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ABSTRACT: The aim of this study was to evaluate the effect of snake venom
derived fibrin glue on the healing of the deep digital flexor tendon, during three
periods. The tendon of the 2" digit of 30 thoracic limbs of dogs was partially
sectioned for glue application. Biopsies were performed 7, 15, and 30 days post
surgery for the clinical and morphological study of tendons. Analysis of the results
showed that 73.3% of the tendons showed stump retraction and 16.6% moderate to
excessive adherence, which affected sliding. There was a significant difference in the
number of inflammatory cells among the three studied periods, being the highest on
day 15. The morphological analysis revealed a typical tendon healing process with a
lower level of inflammation in the acute phase, facilitating the cicatricial maturation

phase. Snake venom derived fibrin glue promotes the healing in dog flexor tendon.
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INTRODUCTION

The tendinous injuries are usually of traumatic origin and their effective treatment
requests basic knowledge of the principles involved in tendon healing and their
application in the specific biomechanical environment of the injured tendon. The ideal
tendinous repair must, besides morphologically reconstitute the injured tissue,
preserve the sliding function of the tendon, helping to maintain its movement capacity
(30).

Peritendinous adhesions in flexor tendon surgery are still a great challenge, both in
clinical and experimental practice (5). Attempts to prevent adhesions and improve the
tendinous healing have been made with variable success. They include
morphological and biomechanical trials with different suture materials and repair
techniques (18), different postoperative managements (22), grafts (25), and different
substances as corticosteroids (12), dextran 70 (8), collagen inhibitor (28), ibuprofen
(37), sodium hyaluronate (39), aprotinin (14), 5-fluorouracil (19), TGB-B (40), and
fibrin glue (11).

Fibrin glue is currently used in the surgical treatment of traumatic and experimental
tendon ruptures (21, 26, 32, 35). The main reason justifying its use is the smooth
surface on the lesion site, preventing the formation of adherences during the healing
process (3) and also increasing repair strength (38).

The objective of this study was to evaluate the clinical evolution of tendon sliding and
the cellular kinetics of the inflammatory process of the Deep Digital Flexor Tendon
(DDFT) healing of dog thoracic limbs during three periods, using snake venom
derived fibrin glue associated with bubaline fibrinogen as a substitute to conventional

tenorrhaphy.

MATERIALS AND METHODS

Thirty thoracic limbs from 15 healthy, adult mongrels (10-15 kg) were used. Dogs
underwent a preliminary adjustment period (15 days minimum), when they received a
balanced diet and water ad libitum; they were individually housed throughout the
experiment.

The thoracic limbs were randomly divided into 3 experimental groups of 10. Each
group corresponded to the day of evaluation after the glue application: 7", 15", and

30™ days post surgery.
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After withholding food for six hours and water for three hours, animals received
levomepromazine hydrochloride (1 mg/kg, intravenously) as pre-anesthetic, and
tiletamine and zolazepam (10 mg/kg, subcutaneously) as dissociative anesthesia.
Later, they received buprenorphine hydrochloride (0.01 mg/kg, subcutaneously) and
penicillin G benzathine (40,000 Ul/kg, subcutaneously).

The dorsal lateral region of the paw was shaved and prepared with povidine iodine
solution. The skin and the subcutaneous tissue of the lateral region of the 2" digit
were incised, followed by divulsion of the adjacent tissues. After that, the incision of
the synovial sheath, location of the DDFT, partial transverse tenotomy (approximately
2/3 of the diameter) between the 2" and 3™ annular ligament, drying of the tendon
stumps, application of two drops of fibrin glue, coaptation of tendon stumps for two
minutes, and skin suture were performed.

After cleaning the surgical wound, a protective bandage was applied, using
orthopedic cotton. The limb was immobilized using a PVC splint placed at 90° on the
carpal joint, providing protection during movement. We also used an “Elizabethan”
type collar to restrict the dog’'s head movement. Animals underwent daily physical
therapy, with biopsy.

On the day of biopsy the animals were subjected again to the anesthetic and surgical
procedures as described before. Tendon segments containing approximately 10 mm
were removed. Macroscopic alterations of tissue repair were evaluated at the
moment of tendon collection, considering stump coaptation, adhesion formation, and
sliding.

Tendon segments of approximately 5 mm from the 2" digit were prepared by the
usual techniques for inclusion in paraffin or historesin. From each segment, 5-um-
thick longitudinal sections were made. At least five sections were mounted on a
histological slide and stained with Hematoxylin-Eosin (HE) and Massom’s Trichrome
(MT). Each segment was morphologically analyzed for healing pattern.

Inflammatory cell count was made under binocular light microscope using 6.3x
integrated eyepiece (Carl Zeiss®, Kpl 6.3 mm, Austrian) and 40x lens, totaling 252x
magnification. The area delimited by this eyepiece was measured as 0.0324 mm? by
micrometry. Ten microscopic fields were counted, randomly focused on the healing
region in five sections of each slide, representing each limb on each day of

observation.
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Evaluation of the three treatments on the number of inflammatory cells was
performed by an entirely randomized design, with 10 repetitions. In an analysis of
variance, the means were compared by the F test at 1% probability. Mean
differences were tested with the Tukey test at 5% probability level (27). Values were
expressed as mean =+ standard error.

Fibrin glue is composed of the thrombin-like fraction from Crotalus durissus terrificus
venom, cryoprecipitate from bubaline blood, and calcium chloride, obtained as per
Thomazini-Santos (36). It was applied using a “Y” shaped syringe mixing the
fractions (300 pl cryoprecipitate [syringe 1]; 250ul calcium chloride and 50ul

thrombin-like fraction [syringe 2]) at surgery.

RESULTS

Twenty-two of the 30 tendons evaluated (73.3%) showed slight to moderate stump
retraction (approximately 2 mm); the 30-day group showed the best coaptation
(Figure 1). Adhesion to the synovial sheath and adjacent tissues was slight in 9
(30%) and moderate to excessive in 5 (16.6%), compromising sliding (Figure 2).
Seven days after surgery, the morphological findings showed tendon slit retraction on
the scar area, epitendon varying from normal to thick, and a rare inflammatory
infiltrate consisting of polymorphonuclear cells in the epitendon and sectioned region.
Fibrocartilaginous cells were seen in the endotendon, especially in the proximal
stump, and an amorphous substance with high amounts of fibrin, fibroblasts, and
erythrocytes were seen in the scar region (Figure 3A, 3B, and 3C).

On the 15™ day, epitendon thickness varied from normal to increased with
pronounced inflammatory infiltrate. Mononuclear and fibrocartilaginous cells were
seen in the proximal stump with signs of collagenous fiber reorganization with young
modeled dense connective tissue, richly cellular proliferative loose connective tissue
neovessels and fibroblasts (Figure 3D, 3E, and 3F).

On the 30™ day, a tendon slit retraction was seen in the scar area, filled with loose
connective tissue with numerous freely oriented collagenous fibrils, creating a
configuration of areolar tissue and scar in organization. Epitendon thickening and
moderate cellularity, and spiral and crooked neovessels were also seen (Figure 3G,
3H, and 3I).

Analysis of variance showed significant difference (p<0.01) for inflammatory cell

count (cells/mm?) between the three treatment times studied. The highest mean
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count of inflammatory cells (cellss/mm?) was on the 15" day post surgery (898 + 71),
followed by the 30" day (41 + 6), and the 7™ day (4 + 1). Comparison of means of the
three treatment times by the Tukey test reveals significant difference was seen only
on the 15" day (p<0.05) (Figure 4).

B ™ day)

D (15':h day)

F (30':h day)

Figure 1: Photomacrographs of the deep digital flexor tendon segments of dog
thoracic limbs using snake venom derived fibrin glue on the 7" (A and B), 15 (C and
D), and 30" (E and F) days post surgery. Note: retraction of tendon stumps. Palm (A,

C, and E) and lateral (B, D, and F) view. Stereomicroscope, magnification x25.
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Figure 2: Photomacrographs of the deep digital flexor tendon segments of dog
thoracic limbs using snake venom derived fibrin glue on the 7" (A and B), 15" (C and
D), and 30™ (E and F) days post surgery. Note: adhesion (a) and intense

vascularization (v). Palm view. Stereomicroscope, magnification x25.
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Figure 3: Photomicrographs of the deep digital flexor tendon segments of dog
thoracic limbs using snake venom derived fibrin glue on the 7", 15", and 30™ days
post surgery. Embedded in paraffin (A-H) and historesin (1). HE (haematoxylin-eosin)
and MT (Massom’ trichrome) staining. Objective: x4 (A, D, and G), x10 (E), x20 (B, F,
and H), and x40 (C and I).
Note:
7th day - retraction of tendon slit (f), no thickened epitendon (e),
amorphous scar tissue (a);
15th day - retraction of tendon slit (f), richly cellular proliferative loose
connective tissue (p), epitendon varying from normal to thick (t);
30th day - tendon slit with loose connective tissue (c), scar in organization

(s), epitendon with pronounced neovascularization (v).
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Figure 4: Mean variation and inflammatory cell count/mm? in the surgical scar region
of the deep digital flexor tendon segments in dog thoracic limbs using snake venom
derived fibrin glue on the 7", 15", and 30™ days post surgery. Means with equal
small letters above the bars are not different by the Tukey test (p>0.05).

DISCUSSION

Flexor tendon repair is limited by the formation of adhesions, which restrict mobility
and reduce limb function in a significant proportion of cases (6). However, these
adhesions only develop if a combination of tenorrhaphy, immobilization, and a
concurrent digital sheath injury is inadequate (17).

Results showed that 16.6% of tendons had moderate to excessive adhesion. This
may be attributable to excessive tendon manipulation during surgery and/or to the
fibrin glue, which due to its low viscosity infiltrated the tissues adjacent to the section
site because of the technique used.

The most important factor to recover sliding function is not to prevent adjacent tissue
adhesion but to reduce the scar slit that is the quantity of fibrous tissue. This
reduction requires minimum traumatism, absence of hematoma and abscess, and
rest to allow optimum healing. An adhesion rupture makes the inflammatory process
and the scar formation acute again. The regenerated tendon with preservation of
sliding function indicates a remodeling of the scar tissue, maintaining enough
morphological architecture for not harming its sliding function. It is therefore important
not to rupture the adhesions, but to remodel the scar (10).

In this study, the results showed that immobilization associated with adequate daily

passive movement of the operated on digit also helped to prevent the formation of
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excessive adhesion to the neighboring tissues, favoring less formation of fibrous
connective tissue and allowing better sliding in most operated on tendons, as
reported in several other experimental species (4, 18).

Adhesion in injured tendons is common since the repair tissue includes several cell
types that organize into a single unit (24). The formation of space favors the
migration of fibrous connective tissue, compromising tendon sliding (9).

In this study, the partial section of the tendon caused secondary retraction between
tendon stumps in 73.3% of the analyzed tendons. This can be attributed to the high
tension required in tendon extremities, since the glue did not provide enough
resistance in the ruptured area to support traction, and also to the surgical technique
and the post surgery rehabilitation program. However, previous studies report that
the secondary separation of stumps, less than or equal to 2 mm, did not compromise
flexor tendon healing in dogs subjected to tenorrhaphy and postoperative physical
therapy (29).

The classic study proposed a useful division of the tendinous healing process into
three phases: exudation and fibrinous union; fibroplasia; and maturation and
organization (16, 39, 40). When a tendon is injured a wound module is formed,
consisting of inflammatory cells, fibroblasts, and capillaries (13). The collagen
produced by fibroblasts is initially composed of fibrils that are small in diameter and
randomly oriented (2). As the fibrous tissue matures, fibrils that are larger in diameter
predominate and, together with other constituents of the scar, reorient along the lines
of stress, eventually resembling normal tendon tissue (23). These morphological
changes coincide with an increase in the mechanical strength of the tendon at the
repair site (31).

The morphological results revealed reactive epitendon with low cellular density on
the 7" day after surgery. The presence of mononuclear cells, characteristic of chronic
inflammatory process, and the formation of scar tissue between the tendon stumps
were seen on day 15. On the 30" day, there was a pronounced neovascularization
and crooked and spiraled blood vessels in the epitendon. The collagen in the scar
was arranged in parallel bundles substituting the repair connective tissue and
collagenous fibrils with free arrangement, creating a loose areolar tissue formation.
Except for the low cellular density in the inflammatory infiltrate on the 7" day after

surgery, these results were also seen by other authors in dog tendons (18, 20).
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Several studies have suggested benefits in the use of fibrin adhesives in traumatic
(7, 21, 26, 38) and experimental (11, 32, 33, 34, 35) ruptures of tendons in different
species. They have reported that these adhesives act as a surface that favors
fibroblast migration with mitogenic influence that increases collagen secretion and its
early stratification (7, 24) in addition to increased repair strength, decreased surgical
time and post surgery mobilization in some cases (33, 34, 38). However, not all of
them reported its beneficial effects on tendon healing (1, 5, 15); but they admitted
possible flaws in the pre-established design or technique used (7, 15).

The clinical and morphological results of this study show satisfactory use of snake
venom derived fibrin glue in flexor tendon healing of dogs. We also highlighted that
the change of technique for applying the glue using a sterile insulation to keep the
surgical site separate from the neighboring tissues during glue components reaction
can effectively reduce the level of adhesion as described by other authors in rabbit
tendons (5, 11).

Finally, the use of snake venom derived fibrin glue prevented excessive formation of
adhesion, inhibiting inflammatory cell migration on the 7" day post surgery and
facilitating the maturation stages of the tendon healing process. Therefore, the glue

can be used as promoter of the healing of flexor tendons in dogs.
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