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ABSTRACT

Background: The injury repair process in tendons and ligaments includes different phases such as inflammation, neovas-
cularization, fibroblast proliferation and fibrosis. Collagen type and tissue characteristics of tendon and ligament repair are
described such as type collagen differentiation and properties of the scars tissue. The degeneration of articular cartilage
when, characterized by loss of the articular layers associated of the decreased of proteoglycans. The aim of this study is
to describe by histochemistry techniques the characteristics of tissue scar, collagen type in the repair process of tendons
and ligaments, as well as articular cartilage degeneration.

Materials, Methods & Results: Tissue samples of equine tendons, ligaments and articular cartilage of the metacarpopha-
langeal joint region were evaluated by ultrasonography, macroscopically and prepared for routine histopathology (H&E
staining). The inclusion criterion of the samples in this study was based on the presence of lesions characterized in H&E
stain as fibroplasia, neovascularization, collagenolysis, chondroid metaplasia in tendons and ligaments and fibrillation and
cartilaginous eburnation lesions in the articular cartilage samples. The Masson’s trichrome, Picrosirius red and Alcian blue
staining techniques were also performed in addition to H&E. Pathologic findings in the tendons and ligaments included
fibroplasia, collagenolysis, chondroid metaplasia and lymphohistioplasmacytic inflammation. Tendons and ligaments scars
were composed of type III collagen but there was also some type I collagen. Fiber alignment of tendons and ligaments
in the reorganization tissue was not flawless and the fiber appearance was characterized by a lack of the fiber crimp and
parallelism. The fibroplasia was characterized by endotendinous tickening areas associated with the presence of loose con-
nective tissue. In the areas of loose connective tissue substitution, collagen type fibers are intercalated to a lesser extent by
type-III collagen fibers. In the Alcian blue stained samples of articular cartilage observed the surface layer and the matrix
zone of calcified cartilage were weakly stained in blue.

Discussion: Three special stains were utilized in this study along with the H&E evaluation elucidating the behavior tendons,
ligaments and articular cartilage injury. The important observation in this study was fibroplasia in tendons and ligaments
seems to be composed by abundant of loose connective tissue, chondrocytes and intermingled collagen type I and III fibers
associated with lack of crimps alignment of the fibers. The fragile structure suggested by the Masson’s trichrome stain
results (presence of the loose connective tissue) in this study perhaps make the tendons and ligaments receptive to other
lesions. The characteristic blue discoloration of collagen fibers was only observed in the loose connective tissue may be
because the dye penetration becomes easier when compared to the dense connective tissue (stained in red). The Masson’s
trichrome made possible the differentiated the dense connective tissue of the loose connective tissue. The combined his-
tochemistry staining technics allowed an improved characterization of fiber alignment, collagen type, inflammatory cell
infiltration and neovascularization, which happens during the repair process of tendons and ligaments. The fibrillation and
eburnation of the articular cartilage were associated with the decrease Alcian Blue staining characterized by degeneration
process of articular cartilage.
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INTRODUCTION

Mechanical stress capable of altering the blood
supply of tendons and ligaments has been considered the
primary cause of injuries [28], damaging the microvas-
culature as consequence of tendon overuse [12]. There-
fore, soft tissue lesions are important for performance
horses [21]. Tendon damage is also a common injury
in racing Thoroughbreds and other competition horses
and with many other species, leading to the formation
of biomechanically weaker scar tissue and, therefore,
resulting in a high probability of re-injury [8].

Fascicles of collagen are arranged in a wave-
form called crimp, and are responsible for promoting
impact absorption that the tissue undergoes. Differ-
ent types of collagen have different functions in the
tendons and ligaments tissues. The type I, II and III
collagen fibers are responsible for maintaining the
tissue architecture and rigidity [25]. Tendon matrix
is composed predominantly of type I collagen, with a
small percentage of other collagens [13]. Many stain
techniques have been developed for the collagen fibers
study, the most of which is the Masson’s trichrome
stain but, this stain cannot differentiate the type of
collagen fibers [17].

The articular cartilage is characterized by a
flexible connective tissue composed primarily of wa-
ter (68-85% of the weight), fibrilar matrix containing
type Il collagen (10-20%), proteoglycans (5-10%) and
chondrocytes [18].

The repair process of tendons and ligaments
includes different phases such as inflammation, neo-
vascularization, proliferation of granulation tissue and
fibrosis. However, the articular cartilage repair does not
occur after the injury, and is characterized by fibrilla-
tion and eburnation.

MATERIALS AND METHODS

Tissue obtaining and preparation for analysis

Fourteen samples of tendons, ligaments and ar-
ticular cartilage of the metacarpophalangeal joint of the
forelimb equine specimens, were evaluated macroscopi-
cally. This samples were part of previous ultrasound and
macroscopic study [7]. Tissue samples were fixed in 10%
buffered formalin solution for 14 days. Then, they were
processed routinely for histopathology. The samples were
then cut into 3 pum histological sections and stained by
hematoxylin and eosin (H&E) method. The Masson’s

trichrome (MT)!, Picrosirius red (PR)!' and Alcian blue
(AB) staining techniques were also performed. The MT
allows the collagen differentiation between the loose and
the dense tissue in tendons and ligaments. The loose con-
nective tissue stains in blue and the dense connective tis-
sue stains in red. The PR was used for the differentiation
of type I and III collagen fibers in tendons and ligaments,
under polarized light. In PR stain, collagen type I fibers
were orange and thick, differing from the collagen fibers
type I, that were greenish to blue and thin. The articular
cartilage sections (and the subchondral bone tissue), after
fixation, underwent a decalcification process (with aquous
solution of sodium citrate and formic acid). The samples
were then processed routinely for histopathology. The AB
technique (pH 2,5) for identification of hyaline cartilage
was modified [6] counterstained with H&E. The AB
stain demonstrated the presence of a myxoid-like matrix
in fibroblastic tissue of tendons and ligments, that was
AB-positive matrix. In samples of the articular cartilages,
the AB stain demonstrated the hyaline chondoid matrix.

Inclusion criterion of the samples

The inclusion criterion of the samples in this
study was based on the presence of lesions character-
ized in H&E stain as fibroplasia, neovascularization,
collagenolysis, chondroid metaplasia in tendons and
ligaments and fibrillation and cartilaginous eburnation
lesions in articular cartilage samples. Findings were
divided according to the type of lesion observed in
H&E study, divided into categories such as junction of
Superficial Digital Flexor Tendon (SDFT) and Manica
Flexoria (MF) (2), SDFT (1), Deep Digital Flexor
Tendon (DDFT) (5), Palmar Annular Ligament (PAL)
(2) of metacarpophalangeal joint palmar region, Sus-
pensory Ligament (SL) lateral branch (1), and Articular
Cartilage (AC) of metacarpus III (MCII) condyle, (3).

RESULTS

Deep Digital Flexor Tendon (DDFT)

Gross lesions of the DDFT in the cross sec-
tion were characterized by hemorrhagic infiltration
and red to dark-yellow zones and, in one sample, the
consistency of the tendon was very soft.

The H&E findings of the deep digital flexor
tendon tissue of the palmar aspect of the metacarpo-
phalangeal joint were divided into: fibroplasia (Figure
1-A), collagenolysis, neovascularization and chondroid
metaplasia.
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The compact alignment of the collagen fibers
and the dense connective tissue possibly make the pen-
etration of the MT stained difficult and reproduce the
red color stain. In contrast, the loose connective tissue
presented blue tinctorial property and the penetration
of the TM stain was easy by done.

In the MT-stained samples, fibroplasia (Figure
1-C) in the DDFT was characterized by endotendinous
thickening areas with the presence of generous amount
of loose connective tissue. In these areas, the dense
connective tissue was replaced by the loose connective
tissue. These same regions in AB (Figure 1-B) staining
presented as a myxoid-lyke matrix. In the PR-stained
samples, the dense connective tissue corresponded of
thick orange collagen fibers [type-] collagen fibers]
(Figure 1-C). The loose connective tissue is composed
by type-III collagen fibers, represented as greenish-
collagenous fibers. In the areas of loose connective
tissue substitution, collagen type fibers are intercalated
to a lesser extent by type-III collagen fibers. In longi-
tudinal histological sections the type-I collagen fibers
lose their linear arrangement. The disorganization of
the tissue is well evidenced.

Chondroid metaplasia of the tendinous tissue
in the MT-stained demonstrated a perfect formation
of chondrocytes submerged in the abundant loose

connective tissue stained in blue. The same areas in
AB-stained samples formed a myxoid-lyke matrix,
characterized by positive interlaced AB-positive tissue
bundles interspersed by chondrocytes. In PR-stained
samples the polarization was restricted, tissue disorga-
nization was composed of loose connective tissue and
some type-III collagen fibers is observed intermingle
of type-I collagen fibers.

Collagenolysis was associated with neovas-
cularization and characterized by abundance of blood
vessels between the loose connective tissue, which
strongly stained in blue in the MT. In AB-stained
samples, areas of loose connective tissue correspond
to areas of neovascularized AB-positive matrix. In PR-
stained samples, polarization of most fibers occurs due
to the lack of linear arrangement of the fibers composed
of type-I collagen fibers, which have a smaller number
of type-III fibers.

Lymphohistioplasmacytic tendinitis was char-
acterized in the MT-stained samples by abundant loose
connective tissue interspersed with dense connective tis-
sue. In AB-stained samples the presence of chondrocytes
wrapped by an AB-positive matrix. In the PR-stained
samples, the polarization of the loose connective tissue
occurred, most of the type I collagen fibers being ac-
companied by a lack of fascicular arrangement.

Figure 1. DDFT longitudinal section of the palmar aspect of the metacarpophalangeal joint.
A- Fibroplasia and extensive multifocal cartilaginous metaplasia (arrow) [H&E, 100x].
B- Chondrocytes enveloped by a positive matrix stained in blue (arrow) [Alcian blue stain,
100x]. C- Disorderly of loose connective tissue stained in blue (arrow) [Masson’s trichrome
stain, 100x]. D- Collagen fibers type I in stained in orange (asterisk) intercalated by collagen
fibers type I stained in dark green under polarized light (arrow) [Picrosirius red stain, 100x].
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Superficial Digital Flexor Tendon (SDFT) and junction of
Manica Flexoria

Gross transversal sections of the SDFT showed
lesions characterized by the presence of dark-yellow
necrotic zones with soft consistency at the touch. The
H&E findings corresponded to lymphohistioplasmacytic
inflammation and focally extensive severe fibrosis asso-
ciated with condroid metaplasia in the epitenon region.
Lymphohistioplasmacytic tendinitis was associated with
necrotic, hemorrhagic and chondroid metaplasia areas,
corresponding in the MT technique to a disorganized
loose bluish connective tissue with numerous chondro-
cytes. The chondroid metaplasia was confirmed in the
AB staining and was characterized by chondrocytes
surrounded by an chondroid AB-positive matrix. In the
PR stain, the areas composed by disorganized loose
connective tissue corresponded to collagen type I fibers
(orange polarized stain) intermingled with collagen

type I fibers (green polarized stain). Grossly, manica
flexoria in one tissue sample, at the junction of SDFT,
presented pearly white tissue and in another sample
there was thickened fibrous tissue, corresponding to
collagenolysis (Figure 2-A) and chondroid metaplasia,
respectively. The collagenolysis lesions associated with
condroid metaplasia were characterized by loose con-
nective tissue areas with interspersed dense connective
tissue in MT staining (Figure 2-C). Abundant neovas-
cularization associated with chondrocytes was seen.
The loose connective tissue areas which by AB staining
corresponded to a loose matrix stained in blue (Figure
2-B). Most type I collagen fibers polarized in PR stain
associated to the presence of the dense connective tis-
sue (Figure 2-D). In contrast, in the areas corresponded
to loose connective tissue, a better polarization occurs
and collagen fibers type I and III were observed in PR
stained sections.

Figure 2. SDFT longitudinal section and junction of Manica Flexoria of the palmar aspect
of the metacarpophalangeal joint and junction. A- Collagenolysis (arrow) [H&E, 100x].
B- Positive matrix and presence of chondrocytes (arrow) [Alcian blue stain, 200x]. C- Dis-
orderly of loose connective tissue stained in blue (arrow) [Masson’s trichrome stain, 100x].
D- Loss of linear arrangement of orange type I collagen fibers (arrow) interspersed with dark
green type III collagen fibers under polarized light (asterisk) [Picrosirius red stain, 100x].

Palmar Annular Ligament (PAL)

Gross longitudinal lesions of the PAL were
represented by thickened fibrous areas associated with
a yellow discoloration and adhesions to the SDFT.
There is multifocal fibrosis, probably in the adhesion
area, with abundant neovascularization. Also, observed

collagenolysis areas intermingled with chondrocytes
in H&E were observed associated with a loss of col-
lagen fibers linear arrangement, interspersed with
neovascularized loose connective tissue. In the MT-
stained samples, the loose connective tissue appeared
strongly stained in blue, interspersed by some areas of
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dense connective tissue stained in red, associated to
neovascularization areas. In the PR-stained samples,
polarization of the majority of the collagen fibers
occurred; the lack of their linear arrangement was
characterized by type-I collagen (thick orange fibers),
in the middle of which a smaller type-III fibers (fine
green fibers) were observed.

Suspensory ligament (SL) lateral branch

Gross transversal lesions of the SL lateral
branch showed white fibrous tissue located in the center
of the ligament and thickening of the epitenon region,
associated with severe irregularity of the abaxial aspect
of the proximal lateral sesamoid bone (insertion area).
These H&E-stained findings were characterized by the
formation of islands of chondrocytes in the center of the
fascicles associated with a thickened epitenon region.
The fibrous tissue grossly corresponded to chondroid
metaplasia, observed in AB-stained as the numerous
chondrocyteswere surrounded by highly AB-positive
matrix interspersed in the ligament fibers and connec-
tive tissue.

Articular cartilage (AC) of metacarpus 111 condyle (MCIII)

Macroscopically, there was loss of AC of
MCIII medial and lateral aspect of the condyle with
exposure of the subchondral bone associated with a
dark red color and clear presence of deep linear grooves
on the surface. In the H&E technique, it was observed
a severe cartilage fibrillation and eburnation. In the
two other cases, gross findings were characterized by
a light-red color with strong and soft linear grooves
in the MCIII condyle. In H&E stain, it was observed
a focally severe-to-moderate fibrillation (Figure 3-A).
In the AB-stained samples, the surface layer and the
matrix zone of calcified cartilage were weakly stained
in blue. Articular cartilage with moderate changes had
a marked decrease in staining in the superficial zone
and the upper portion of the middle zone (Figure 3-B).
In the severe changes, the marked blue AB-stained
matrix appeared only in the deep layers of the (Figure
3 C-D). The normal AC is characterized by the three
chondrocyte layers with different shapes, stained in
strong blue in the AB staining technique.

-

oY)
i

Figure 3. Articular Cartilage longitudinal section of the MCIII condyle. A- Fibrillation of the articular
cartilage (arrow) [H&E, 100x]. B- Decrease of blue stained in fibrillation of articular cartilage (arrow)
[Alcian blue stain, 100x]. C- Eburnation of articular cartilage (arrow) [H&E, 100x]. D- Severe decrease of
blue stained in eburnation of articular cartilage (arrow) [Alcian blue stain, 100x].

DISCUSSION

Three special stains were utilized in this study
along with the H&E evaluation. Collagen fibers got
stained intensively in most of staining techniques used

in this study, especially in MT. Furthermore, different
types of collagen fibers are not distinguished by MT
stain alone. In contrary, the PR stain contributed to the
study of collagen-made structures due to enhancement
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of the existing birefringence in the collagen, due to its
parallelism and tissue organization [17]. Elastic fibers
of collagen type I are usually characterized by thick
fibers, highly birefringent and yellow or red colored
in PR stain. In the other hand, type-III collagen of the
reticular fibers usually has the smallest fibers with low
birefringence and green color [20]. In this study, the
normal matrix tendon was composed by dense con-
nective tissue, stained in red by MT [16] and rich in
collagen type I fibers by PR staining.

The identification of chondroid metaplasia and
multifocal fibrosis in the ligaments were important
findings in this study, and were associated with abun-
dant loose connective tissue, and predominantly type-
III collagen fibers. Affections of the SL lateral branch
contained white fibrous tissue [9] and, this finding was
observed in this study. It has been described that fibro-
cartilaginous tissue of ligament specimens contained
a few small hyaline cartilage-like areas, which were
characterized by homogeneous basophilic matrix with
scattered plump chondroid cells [27].

Fibroplasia in tendons are represented by in-
creased fibroblasts cells and irregularities of the tissue
organization in comparison to the normal tendon [19].
The important observation in this study was fibroplasia
in tendons and ligaments, seems to be composed by
abundant loose connective tissue, chondrocytes and
intermingled collagen type I and III fibers associated
with lack of crimps alignment of the fibers. The loose
connective tissue is a disorganized tissue in the MT-
stained samples. The characteristic blue discoloration
of collagen fibers was only observed in the loose
connective tissue may be because the dye penetration
becomes easier when compared to the dense connec-
tive tissue (stained in red). Immature collagen fibers
and the endotendon stain in blue when using the MT
technique [26]. The loose connective tissue appears to
be less compact and soft. In areas of dense connective
tissue substitution for loose connective tissue there is
a better polarization of the collagen fibers observed in
the PR stain, which is due to a greater fragility of the
loose connective tissue. This fibrous repair is func-
tionally deficient, weaker than the normal tendon in
many ways. The natural repair mechanisms triggered
by tendon damage often leads to the formation of
biomechanically inferior scar tissues that is prone to
re-injury [1]. The fragile structure suggested by the MT
stain results (presence of the loose connective tissue)

in this study perhaps make the tendons and ligaments
receptive to other lesions.

Changes in the DDFT and SDFT evaluated in
this study were characterized by hemorrhagic infiltra-
tion in the fascicles corresponding to necrotic zones and
thickening of the epitenon. These findings corresponded
to lymphohistioplasmacytic inflammatory infiltration
and fibroplasia in the histologic evaluation, associ-
ated with deposition of loose connective tissue in the
epitenon and lack of type-I collagen fibers parallelism
intermingled with the deposition in type-III collagen
fibers in reparation zones. This lymphohistioplasmacytic
infiltration in tendons was previously described [5]. Spe-
cific tendon lesions should be considered as being result
of vascular thrombosis and ischemia [4]. Remodeling of
the initial repair process of the ligaments and tendons is
composed by hemorrhagic, vascular congestion and ne-
crotic areas [2]. In human chronic Achilles tendinopathy,
neovascularization was one of the features associated
with extracellular matrix degeneration [3,22]. In this
study, collagenolysis areas intermingled with chondro-
cytes were observed associated with a loss of collagen
fibers linear arrangement in the DDFT interspersed with
neovascularized loose connective tissue.

Articular cartilage damage begins with the
release of cytokines that triggers the degradation cas-
cade of collagen in the cartilaginous matrix. With the
progress of collagen depletion, cartilage loses its abil-
ity to absorb impact, and continuous exercise results
in constant trauma and consequently cartilage insults.
Synovial changes are the result of inflammation includ-
ing hyperplasia and fibrosis. Bone changes follow in
these cases and are characterized by the formation of
peri-articular osteophytes, decreased joint space and
sclerosis in the subchondral bone [24]. In one study,
the process of osteoarthritis was characterized micro-
scopically by the loss of proteoglycans (reduction of
metachromatic staining by Toluidine blue) caused by
the enzymatic degradation of articular cartilage (mainly
by aggrecanase and metalloproteinases). Later on the
process, it can be seen fragmented collagen fibers.
Exposure and calcification of the cartilaginous layers
are also observed, with consequent eburnation of the
subchondral bone surface [14]. The Toluidine blue
stain is usually used in the histological analysis to
demonstrate the presence of glycosaminoglycans in the
extracellular cartilaginous matrix, staining in light blue
and dark purple (metochromasia) [11]. The samples of
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the articular cartilage degeneration obtained from the
femoral lateral trochlear presented weak marking (light
blue) and there was no metachromatic in Toluidine blue
staining [23]. Toluidine blue was not performed in this
study. Histologic examination in this study of AC by
AB stain demonstrates the decrease of blue staining
in lesions such as fibrillation of the AC, but the cause
of this change was not determined.

CONCLUSION

be used in tendons and ligaments, because it allowed
distinguishing the presence of loose connective tissue
from dense connective tissue. As fibroplasia and col-
lagenolysis (observed in H&E sections) evidenced the
weakness of the substitution of the dense for loose con-
nective tissue, the MT and PR allowed to better identify
the nature of these substitution connective tissue.
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The use of several histochemical techniques
has shown that MT stain is an excellent technique to
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