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ABSTRACT

Pathological alterations in chronic Achilles paratenonitis
were studied histologically and using immunofluores-
cence techniques for fibronectin and fibrinogen in tissue
samples obtained operatively from 11 athletes with this
complaint and from 4 male cadavers serving as con-
trols. The average duration of the paratenonitis was
20.4 months. The paratendineal fatty areolar tissue was
clearly thickened and edematous, showing widespread
fat necrosis and considerable connective tissue prolif-
eration. The blood vessels were often obliterated and
degenerated. Fibronectin and fibrinogen were com-
monly found in the proliferating connective tissue areas
and in the vascular walls. Exudates rich in fibrinogen
and fibronectin were seen in the inflamed paratendineal
tissues, but not in the controls.

The results indicate that increased vascular permea-
bility and fibrin formation still persist in chronic Achilles
paratenonitis and that marked obliterative and degen-
erative alterations of the blood vessels are frequent.
The presence of fibronectin and fibrinogen points to an
immature nature of scar tissue in chronic paratenonitis.

Paratenonitis (peritendinitis) of the Achilles tendon is one
of the most common overuse injuries seen in sports medicine
clinics.*”?° Compared to most other overuse injuries this
complaint causes both competitive and recreational athletes
to abandon their activities for a longer time and leads to a
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higher frequency of surgery.?*' Acute cases of Achilles
paratenonitis are often accompanied by crepitation, due to
the fibrin that is precipitated from fibrinogen-rich edema-
tous fluid around the tendon.** In chronic cases, marked
adhesion formation and often some nodes with marked
tenderness are found around the Achilles tendon.?®
Fibronectin is a ubiquitous high-molecular-weight glyco-
protein which is involved in many biological processes.'®*%
Fibronectin has a marked affinity for both native and de-
natured collagen, fibrinogen and fibrin, glycosaminoglycans,

TABLE 1
Basic patient data
~ - Age < Duration of
Case no. it i Sports
(years) symptoms
Patients
1 X 20 High jumping 5 months
2 X 67 Jogging 6 months
3 X 23 Middle distance 7 months
running
4 X 34 Long distance 8 months
running
5 X 29 Orienteering 1 year
6 x 42 Various keep fit 1 year
activities
7 X 45 Jogging 2 years
8 b4 47 Jogging 2 years
9 X 35 Long distance 2.5 years
running
10 x 42 Jogging, orien- 3 years
teering
11 X 26 Jogging 5 years
Controls
12 X 32
13 X 29
14 X 21
15 x 42
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Figure 1. A, the Achilles tendon (A) is surrounded by the
superficial and deep layers of the crural fascia (—). Numbers
indicate biopsy sites. Biopsies were taken from: 1) the sub-
cutaneous tissue; 2) the macroscopically thickened and
edematous paratendineal tissue; 3) the ventral corner close
to the tendon surface; 4) the adhesions in Kager's triangle; 5)
the gliding membranes on the dorsal side (illustration modified
from Lang and Wachsmuth?). B, transversal section (3.5 cm
above the calcaneus) of normal Achilles tendon (A) and par-
atendineal tissues of a male victim of accidental death (age
32). Numbers indicate biopsy sites, which are explained in A.
Plantaris tendon (P) and the crural fascia with its superficial
and deep layers (») are demonstrated. Van Gieson x6.5.

Factor XIII,, etc.® During tissue repair, fibronectin is ini-
tially codistributed with fibrin, forming a scaffold for mi-
grating cells.’® The adhesion of fibroblasts to fibrin is max-
imal if the fibronectin is cross-linked to the fibrin,'® and this
matrix promotes the organization of collagen.* The early
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Figure 2. A, the normal paratendineal fatty areolar tissue of
the Kager's triangle-space, filling ventrally the fascial com-
partment enclosing the Achilles tendon (%), is demonstrated.
The deep layer of the crural fascia () is seen. The biopsy was
taken from the same subject as in Figure 1B. Van Gieson x8.
B, in the inflamed paratenon, loose connective tissue is seen
with neoformation of small blood vessels. Obliteration of a
muscular artery is seen. Van Gieson x100.

abundant appearance of fibronectin in granulation tissue is
followed by its slow decline and final disappearance in
normal healing processes.'* %%’

The role of fibrin, formed by the conversion of fibrinogen
to fibrin, in inflammatory lesions is not fully understood.’®*
In the first phase of injury the fibrinogen-fibrin network
forms a temporary connective tissue.’* The constituents of
fibrin and thrombin, Factor XIII, and fibronectin and their
degradation products, have stimulatory effects on cellular
ingrowth.'*® Fibrin is important but not necessary for the
repair process.”®

There are only a few histopathologic reports on Achilles
tendon paratenonitis, mostly based on limited patient ma-
terials.>®!2 In an ultrastructural study we found an increased
amount of ground substance, Type I and III collagen fibrils,
and an increased number of elastic microfibrils in this
condition. Myofibroblasts represented 19% of the nonin-
flammatory cells studied.?* Histochemically we found in-
creased catabolism and decreased oxygenation in the in-
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TABLE 2
Presence of obstructed vessels according to both fibronectin (FN)
and fibrinogen (FG) immunofluorescence staining®

Biopsy sites®
Case no. 1 2 3 4° 5
FN+FG FN+FG FN+FG FN+FG FN+FG

Patients
1 + + - - +
2 + - ++ + -
3 - - + + +
4 + +++ - + +
5 - ++ + ++ -
6 + ++ + ++ ++
7 + ++ ++ ++ +
8 + +++ + +++ +
9 - ++ ++ + -
10 - + + + ++
11 ++ + - - +
Controls
12 - + - +
13 - - - -
14 - - - -
15 - - + +

¢ Grading of frequency of obstructed vessels is as follows: —, none;
+, fortuitous; +, some; ++, moderate; +++, high.

® Biopsy sites are shown in Figure 1.

¢ Adhesions (Biopsy Site 4) were not present in the controls.

flamed paratenon, and histologically a massive formation of
connective tissue, fat necrosis, vascular proliferation, and
marked vascular alterations.”

The purpose of this study was to examine, using immu-
nofluorescence techniques, the role of fibronectin and fibrin-
ogen in the inflammatory process of Achilles paratenonitis.

MATERIALS AND METHODS

The paratendineal tissue samples for the immunohistologic
and histologic studies were excised intraoperatively from 11
patients (mean age, 37.3 years; range, 20 to 67 years) with
Achilles paratenonitis. The tissue samples were taken from
the selected parts of the inflamed paratenon (Fig. 1A), and
corresponding control samples (Fig. 1B) were taken from
four healthy male cadavers (ages 32, 29, 21, and 42 years)
who had died traumatically. The autopsy was done in all
cases within 1 day after death. Operations were carried out
in Rauma District Hospital and in Tampere University
Central Hospital, Finland. The basic data on the patients
are presented in Table 1. Most of the operated cases were
subchronic or chronic, with an average duration of symp-
toms of 20.4 months (range, 5 months to 5 years).
Immediately after excision, the tissue samples were frozen
in isopenthane, cooled to —180°C in liquid nitrogen and
stored at —70°C until processed further. Serial sections of
8um thickness were cut on a cryostat and stained with
antihuman fibronectin antibodies (kindly provided by Prof.
A. Vaheri) and antihuman fibrinogen antibodies (Dakopatts
A/S, Glostrup, Denmark), which also gives a specific reac-
tion with fibrin in man (Dakopatts, personal communica-
tion). Unfixed sections were preincubated in phosphate buff-
ered saline (PBS) at +4°C for 30 minutes and air dried.
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Figure 3. A, marked vascular proliferation is seen within the
connective tissue of the inflamed paratenon (FN staining
x100), and B, blood vessels with profound degenerative
changes are seen (FG staining x100).

Then, 50 to 100 ul of primary antibody working dilution
(1:100 for antifibronectin® and 1:50 for antifibrinogen) was
pipetted on each section and incubated in a humid box at
22°C for 16 hours. The sections were washed three times
wiith PBS, and air dried. Finaily, incubation with fluorescein
isotiocyanate (FITC)-conjugated antirabbit IgG (Wellcome
Reagents, Ltd., U.K., dilution 1:20) was carried out for 30
minutes under conditions described above.

The concentrations of antibodies were kept constant
throughout the whole series of experiments. Normal rabbit
serum, PBS, and FITC conjugates alone were also tested in
control stainings, in a similar manner.

The incubations were terminated by rinsing the sections
three times with PBS. The specimens were mounted in
glycerin jelly (Hopkin & Williams, U.K.). Epifluorescence
photomicrography was performed with an Olympus micro-
scope equipped with a camera unit.

For conventional histology the sections were stained with
hematoxylin and eosin and van Gieson techniques.

RESULTS
Histologic findings

The subcutaneous biopsies (Biopsy Site 1) from the control
subjects contained normal fat tissue with septae. The cor-
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Figure 4. A, a fibrous plaque is seen within the intima (—) of
a muscular artery in the inflamed paratenon. Moderate activity
is seen in smooth muscle cells throughout the media. FN
staining x100. B, a faintly and diffusely stained fibrous plaque
of an arteriosclerotic muscular artery (the same as in A) is
seen. The surrounding connective and fat tissue exhibit mod-
erate activity. FG staining x100.

responding specimens from the cases of Achilles paraten-
onitis showed an increased deposition of connective tissue
among the fat tissue.

In the control subjects, the paratendineal biopsies taken
from the lateral, medial or ventral side of the tendon (Biopsy
Site 2) contained normal loose areolar fatty tissue (Fig. 2A).
In two control subjects we found evidence of some moder-
ately obliterated arteries. The corresponding specimens from
the cases of paratenonitis exhibited fibrinous exudations,
widespread fat necrosis, marked neovascularization, degen-
erative vascular changes, and proliferation of loose connec-
tive tissue (Fig. 2B).

Adhesions (Biopsy Site 4) were not found in the control
subjects; in the patients, however, adhesions were common.

The affected layer on the dorsal side of the tendon, a
gliding membrane consisting of a number of truly thin
gliding sheets (Biopsy Site 5), was hypertrophied, as was the
paratendineal tissue on the ventral side close to the tendon
(Biopsy Site 3). (The normal structure of a gliding mem-
brane is presented in Figure 7B.) These inflamed paraten-
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Figure 5. A, a profound fibronectin exudate is seen among
the fat tissue of the inflamed paratenon. FN staining x100.
B, fibrinogen is seen as a homogeneous deposition within the
fat tissue. FG straining x100.

dineal areas also showed vascular alterations (obliteration
and neovascularization), as well as deposition of more ma-
ture connective tissue.

Immunohistologic findings

Both fibronectin and fibrinogen were abundantly distributed
in the walls of the blood vessels of the affected paratenon.
In the control subjects the walls of the arteries were in
general less brightly stained. Some arteries of both control
subjects and patients showed a staining reaction only in the
intima of these vessels. In the patients, the capillary walls
in general exhibited marked activity, whereas in the control
subjects there was no or, more commonly, only slight activ-
ity.

Obliterative alterations in the blood vessels were fre-
quently seen in all the affected paratendineal areas studied
(Table 2).

Degenerative changes in the blood vessel walls were fre-
quent in the inflamed paratenon, which locally exhibited
profound vascular proliferation (Fig. 3). In some cases alter-
ations resembling atherosclerotic changes were seen (Fig. 4).
Areas of homogeneous deposition of both fibronectin and
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TABLE 3
Presence of exudative deposits of fibronectin (FN) and fibrinogen
(FG)*
Biopsy sites®
Case no. 1 2 3 4° 5

FN FG FN FG FN FG FN FG FN FG
Patients

1 + - + + ++ 4+ +++ + +++ +

2 + - + + ++ 4+ - - + +

3 - - +++ ++ ++ + - - - +

4 + + + + + - ++ 4+ +++ ++

5 + - - - - = + + - -

6 - - + + + - - - ++ +

7 + + - - - = - - + +

8 - - + + + =% + + + +

9 - = +++ +++ ++ + - - - +

10 - - + + - = - - ++ ++

11 - = + + + = + - * -
Controls

12 - - - - - - - -

13 - - - - - - - -

14 - - - - - - - -

15 - - - - - - - -

¢ See Table 2 for explanation of gradations.
® Biopsy sites are shown in Figure 1.
¢ Adhesions (Biopsy Site 4) were not present in the controls.

TABLE 4
Immunofluorescence intensity of fibronectin (FN) and fibrinogen
(FG) in connective tissue®

Biopsy sites®
Case no. 1 2 3 4° 5
FN FG FN FG FN FG FN FG FN FG
Patients
1 + o+t o+ + H+ + 4+ o+
2 + 4+ £ £ + + + * * =
3 + o+ ottt A+ 2 o+ o
4 + + o+ o+ o+ £+ 4+ o+ 4+
5 + 4+ o+ o+ o+ 4+ o+ 4+
6 + = 4+ o+ o+ x4+ o+
7 + 0 4+ o+ o+ o+ 4+ 4+ 4+
8 + o+ A+ 4 o+
9 + o o+ A+ o 4+ +
10 + o+ o+ + £+
11 ++ + o+t A+ 4+ + o+
Controls
12 + + + + + + + +
13 + + + + + + + +
14 + + + + + + + +
15 +* + + + + + + +

% Grading of fluorescence is as follows: *, faintly positive; +,
positive; ++, moderately positive; +++, conspicuously positive.

b Biopsy sites are shown in Figure 1.

¢ Adhesions (Biopsy Site 4) were not present in the controls.

fibrinogen were frequently seen in the inflamed paratenon
(Fig. 5) due to the extravasation of these plasma proteins
(Table 3). This was especially seen in paratendineal Biopsies
2 and 5 (Table 3). These exudates were most typically
located in relatively small areas among the fat cells. A
corresponding leakage was not found in the control subjects.

Slight activity was found in the control subjects for both
fibronectin and fibrinogen mainly in the connective tissue
septal areas (Fig. 6A). In the patients with paratenonitis, a
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Figure 6. A, in normal areolar fatty tissue the activity is
concentrated mainly in a septal area. FN staining X100. B, a
moderate activity is seen within the inflamed paratendineal
connective tissue. FG staining x100.

clear increase in connective tissue formation was commonly
found. The immunofluorescence staining reactions were

quite varied for both fibronectin and fibrinogen in the con-
nantiva ticana aroas (Tnkln A Oavwanarnnd to thc ccn*""‘s, thc

nective tissue a able 1), Compared ¢ trol
connective tissue areas in general showed increased immu-
nofluorescence staining reactions (Fig. 6B). The greatest
activities were seen in the adhesions (Biopsy Site 4) and in
the edematous paratenon obtained from both sides of the
Achilles tendon. In the biopsies taken from the ventral side
of the Achilles tendon (Biopsy Site 3) or from the gliding
membrane (Biopsy Site 5), the immunofluorescence activity
for fibronectin and fibrinogen was often slight or absent.
The gliding membrane, especially, usually showed only slight
activity, but moderate activity was seen in the surface areas
(Fig. 7TA), compared to the normal activity and structure
seen in the controls (Fig. 7B).

In the patients, the fat cells were outlined by fibronectin
and fibrinogen fluorescence of varying intensity that was
stronger compared to the controls. The fat tissue of the
inflamed paratenon was mostly replaced by new connective
tissue, but small clusters of fat cells or fat cysts were still
commonly seen amidst the connective tissue.
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Figure 7. A, the surface area (*) of a hypertrophied and scarred gliding membrane exhibits marked activity. FN staining x150.
B, the structure of normal loose gliding membrane with fat cells and some thin gossamer-like sheets is seen adjacent to the
Achilles tendon (*). The biopsy was taken from the same subject as in Figure 1B. Van Gieson x50.

DISCUSSION

Fibronectin is normally found in loose connective tissue but
not in dense mature connective tissue,*>?* and it is distrib-
uted along the immature collagen fibers.!”*"*? In soluble
form it is present in plasma and other body fluids and in
insoluble form in many tissues. Fibronectin can be synthe-
sized, e.g., by fibroblasts and endothelial cells.*® If the gran-
ulation tissue reaction persists, high levels of fibronectin
and Type III collagen can be found.’*'® These substances
have a consistent codistribution.’® Fibronectin appears to
have many important effects throughout the tissue healing
process' and it seems to be an early marker for connective
tissue formation in pathologic lesions.?**° Fibronectin binds
strongly and specifically to denatured collagen,”” but inter-
action between fibronectin and native collagen is not well
understood.?

A major finding in this study was that recognizable
amounts of fibronectin and fibrinogen are still distributed
in the chronically inflamed paratenon. This may imply a
failure in the maturation of scar tissue in this complaint.
An increased amount of fibronectin and fibrinogen was often
found in the subcutis with paratenonitis, indicating affection
of the subcutaneous tissue.

The membranes of individual fat cells may normally ex-
hibit activity for fibronectin.* In this study fibronectin was
found only faintly in the membranes of these cells in the
control subjects, but both fibronectin and fibrinogen were
often seen clearly in many paratendineal biopsies from the

patients, suggesting that the fat cells are often affected in
this disease.

Fibronectin can be produced in situ in the walls of blood
vessels® and it is said to be a major component of athero-
sclerotic lesions.*” In muscular arteries fibronectin is found
in the pericellular matrix of the smooth muscle cells of the
media, and in nonmuscular arteries the media contains thin
strands of fibronectin.*® Fibrinogen can be also found in
moderation as linear or granular deposits in the vascular
walls, but not on the stromal structures.??> The increased
angiogenesis commonly seen in this study is apparently due
to the tissue hypoxia'® of the affected paratenon.?’ The
increased amounts of fibronectin and fibrinogen seen in
many capillaries of the inflamed paratenon reflect endothe-
lial proliferation.’ These substances were seen abundantly
in many arterial walls, indicating arterial wall damage.

Fibrin is formed by the conversion of fibrinogen to fibrin.
Upon this conversion, fibronectin is incorporated into the
fibrin network with the help of Factor XIII,.!* The presence
of fibronectin and fibrinogen in the most inflamed paraten-
dineal biopsies thus indicates the presence of fibrin as well,
which has long been recognized as a hallmark of inflamma-
tory responses.

The fibrinogen antigenic material may also consist of
fibrinogen-fibrin degradation products® and fibrinogen exu-
dates are a sensitive measure of an altered vascular perme-
ability.?

Some fibrinogen-fibrin derived degradation products may
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Figure 8. A, in soft tissue roentgenogram the normal Kager's triangle (*} is seen as a dark space. B, in acute paratenonitis soft
tissue roentgenogram demonstrates a diffuse shadowing of Kager's triangle (*) (a picture taken 1 year earlier of the same patient

asin A).

act as direct mediators of inflammation®*% and induce endo-

thelial cell injury.** The fibrin endothelial cell interactions
that occur may be extremely important in inducing vascular
permeability changes and edema.? 23435 [t has been reported
that an accumulation of fibrin due to the inhibition of
fibrinolysis can cause pulmonary microvascular injury.*' Ac-
cording to these findings we postulate that fibrinogen-fibrin
and their degradation products may play an important role
in pathophysiology of Achilles paratenonitis, e.g., in the
development of the vascular lesions found frequently in the
present study. Furthermore, we posit that these alterations
are possibly connected with some other mechanisms of the
inflammation that increase vascular permeability* and pres-
sure, with subsequent edema and pressure.

In acute Achilles paratenonitis a marked macroscopical
swelling is often seen diffusely around the tendon. This can
also be seen in soft-tissue roentgenograms as a diffuse shad-
owing of Kager’s triangle (Fig. 8, unpublished data) appar-
ently due to the marked extravasation of plasma proteins,
including fibronectin and fibrinogen. We suggest that this
extravasation can in many cases even in an early phase of

paratenonitis lead to obvious vascular changes, with a con-
tinuing minor leakage of plasma proteins, and furthermore,
to new vascular lesions. In addition, in many cases repetitive
minor inflammatory reactions with extravasation of these
plasma proteins apparently lead in time to vascular changes
and the persistent leakage of fibronectin and fibrinogen
commonly found in the inflamed paratenon (Table 3).

The findings from the present study indicate that in
chronic or subchronic cases of Achilles paratenonitis distinct
amounts of fibrin still exist in the affected tissues. Together
with tissue hypoxia, this apparently constitutes the main
reason for the marked adhesion formation in the dis-
ease.”*? The assignment of a central pathophysiologic role
to the fibrinogen-fibrin complexes and their degradation
products is supported by the facts that in peritendinitis
crepitans systemic fibrinolytic treatment with heparin has
proved to be very effective®® and that local glycosaminogly-
can polysulphate (GAGPS) injections can be beneficial in
chronic cases of Achilles paratenonitis.*® The GAGPS treat-
ment has many heparin-like effects® 3 and its suppression
of the fibroblast proliferation and fibrosis in wound healing®®
is apparently due to fibrinolytic effects.'®
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The present results indicate that marked neovasculariza-
tion and obliterative and degenerative changes exist in the
capillaries, arterioles, and arteries in the inflamed paratenon
of the Achilles tendon, apparently due to the different mech-
anisms of inflammation. Furthermore, the present results
indicate that increased vascular permeability and fibrin
formation still persist in chronic Achilles paratenonitis.
This, together with the distinct amount of fibronectin in the
inflamed paratendineal tissues, points to the immature na-
ture of the scar tissue in chronic paratenonitis.
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