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To determine whether the optimizing effect of an exogenous fibrin
clot in the repair of full-thickness articular cartilage defects is valid
when joint motions are restricted, standard osteochondral defects were
constituted in the articular surface of the humeral head in 16 adult dogs.
The defects in 8 dogs were packed with fibrin clots that had been pre-
pared exogenously from each animal and the defects of the other ani-
mals were left empty. The operated limbs were inactivated for 2 weeks
postoperatively and the healing response was then examined using
routine histology at 2, 4, 8 and 12-week intervals. Although the clot-filled
and control (empty) defects initially healed through proliferation of fi-
brous connective tissue; the clot-filled defects finally modulated into fi-
brocartilage with completed subchondral bone formation. The clot-
filled defects demonstrated a more advanced reparative tissue which
was congruent with the intact articular surface from 4 weeks after the in-
tervention.
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INTRODUCTION

Clinical and experimental observations have shown that, while hyaline ar-
ticular cartilage is incapable of producing new tissue to heal partial-thickness (su-
perficial) lesions, full-thickness cartilage defects that perforate into the vascular
subchondral bone (osteochondral lesions) are able to heal with fibrous tissue.
The fibrous tissue matures with time and eventually undergoes metaplasia to fi-
brocartilaginous tissue or hyaline-like cartilage (Cheung et al. 1980, Desjardins
and Hurtig 1990, Furukawa et al. 1980, Mankin 1962, Mitchell and Shepard 1976,
Richardson and Clark 1990, Thompson 1975). The origin of the healing response
in osteochondral lesions is the blood from the subchondral bone that fills the de-
fect with a hematoma and, in turn, forms a clot which acts as a scaffold for the
mesenchymal reparative response (Campbell 1969, Mankin 1982). The initial
character of the clot varies in response to some intraarticular factors and this may
affect the final quality and extent of the reparative tissue. The fibrinolytic enzymes,
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produced by synovial membrane cells after a traumatic condition or naturally
present in synovial fluid at low concentrations, may dissolve the clot, which is the
network of reparative tissue (Kummer et al. 1992, Mankin 1974a-b, Roce¢ et al.
2002). The spontaneously forming clot may be diluted by the synovial fluid or dis-
lodged by mechanical forces generated during joint movements (Paletta et al.
1992).

Experimental studies have demonstrated that commercial or autologous
preparations of fibrin clots could provide sufficient support for a reparative re-
sponse in avascular tissues such as menisci and articular cartilage (Arnoczky et
al. 1988, Farkas et al. 1989, Grande and Pitman 1988, Henning et al. 1990). An ex-
perimental study has examined the use of an exogenous fibrin clot in the healing
response of osteochondral defects in femoral trochlea of dogs without any restric-
tion of limb movements postoperatively and demonstrated that the healing re-
sponse in clot-filled defects was more organized than the control defects allowed
to heal spontaneously (Paletta et al. 1992).

The present study was undertaken to determine whether filling an osteo-
chondral defect with an exogenous fibrin clot could encourage the same superior
repair in an other articular surface which has little possibility of dislodgement of
the naturally forming clot due to the need for a motionless postoperative period.

MATERIALS AND METHODS

Animals and experimental design: This experimental protocol was approved
by the Animal Use Committee and all the animals were treated in accordance with
national and local animal welfare legislation based on the European Council Di-
rective. Sixteen adult mongrel dogs with no history of locomotor or joint diseases
and weighing 18 to 32 kg were included in the study. Skeletal maturity was insured
by radiographic evidence of epiphyseal closure about the elbow. A defect, 4 mm
in diameter and 4 mm in depth, was made in the articular surface of the humeral
head in the left leg of the dogs. In 8 dogs, the defect was filled with an autologous
fibrin clot that had been prepared from the blood of the animal intraoperatively
(experimental group). The defects of the other 8 dogs were left empty and served
as the control group. The defects were evaluated at 2, 4, 8 and 12-week intervals
postoperatively by routine histology.

Preparation of the fibrin clot: At operation, 20 ml of whole blood was ob-
tained from each dog in the experimental group. The blood was placed in a sterile
50 ml glass flask that contained approximately 230 sterile glass beads, 4 mm in di-
ameter, and was gently agitated for approximately 5 minutes and the contents
were poured on to a sterile gauze sponge. Under aseptic conditions, the glass
beads were removed from the fibrin clot and the clot was rinsed in sterile saline so-
lution to remove the excess of red blood cells. The clot was then gently blotted be-
tween sterile gauze sponges to remove excess fluid, and immediately packed in
the osteochondral defect.

Surgical technique: After the dogs were anesthetized and shaved of hair in
the region of the left shoulder, the articular surface of the humeral head was ex-
posed at the shoulder joint by the craniolateral approach technique as previously
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described (Probst and Johnston, 1993). An osteochondral defect, 4 mm in diame-
ter and 4 mm in depth, was drilled in the articular surface of the humeral head in
each animal under sterile saline pulverization with a dental drill attached to a den-
tal motor (Figure 1a). The diameter of the spherical tip of the drill was 4 mm and
the shape of the tip was used as a guide for standardization of all defects by not al-
lowing drilling deeper than the tip. The joints were lavaged copiously with sterile
saline to remove the particles produced during drilling. The defects in the experi-
mental animals were then packed with an exogenous fibrin clot. This was accom-
plished by placing portions of the clot into the defect with fine toothed forceps.
Each portion was then packed down using a blunt dental probe until the defect
was filled flush to the surface of the adjacent cartilage with the tightly packed clot
(Figure 1b). The defects in the control animals were left empty. The joint capsule
and the other tissues were closed as described previously (Probst and Johnston
1993). Postoperatively, the left limbs in both experimental and control animals
were inactivated with a Velpau sling for 2 weeks. For reducing pain, all the animals
received dipyrone (7 mg/kg) intramuscularly every 6 hours for 3 days.

Figure 1. (@) The procedure of drilling the exposed humeral head with the guidance of the
spherical tip (O) of the dental drill bit. (b) The intraoperative appearance of an experi-
mental defect filled with exogenous fibrin clot (O ) up to the intact articular surface.

Laboratory techniques: At the end of each experimental period, 2 animals
from each group were sacrificed with an overdose of barbiturate. The shoulder
joint was opened and the proximal portion of the humerus was removed by gigli
wire. The defect area was then separated by cutting with a band saw in the longitu-
dinal and transversal planes. The samples were fixed in 10 % buffered formalde-
hyde, decalcified in 0.1 M buffered EDTA solution (pH 7.0), dehydrated in ethanol
and embedded in paraffin. Serial transverse sections of 6 um thickness were ob-
tained and stained with toluidine blue (pH 4.5), alcian blue/aldehyde fuchsin (pH
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2.5), Mallory’s phosphotungstic acid hematoxylin (PTAH) or Masson’s trichrome.
The sections were then examined under a photomicroscope (BH-2 Olympus).

RESULTS

Two weeks: On gross examination, clot-filled and empty defects were filled
with a reddish tissue. Histologically, the experimental defects were consistently
smoother and more congruent with the intact cartilage surface than the control
defects (Figure 2). The tissues in both experimental and control defects were fi-
brovascular with mononuclear cells and fibroblasts as the predominant cell types.
The experimental sites showed a dense fibrous matrix and were more vascular
(Figure 2a). In some sections of the experimental defects a remnant of the exoge-
nous fibrin was still visible at the surface (Figure 2a). The reparative response in
control sites was less cellular, with the predominant cell types being red blood
cells, especially clustered near to surface of the defect (Figure 2b).

Figure 2. Photomicrographs of the clot-filled (a) and control (b) defects at 2 weeks (Mas-
son’s trichrome X 50). Note that the surface of the defect in (a) is more congruent with
the adjacent cartilage than in (b) and the tissue in (@) was more vascular. The remnant
of the exogenous fibrin clot (between the two close arrows) was visible in (a). The red
blood cells (open arrows) clustered near to the surface of the defect in (b).

Four weeks: Four weeks postoperatively, all lesions remained filled with red-
dish tissue. Histological examination of the experimental defects showed fibrous
tissue filling the defect near to the intact cartilage surface and the predominant cell
type was fibroblasts. There was evidence of new bone formation in the depths of
the experimental defects (Figure 3). The control sites were filled with a loosely or-
ganized fibrous stroma and the extent of the healing response was more de-
pressed.
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Figure 3. Photomicrograph of an experimental defect at 4 weeks (Masson’s trichrome X
50). Note the new bone formation in the depths of the defect indicated with closed ar-
rows.

Eight weeks: All experimental defects were filled with a white opaque tissue
up to the intact cartilage surface which resembled the surrounding articular carti-
lage (Figure 4a). Histologically, the predominant cell type in the stroma was chon-
droid in appearance and the extracellular matrix of this reparative tissue was meta-

Figure 4. Macroscopic (*) and microscopic view of the clot-filled (a) and control (b) defects
at 8 weeks (Toluidine blue X 50). Note the reparative tissue in (a) which was meta-
chromatic (mc) and resembling fibrocartilage both microscopically and macroscopi-
cally (open arrow). Subchondral bone remodeling (br) was nearly completed in (a).
The tissue in the control defect was pinkish and being depressed macroscopically
(open arrow). New bone formation at lateral edges of the defect in (b) is indicated
with closed arrows.



264 Acta Veterinaria (Beograd), Vol. 53. No. 4, 259-268, 2003.
Avki S et al. Evaluation of the repair of full-thickness articular cartilage defects filled
with autologous exogenous fibrin clot: an experimental study in the shoulder joint of dogs

chromatic resembling fibrocartilage (Figure 4a). Marked new bone formation in
the depths of the defect was observed (Figure 4a). The tissue filling the control de-
fects was pinkish and still depressed, macroscopically (Figure 4b). Histologically
this tissue was fibrous and there was evidence of new bone formation at the lateral
edges of the defects (Figure 4b).

Twelve weeks: Gross examination revealed that the experimental defects
were smooth and congruent with the intact articular cartilage. The tissue filling the
defects closely resembled the surrounding articular cartilage in color. Histologi-
cally, the experimental defects were completely filled with a metachromatic fibro-
cartilaginous tissue as at 8 weeks. Moreover, all sections in the experimental
group revealed completed subchondral bone formation. Both the gross and histo-
logical appearance of the control defects at 12 weeks was similar to that at 8
weeks. The subchondral bone remodeling was still evident except in a few sec-
tions (Figure 5).

Figure 5. Photomicrograph of a control defect at 12 weeks (Toluidine blue X 50). Note that
the amount of fibrous tissue (ft) in the defect was under the level of the intact cartilage
surface (double arrow) and subchondral bone formation was still going on in the
depths of the defect (bf).

DISCUSSION

The formation of a hematoma is one of the essential steps of articular carti-
lage healing after an injury that penetrates into the vascular subchondral bone
(Campbell 1969). The hematoma rapidly becomes organized into an enriched fi-
brin clot. The clot in the lesion has a critical mission that it acts as a scaffold for mi-
gration of blood and marrow elements which will modulate into fibroblasts (Man-
kin 1982). One of the logical theories regarding the influence of a naturally forming
clot is the possibility of initial dislodgement due to mechanical forces generated
by normal weightbearing and joint motions (Paletta et al. 1992). In an experimen-
tal study, Paletta et al. (1992) demonstrated that filling an osteochondral defect



Acta Veterinaria (Beograd), Vol. 53. No. 4, 259-268, 2003. 265
Avki S et al. Evaluation of the repair of full-thickness articular cartilage defects filled
with autologous exogenous fibrin clot: an experimental study in the shoulder joint of dogs

with an exogenous fibrin clot may promote a more organized and rapid repair, al-
though they did not restrict the joint motions postoperatively.

In the present study, the experimental model of Paletta et al.(1992) was
generally applied except for the articular surface which the osteochondral defect
was created on. Although the experimental studies that focused on the repair of
articular cartilage with commercial or autologous preparations of fibrin clots (Far-
kas et al. 1989, Grande and Pitman 1988, Henning et al. 1990, Paletta et al. 1992)
had commonly employed the articular surface of the femoral trochlea, we pre-
ferred the articular surface of the humeral head. If the optimizing effect of an ex-
ogenous fibrin clot is valuable for osteochondral lesion healing, it might also be
considered for other articular surfaces like the humeral head, which has a negli-
gible threat of dislodgement of a naturally occuring clot due to the definite need of
a motionless postoperative period.

Our macroscopic and microscopic results demonstrated that the amount of
reparative tissue in the spontaneously healed defects was less than in the clot-
filled sites at each time interval. Although the quantity of the reparative response
was fibrovascular both in clot-filled and empty defects up to 4 weeks, the tissue in
clot-filled sites was obviously well vascularised and more cellular. This may partly
be due to the mitogenic and chemotactic factors such as fibronectin, thrombin,
factor XllIl and fibroblast growth factor, which are present in a fibrin clot, as the
stimulatory effects of these factors on wound repair are well known (Adolphe et al.
1984, Knighton et al. 1982, Schlag et al. 1989, Weiss and Reddi 1981).

In this study the subchondral bone beneath the clot-filled defects showed
relatively more rapid remodeling histologically when compared to the control
sites. It is possible that the high content of factor Xlll in clot-filled defects resulted
in rapid bone remodeling. The finding of Claes et al. (1985) that factor XlII pro-
duced accelerated healing of fractures in sheep with a high hydroxyapatite con-
centration and tensile strength, supports this possibility. Moreover, the stimulative
effect of fibrin clots on new bone formation has also been mentioned by Paletta et
al. (1992).

It is of interest that while the time of the first appearance of fibrocartilage for-
mation in clot-filled defects was very similar to the observations of Paletta et a/
(1992), the quantity of the tissue in the control sites in our study was discordant
with their results. Although Paletta et al. (1992) observed small islands of fibrocar-
tilage metaplasia in the defects healing spontaneously at 8 weeks and homoge-
neous fibrocartilage at 12 weeks; in the present study the reparative response in
control sites was still fibrous at the end of 12 weeks. The possible cause of these
differences in the defects healing spontaneously may be the langht of the postop-
erative period that the joint movements were restricted (15 days in our study). Sal-
ter et al. (1980) demonstrated that continuous passive motion and intermittent ac-
tive motion could accelerate fibrocartilage metaplasia during healing of osteo-
chondral defects in rabbits. Although joint motions continuing after an osteochon-
dral injury could be an obvious threat for the initial clot, it seems to be beneficial
later. While it is possible that this condition is disadvantageous for articular carti-
lage lesions of joints that need a certain motionless period, the results of our study
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suggest that exogenous fibrin clots may optimize the healing response of osteo-
chondral defects even when joint motions are restricted.

In conclusion, it appears that an autologous exogenous fibrin clot and its as-
sociated factors may also hasten the repair of full-thickness articular cartilage le-
sions in the humeral head. While the superior repair supported by the exogenous
fibrin clot is more significant in the shoulder joint than in the knee, further bio-
chemical and biomechanical evaluation of reparative tissue is needed before it is
applied generally to assist the healing of full-thickness articular cartilage defects.

ACKNOWLEDGMENTS

The authors are grateful to the Scientific Research Institute of Selcuk Univer-
sity for financially supporting this research as a PhD thesis study under agreement
no: 94/126. Thanks are also due to Dr. Mehmet Tuzcu and Dr. Emrah Sur for assis-
tance in interpreting the histological sections, and Mr. Ali Aksakal and Hasan Ayan
for technical assistance.

Address for correspondence:

Syrry Avki, PhD,

Faculty of Veterinary Medicine,

The University of Akdeniz,

Department of Surgical Sciences,

15100 Burdur, Turkey

tel: +90 248 2344500, fax: +90 248 2344505,
e-mail: sirriavki@hotmail.com.

REFERENCES

1. Adolphe M, Froger B, Ronot X, Corvol MT, Forest N, 1984, Cell multiplication and type Il collagen
production by rabbit articular chondrocytes cultivated in a defined medium, Exp Cell Res, 155,
527-36.

2. Arnoczky SR, Warren RF, Spivak JM, 1988, Meniscal repair using an exogenous fibrin clot, an experi-
mental study in dogs, J Bone Joint Surg, 70-A, 1209-17.

3. Campbell CJ, 1969, The healing of cartilage defects, Clin Orthop, 64, 45-63.

4. Cheung HS, Lynch KL, Johnson RR, Brewer BJ, 1980, In vitro synthesis of tissue-spesific type Il col-
lagen by healing cartilage, Arthritis Rheumatism, 23, 211-19.

5. Claes L, Burri C, Gerngross H, Mutscher W, 1985, Bone healing stimulated by plasma factor XIlI,
Acta Orthop Scand, 56, 57-62.

6. Desjardins MR, Hurtig MB, 1990, Cartilage healing: a review with emphasis on the equine model,
Can Vet J, 31, 565-72.

7. Farkas TA, Kaplonyi GL, Melly Al, Zimmerman IN, 1989, Healing of cartilage wounds with auto-fibrin
glueing. 35" Annual Meeting Orthopedic Research Society, Feb. 6-9, Las Vegas, Nevada.

8. Furukawa T, Eyre DR, Koide S, Glimcher MJ, 1980, Biochemical studies on repair cartilage resurfac-
ing experimental defects in the rabbit knee, J Bone Joint Surg, 62-A, 79-89.

9. Grande D, Pitman M, 1988, The chondro-inductive/conductive properties of an exogenous fibrin
clot in the repair of articular cartilage, The Third World Biomaterials Congress, April 21-25,
Kyoto, Japan.

10. Henning CE, Lynch MA, Yearout KM, Vequist SW, Stallbaumer RJ, Decker KA, 1990, Artroscopic me-
niscal repair using an exogenous fibrin clot, Clin Orthop, 252, 64-72.

11. Knighton DR, Hunt TK, Thakral KK, Goodson WH, 1982, Role of platelets and fibrin in the healing se-
quence, an in vivo study of angiogenesis and collagen synthesis, Ann Surg, 196, 379-88.



Acta Veterinaria (Beograd), Vol. 53. No. 4, 259-268, 2003. 267
Avki S et al. Evaluation of the repair of full-thickness articular cartilage defects filled
with autologous exogenous fibrin clot: an experimental study in the shoulder joint of dogs

12. Kummer JA, Abbink JJ, de Boer JFB Roem D, Nieuwenhuys EJ, Kamp EJ et al., 1992, Analysis of in-
traarticular fibrinolytic pathways in patients with inflammatory and noninflammatory joint dis-
eases, Arthritis Rheum, 35, 884-93.

13. Mankin HJ, 1962, Localization of tritiated thymidine in articular cartilage of rabbits, II: repair in im-
mature cartilage, J Bone Joint Surg, 44A, 688-98.

14. Mankin HJ, 1974a, The reaction of articular cartilage to injury and osteoarthritis (Part |), N Engl J
Med, 291, 1285-92.

15. Mankin HJ, 1974b, The reaction of articular cartilage to injury and osteoarthritis (Part Il), N Engl J
Med, 291, 1335-40.

16. Mankin HJ, 1982, The response of articular cartilage to mechanical injury, J Bone Joint Surg, 64-A,
460-6.

17. Mitchell N, Shepard N, 1976, The resurfacing of adult rabbit articular cartilage by multiple perfora-
tions through the subchondral bone, J Bone Joint Surg, 58-A, 230-3.

18. Paletta GA, Arnoczky SP, Warren RF, 1992, The repair of osteochondral defects using an exogenous
fibrin clot, an experimental study in dogs, Am J Sports Med, 20, 725-31.

19. Probst CW, Johnston SA, 1993, Osteochondrosis, In: Slatter D editor, Textbook of Small Animal Sur-
gery, 2ond edition, Philadelphia, WB Saunders Company, vol 2, 1944-66.

20. Richardson DW, Clark CC, 1990, Biochemical changes in articular cartilage opposing full- and
partial-thickness cartilage lesions in horses, Am J Vet Res, 51, 118-22.

21. Roce¢ D, Powierza W, Zastawna E, Drewniak W, Michalski A, Kotschy M, 2002, Post-traumatic plas-
minogenesis in intraarticular exudate in the knee joint, Med Sci Monit, 8, 371-8.

22. Salter RB, Simmonds DF, Malcolm BW, Rumble EJ, Macmichael D, Clements ND, 1980, The biologi-
cal effect of continuous passive motion on the healing of full-thickness defects in articular carti-
lage, J Bone Joint Surg, 62-A, 1232-51.

23. Schlag G, Red! H, Thurner M, Dinges HR, 1989, The importance of fibrin in wound repair, In Schlag
G and Red!I H editor, Fibrin Sealant in Operative Medicine, Berlin-Heidelberg, Springer Verlag,
vol 1, 3-17.

24. Thompson RC, 1975, An experimental study of surface injury to articular cartilage and enzyme re-
sponses within the joint, Clin Orthop, 107, 239-48.

25. Weiss RE, Reddi AH, 1981, Role of fibronectin in collagenous matrix-induced mesenchymal cell
proliferation and differentiation in vivo, Exp Cell Res, 133, 247-54.

PROCENA REPARACIJE POTPUNOG DEFEKTA HRSKAVICE POSLE PRIMENE
AUTOLOGNOG FIBRINSKOG UGRUSKA: EKSPERIMENTALNA STUDIJA NA
RAMENOM ZGLOBU PASA

AVKISi1ZCIC

SADRZAJ

Cilj ovih eksperimenata je bio da se utvrdi efekat egzogenog fibrinskog
ugruska na procese reparacije potpunih defekata hrskavice ramenog zgloba. U
grupi od 8 pasa, defekti hrskavice ramenog zgloba su popunjavani autolognim
preparatima ugruska dok je druga grupa od 8 pasa sluzila kao kontrola. Nakon
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operativnog zahvata i mirovanja od dve nedelje vr§eno je zrtvovanje po dve zivot-
inje 2., 4., 8.1 12. nedelje i izradeni su odgovarajuéi histoloski preparati. Njihovom
analizom je utvrdeno da su u oglednoj grupi pasa defekti hrskavice brze popun-
javani novom hrskavicom sa subhondralnim formiranjem novog kostanog tkiva.



