.
Subjects were excluded if they had a history of knee or
patellar tendon surgery, inflammatory joint conditions, or
degenerative conditions. Both knees were included if the
patient had bilateral problems.

Each patient went through a standardized interview,
and the information requested from each athlete included
age, height, weight, and number of years participating in
organized athletic training. Patients were asked to report
the number of training hours per week during the compe-
tition season (sport-specific training, weight training, jump
training, and other types of training). To assess the sever-
ity of the condition, the athletes with current patellar
tendinopathy also self-recorded their symptoms and level
of sports function using the Victorian Institute of Sport
Assessment (VISA) questionnaire.36 This brief question-
naire assesses symptoms, function, and the ability
to play sport.36 The maximal VISA score for an asympto-
matic, fully performing individual is 100 points, and the
theoretical minimum is 0.36 The VISA questionnaire has
shown excellent short-term test-retest reliability and has
been shown to be a valid measure of symptoms in patients
with patellar tendinopathy.36

The control group was selected from patients with tibia
fractures from low-energy trauma treated with marrow
nailing. These patients could have no current or previous
knee symptoms compatible with patellar tendinopathy.
Subjects in both groups had to be at least 18 years old (to
ensure that the epiphyses were closed) and able to under-
stand oral and written Norwegian.

Exclusion criteria in both groups were previous surgical
treatment in or around the same knee, corticosteroid injec-
tions in or around the same knee, serious traumatic injury
affecting the same knee, any rheumatic disease, and degen-
erative knee disorders. The study was approved by the
regional committee for research ethics, participation was
voluntary, and consent was obtained.

Surgical Technique

The surgical exposure was identical in the 2 groups, with a
5-cm longitudinal midline or lateral parapatellar incision,
splitting of the paratenon, and exposure of the patellar
ligament. The paratenon was split longitudinally, any
pathologic paratenon tissue was removed, and the tendon
was fully exposed. In both groups, the biopsies were taken
from the proximal bone-ligament junction. The tendon tis-
sue was excised using a full-thickness wedge-shaped inci-
sion, wide from the patellar pole and narrowing distally. In
the patient group, all abnormal tissue was removed. If
clearly abnormal tissue was not seen macroscopically, the
excision was based on the MRI signal changes. Typically,
a wedge with a proximal base 1 cm wide and extending to
an apex 20 to 30 mm distal from the patellar pole was
removed. In the control group, the biopsies were taken
with a width of at least 5 mm and a length of at least
20 mm from the middle portion of the ligament starting at
the bone-ligament junction.

Biopsy Procedure

The biopsy handling was identical in the 2 groups.
Immediately after the surgical procedure, the biopsies
were transferred to Zamboni solvent.38 The biopsies were
stored in this solution for 4 to 24 hours and then washed
in 0.1-M phosphate-buffered saline (PBS), pH 7.2, with
15% sucrose (weight/volume) and 0.1% natriumazide. This
washing was done until the yellow color from the Zamboni
solution could no longer be seen in the PBS solvent. The
biopsies were then stored in PBS at 4°C for a minimum of
48 hours.

The samples were sectioned at 154µm on a Leitz cryostat,
and frozen sections were mounted directly on Super-
Frost/Plus glass slides, 3 sections per slide, and stained
using the avidin-biotin or the hematoxylin and eosin sys-
tems, for immunohistochemistry and light microscopy,
respectively.

Morphologic Study. The hematoxylin- and eosin-stained
slides were subjectively assessed by a single blinded
observer and graded according to the Bonar scale15 with
regard to tenocyte morphologic characteristics and vascu-
larity (Table 1).
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Immunohistochemistry. The slides were rinsed for 10
minutes in PBS. Incubation with 10% normal goat serum
in PBS for 30 minutes blocked nonspecific binding.
Subsequently, the sections were incubated overnight in a
humid atmosphere at +8°C with primary antisera for pro-
tein gene product 9.5 (PGP, 1:10 000, UltraClone, Wellow,
United Kingdom), SP (1:10 000, Peninsula Laboratories,
San Carlos, Calif), and tyrosine hydroxylase (TH, 1:5000,
Peninsula Laboratories), a rate-limiting enzyme reflecting
the occurrence of noradrenaline. The PGP is the carboxyl-
terminal hydrolase to the ubiquitin protein, which is an
important protein component in the axonal neurolemma
and is used as a general nerve marker, which makes it pos-
sible to identify the total number of nerve fibers.17,24,37

After incubation with the primary antisera, the sections
were rinsed in PBS (3-5 minutes) and then incubated with
biotinylated goat antirabbit antibodies (1:250, Vector
Laboratories, Burlingame, Calif) for 40 minutes at room
temperature. Finally, the sections were incubated for 40
minutes with Cy3-conjugated avidin (1:5000, Amersham
International, Stafford, United Kingdom). Control staining
was performed by omitting the primary antiserum. A
Nikon epifluorescence microscope (Eclipse E800, Nikon,
Yokohama, Japan) was used for the analyses. The slides
were examined by 2 independent observers, who were
blinded with regard to the group to which the slides
belonged. The occurrence and neuromorphology of PGP, SP,
and TH were subjectively assessed, and pictures were
taken for subsequent semiquantitative analyses.

Semiquantitative Analysis. After the subjective assess-
ment, the following steps identified in an earlier study1 were
applied to optimize the semiquantitative analysis: The
patellar tendons were longitudinally sectioned, and the sec-
tions were numbered consecutively from the dorsal to the
ventral aspect. Three sections from different levels (ie, ven-
tral, middle, and dorsal parts of the tendon) were chosen to
represent the full thickness of the tendon. Staining was per-
formed simultaneously for all sections to be compared. For
microscopic analysis, a video camera system (DXM 1200,
Nikon) was attached to the epifluorescence microscope and

connected to a computer. From each section, 3 images from
the microscopic fields (× 20 objective) exhibiting the
strongest immunofluorescence were stored in the computer.
Thereafter, the images were analyzed using Easy Analysis
software (Technooptik, Skarholmen, Sweden). The software
denotes and considers all positively stained nerve fibers
beyond a defined threshold of fluorescent intensity. The
results were expressed as the fractional area occupied by
positive fibers in relation to the total area. The fluores-
cent/total area was determined in 9 images in each biopsy of
the patient and control groups, respectively. In the micro-
scopic analysis, the mean interobserver coefficient of varia-
tion was 9.8% and the intraobserver variation 9.6%. For
statistical analysis, the mean fluorescent/total area was cal-
culated for each of the 10 biopsies from both the patient and
the control groups.

Data Analysis

For continuous variables, the results are given as means
with range, unless otherwise noted. Comparisons between
groups were done using unpaired t tests, as noted in
the “Results” section. An α level of .05 was considered
significant.

A sample size analysis based on the results of earlier
immunohistochemical semiquantification studies, using
an estimated average of 0.65 and 1 and an SD of 0.3 and
0.4 in the 2 groups, respectively, as well as an α level of .05
and a β level of .30, resulted in a sample size of 10.

RESULTS

The mean age was 30 years (range, 24-34 years; n = 10) in
the patient group and 29 years (range, 19-43 years; n = 10)
in the control group. In the patient group, the mean num-
ber of years participating in organized training was 17
(range, 10-28 years; n = 10), and the mean number of total
training hours per week was 14 (range, 6-24 hours; n = 10).
The mean VISA score was 42 (range, 15-65; n = 10), and the

TABLE 1
Modified Bonar Scalea

Grade

0 1 2 3

Tenocytes Inconspicuous, elongated, Increased roundness; Increased roundness Nucleus is round and large,
spindle-shaped nuclei with nuclei becomes ovoid and size; the nucleus with abundant cytoplasm 
no obvious cytoplasm at to round in shape is round and slightly and lacuna formation 
light microscopy without conspicuous enlarged; a small amount (chondroid change)

cytoplasm of cytoplasm is visible
Blood vessels Inconspicuous blood Occasional cluster 1-2 clusters per 10 More than 2 clusters 

vessels coursing in of capillaries; less high-power fields per 10 high-power fields
between bundles than 1 per 10

high-power fields

aSee Cook et al.15 The scale is a semiquantitative tendon score based on tenocyte and blood vessel morphologic characteristics (grading of
ground substance and collagen is not included in this reproduction).
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mean duration of symptoms was 36 months (range, 5-120
months; n = 10).

Microscopy

The morphologic appearance of the painful tendons in
the tendon proper differed significantly compared with the
appearance of the controls. The proper tendinous tissue
exhibited signs of tendinosis (collagen degeneration, fiber
disorientation, hypercellularity, angiogenesis, and absence
of inflammatory cells) in all but 1 of the patients, whereas
only a few of the controls exhibited early signs of tendinosis
(Figure 1).

Semiquantitative assessment of tenocyte morphologic
characteristics and of angiogenesis according to the Bonar
scale, as signs of early and later stages of tendinosis, respec-
tively, was performed.15 Tenocyte changes occurred in all but
1 of the painful tendons, whereas only 3 of 10 controls exhib-
ited these changes (P = .006). Angiogenesis, considered to be
the last histologic sign of tendinopathy,15 was found in 4 of
10 painful tendons but in none of the controls (P = .038).

Immunohistochemistry

Overall, the subjective immunohistochemical assessment
confirmed the morphologic appearance. However, it also
provided more detailed information about sensory (SP)
and sympathetic (TH) nerve fiber occurrence in the patel-
lar tendon. Thus, the majority (7/10) of the painful tendons
exhibited an increased number of nerve fibers positive to
SP and notably decreased levels of TH.

Sensory Nerves

Closer subjective analysis showed that the increased num-
ber of SP-positive fibers in the painful tendons occurred

mainly as thin, varicose, sprouting nonvascular nerve
terminals within the tendon proper (Figure 2B). Notably,
these SP-positive nerves in the painful tendons were
found over a larger area, more spread out within the ten-
don than in the controls. The SP-positive nerve fibers, seen
as free nerve endings interspersed between the proper col-
lagen fibers, often accompany the loose connective
tissue ingrowth within the tendon proper of the painful
tendons. Contrary to what one might have expected, no
differences were noted between the groups regarding the
small subpopulation of vascular SP-positive fibers. In both
groups, SP was regularly seen in larger nerve bundles
(Figure 2A).

Sympathetic Nerves

Subjective analysis demonstrated a great difference not
only in the occurrence of TH-expressing nerve fibers
between patients and controls but also in their morpho-
logic distribution. In both groups, TH-positive nerves were
present as free nerve endings throughout the tendon
proper, but unlike the sensory nerves, the majority of the
TH-positive nerves were distinctively related to the blood
vessels (Figure 3A). In the patients, there was a distinct
decrease in the occurrence of TH-positive nerves. Some TH-
positive free nerve endings were still seen, but the vessel-
related TH nerves in the patients were significantly
diminished (Figure 3B).

General Nerve Occurrence

The neuronal localization of SP and TH staining was con-
firmed by positive immunoreactivity for PGP, a general
nerve marker. The subjective analysis of PGP showed a
distinctively higher nerve fiber occurrence in the chronic
pain group compared with the controls. Nerves existed as

Figure 1. Hematoxylin and eosin micrographs of longitudinal sections through the patellar tendon of healthy control (A) and
painful tendinopathy (B). Arrows denote tenocytes. The healthy tendon is homogeneous, with organized parallel collagen struc-
ture and thin, elongated tenocytes (A). The tendinopathy, on the other hand, is marked by collagen disorganization, increased
cell count, activated tenocytes, and vascular ingrowth (V) in the tendon proper (B). Bar, 50 µm.
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both vascular and nonvascular free nerve endings and in
larger bundles.

Semiquantitative Immunohistochemistry

Computerized image analysis of SP, TH, and PGP expres-
sion showed similar differences in occurrence as assessed
subjectively, although not all results were significant. The
occurrence of SP was 22% (P = .567) and that of PGP 54%
(P = .098) higher in the chronic painful tendons than in

the controls. The occurrence of TH in the chronic painful
tendons was 53% lower than in the controls (P = .018)
(Figure 4).

DISCUSSION

This study demonstrates that the composition of nerve
fibers expressing sensory (SP) and sympathetic neuromedi-
ators (TH) appears to differ between patients with painful

Figure 2. Immunofluorescence micrographs of longitudinal sections through the patellar tendon of healthy control (A) and painful
tendinopathy (B) after incubation with antisera to substance P (SP). In the control tendon, SP-positive nerve fibers are mainly
present as vascular nerve fibers and as large bundles (arrow) in the loose connective tissue (lct; A). In painful tendinopathy,
increased spread and sprouting of SP-positive nerve fibers (arrows) are seen (B). These sprouting nerves even invade the ten-
don proper (t). Bar, 50 µm.

Figure 3. Immunofluorescence micrographs of longitudinal sections through the patellar tendon of healthy control (A) and painful
tendinopathy (B) stained for tyrosine hydroxylase (TH, a marker for noradrenaline). Arrows denote nerve fibers. In the healthy ten-
don, a strong relation is seen between blood vessels and TH-positive nerves (A). In painful tendinopathy, a decreased number of
TH-positive nerves, which are blood vessel related, are seen. V, blood vessel. Bar, 50 µm.
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patellar tendinopathy and controls. Most notably, a painful
tendon is characterized by an increased number of SP-
positive nonvascular nerve endings and a vascularly related
decrease in TH, a marker of noradrenaline.

Tendinopathy is defined as a chronic and painful tendon
disorder. The patients of this study had a mean symptom
duration of 3 years and a VISA score of 42, which indicates
a high level of pain and significant disability.36 All patients
exhibited transformed tenocytes, in contrast to only 3 of 10
controls. Angiogenesis, considered to be an advanced histo-
logic sign of tendinopathy,15 was found in 4 of 10 painful
tendons but in none of the controls. This means that the
histopathologic findings in this study can be interpreted as
characteristic of a patient group with chronic and severe
complaints of patellar tendinopathy. We do not know the
activity level in the control group, but because the
described histopathologic changes are assumed to be typi-
cal of a chronic overload injury, we do not expect to find

these changes in asymptomatic tendons. However, from a
methodological point of view, this possibility cannot be
completely excluded.

The altered peripheral sensory-sympathetic innervation
in patients suggests a role in the pathophysiology of
tendinopathy.31 Increased ingrowth of sensory nerves into
the painful tendon proper, seen as sprouting free nerve
endings, may explain the pain by reflecting intensified
nociceptive transmission as a response to, for example,
repetitive mechanical stimuli. The sympathetic nerves
that are believed to act antinociceptively exhibited a
reduced occurrence in the patients studied, thus support-
ing the notion that the observed changes in peripheral
innervation are involved in the regulation of tendon pain.

The peripheral nervous system is known to react to outer
and inner stress. It has been demonstrated that sensory
nerve ingrowth and decreased sympathetic innervation
occur as a response to tendon injury,4 indicating that
repeated microtrauma might be an initiator of the neuronal
response. Moreover, the same study established that noci-
ception during early healing is related to increased sensory
and decreased autonomic neuromediator occurrence.

In this study, we focused on SP and not on calcitonin
gene-related peptide because the research on SP is further
advanced compared with that on calcitonin gene-related
peptide. Thus, the relationship between SP and chronic
pain is more established, also with regard to tendinopathy
and tendon healing.14,23,33

The increased occurrence of SP in tendinopathy may
reflect a multitude of actions. Substance P has been found to
participate in inflammatory actions like vasodilation, plasma
extravasation, and release of cytokines, in addition to its 
role in nociception, where SP has been reported to directly 
stimulate nociceptor endings in an autocrine/paracrine
manner.35 Similar actions may be presumed to occur in
tendinopathy because it has been demonstrated that SP
receptors are present.23 The existence of SP within the ten-
don proper of the painful patellar tendons was in fact
observed mainly in free nerve endings, indicating that the
main function of SP in tendinopathy is nociceptive rather
than vasoactive.

The reduction in TH, that is, vasoregulatory noradrena-
line, suggests a suppressed antinociceptive function. A
recent report has demonstrated that noradrenaline release
leads to secretion of opioids from leukocytes.30 Notably, a
similar pattern of decreased vascular TH and increased
free SP-positive nerve fibers is seen in patients with
painful rheumatoid arthritis.34

In addition, the up-regulation of SP seen within the path-
ogenic tendon proper might reflect a trophic role. Substance
P has in fact been shown to stimulate proliferation of fibro-
blasts14 and endothelial cells,27 as well as the production of
transforming growth factor β in fibroblasts.20 It is therefore
tempting to speculate that SP contributes to the morpho-
logic changes observed in tendinopathic patients, that is,
tenocyte transformation, hypercellularity, and presumably
neovascularization. Whether neuronal and cellular alter-
ations in tendinopathy can be correlated requires further
studies. It remains to be seen if the pain level is related to
the ratio of SP to TH or to the degree of neovascularization.
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Figure 4. Mean area fraction occupied by nerve fibers (%)
immunoreactive to SP (A), TH (B), and PGP (C) in painful patel-
lar tendons as compared with controls (± standard error of
the mean). *P < .05. Not significant (ns), P > .05. SP, substance
P; TH, tyrosine hydroxylase; PGP, protein gene product.
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The protracted presence of SP in tendinopathy is pathologic,
in contrast to its trophic role in normal tendon healing. For
progression of normal tendon healing, it has been shown
that a strict temporal orchestration of neuromediator
occurrence is essential. Thus, an initial up-regulation in SP
at the healing site during the inflammatory and regenera-
tive phases is followed by disappearance of SP and emer-
gence of TH, representing a progress of healing.4 However,
in tendinopathic patients, the normal healing process
appears to be at a standstill, characterized by high levels
of SP and low levels of TH. Considering the similarities to
rheumatoid arthritis,34 increased SP expression in tendinopa-
thy might even be part of a neuroinflammatory process.
The classic vessel-related proinflammatory actions of SP
may occur in the tendon envelope, that is, the paratenon
and loose connective tissue, as demonstrated by an experi-
mental study, whereas in the tendon proper, no classic
inflammation was seen.13 These observations are similar
to the mostly free SP nerve endings seen in the current
study. The prolonged release of SP from free nerves in the
painful tendons may, as a neuroinflammatory process, sup-
press the synthesis of growth factors and increase the
levels of stromelysin (endopeptidase, metalloproteinase) in
the tendon.18 Hence, the demonstrated up-regulation of
SP might lead to subsequent matrix destruction in the
pathogenic tendon proper.

In this study, the variation between biopsies was high,
and the semiquantitative analysis confirmed only 1 of the
3 subjective analyses of the neuromediators in question.
However, the trends all pointed in the same direction. The
semiquantitative method takes only the fields with highest
density of immunofluorescence into account, thus over-
looking histologic differences, such as extensive nerve
sprouting. The semiquantitative analysis should therefore
only be regarded as a complement to the subjective analy-
sis. Although the up-regulated SP occurrence was demon-
strated exclusively by subjective analysis, the observations
were corroborated by a recent report on Achilles tendinosis
demonstrating increased SP levels in tendinopathy.33

In conclusion, this study demonstrates a differentiation
in the sensory and sympathetic neuromediator pattern in
patients with painful tendinopathy. The dominance of non-
vascular SP nerve endings as well as the decrease of the
antinociceptive modulator noradrenaline suggest a patho-
physiologic up-regulation of pain. Both these neuropep-
tides, known to be essential for normal healing, exhibit a
disturbed balance that may contribute to the degenerative
and painful processes of tendinopathy. The understanding
of the neuronal pathomechanisms may suggest new thera-
peutic targets to mitigate the symptoms in patients with
painful tendon disorders.
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