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(ABSTRACT) 

A circular (5.5mm diameter) full thickness cartilage 

defect was created on the medial ridge of the talus in 

twelve skeletally mature dogs. In six dogs the articular 

surface of the lesion was repaired using an osteochondral 

graft obtained from the ipsilateral manus. The graft (Digit 

I, 1st phalanx, distal articular surface and diaphysis) was 

contoured to obtain a press fit in the drilled talar 

recipient site. In six dogs the lesion was not treated and 

healed by fibrous tissue replacement. Functional assessment 

(lameness, hock range of motion, joint stability , soint. 

crepitus and mid-femoral muscle circumference) was 

completed preoperatively and at postoperative weeks 2 

through 20. Radiographic assessment (periarticular soft



tissue width, joint space width, osteophyte formation and 

graft incorporation) was completed preoperatively and at 

postoperative weeks 0,6,12 and 20. To facilitate the 

histologic assessment the tissues were stained with 

toluidine blue and hematoxylin and eosin. Histologic 

assessment of the articular surface on the operated talus 

(lesion,graft,and junctional area), ipsilateral tibia and 

contralateral talus was completed using a modification of 

the Mankin grading system. Subchondral bone was examined to 

assess graft viability and incorporation. Analysis of the 

ordinal data was completed using a Mann-Whitney rank sum 

test. 

All dogs were fully weight bearing by postoperative week 

7. One of six grafted dogs demonstrated a weight bearing 

lameness at postoperative week 20. The non-grafted dogs 

showed significantly better clinical function at 

postoperative week 6 (P=0.036). No significant difference 

in functional assessment was demonstrated at postoperative 

week 20 (P=0.136). Normal range of motion was measured in 

all dogs by the sixth postoperative week. Minimal crepitus 

was observed in 1 ungrafted dog and 3 grafted dogs. Joint 

stability remained normal in all dogs. Disuse muscle 

atrophy occurred in all dogs; however, atrophy had resolve 

by the 20th postoperative week. Immediate postoperative 

radiographic assessment demonstrated a significant



difference between the ungrafted and grafted groups 

(P=0.005). No significant difference was noted at 

postoperative weeks 6,12 or 20. All grafts appeared 

radiographically incorporated by postoperative week 12. All 

grafts restored joint surface congruity while 3 of 6 

ungrafted lesions demonstrated poor articular congruity 

evidenced by a visual and palpable step defect. Four of six 

grafts partially retained normal hyaline cartilage 

resulting in significantly lower Mankin grades (P=0.014). 

No significant histologic differences between groups were 

demonstrated when the opposing tibia and junctional areas 

were examined. 

Talar reconstruction using a phalangeal osteochondral 

graft is a viable surgical procedure. This data 

demonstrates that normal articular and subchondral 

architecture are more closely approximated by osteochondral 

reconstruction than fibrous by tissue repair.



Whatever you can do, or dream you can, begin it. 

Boldness has genius, power and magic in it. 

Goethe 

It is universally allowed that ulcerated cartilage is a 

troublesome thing and that once destroyed it is not repaired. 

Hunter 1743
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Introduction 

The impetus for this project was derived from a 

Giscussion on the treatment of osteochondritis dissecans 

(OCD), which took place during an advanced surgery course. 

The concept of the project was to assess the healing of an 

osteochondral graft placed in a position which approximates 

the location of naturally occurring tarsal OCD. The goals 

of the project were: 

1. To determine the feasibility of and develop the 

surgical techniques for focal osteochondral 

grafting in the canine talus. 

To assess the degree of morbidity associated with the 

placement of an osteochondral graft in the canine 

talus. 

To assess the degree of morbidity associated with the 

creation of a full thickness cartilage defect in the 

canine talus. 

To compare the healing of a full thickness cartilage 

defect and an autogenous osteochondral graft in the 

canine talus. 

While the results of the project are easily interpreted, 

discussion of the project requires the reader to have a 

basic understanding of cartilage matrix, the development of 

epiphyseal and metaphyseal morphology, endochondral bone
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formation, osteochondrosis and osteochondritis dissecans, 

cartilage healing, and methods of articular reconstruction. 

The following literature review will provide the basic 

information required by the reader concerning each of these 

topics.



Literature Review 

Cartilage matrix 

Hyaline cartilage matrix is a clear non-compressive 

material which appears homogeneous when visualized with 

light microscopy. The chondrocytes are responsible for 

producing the major constituents of the hyaline matrix with 

the exception of extracellular water, which constitutes 80% 

of cartilage's wet weight.’ Proteoglycan monomers and Type 

II collagen are the major dry weight constituents of 

hyaline matrix. Each proteoglycan monomer contains a 

protein core with a molecular weight of approximately 

200,000 daltons and a length of approximately 180-210 nM. 

Bound at right angles to the protein core are three 

structurally distinct glycosaminoglycans; chondroitin-4 

sulfate, chondroitin-6 sulfate and keratan sulfate. Each 

proteoglycan monomer typically contains 80 chondroitin 

sulfate chains and 100 keratin sulfate chains.* The 

individual proteoglycan monomers are in turn bound to a 

hyaluronic acid molecule by a link protein. A diagrammatic 

representation of cartilage matrix is depicted in Figure 1. 

The resultant aggregates are anionic and extremely 

hydrophilic, thereby providing cartilage with its unique 

capacity for extracellular fluid imbibition. Cartilage 

matrix, due to its light microscopic appearance, is
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Figure 1. Cartilage Matrix. Schematic representation of the 

organization of the extracellular matrix of cartilage. 

Bloom and Fawcett. A Textbook of Histology. Philadelphia, 
W.B. Saunders Co, 1986, pp 148 (Figure 5-10).
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often described in terms such aS amorphous and non-dynamic. 

This description belies the true metabolic activity of the 

matrix proteoglycans, some of which have a half-life of 

approximately four days.? The extent of metabolic 

activity, ie. glycosaminoglycan production, can be 

subjectively assessed histochemically due to proteoglycans' 

affinity for basic dyes such as toluidine blue which stain 

proteoglycans metachromatically.* 

Type II collagen is unique to hyaline cartilage, the 

embryonic cornea, and the vitreous body.° Type II collagen 

differs from Type I collagen (bone, skin, ligaments) by its 

lack of an alpha 2 chain, increased quantity of 

hydroxylysine, and greater degree of hydroxylation. In 

articular cartilage, Type II collagen accounts for 50% of 

the dry weight.® Type II collagen is produced as 

procollagen by cell mechanisms similar to those responsible 

for protein production. Exocytosis is the mechanism by 

which procollagen is transported from the chondrocytes into 

the matrix. Type II procollagen consists of three alpha 1 

polypeptide chains arranged in a right-hand triple helix. 

Enzymatic cleavage of the chains and polypeptide cross- 

linking at the N and C terminals produces the stable 

tropocollagen molecule. Since the orientation of Type II 

collagen in the hyaline matrix varies it does not 

demonstrate the typical cross banding pattern
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(periodicity 64nm) of collagen in bone.’ Chondronectin is 

the protein responsible for linking tropocollagen to the 

chondrocyte. Chondronectin may also play a significant role 

in chondroprogenitor cell differentiation.® Other biologic 

constituents of the hyaline matrix are hyaluronic acid (1% 

dry weight), lipids (1% dry weight), lysozymes (1% dry 

weight), calcium salts (1% dry weight), and 

uncharacterized glycoproteins (15% dry weight) .7:1" 

Embryogenesis 

The formation of the appendicular skeleton begins 

during embryogenesis with the aggregation of loose 

mesenchymal cells into densely packed structures 

identifiable as skeletal blastema. The skeletal blastema 

consist solely of chondroprogenitor cells, lacking any 

evidence of vascular or neural elements. In mammals the 

appearance of the blastema occurs early in embryonic 

development. In cattle the forelimb blastema is apparent by 

day 32, in the canine by day 28, and in man the pectoral 

blastema is identifiable at day 42.'*'3 The blastema is 

surrounded by the tightly adherent perichondrium which 

consists of an outer fusiform cell layer and an inner 

fibroblastic cell layer.” The cells of the perichondrium 

are oriented with their long axes parallel to the 

longitudinal axis of the bone. The demarcation of 

individual blastema is indicated by a thinning of the
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blastema and the formation of interzonal plates. The cells 

which make up the interzones are undifferentiated and 

continuous with the perichondriun.” As development 

continues the intrazonal cells differentiate, eventually 

forming the synovium and other intra-articular connective 

tissue elements. The sequential appearance of individual 

skeletal members proceeds from those located most proximal 

in the appendage to those most distal. Significant species 

and intraspecies variation, in addition to individual 

asymmetry, exists relative to the exact time during 

embryonic development at which individual blastemae 

appear. '¢ The production of cartilage matrix signals the 

differentiation of the blastemal mesenchymal cells to 

chondroblasts. When the chondroblasts have produced 

sufficient chondroid matrix to become isolated, they are 

termed chondrocytes. At this point the chondrocytes are 

capable of undergoing the process leading to matrix 

mineralization. Prior to the onset of matrix mineralization 

the chondrocytes in the central region of the blastema 

progress through a series of morphologic changes. The 

chondrocytes enlarge and intracellular organelles become 

readily apparent when examined with light microscopy. 

Mitosis occurs, with the isogeneic daughter cells dividing 

in a longitudinal direction. After mitosis has occurred, 

individual chondrocytes triple in size parallel to the long



8 

axis of the bone, the cytoplasm becomes highly vacuolated, 

and the cells begin a process of terminal degeneration. 

Shortly after chondrocyte death occurs, chondrocytic 

lacunae are entered by migrating vascular elements 

originating from the perichondrium. Chondroid 

mineralization, chondrocyte death and vascular invasion are 

irreversibly linked, occurring in rapid succession. The 

mechanism of endochondral ossification will be presented in 

the following section. Ossification proceeds bi- 

directionally through the long axis of the blastema until 

the undifferentiated cartilage of the epiphysis is reached. 

At this point chondrocytes become organized into discrete 

longitudinal columns forming the metaphyseal growth plate. 

Metaphysis 

In the metaphyseal growth plate, the columnar 

organization of the chondrocytes is transversely subdivided 

into four zones which are morphologically, histologically 

and physiologically distinct (Fig. 2). The reserve or 

resting zone chondrocytes are located at the most distant 

aspect of the metaphyseal growth plate. They are spherical 

in shape, exist singly or in pairs, and are separated by 

significant expanses of matrix. Chondrocytes in the reserve 

zone have limited intracellular enzymatic activity and
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Figure 2. Metaphyseal and Epiphyseal Morphology. Schematic 

representation of the morphologic arrangement of the 

chondrocytes within the metaphyseal growth plate and the 

epiphysis.
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abundant concentrations of intracellular lipid and 

glycogen.’ The chondrocytes of the reserve zone 

demonstrate minimal proliferative activity. Thus, it is 

doubtful that they are the source of chondrocytes slated to 

participate in longitudinal growth of the metaphysis but 

rather function to maintain matrix homeostasis. 

Chondrocytes of the proliferative zone assume a flattened 

shape, becoming stacked into the discrete longitudinal 

columns which characterize the metaphyseal growth plate. 

This is the zone of mitotic activity and intracellular 

organelle development. The most distant chondrocytes of the 

proliferative zone undergo mitosis, producing isogeneic 

daughter cells. Mitosis thereby provides the mechanism of 

appositional bone growth within the growth plate. The 

daughter cells in turn isolate themselves by matrix 

production. Matrix production between isogeneic daughter 

cells is one of two mechanisms responsible for metaphyseal 

interstitial growth. The appearance of chondrocytes 

involved in matrix production has been well described." 

Each cell contains an ovoid nucleus, species specific 

number of nucleoli, a well developed Golgi apparatus, 

numerous mitochondria and a large endoplasmic reticulum. 

During chondrocyte maturation, intracytoplasmic vacuoles, 

lysosomes and membrane bound vesicles are formed. As 

chondrocytes of the proliferative zone near the
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hypertrophic zone, intracellular concentrations of protease 

and phosphatase increase, and stores of glycogen are 

depleted. Within the zone of hypertrophy, flattened 

chondrocytes again assume a spherical shape. During the 

process of hypertrophic maturation, chondrocytes elongate 

up to five times their original length and swell to twelve 

times their original volume.” This longitudinally-directed 

swelling is the second and most significant mechanism of 

interstitial growth within the metaphysis.'? Intracellular 

changes associated with hypertrophic maturation include 

further depletion of stored glycogen, markedly decreased 

concentrations of calcium and phosphorus, diffuse vesicle 

formation and cytoplasmic vacuolization. The zone of 

mineralization, also called the zone of provisional 

calcification, is the area in which the longitudinal matrix 

columns become calcified and chondrocyte death occurs. 

Cellular hypoxia, loss of plasma membrane integrity and 

uncontrolled cellular swelling have been suggested as 

mechanisms of terminal chondrocyte death.?°-*! However, 

recent studies have suggested that terminal chondrocytes 

22 Apoptosis is Gie by a process of apoptosis. 

characterized by a rapid reduction of intracellular volune, 

with concurrent compaction of intracellular organelles and 

endonuclease mediated condensation of chromatin. Apoptosis 

involving chondrocytes is rapid. The life span of a
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terminal chondrocyte has been estimated as 4.4 hours.” The 

Signal initiating the onset of chondrocyte death is thought 

to be communicated between the chondrocyte and adjacent 

vascular endothelial elements by chondrocytic plasma 

membrane attachments to the distal transverse septae.* 

Immediately beneath the last transverse septae are the 

vascular elements responsible for remodeling the 

mineralized cartilage model into bone. 

Epiphysis 

As demonstrated in Figure 2, the arrangement of the 

chondrocytes in the epiphyseal cartilage as it extends from 

the articular surface is somewhat analogous to the 

arrangement of chondrocytes found in the growth plate. 

Articular epiphyseal chondrocytes are responsible for the 

interstitial growth of the epiphysis. Epiphyseal growth is 

required to maintain normal epiphyseal/metaphyseal 

proportion during long bone growth. The junction of the 

metaphysis and epiphysis is referred to as "Ranvier's 

ossification groove" or the "perichondrial ring". 

Pluripotential cells derived from the perichondrial ring 

are thought to be the source of chondrocytes responsible 

for concentric growth of the metaphyseal growth plate. 

Blood vessels which supply the metaphyseal growth plate and 

epiphyseal cartilage are intimately associated with the
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perichondrium, through which they enter epiphyseal 

cartilage canals. Cartilage canals traverse the epiphysis, 

each containing a muscular arteriole, a venule, loose 

connective tissue and multiple perivascular capillaries. 

In addition to providing vascular access to the epiphysis, 

it is believed that mesenchymal cells contained within 

cartilage canals may serve as a second source of 

chondrocytes for epiphyseal growth.” -* Similar to the 

events which occur in the skeletal blastema, the epiphyseal 

cartilage undergoes provisional calcification and 

endochondral bone formation. Timing of epiphyseal 

ossification is extremely species specific. In early 

maturing (niditugous) species such as bovids and equids, 

epiphyseal ossification is well advanced at the time of 

birth, while in late maturing (nidiculous) species such as 

canids, some epiphyseal ossification centers do not begin 

the ossification process until months after 

birth.*’-28.29,30 progression of epiphyseal ossification 

results in formation of the epiphyseal plate. When the 

epiphyseal plate meets the metaphyseal plate the sequence 

of long bone growth halts, and functional closure of the 

growth plate ensues. On the articular side of the epiphysis 

the ossification center organizes into the subchondral 

plate, leaving only a thin avascular covering of articular 

cartilage.
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Endochondral ossification 

Endochondral ossification is the mechanism by which 

fetal metaphyseal bone, epiphyseal subchondral bone and 

fracture callus are formed. Only during intramembranous 

bone formation is the process of chondrocyte 

differentiation, provisional matrix calcification and 

vascular invasion bypassed. Cellular events of endochondral 

ossification have been extensively investigated; however, 

the exact mechanism of the process remains 

d.3132 Pacts which are known demonstrate that unelucidate 

the process of provisional calcification involves matrix 

vesicles, phospholipid dependent mineral nucleation, and 

alteration of the local environment to preclude substances 

capable of inhibiting mineralization.* Matrix vesicles 

are intimately associated with the initiation of 

provisional calcification.* First described by Bonucci 

and Anderson as spherical particles with diameters ranging 

from 50-200nm, matrix vesicles are known to have a plasma 

membrane and contain high concentrations of phospholipid, 

alkaline phosphatase, pyrophosphatase, ATPase, calcium and 

phosphorous.™-*.%.3” Investigators have proposed 

chondrocyte organelles, intracellular lysosomes and the 

chondrocyte plasma membrane as the source of matrix 

vesicles..5%0 Electron microscopic studies strongly 

suggest that plasma membrane extrusion is the mechanism of
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matrix vesicle formation.*' Chondrocytes begin to produce 

and extrude matrix vesicles when they enter the 

proliferative zone and maximize vesicle formation during 

maturation in the hypertrophic zone. It is significant to 

note that accumulation of matrix vesicles occurs only 

within longitudinal columns of chondroid matrix septae and 

not within transverse septae which separate the individual 

chondrocytes. Concentrations of calcium and phosphorus 

found within matrix vesicles are inversely correlated to 

concentrations found within chondrocytes. Chondrocytes 

within the resting and proximal proliferative zones 

maintain a buffered ionized calcium concentration of 150- 

300 nM, while chondrocytes reaching the hypertrophic zone 

have intracellular calcium concentrations of 600-700 

nM.‘**:*3 As chondrocytes mature through the hypertrophic 

zone, intracellular calcium and phosphorus concentrations 

markedly decrease.“ A mitochondrial buffering system and 

vesicular transport mechanism are thought to be responsible 

for the biphasic fluctuation of chondrocyte intracellular 

calcium and phosphorus.” Lipids of the vesicular plasma 

membrane serve as an ionic calcium and phosphorus trap.“° 

It is now recognized that enzymatic alteration of 

intravesicular lipids facilitates the proteolipid-dependent 

formation of phosphotidylserine:calcium: phosphotidyl- 

ethanoloamine complexes.*’ These complexes form the
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initiation sites for mineral nucleation. Once mineral 

nucleation has occurred, propagation of heterogeneous 

crystal formation is rapid, aided by enzymatic digestion of 

matrix vesicle membranes. Inhibitors of mineral crystal 

formation exist within the chondroid matrix and the matrix 

vesicles.*® ATP, pyrophosphatase and proteoglycan 

aggregates all have the in vitro capacity to inhibit 

mineral nucleation.‘’? In order to provide an environment 

conducive for mineralization, the amorphous appearing 

cartilage matrix is in actuality organized into three 

distinct matrix compartments.’ The pericellular matrix 

compartment consists of a thin layer of proteoglycans and 

extracellular water. This compartment, located immediately 

adjacent to the chondrocyte, is devoid of collagen, thus 

providing a medium which facilitates the exchange of 

intracellular and extracellular substrates while protecting 

against mineral entombment. The territorial matrix is 

formed by a layer of fine collagen fibrils, woven into a 

dense fiber basket. This dense fibrillar shell structurally 

protects the chondrocyte, contains the pericellular matrix 

and excludes the interterritorial matrix components. The 

interterritorial matrix is formed by a coarse network of 

collagen fibers. The predominant orientation of the fibers 

is parallel to the longitudinal matrix columns. The 

interterritorial matrix is unique in that it alone is the
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site of matrix vesicle deposition and is the only portion 

of the matrix to undergo mineralization prior to vascular 

invasion. 

In summary, provisional calcification is dependent on 

elevated concentrations of lipids, enzymes, calcium and 

phosphorus contained within matrix vesicles. Lipid 

dependent, enzymatically facilitated deposition of calcium 

and phosphorus first occurs at specific mineral nucleation 

sites within matrix vesicles. The initial deposition of 

mineral acts as a seed which promotes heterogeneous 

formation of mineral crystals in a privileged local 

environment. Provisional calcification is rapidly followed 

by chondrocyte apoptosis and invasion of vascular elements. 

Chondroclasts, originating from the hematopoietic cell 

line, resorb the majority of calcified and uncalcified 

matrix. Osteoblasts migrate over the remaining cartilage 

matrix, depositing osteoid which then undergoes 

ossification. Unlike provisional matrix calcification, 

osteoid calcification is dependent on collagen initiation 

sites for heterogeneous crystal formation.” 

Osteochondrosis 

Osteochondrosis is a generalized aberration of 

endochondral bone formation affecting metaphyseal and 

epiphyseal growth cartilage during skeletal immaturity.
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Orthopedic dysfunctions attributed to osteochondrosis have 

been identified in swine, poultry, dogs, horses, cattle, 

cats and man.*' In all species, disruption of endochondral 

ossification occurs within the zone of provisional 

calcification. The resultant effect is retention of 

hypertrophic chondrocytes and cessation of vascular 

ingrowth.**3 The exact pathoetiologic mechanism of 

osteochondrosis remains an enigma. However, research 

results support an etiologic triad involving accelerated 

growth, trauma due to weight bearing and a genetic 

predisposition. Due to the severity of the generalized 

disease condition in swine, and the resultant economic 

impact, extensive investigation has been completed in this 

species. 55:56 In his morphologic description of the 

disease, Reiland noted the histologic similarity of 

osteochondrosis in swine and hypovitaminosis D in cattle.” 

Subsequent investigations examined the induced conditions 

of hypovitaminosis D, hypovitaminosis A, hypervitaminosis 

A, and hypersupplementation of calcium, phosphorus and 

57,58 All of these nutritional manipulations protein. 

failed to demonstrate any appreciable difference in the 

frequency, severity, or clinical signs of osteochondrosis. 

During these investigations Reiland did note a positive 

correlation between the rate of growth and the severity and 

frequency of osteochondrosis. With further investigation it
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was proven unequivocally that the frequency and severity of 

osteochondrosis was influenced independently by the 

nutritional and genetic regulation of growth rate.* Early 

studies in Great Danes also investigated the effects of 

calcium, phosphorus and overnutrition. Palmer attributed 

imbalances of calcium and phosphorus as explanations for 

the 27% incidence of osteochondrosis in Great Danes. 

Re-evaluation of his published data indicates that a 25% to 

50% caloric over-supplementation occurred in the dogs which 

displayed clinical disease. Hedhammer in 1978 and, more 

recently Goedogebuure, have both demonstrated that chronic 

imbalances in dietary calcium can increase the incidence of 

histologic osteochondrotic lesions but not the incidence or 

61,62 A significant severity of clinical osteochondrosis. 

positive correlation linking growth rate and the incidence 

of osteochondrosis has also been established in 

poultry.o.% 

Weight bearing trauma was suggested as an inciting 

factor of osteochondrosis was in an early description of 

the disease process in the canine shoulder. Craig and Riser 

identified the area of the caudal humeral head, the area 

affected by OCD, as the area of axial loading and unloading 

and an area of poor gleno-humeral articular congruity.®© 

The caudal humeral head is also an area of significant 

osteoarthritic change in aged animals, suggesting again
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that the site of osteochondrosis in the canine shoulder is 

also a site of significant impact trauma during normal 

ambulation.© Biomechanical studies have demonstrated that 

sites at which osteochondrotic lesions occur are the same 

areas which sustain maximum loads during ambulation.® © 

In swine early metaphyseal closure and slipped capital 

epiphyses are two of the major manifestations of 

osteochondrosis. In normal animals these lesions are 

associated with trauma.® Trauma, however, can only be 

relegated a contributory role in the etiology of 

osteochondrosis. This fact is demonstrated by the 

histologic manifestations of the disease which occur in 

non-weight bearing joints such as rib articulations and at 

the costochondral junctions.” 

Genetic factors which affect growth rate, behavior and 

conformation, undoubtedly are involved in the etiology of 

osteochondrosis. In swine, a genetic reduction of growth 

rate in immature animals markedly decreases the incidence, 

severity and clinical manifestations of osteochondrosis.” 

The extremely limited gene pool which exists in commercial 

poultry and swine breeds also suggests that the high 

incidence of osteochondrosis in these populations is 

genetically maintained. In humans, dogs and horses, 

familial occurrences of osteochondrosis have been 

reported. 71-72,75,74,75,76,77,78,79 although inheritance



21 

in people is thought to be an autosomal-dominant trait, the 

heritability of osteochondrosis in domestic species has 

been questioned. Recently the heritability coefficient (h*) 

of elbow osteochondrosis in a closed population of German 

Shepherd Dogs and Rottweilers has been reported as 0.77 in 

males and 0.45 in females.™ Heritability coefficients in 

this range suggest that expression of the disease is 

strongly dependent on the genotype of the animal as well as 

environmental influences. The validity of these results has 

been reflected by the establishment of an elbow dysplasia 

registry similar to that established for hip dysplasia.®' 

Osteochondrosis in swine and poultry is a 

generalized disease condition resulting in a high incidence 

of metaphyseal and epiphyseal cartilage pathology. Diseases 

that have been attributed to generalized osteochondrosis in 

the dog include hip dysplasia, ununited anconeal process, 

fragmented coronoid process, retained endochondral 

cartilage cores and slipped capital epiphysis. ®-8&.%.88 

However, in dogs and man generalized effects of the disease 

within the metaphysis become evident as clinical 

dysfunctions less commonly. In these species the pathology 

of osteochondrosis is manifest predominantly in the 

epiphyseal growth cartilage as osteochondritis dissecans 

(OCD).
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Osteochondritis dissecans 

In 1870, Sir James Paget described the fragmentation 

of subchondral bone and articular cartilage he observed in 

the human knee as "quiet necrosis".© In 1888, Konig 

applied the term osteochondritis dissecans (OCD) toa 

Similar lesion in a human knee. The lesion he described 

consisted of an osteochondral fragment freed from its bed 

by dissecting inflammation, necrosis of subchondral bone 

and necrosis of surrounding articular cartilage.® Thus, 

the classic description of OCD is the formation of an 

articular flap or fragment by dissecting inflammation, 

incited by the failure of normal epiphyseal ossification. 

Early joint dysfunction associated with OCD is attributed 

to synovial inflammation induced by necrotic cartilage 

debris, while chronic dysfunction is due to articular 

incongruity, joint instability and resultant progression of 

osteoarthrosis. In people the most common sites of flap 

formation are the medial condyle of the femur and the 

medial ridge of the talar trochlea. The exact etiology of 

the disease in people, just as in animals, remains unknown. 

The presence of extensive bone necrosis associated with the 

human form of the disease has resulted in advancement of 

two primary etiologic theories. The first theory implicates 

trauma induced subchondral fracture; the second suggests 

local ischemia and infarction as the primary cause of deep
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subchondral necrosis.™ More recently, formation of 

anomalous centers of ossification have been documented. 

Current theory suggests that the formation of these 

anomalous ossification centers disrupts normal epiphyseal 

endochondral ossification and results in an unstable 

osteochondral fragment.® The osteochondral fragment that 

develops in people has three distinct tissue components. 

The articular zone consists of normal hyaline cartilage 

which demonstrates minimal loss of matrix substrates or 

viable chondrocytes. The tide mark is well developed and 

blends into the ossific nuclei which constitute the 

subchondral plate. The bone associated with the fragment 

exhibits normal osteoblastic and osteoclastic activity. The 

deep zone of the fragment is composed of mesenchymal tissue 

in various stages of differentiation, ranging from 

primitive spindling fibrous tissue to mature 

fibrocartilage.™ In people the method of treatment is 

dictated by the continuity of the articular surface.” If 

the articular surface is intact, treatment is directed at 

allowing the defect to heal by delayed endochondral 

ossification. Exercise restriction, joint immobilization, 

extra-articular subchondral forage, and extra-articular 

subchondral cancellous bone grafting are the most commonly 

used treatment techniques.7'7-95.% Tf the "hallmark" 

osteochondral flap is displaced from its subchondral bed,
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reattachment with metallic or biologic fixators is 

preferred to flap removal and lesion debridement.” 

This treatment dogma has not been adopted by veterinary 

surgeons for the treatmert of osteochondritis dissecans in 

Gomestic animals. Although the suspected disease etiologies 

and the histologic description of the disease differ in 

people and dogs, OCD demonstrates a predilection for 

skeletally immature, rapidly growing males and displays a 

propensity for bilateral joint involvement in both 

species , 9199. 100, 101, 102 

Osteochondritis dissecans affecting the dog was first 

reported in Europe by Brass in 1956 and in the United 

States by Mostosky in 1964.'%3-'%4 Tn the dog the 

occurrence of OCD has been documented in the proximal 

humerus, distal humerus, distal radius, femoral head, 

distal femur, talus, metatarsus, phalanges and the cervical 

spine. ©:72.7% 

,105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122 

The joints with the highest incidence of OCD are the 

shoulder, elbow, tarsus and stifle, respectively. The 

disease distribution among these joints, as reported by the 

Veterinary Medical Data Program (1986-1989), is 71%, 13%,
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11%, and 5%, respectively.*® A summary of OCD as it occurs 

in these four joints follows. However, for extensive 

reviews of OCD in the dog, the reader is referred to 

previously published review 

articles , 4:67/82.121, 122,123, 124,125,126 

In the majority of cases reported, osteochondritis 

dissecans of the shoulder has involved the caudo-dorsal 

aspect of the humeral head.’ Primary lesions of the 

glenoid are rare.'*’ The presenting complaint for proximal 

humeral OCD is a forelimb, weight bearing lameness which is 

exacerbated by exercise. The onset of lameness can be acute 

or insidious in nature. 97-126, 129, 150,131,132,133 the age 

at presentation is usually between 4 and 9 months. 4:15 

However, older animals should not be excluded from 

consideration since 36% of cases recently reviewed were 

presented at greater than 12 months of age.®: ® Giant and 

large breed dogs are most commonly affected; however, 

occurrence of the disease in small and toy breeds has been 

documented. §7-8, 87,151,136 three risk categories (high, 

intermediate and low) have been established, with large and 

giant breeds being distributed in all categories. Disease 

incidence ranges from 7.692% in the Swiss Mountain Dog to 

0.013% in the Doberman Pinscher.®: 8’ Males have a higher 

  

"Veterinary Medical Data Program, South Campus Courts 
Bldg. C, Purdue University, West Lafayette, IN 47907.
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incidence of the disease. Different male:female ratios 

which have been reported are 2.24:1, 3:1, 4:1 and 

6:1, 72.85, 87,105,126 phe disease is often bilateral, although 

the highest percentage of dogs present with unilateral 

clinical signs. The reported incidence of bilateral disease 

has ranged from 43% to 85%, while the percentage of dogs 

presenting with clinical bilateral disease has been 

reported as 17.9%.%-8. 8” Tentative diagnosis of the disease 

is made during physical examination. Common physical 

examination findings associated with shoulder OCD include 

atrophy of shoulder muscles and pain during shoulder 

manipulation, most notably hyperextension. '-'3? In chronic 

cases joint effusion and crepitus may be present. 

Radiography is used to establish the definitive 

diagnosis.'*:' sedation or general anesthesia are required 

to obtain the proper caudocranial and mediolateral 

views.'8> Due to the incidence of bilateral disease, it is 

recommended that both shoulders be examined. Radiographic 

signs associated with proximal humeral OCD may include the 

following: a subchondral defect, evident as flattening of 

the caudal humeral head; subchondral sclerosis; a calcified 

articular flap or joint ossicle; and osteoarthritic changes 

observed as periarticular osteophytes extending from the 

caudal humeral head.'*-'55 In young dogs remnants of the 

clavicle have been mistaken for osteochondral flaps."



27 

In symptomatic but radiographically normal joints, 

arthrography has been used to diagnose OCD, bicipital 

tenosynovitis, intraarticular ossicles and 

osteoarthrosis.*'-'41 considerable disagreement exists 

concerning the choice of conservative versus surgical 

treatment for OCD of the proximal humerus.'* Surgery has 

been strongly advocated for dogs greater than 15 months of 

age, for dogs displaying consistent lameness refractory to 

conservative therapy, for lesions which are greater than 

lcm in diameter or 2mm - 3mm in depth, and any time a free 

intra-articular ossicle is 

visualized, 12° 128,129, 134,136,143, 144,145,146 Megqical management 

is advocated for dogs displaying minimal lameness and for 

those in which a radiographic lesion is not 

+. 67.128,134,135 Pyercise restriction is the core of eviden 

conservative management, although strenuous exercise has 

also been suggested. '@!. '2.139 The use of anti-inflammatory 

and chondroprotective agents has been reported but remains 

to be critically evaluated. 6125. 143,147,148 surgical 

management of proximal humeral OCD is consistently more 

effective at restoring function, decreasing lameness, and 

limiting the progression of degenerative joint 

disease. 195. 129,130,151,14 the tenets of surgical therapy are 

removal of the cartilaginous flap and disruption of the 

subchondral plate by curettage or forage.' Recently,
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arthroscopic flap dislodgement has been described, and the 

resultant complications of this form of treatment have been 

reported. '*%'99 The prognosis for long term joint 

function after surgical and conservative therapy remains to 

be critically evaluated. Conservative management is said to 

have a good prognosis in selected cases.'' In 4 cases, 

with a mean follow-up of 39 months, no difference in 

function was found between dogs treated conservatively and 

those treated with surgery.®: ® The prognosis for return to 

function with surgical therapy is considered excellent to 

good.'* Long term follow-up of 44 cases treated surgically 

(mean 36 months) indicated excellent function in 75%, good 

function in 22% and fair function in 3%.° ® 

In the elbow, cartilage flap formation attributable to 

OCD occurs on the weight-bearing articular surface of the 

medial aspect of the humeral condyle. 19% 152.153 Tn dogs 

with chronic lesions, erosion may also involve the medial 

condyle of the ulna (kissing lesions).'# A proposed 

etiology of elbow OCD is incongruous growth of the ulna.'? 

Other elbow dysplasias which have been attributed to 

osteochondrosis include ununited anconeal process and 

fragmented coronoid process. As with the shoulder, animals 

affected by the disease present with a weight bearing 

lameness which is often chronic in nature. In a single 

report of 10 cases, the mean age of onset was 5
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months. '*. 3 Forty percent of the dogs were affected 

bilaterally, 70% were males and only Labrador Retrievers 

and Golden Retrievers were represented.'* 3 pain on 

palpation, crepitus, joint effusion and a decreased range 

of motion are common physical examination findings. 

Definitive diagnosis is based on radiographic demonstration 

of a subchondral defect of the medial aspect of the humeral 

condyle. The following radiographic views have been 

recommended to reduce misdiagnosis: flexed mediolateral, 

extended mediolateral, craniocaudal, craniocaudal medial to 

lateral oblique and craniocaudal lateral to medial oblique 

views.'® Arthrotomy followed by flap removal and 

subchondral plate disruption is the recommended surgical 

treatment. The prognosis for return to function is good; 

however, progression of degenerative joint disease in the 

surgically treated elbow is often more severe and rapid 

than occurs in the shoulder. In a single report with mean 

follow-up of 5 months, 30% of ten surgically treated dogs 

remained lame. 4 13 

Osteochondritis dissecans of the talus affects both 

medial and lateral trochlear ridges. Of all 

osteochondrotic lesions in the dog, those of the talus may 

be directly related to trauma.’? The trauma is believed to 

occur during jumping which promotes fatigue of the medial 

collateral ligament. Ligamentous fatigue transfers the
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medially directed pressure of the deep digital flexor 

tendon and intermediate ridge of the tibia to the medial 

ridge of the trochlea, possibly resulting in chondral 

fracture. Evidence which supports a traumatic etiology is a 

lack of the distinct male sex predilection as is seen in 

all other joints and the hyperextended (post-hocked) 

conformation of the breeds predisposed to tarsal OCD. 

A compilation of the literature concerning tarsal OCD is 

presented in Table 1.18 

154,155,156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167 

Anamnesis, other than a male predominance, is similar to 

the other osteochondrotic diseases. Dogs affected by tarsal 

OCD are presented for a rear limb, weight bearing lameness 

usually between 4 and 12 months of age. '6 Rottweilers, 

Labrador Retrievers, Australian Cattle Dogs and Bull 

Terriers represent 91% of the reported cases (55%, 19%, 9% 

and 8%, respectively). Other breeds in which tarsal OCD has 

been documented are the Golden Retriever, Chesapeake Bay 

Retriever, Irish Setter, Greyhound, Saint Bernard and Irish 

Wolfhound. '97-159.159 dhe male to female ratio of the reported 

cases is 1.1:1.05. The incidence of bilateral disease is 

43%. Seventy-one percent of reported lesions have occurred 

on the medial trochlear ridge of the talus. Pertinent 

physical examination findings include tarsal 

hyperextension, joint effusion, crepitus, pain on flexion
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and restricted range of flexion.'’* Radiology provides the 

definitive diagnosis, however, radiographic interpretation 

of the tarsus can be difficult due to the complexity of the 

joint. The normal radiographic anatomy of the tarsus has 

been recently described in detail.’ When OCD involves 

the medial trochlear ridge of the talus, the lesion is best 

demonstrated using the dorsoplantar view. When the lesion 

involves the lateral trochlear ridge, superimposition of 

the calcaneus is best obviated by the plantaromedial- 

dorsolateral oblique projection and by fully flexed and 

extended mediolateral projections.’ Radiographic signs 

associated with tarsal OCD include loss of articular 

congruity, subchondral bone lysis, increased width of the 

tibiotarsal joint space, osteoarthritic changes, tibial 

sclerosis, joint effusion, periarticular soft tissue 

thickening and ossicle formation. The formation of a 

calcified cartilage flap (ossicle) occurs more frequently 

in tarsal OCD due to the strong synovial and ligamentous 

attachments maintained by the flap.’ Treatment 

recommendations established shortly after the description 

of the disease were consistent with recommendations for OCD 

of the shoulder and carried a good prognosis. 125.146, 154,158 

These initial treatment recommendations and the prognosis 

after surgical therapy have been challenged by reports of 

long term postsurgical evaluations. 6 154.156.158.159 summation
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of the data available in the literature suggests that 57% 

of the joints treated surgically by flap removal and lesion 

debridement continue to manifest radiographic and clinical 

evidence of degenerative joint disease. Conservative 

therapy results in a 93% incidence of residual lameness. 

Due to the poor results of conservative and standard 

surgical therapy, recent attempts have been made at 

articular reconstruction. Aron and Gorse reported excellent 

surgical results in 3 dogs with unilateral involvement, 

using cyanoacrylate fixation of the osteochondral fragment 

to accomplish articular reconstruction. 

Osteochondritis dissecans of the canine stifle was 

first reported in 1959.' In contrast to people, in dogs 

greater than 90% of lesions occur on the lateral femoral 

condyle.'”')'" Episodic, rear limb, weight bearing 

lameness is the typical presenting complaint. The age of 

the animal at the time lameness is first observed ranges 

132, 153,170 Breeds predisposed to from 3 months to 3 years. 

stifle OCD are the German Shepherd Dog and Great Dane, 

accounting for 56% and 21% of the reported cases, 

respectively. Bilateral lesions are evident 

radiographically in 71% of cases, although clinically 

unilateral lameness prevails.'® Clinical signs reported 

include pain on flexion and extension of the affected 

joint, decreased range of motion and crepitus. Radiographic
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signs are subchondral bone lysis, flattening of the 

affected condyle, ossicle formation and osteoarthrosis.'® 

Surgical therapy, consisting of arthrotomy and lesion 

debridement reportedly resolves the lameness in 51% of 

cases while conservative therapy has been effective in 

resolving the lameness in 90% of affected dogs.'* 13 These 

results must be questioned since the majority of animals 

treated surgically were reported to have significant 

degenerative disease of the stifle prior to surgery. 

The histologic appearance of chondral fragments from 

OCD lesions in people, pigs, horses and dogs differs, being 

dependent on species and the joint in which the fragment 

originated. In people, the osteochondral fragments which 

originate from the medial condyle of the femur contain 

three distinct tissue components.®™” The articular zone 

consists of normal hyaline cartilage, devoid of clefts, 

fissures or pannus formation. Chondrocytes within the 

transitional layer are viable, and the tidemark is well 

developed. The ossific zone contains the subchondral plate 

and epiphyseal bone. The appearance of the zone is that of 

viable, metabolically active bone, demonstrating productive 

and resorptive activity. The zone farthest from the 

articular surface and adjacent to normal epiphyseal bone 

consists of fibrous tissue in various stages of 

differentiation. The cellular appearance ranges from loose
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mesenchymal tissue to well differentiated fibrocartilage. 

Due to the histologic appearance of these lesions, a 

tertiary center of ossification, which is subject to 

traumatic dislodgement, has been suggested as the primary 

etiology of the disease. Articular lesions in maturing 

swine were described by Reiland.*? In swine 4 to 5 months 

of age, the predominant change is thickening of the 

articular cartilage with minimal changes in the superficial 

layers. The radial and calcified layers contain cyst-like 

structures. Provisional calcification of matrix is present 

in varying degrees. Degenerative acidophilic matrix with 

demasked collagen fibrils is present adjacent to hyperemic 

subchondral bone. At 5 to 6 months of age, the thickened 

articular cartilage looses much of its normal chondrocyte 

organization. Fissures form adjacent to fibrous subchondral 

bone. Bony trabeculae adjacent to the necrotic debris are 

involved in active osteoclasia. At 6 to 12 months of age, 

cracks and fissures extending beneath the affected 

cartilage and through the articular surface predominate. 

The calcified zone and adjacent subchondral plate is 

mature, usually displaying a normal tidemark and covering 

of calcified cartilage. Subchondral marrow spaces are 

filled with mature granulation tissue. In animals greater 

than 1 year of age, subchondral fibrosis is evident and 

fibrocartilage covers any exposed subchondral bone. In
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horses, retention of chondrocytes and matrix occurs deep 

within epiphyseal trabeculae.* The articular surface is 

unaffected until mechanical disruption causes cleft 

formation which may then progress to formation of 

subchondral cysts.'” In the dog, osteochondral fragments 

which develop in the shoulder retain a relatively normal 

articular surface, with moderate disruption of chondrocyte 

orientation occurring at the tidemark.” Areas of 

endochondral bone formation or necrotic cartilage are 

rarely found within the chondral fragments. Endochondral 

bone formation is most often observed in fragments which 

retain a pedicle of vascular connective tissue. The bed of 

the fragment consists of a well developed layer of 

calcified cartilage, which is covered with a layer of 

fibrocartilage in chronic lesions. Underlying epiphyseal 

bone seldom displays evidence of necrosis; however, it 

often has prominently thickened trabeculae. As in the 

proximal humerus, lesions in the talus demonstrate chondral 

separation at the junction of calcified and noncalcified 

cartilage. Articular erosion with subchondral bone 

eburnation is often observed in chronic lesions. Due to 

strong synovial and ligamentous attachments of the flap, 

endochondral bone formation normally proceeds within the 

fragment. !95 16
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Articular cartilage 

Articular cartilage is a unique connective tissue 

responsible for nearly frictionless movement of 

diarthrodial joints. It consists solely of chondrocytes 

isolated in a collagen rich matrix. In mature animals it 

Goes not contain lymphatic, neurologic or vascular 

structures. The matrix elements of cartilage have 

previously been discussed. This section will review the 

structural morphology, biomechanical properties, response 

to injury, and healing properties of articular cartilage. 

The cellular arrangement of articular cartilage is 

Giagrammed in Figure 2. The lamina splendens is in direct 

contact with synovial fluid.’ ® This acellular layer is 

only a few microns thick and is composed of densely packed 

collagen fibrils, surrounded by a thin layer of 

proteoglycans. Directly beneath the lamina splendens is the 

tangential or "gliding zone". The tangential layer is 

highly cellular, containing only minimal extra-cellular 

matrix. Elongated chondrocytes of the tangential layer are 

oriented parallel to the articular surface.’ The 

parallel orientation of the cells provides a large surface 

area to resist shearing forces generated during joint 

movement. Directly beneath the tangential zone is the 

transitional zone. Within the transitional zone, 

chondrocytes assume a spherical shape and are distributed
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in what appears to be a random fashion. In actuality, 

distribution of the chondrocytes is dictated by the 

orientation of dense collagen fibrils within the 

matrix.'”? Chondrocytes in the transitional zone are 

isolated by large expanses of extracellular matrix. Within 

the radial zone, isogeneic nests of chondrocytes are 

arranged in columnar fashion, perpendicular to the growth 

plate. As in the transitional zone, orientation of cells in 

the radial zone is a reflection of collagen fibril 

architecture. The layer immediately adjacent to the 

subchondral plate is termed the calcified zone. Within the 

calcified layer, provisional calcification of matrix has 

entombed nests of chondrocytes in hydroxyapatite. Within 

the calcified matrix is a structure often referred to as 

the "tidemark". The tidemark is apparent viewed with the 

aid of light microscopy as a undulating blue line when 

cartilage is stained with hematoxylin and eosin.'® The 

tidemark is actually a layer of dense collagen oriented 

parallel to the subchondral plate. Once the tidemark has 

formed, vessels from the epiphysis are excluded, making 

articular cartilage dependent on diffusion from synovium 

for oxygenation and nourishment.'”%-'8 pype II collagen 

fibrils are the major structural component of articular 

cartilage. The orientation of the collagen is such that 

both shearing and compressive forces are negated. In 1925,
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Benninghoff proposed an arcade or arch orientation such 

that collagen fibrils are tangential to the articular 

surface and perpendicular to the subchondral plate. ‘818 

Although other arrangements have been proposed, 

Benninghoff's arcade arrangement is best supported by 

electron microscopic studies. 15.184, 185 

The main functions of articular cartilage are to 

diffuse contact stresses over a large surface area and to 

allow motion of opposing surfaces while minimizing 

frictional forces and surface wear.'*.'8’ The thickness 

of articular cartilage varies from 0.1mm to 5mm, depending 

on species, location within the joint and age of the 

individual.'® It is of interest to note that the 

thickness of femoral medial condylar cartilage in people is 

twice as thick as femoral medial condylar cartilage in 

cows, in spite of a 10 fold disparity in weight. In people 

and cows, the thickest cartilage on the femur is found in 

the patellar groove, while in dogs, monkeys and rabbits the 

thickness of the condylar cartilage is similar to that 

found in the patellar groove. Horses articular cartilage 

thickness is greatest at birth." By one year of age 

cartilage thickness has decreased to 30% of its postnatal 

thickness. Cartilage continues to decrease in thickness at 

a much reduced rate until 24 months of age when cartilage 

thickness becomes static. Early investigations concerning
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biomechanics of articular cartilage assumed that cartilage 

thickness increased in proportion to loading. More recent 

work has demonstrated that thickness of articular cartilage 

is not related to static stresses placed on the 

joint.'™-'9! current theory suggests that cartilage 

thickness is increased in areas of poor joint 

congruity.':'% The biochemical composition of articular 

cartilage significantly affects its biomechanical 

properties.'*.'% articular cartilage which is subjected 

to increased loads concurrently demonstrates increased 

concentrations of proteoglycans.’ A decreased total 

concentration of proteoglycans with concomitant increase of 

the keratan sulfate:chondroitin sulfate ratio has been 

shown to occur in response to decreased weight bearing. !%” 

The hydrostatic stiffness (ionic binding capacity) of 

cartilage in influenced by the concentration and 

distribution of proteoglycans within the matrix. Increased 

levels of chondroitin-sulfate increase the hydrostatic 

stiffness of the cartilage matrix.'® A decrease in either 

the total concentration of proteoglycans or an increased 

proportion of keratan-sulfated proteoglycans lowers the 

ionic binding capacity of the cartilage matrix, allowing 

water to move through the tissue with less ionic 

resistance.’” The distribution of specific proteoglycans 

within the zones of cartilage matrix varies. High levels of
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keratan sulfate are normally found only within the 

calcified zone. In areas of thickened cartilage, 

concentrations of keratan sulfate are present not only in 

the calcified zone, but also in the radial and transitional 

zones.“ This modification of proteoglycan distribution 

is believed to increase the depth and ease of synovial 

fluid diffusion. 

Articular cartilage is routinely subjected to blunt 

injury. The insult can be as benign as that sustained 

during jogging or so severe that long bone fractures result 

due to impact transmitted through the joint. In people, the 

normal force placed on the cartilage of the tibial plateau 

during walking is 4 Newtons/mn*.*' The force at which 

articular cartilage sustains irreversible damage is 

approximately 25 Newtons/mm’, while the force needed to 

cause a femoral fracture is approximately 7 to 12 thousand 

Newtons. ° 

Due to avascularity of articular cartilage, its 

response to injury is extremely limited. The first 

pathologic change seen after blunt injury to cartilage is 

disruption of the lamina splendens, resulting in exposure 

of matrix collagen to synovial fluid. Fluid admitted to the 

intracellular matrix in this manner results in mucoid 

degeneration and matrix swelling.?" Chondrocytes 

intimately associated with the affected area undergo
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necrosis, while those closely adjacent undergo mitosis. 

This pathologic mitotic process is referred to as 

"cloning". Chemical signals initiating the mitotic activity 

of cloning are thought to be derived from serum proteins 

and growth factors which are normally partitioned from the 

chondrocytes by the intact cartilage matrix.?%-?5 When 

stained with metachromatic dyes, affected cartilage 

demonstrates a loss of dye retention, while adjacent areas 

demonstrate hyperchromatic dye retention.* The staining 

pattern represents a loss of proteoglycan from the affected 

area and a regenerative response by adjacent viable 

chondrocytes.” This response has been documented by 

metabolic studies using thymidine incorporation as a marker 

for cell replication and sulfate incorporation as a maker 

for proteoglycan production.* Extension of the 

degenerative process to deeper zones of the cartilage is 

mediated by enzymatic destruction of proteoglycan 

aggregates and collagen.**’ Enzymes responsible for matrix 

destruction are present within chondrocytes, with the 

exception of hyaluronidase which is released from inflamed 

synovial tissue.*’ Enzymatic destruction of injured 

cartilage is self-limiting. Synovial concentrations of 

hyaluronidase, collagenase and protease return to basal 

levels within seven days of acute injury. If the 

subchondral plate is disrupted at the time of injury,
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vascular elements gain access to the damaged cartilage. 

This results in the normal healing process of acute 

inflammation followed by fibrous tissue repair and 

maturation. ?% 

Hippocrates was the first to make reference of the 

poor healing qualities of cartilage when he observed that 

"the cartilage did not heal and join together". Hunter is 

believed responsible for the first modern recorded 

observation, writing in 1743, "it is universally allowed 

that ulcerated cartilage is a troublesome thing and that 

once destroyed, it is not repaired".*"' Healing of 

articular cartilage defects is dependent on the depth of 

injury, size of the lesion and joint function during the 

reparative process. 

As previously discussed, superficial cartilage 

injuries [partial thickness cartilage defects (PTCDs)] are 

often self-limiting and do not proceed to generalized 

chondromalacia or osteoarthrosis.'®.2!@ Numerous studies 

have examined healing of sharp lacerations through 

articular cartilage, unfortunately all investigators but 

Redfern (1851) have demonstrated an ineffectual healing 

response. ‘7 18.213 Tn horses, it was observed that PTCDs 

1.0cm in diameter had reparative tissue filling 0% to 23% 

of the defect after 21 weeks of healing.* Full 

thickness cartilage defects (FTCDs) are defined as those
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which disrupt the subchondral plate. In this case the 

defect is filled with blood which forms a fibrin clot, 

permitting the invasion of fibroblasts.‘ ' The fibrous 

tissue which is formed may transiently progress through an 

immature form of hyaline cartilage, but the mature 

reparative tissue normally consists of fibrocartilage.*" 

In comparison to PTCDs, FTCDs 1.0cm in diameter were filled 

33% to 68% after 21 weeks. In rabbits, FTCDs lmm in 

diameter were completely filled with fibrous tissue after 

one month of healing.*"® 

It is evident from the information presented above 

that the size of the cartilage defect can greatly influence 

the extent of healing which occurs. In large PTCDs it has 

been demonstrated that pannus formation leads to the 

cytokine-initiated destruction of cartilage mediated by 

fibroblasts.*'? In FTCDs the size of the defect seems to 

be the limiting factor dictating complete or partial 

repair. Convery noted that defects smaller than 3mm healed 

completely, while those between 3mm and 9mm demonstrated 

complete healing inconsistently, and those greater than 9mm 

very rarely healed completely.*'® Affirmation of Convery's 

findings were reported by Mitchell, in which all 1mm FTCDs 

healed completely in rabbits, and by Shamis, in which all 

1.0cm defects in horses healed incompletely with fibrous 

tissue. *%216 tn dogs, lesions on the caudal head of the
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humerus, 8mm and 11mm in diameter have likewise 

demonstrated incomplete healing.®: % 

Articular cartilage is dependent on joint movement to 

provide the hydrostatic forces necessary for chondrocyte 

homeostasis.*'?-29 The effects of complete and partial 

immobilization on normal femoral articular cartilage were 

investigated by Behrens.**! Six weeks of partial (8°-15° 

range of motion) immobilization resulted in a 23% decline 

in proteoglycan concentration, while complete 

immobilization resulted in a 28% decrease in proteoglycan 

concentration. In both partially and completely immobilized 

joints, the water content of cartilage increased by 7%. The 

protective effects of joint mobility were demonstrated by 

the rate at which proteoglycan concentrations returned to 

normal values in partially and completely immobilized 

joints. Normalization of proteoglycan (hexuronic acid) 

concentration was evident after 1 week of ambulation in the 

dogs which had been permitted partial joint mobility, 

versus persistently decreased levels of hexuronic acid in 

dogs that had complete joint immobility. In a similar 

study, also in dogs, 15 weeks of cast immobilization 

resulted ina loss of proteoglycans from the tangential and 

radial zones, cartilage thinning and biomechanical 

softening of the cartilage.** After 16 weeks of 

unrestricted activity the cartilage had not returned to a
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normal level of biomechanical function as determined by 

shear modulus and water permeability. Because of the 

effects of immobility on normal cartilage, it is not 

surprising that joint movement can greatly influence the 

healing of articular cartilage defects. Salter first 

proposed the concept of continuous passive motion (CPM) and 

investigated its effects on cartilage healing.*? In 

rabbits, the use of CPM resulted in the complete healing of 

52% of FTCDs, compared to 5% in joints subjected to normal 

ambulation and 3% in immobilized joints. continuous 

passive motion has also been shown to stimulate 

pluripotential cells of the periosteum to differentiate 

into chondrocytes when they are grafted into an articular 

environment.**° Osteochondral fracture healing also 

derives benefits from post-operative CPM. Eighty-percent of 

chondral fracture gaps were reportedly healed with normal 

hyaline cartilage when CPM was initiated in the immediate 

post-operative period, as compared to 20% rehabilitated 

with intermittent active motion (IAM) and 0% treated with 

post-operative joint immobilization. * 

Due to the limited healing capacity of articular 

cartilage and the severe dysfunction that results from 

osteoarthrosis, significant efforts have been directed at 

primary articular cartilage repair, cartilage resurfacing 

and whole joint transplantation. In 1908, Lexer first
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reported the use of an osteochondral allograft.*’ The 

clinical results of the procedure were satisfactory, when 

the graft was removed 18 months post-operatively the 

articular surface was found to be in normal condition. Dr. 

Burkle-de La Camp had the opportunity to examine several of 

Lexer's early transplants post-humously years after 

transplantation and reported that the grafts were devoid of 

articular cartilage and in its place was fibrous 

tissue.**8 Since those early attempts at articular 

reconstruction, chondrocyte transplantation, periosteal 

grafting, autogenous and allogenic osteochondral grafting 

and whole joint transplantation have been described with 

varying degrees of success. 

The first cartilage transplantation procedures were 

not attempts at joint resurfacing but instead involved the 

delineation of chondrocyte physiology and immunology. Loeb 

demonstrated that autografts of cartilage remained viable 

at extra-articular sites and elicited a minimal immunogenic 

response from the host.?@?-439 The antigenic properties of 

matrix collagen, proteoglycans, and chondrocytes have been 

identifiea.3'-32 Langer compared cellular cytotoxicity 

and leukocyte migration stimulated by allogenic 

chondrocytes, macerated whole cartilage and intact 

articular cartilage.@* The most significant immunogenic 

response were stimulated by chondrocyte inoculation, and
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inoculation of macerated cartilage. Sensitization of the 

host did not occur when intact articular cartilage was 

transplanted. Langer concluded that the intact articular 

matrix acted as a barrier to humoral and cellular 

recognition and immune sensitization. Additional studies 

have confirmed that the chondrocyte is the major 

immunogenic factor in cartilage, and that the unmasking of 

chondrocytes by matrix degradation contributes 

significantly to the pathogenesis of graft failure and 

degenerative joint disease.* Early attempts at whole 

cartilage transplantation failed due to the allogenic 

source of the tissue and difficulties in graft fixation. 

The development of techniques for harvesting and 

propagating chondrocytes in vitro have provided the means 

to acquire autogenic chondrocytes for direct 

grafting.*°:* Using in vitro cultured autogenous 

chondrocytes, stabilized with a periosteal flap, Grande 

reported an 82% healing rate of partial thickness patellar 

defects.*’ Histological and biochemical assessment of the 

tissue indicated that it was normal hyaline cartilage. The 

mechanical properties of the tissue generated by 

chondrocyte transplants have not been evaluated. Similar 

results have been obtained in chickens using chondrocytes 

stabilized in a fibrin matrix.“8 The clinical use of 

chondrocyte transplantation in people or animals has not
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yet been reported but is certainly an area which deserves 

investigation. 

Attempts at cartilage resurfacing have used tissues 

which are not of articular origin. Early attempts using 

dermis and synovium failed to induce hyaline cartilage 

formation or to improve joint function in the clinical 

setting.@% 9 periosteum, due to its pluripotential 

capabilities, has been evaluated extensively as a tissue 

for cartilage resurfacing. O'Driscoll reported that the 

transplantation of free periosteum into FTCDs resulted in 

healing with tissue resembling hyaline cartilage.*' The 

transformation of periosteum to hyaline cartilage was found 

to be enhanced by the immediate application of continuous 

passive motion.* The origins of the chondrocytes which 

constitute the regenerative tissue have been identified as 

the periosteal donor tissue and the surrounding hyaline 

cartilage.*3 The clinical use of periosteal resurfacing 

has been limited by the inability to fix the periosteum to 

the joint surface.*“* Fibrin glue has been used 

successfully in experimental studies to fix perichondrium 

to subchondral bone, and may soon be applicable in the 

Clinical setting.* 

The repair of articular fractures which were produced 

in a controlled fashion is the basis for most studies 

involving autogenous osteochondral grafts. In general this
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type of graft has been shown to heal rapidly and maintain a 

normal articular surface if adequate fixation and proper 

articular congruity are maintained. The paraphrased 

discussion from a study which assessed osteochondral 

autografts secured with bone pegs in the femoral condyles 

of rabbits emphasizes these two treatment dicta.“ The 

experiment definitely showed that the operative result is 

dependent on exact primary reconstruction of the articular 

surface and rigid fixation of the graft to its bed. Osseous 

healing begins within one week, initially involving bone 

resorption, and is complete within 3-4 weeks. Collapse of 

the avascular osteochondral fragment is not seen. If the 

transplanted tissue is elevated, it will cause mechanical 

damage to itself and the opposing articular surface. In 

summary, the success of articular surface restoration 

occurs in a ratio primary to the congruency of the 

articular surfaces that are managed. To achieve accurate 

and stable fixation of osteochondral fragments, various 

methods of fixation have been evaluated. Mechanical methods 

of fixation used include Kirschner wires, AO screws, 

Herbert screws, and Smille nails. 47.248 aij of these 

methods cause increased articular cartilage damage at the 

time of insertion, may be complicated by fixator failure, 

migration or sequestered infection, and require a second 

surgical procedure for their removal. Mechanical fixation
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with biologic fixation devices (bone pegs) has been 

evaluated. 49,259 251 although excellent results have 

been reported, bone fixation pegs have been found to be 

technically difficult to collect and prepare. In addition 

the stability of the peg in the cartilaginous fragment is 

often tenuous and improper alignment can cause continued 

articular destruction. Various biologic and synthetic 

adhesives have been evaluated as a means of stabilizing 

osteochondral fragments. Fibrin adhesives, consisting of a 

protein solution (fibrinogen) and thrombin have 

demonstrated good holding strength in nerve anastomoses, 

skin grafts, bowel anastomoses and osteochondral 

grafts. ¢:253,254,255 myers and Herron reported 

excellent fracture healing with stimulation of the osseous 

repair in 16 canine osteochondral fractures using fibrin 

adhesive.** Unfortunately, the limited availability of 

fibrin adhesives has greatly limited their clinical 

application. Synthetic adhesives are readily available and 

have excellent bonding strength. Rutherford demonstrated 

adequate healing of 16 canine osteochondral fragments 

stabilized with polymethylmethacrylate.©” He noted, 

however, that the adhesive mechanically blocked vascular 

ingrowth and excessive adhesive caused synovial irritation 

and degenerative joint disease. Modifications in the 

application of N-Butyl 2-cyanoacrylate resulted in the
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excellent results reported for six dogs with osteochondral 

fragment stabilization.’ As the application techniques are 

further improved, synthetic adhesive stabilization may play 

a significant role in articular reconstruction. 

Unfortunately, the use of autogenous osteochondral grafts 

for joint reconstruction is limited to the repair of small 

defects due to the unavailability of donor tissue for 

functional or cosmetic reasons. 

Due to their availability, allografts of cartilage, 

osteochondral tissue and whole joints present an enticing 

opportunity for joint reconstruction in human and 

veterinary medicine. The use of in vitro cultured allogenic 

chondrocytes for the repair of FTCDs in rabbits was 

recently reported.*® The chondrocytes were embedded in a 

collagen gel which provided adequate stabilization and also 

was believed to limit the immune response normally 

associated with allografted tissue. Eighty-two percent of 

the defects healed with histologically normal hyaline 

cartilage. As with chondrocyte autografts, tissue derived 

from chondrocyte allografts has not been biomechanically 

evaluated. The success of osteochondral allografts is 

dependent on the local joint environment, graft size, and 

immune response of the host. Oakeshott identified three 

parameters which dictated the local joint environment and
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contributed to the failure of 18 small osteochondral 

allografts: underlying joint disease (osteoarthritis), 

abnormal joint alignment (varus or valgus deformity) and 

graft degeneration caused by trauma at the time of harvest 

or transplantation.®©? The optimal thickness for an 

allogenic osteochondral graft was demonstrated by Pap and 

Krompecher.*? In dogs grafts less than three millimeters 

thick were prone to fixation failure due to inadequate 

subchondral bone, while those greater than 8mm thick were 

subject to avascular necrosis and collapse of the articular 

surface. Thus, 3mm - 5mm is recommended as the ideal 

thickness of osteochondral shell grafts. As previously 

stated, osteochondral allografts elicit both a humoral and 

cell-mediated immune response from the host. 

Significant improvement in allograft viability occurs when 

the host and donor are matched for major histocompatibility 

antigens.** Tissue typing (dog leukocyte antigen) and the 

resultant matching of host and donor has resulted in 

improved allograft incorporation, improved clinical 

function and a reduction in the degree of degenerative 

joint disease seen in experimental partial joint 

allografts.** Although these results are promising, it is 

doubtful that excellent long term results will be achieved 

due to the immune response perpetuated by the graft and 

host.



Materials and Methods 

Experimental Design 

The study population consisted of twelve mongrel dogs, 

9 females and 3 males, with a mean weight of 21.9 kg (range 

16.2 - 30.2 kg). Prior to being admitted to the study all 

dogs demonstrated normal walking and jogging gaits, 

radiographically normal tarsi, radiographic closure of the 

distal tibial growth plate and normal laboratory values for 

serum total solids, packed cell volume and blood urea 

nitrogen. Prior to beginning the study each animal was 

conditioned for 14 days according to the guidelines 

established by the Animal Care and Use Committee of the 

Virginia-Maryland Regional College of Veterinary Medicine. 

Throughout the twenty week study period each dog was housed 

individually in a 3 X 12 foot run, with food and water 

available ad libitum. Each dog was randomly assigned to one 

of two study groups (grafted or non-grafted), at which time 

the left or right tarsus was randomly assigned as the 

control. At the end of the study period all animals were 

humanely killed with an intravenous overdose of 

barbiturate.? 

  

b’Beuthanasia-D "Special", Schering Corp. Kenilworth, NJ. 
07033. 
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Surgical Methods 

Anesthetic premedicaticn was acepromazine (0.025 

mg/kg), administered within the quadriceps or epaxial 

musculature.* Anesthesia was induced with intravenous 

thiamylal sodium (2-10 mg/kg) and maintained with halothane 

in oxygen, delivered via a cuffed endotracheal tube 

connected to a semi-closed circle system.%,* The 

designated rear limb and ipsilateral forelimb were clipped 

and routinely prepared for aseptic surgery. Orthopedic 

legging and non-porous barrier draping were used to isolate 

the surgical sites. A medial surgical approach to the first 

phalanx (phalanx proximalis) of digit I was completed. 

Subperiosteal reflection of the palmar musculature 

(abductor pollicis brevis et opponens pollicus, flexor 

pollicus brevis, adductor pollicus), interosseus 

musculature and the tendon of the extensor pollicis longus 

et indicis proprius muscle permitted carpal-phalangeal and 

interphalangeal disarticulation.*% Immediately after 

the phalanx was harvested extraneous soft tissue was 

removed and the graft was trimmed to a length of 5-8mm 

  

“Acepromazine, Fort Dodge Laboratories, Fort Dodge, IA, 
50501. 

4Bio-tal (Thiamylal-sodium), Bio-Ceutic Division, 
Boehringer Ingelheim Animal Health Inc., St. Joseph MO 64502. 

"Halothane USP, Halocarbon Laboratories, North Augusta, 
SC 29841.
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preserving the distal articular surface (Figure 3). The 

graft was temporarily stored in fresh autologous serum 

during recipient bed preparation. Hemorrhage was controlled 

with electrocoagulation, and the surgical site was lavaged 

with 0.9% sterile saline prior to closure. The periosteum 

and fascial planes were closed using a simple interrupted 

pattern of 3-0 absorbable suture.’ The skin was closed 

using a simple interrupted pattern of 3-0 nylon.® All 

approaches to the phalanges were completed by a single 

investigator (RAM). The caudal approach to the tarsus as 

described by Dew and Martin was used to access the 

tibiotarsal joint. A standardized circular defect 5.5mm 

in diameter and 1-2mm in depth was created using a Michele 

trephine stabilized with a 3/16 inch intramedullary pin. 

The defect was placed on the caudolateral aspect of the 

medial trochlear ridge, approximating the area most 

commonly involved in tarsal OCD. In the non-grafted group, 

the articular cartilage within the boundaries of the lesion 

was removed with a curette. Curettage was continued until 

subchondral bleeding over the complete surface of the 

defect was observed. In the grafted group a stepped 

  

fcoated Vicryl 3-0, Ethicon Inc. Somerville, NJ 08876. 

%Ethilon, 3-0, Ethicon Inc. Somerville, NJ 08876. 

Michele trephine (5.5mm 0.D.), J. Sklar Mfg. Co. Inc. 
Long Island City, NY 11101.
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Figure 3. Autogenous Osteochondral Graft. This photograph 

illustrates the size and configuration of the osteochondral 

graft prior to placement into the recipient site.
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recipient bed was created by sequential drilling. The 

initial hole, directed craniolaterally into the body of the 

talus, was drilled using a drill size which visually 

approximated the diameter of the diaphyseal portion of the 

graft. This hole was drilled to a depth approximately 1-2mm 

greater than the total length of the graft. The diameter of 

the proximal one-half of the recipient bed was enlarged 

using a drill bit size which visually approximated the 

articular circumference of the graft. The articular 

circumference of the graft was modeled with a rongeur to 

provide a friction fit of the graft in the recipient bed. 

The articular surface of the graft was placed in the 

position which best approximated the articular surface of 

the talus and the graft was digitally or mechanically 

impacted into the recipient bed. Prior to closure all 

joints were copiously lavaged with 0.9% sterile saline. The 

tenosynarthrotomy was closed using 3-0 absorbable suture in 

a simple interrupted pattern.’ The deep and superficial 

fascial tissues were closed in a similar fashion. The 

dermis was closed using 3-0 nylon in a simple interrupted 

pattern.” Prior to recovery a soft padded wrap which 

incorporated a lateral fiberglass splint was applied.' The 

  

iDelta-lite "S", fiber glass casting tape (7.6cm x 
3.6m), Johnson & Johnson Orthopaedics Inc. Raynham, MA 02767.
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splint and bandage were maintained for a ten day period, 

being reapplied when necessary. 

Methods of Evaluation 

Clinical Assessment: 

All dogs were observed twice daily for overt changes 

of behavior, signs of illness or complications related to 

surgery. 

Functional Assessment: 

A functional evaluation of each dog was performed 

weekly by a single investigator (TLD). The functional 

grading criteria are presented in Table 2. The grading 

system is a modification of that used by Smith and Vasseur 

(1985). The lameness assessment was completed on 

unsedated animals, while the remainder of the evaluation 

was completed under one of the following intramuscular 

sedation protocols, acepromazine (0.05mg/kg) was combined 

with morphine (0.25mg/kg), oxymorphone (0.1mg/kg) or 

butorphanol (0.4mg/kg)./,*,' Lameness was assessed during 

leash walking and a period of unrestricted ambulation. 

  

iMorphine sulfate, Eli Lilly & Co., Indianapolis, IN 
46285. 

kKoxymorphone, Pittman-Moore Co. Washington Crossing, NJ 
08560. 

lPorbutrol (Butorphanol tartrate), Fort Dodge 
Laboratories Inc., Fort Dodge, IA 50501.
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Table 2. Parameters for Functional Assessment. Parameters 

and numerical scores used to assess clinical function. 

  

  

Parameter Numerical Criteria ange 

Lameness 0 = non-weight bearing 
2 = lame after normal activity 
4 = lame after vigorous activity 
6 = no evidence of lameness 0 - 6 

Range of Motion 0O = rom post/rom pre < 0.5 
(rom) 1 = rom post/rom pre < 0.7 

2 = rom post/rom pre < 0.9 
3 = rom post/rom pre > 0.9 0 - 3 

Joint Stability 0O = marked instability 
1 = minimal instability 
2 = normal O- 2 

Crepitus O = severe 
1 = slight 
2 = none 0 - 2 

Muscle Atrophy (mid-thigh circumference) 
0 = post/pre < 0.90 
1 = post/pre < 0.95 
2 = post/pre > 0.95 O-~- 2 

Total QO - 15
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Tarsal range of motion was measured with a goniometer, 

using the tibial diaphysis, lateral malleolus and 

metatarsal bones as osseous points of alignment. Three 

measurements where taken at each evaluation period and the 

average used to compute the postoperative/preoperative 

ratio. Medial to lateral joint stability was subjectively 

assessed, using the normal hock for comparison. The 

presence of crepitus was assessed when manipulating the 

joint through a normal range of motion and a range of 

motion during which the joint was stressed laterally and 

compressed medially. If crepitus was identified during both 

manipulations the most severe grade was recorded. Muscle 

atrophy was assessed using a mid-thigh measurement of 

muscle circumference. Prior to surgery the linear midpoint 

of the distance from the proximal aspect of the greater 

trochanter to the tibial crest was determined. At this 

level the hair was shaved circumferentially from the thigh. 

The circumference of the thigh musculature in centimeters 

was measured at the haired/shaved junction using a flexible 

cloth rule. This area was clipped weekly prior to 

measurement. At each assessment, three measurements were 

completed and the average used to compute the 

postoperative/preoperative ratio. The normal limb was 

measured using the same technique preoperatively and at the
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termination of the study to ascertain the effects of 

exercise or change in body condition. 

Radiographic Assessment: 

All radiographs were made when the animals were 

sedated with one of the previously outlined sedation 

protocols. Initial preoperative and immediate postoperative 

plantarodorsal and lateromedial radiographs were made. The 

Same radiographic views were made at 6, 12, and 20 weeks 

postsurgery. The radiographs were evaluated using criteria 

modified from Smith and Vasseur (Table 3)."% The 

measurements of tarsocrural joint space and periarticular 

tissue thickness were obtained from the plantarodorsal 

radiographic views. Three measurements for each parameter 

were taken and the average used to calculate the post- 

operative/pre-operative value. The assessment of osteophyte 

production was subjective, using the preoperative 

radiographs as a baseline for comparison. 

Gross Pathology: 

All joints were dissected and examined grossly for 

articular surface congruity. The subjective assessment of 

articular congruity was scored as: good = no palpable 

articular incongruity, or poor = grossly visible articular 

incongruity. The ratings for articular congruity (good, 

poor) were given numerical values of 0 and 1, respectively, 

and used to compute a final histologic/histochemical score.
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Table 3. Parameters for Radiographic Assessment. Parameters 
and numerical scores used to assess radiographic 
evaluations. 

Parameter 

medial tarsocrural 

joint space mm 

osteophyte formation 

tibial sclerosis 

periarticular tissue 
thickness mm 

Numerical Criteria 

N
F
 

O
 

W
N
r
e
 O
 

N
r
 

Oo 

n
o
n
n
 

post/pre 
post/pre 
post/pre 

severe 
moderate 
mild 
none 

severe 
slight 
none 

post/pre 
post/pre 
post/pre 

A
V
Y
V
 

H
e
h
 

Wm 
u
o
 

> 1.50 

> 1.25 

< 1.25 

Total 

Range 

0-2 

0 - 3 

0-2 

0-2 

o- 9
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Histologic Assessment: 

The operated talus, ipsilateral distal tibial 

epiphysis and the contralateral talus were collected. All 

tissues were fixed in 10% neutral buffered formalin, and 

decalcified in a commercial acid preparation." The 

articular surface and 0.5 to 1.0 cm of subchondral bone of 

the collected tissues were sectioned sagittally to include; 

the talar lesion, the tibial articular surface which 

opposed the lesion, and the articular surface of the 

control talus which approximated the area of the lesion . 

Sections 4 microns thick were stained with hematoxylin and 

eosin and toluidine blue according to previously published 

protocols. °**.*6? cartilage grading was accomplished using 

the histologic-histochemical grading system developed by 

Mankin et al.*® The final histologic-histochemical grade 

was obtained by adding the score for articular congruity 

obtained during gross pathologic observation to the score 

of the Mankin system (Table 4). Linear measurements of the 

tissue types which covered the talar articular surface were 

obtained using an ocular micrometer. Percentages were 

estimated using the formula (tissue length mm/surgical 

Gefect length mm x 100) for the following tissues; adjacent 

articular cartilage which evidenced 

  

"Decalcifier II, Surgipath Medical Industries [Inc., 
Grayslake, IL 60030.
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Table 4. Parameters for Histologic Assessment. Parameters 
and numerical criteria used to assess gross pathologic 
findings and histologic-histochemical appearance. 

Parameter Numerical Criteria Grade 

Structure 

Normal 
Surface irregularities 
Pannus and surface irregularities 
Clefts to transitional zone 
Clefts to radial zone 
Clefts to calcified zone 
Complete disorganization N

U
 

W
N
 

EH
 

©
 

Cells 
Normal 
Diffuse hypercellularity 
Cloning 
Hypocellularity W

N
r
F
 ©
 

Toluidine blue staining 
Normal 
Slight reduction 
Moderate reduction 
Severe reduction 
No dye noted &® 

W
D
M
 

Fe 
O
 

Tidemark integrity 
Intact 
Crossed by blood vessels r

o
 

Articular congruity 
No palpable incongruity (Good) 0 
Visible incongruity (Poor) 1 

Total O- 15
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decreased toluidine blue staining properties, exposed bone 

within the defect, fibrous tissue within the defect, and 

the amount of normal and abnormal hyaline cartilage on the 

graft. The subchondral trabecular bone was examined for 

evidence of osseous incorporation of the graft. The 

histologic appearance of the tissues were described. 

Statistical Analysis: 

All ordinal data were analyzed using the Mann-Whitney 

rank sum test.*6? A level of significance with P values < 

0.05 was chosen. Values obtained by direct measurement were 

analyzed using the Student's t-test. A level of 

significance with P values < 0.05 was chosen.



Results 

Surgical Recovery: 

No major complications were identified during the 

anesthetic management or surgical procedures. In one dog 

(#167) it was noted that a cartilage fracture on the medial 

wall of the talus was created when the graft was impacted. 

The fragment was stable and left in position at the time of 

closure. All animals recovered from surgery without 

evidence of complications. All surgical incisions healed 

and sutures were removed 2 weeks post-operatively. Due to 

self trauma, the talar incision of dog # 167 was allowed to 

heal by second intention which progressed without 

complication. Joint effusion was noted in 1 dog in the 

grafted group. The joint distention caused by the effusion 

varied from slight to moderate throughout the duration of 

the study. A minimal to moderate degree of caudomedial 

periarticular soft tissue swelling was associated with the 

tarsal incision in all dogs. The soft tissue enlargement 

was never noted as painful on direct palpation, nor did it 

adversely affect the animals' clinical function. Resolution 

of the periarticular swelling was complete in all ungrafted 

dogs and 3 of the 6 grafted dogs at the termination of the 

study. The metacarpal incisions healed without evidence of 

complications. No evidence of lameness due to the graft 

procurement was demonstrated during the study period. 
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Functional Assessment: 

All dogs were fully weight bearing by postoperative 

week 7. All animals in the ungrafted group were fully 

weight bearing with no evidence of lameness by 

postoperative week 5. At the termination of the study 

(postoperative week 20) one dog from the grafted group 

demonstrated a weight bearing lameness after exercise (dog# 

173). All dogs had regained a normal range of motion in the 

tarsus by the sixth post-operative week. Once regained, the 

normal range of motion was maintained for the duration of 

the study. Slight crepitus was evident in 1 dog in the 

ungrafted group and 3 of the 6 dogs in the grafted group at 

postoperative week 20. Joint stability remained normal in 

all dogs. Disuse muscle atrophy occurred in all dogs. At 

postoperative week 10, 2 dogs in each group demonstrated 

moderate muscle atrophy. At the termination of the study 

all dogs had regained normal muscle mass as determined by 

mid-thigh circumference measurements. The total scores for 

clinical assessment are listed in Table 5. At postoperative 

week 6 the ungrafted group demonstrated statistically 

better clinical function than the grafted group (P=0.036). 

At no other time was a significant difference in function 

noted between the treatment groups (Figure 4). 
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Table 5. Clinical/Functional Assessment Scores. 
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Functional Assessment 
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Weeks Postoperative 

MMM Ungrafted MW Grafted 

* Mann-Whitney significant at (P#0.0136) 

Figure 4. Functional Assessment. Graphic representation of 

the mean functional assessment scores of the ungrafted and 

grafted groups.
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Radiographic Assessment: 

Immediate postoperative radiographic assessment 

demonstrated a significant difference between the ungrafted 

and the grafted groups (P=0.005). This difference was 

attributable to an increased joint space width present in 

the grafted group. No significant difference in the 

radiographic assessment was noted at 6, 12 or 20 weeks 

postoperatively (Table 6, Figure 5). Osseous incorporation 

of the graft was radiographically evident in all dogs by 

postoperative week 12. No radiographic evidence of graft 

instability or osteomyelitis was noted.
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Table 6. Radiographic Assessment Scores. 

  

RADIOGRAPHIC ASSESSMENT 
      

we eee eee eee eee DOG #--------------- 

UNGRAFTED GRAFTED 

Weeks JS O67 68 73 Fo G98 79 G99 167 173 195 196 

Preop 9 9 9 9 9 9 9 9 9 9 9 9 

Postop 9 9 9 9 9 9 8 8 7 7 7 7 

6 9 9 9 9 9 9 8 9 9 9 8 8 

12 9 9 9 8 9 8 7 9 8 8 8 8 

20 9 9 9 8 9 6 7 9 7 7 9 9 

RANGE 0-9 

O = Severe degencrative joint disease 

9 = Radiographically normal



Radiographic Assessment 
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* Mann-Whitney significant at (P-0.003)
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Histologic Assessment: 

Gross evaluation of the tibiotarsal joint revealed 

synovial adhesions to the lesion in 3 of the 6 ungrafted 

dogs and 1 grafted dog (Figure 6). Articular congruity was 

scored as good in 3 of the 6 ungrafted dogs and all of the 

grafted dogs. Significant eburnation of the graft and 

erosion of the opposing tibial articular cartilage were 

noted in 2 of the 6 grafted dogs (Figure 8,9). Four of the 

six grafts retained some hyaline cartilage resulting in 

significantly lower Mankin scores for the grafted group 

(P=0.014). No significant difference in the Mankin scores 

for the cartilage adjacent to the lesion, ipsilateral tibia 

or the control talus was demonstrated (Table 7, Figure 10). 

Direct ocular micrometer measurements provided an 

estimate of the linear extent of each tissue type which 

covered the surgical lesion in the ungrafted and grafted 

groups (Table 8). The pathologic change in the adjacent 

articular cartilage, as indicated by decreased retention of 

toluidine blue staining, effectively increased the size of 

the lesion to 119% (std error +/- 21.9%) in the ungrafted 

group and 115% (std error +/- 11.4%) in the grafted group. 

The difference of the effective increase in lesion size 

between groups was not significant (P=0.7). The mean
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Figure 6. Synovial Adhesion to Ungrafted Lesion. Gross 

appearance of the ungrafted lesion. At the left side of the 

lesion is a prominent synovial adhesion. The lesion is 

incompletely filled with fibrous tissue resulting in poor 

articular congruity.
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Figure 7. Eburnated Graft Surface. The eburnated articular 

surface of the graft is apparent at the top of the photo. 

Note the dark staining remnants of articular cartilage on 

the graft at the top left corner of the photo.
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Figure 8. Eburnated Tibia Surface. The articular surface of 

the tibia which was opposite the graft pictured in figure 

6. Note the complete loss of articular cartilage, thickened 

trabeculae deep to the eburnated area, and the fibrillation 

and loss of toluidine blue dye retention of the articular 

cartilage at the left of the lesion.
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Table 7. Histologic - Histochemical Grade. 

  

HISTOLOGIC - HISTOCHEMICAL GRADE 
    
  

~ ee ene eee eee ee- DOG #--------------- 

UNGRAFTED GRAFTED 

Site IS OF 68 73 76 98 7F 99 M67 173 195 196 

Lesion/graft 14 14 14 14) 13 14 3 1 7 13 7 14 

Adjacent cartilage 2 3 2 4 2 5 2 3 3 3 1 3 

Ipsilateral tibia 1 4 2 0 6 2 0 7 13 5 14 

Control talus 0 0 0 0 0 0 0 0 0 0 0 0 

RANGE 0-15 

0 = Normal cartilage 

15 = No normal cartilage
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Histologic Assessment 
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* Mann-Whitney significant at (P=0.0163) 

Figure 9. Histologic - Histochemical Grade. Mean modified 

Mankin grades for the lesion/graft, adjacent cartilage, 

opposing tibia and control talus for the ungrafted and 

grafted groups.
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Table 8. Descriptive Histology of the Talus. 

  

  
DESCRIPTIVE HISTOLOGY - TALUS 

    

wane eee DOG #--------------- 
UNGRAFTED GRAFTED 

Tissue Type IS 67 68 FF FE I 79 99 LO? 173 195 196 

% Adjacent Cartilage 153 110 105 110 109 = 117 110 138 109 114 109 110 

% Exposed Bone 0 O 0 0 0 17 0 860 0 91 0 94 

% Fibrous Tissue 131 110 105 110 119 83 25 23 53 S 29 3 

% Hyaline Cartilage 0 60 0 0 0 0 75 77 47 0 71 3 

% Normal Hyaline Cartilage 0 0 0 0 0 0 15 14 17 0 27 0 

Values are percentage of Icsion (linear measurement). 

Note. The numbers in the above table represent the 

percentage of each lesions surface that was covered by a 

specific tissue type. The numbers listed as (% adjacent 

cartilage) represent the functional increase in the size of 

the lesions as determined by the distance which adjacent 

cartilage demonstrated pathologic change.
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percentage of the linear extent of the lesion which 

consisted of exposed bone was 2.92% (std error +/- 6.9%)in 

the ungrafted group and 30.9% (std error +/-47.7%) in the 

grafted group. The mean percentage of exposed bone between 

the treatment groups was not statistically significant 

(P=0.186). The mean percentage of the lesion that was 

covered with fibrous tissue differed significantly between 

the ungrafted and the grafted groups (P>0.0001). In the 

ungrafted group 108.0% (std error +/- 15.3%) of the 

surgical defect was covered with fibrous tissue. In the 

grafted group 23.6% (std error +/- 17.5%) of the defect was 

covered with fibrous tissue. The mean percentage of the 

linear surface of the grafted lesions covered by hyaline 

cartilage was 45.5% (std error +/-35.8%). The mean 

percentage of the lesions covered by hyaline cartilage 

which displayed pathologic change limited to flaking was 

12.2% (std error +/-10.5%). 

Descriptive Histology: 

Lesion surface: 

Fibrous tissue originating from the marrow spaces or 

synovium completely covered the lesion in 5 of the 6 

ungrafted dogs (Figure 10). In one dog a small percentage 

of the lesion was exposed bone (Table 8). In 2 of the 6 

defects the healing by fibrocartilaginous tissue was
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uniform, creating a surface which approximated the normal 

articular congruity and demonstrated a minimal degree of 

mechanical damage (Figure 10). The other four lesions 

displayed erratic and incomplete fibrous tissue repair. The 

appearance of the tissue varied from proliferative 

granulation tissue extending above the normal articular 

surface to a thin layer of loose connective tissue which 

covered the subchondral bone (Figure 11). The fibrous 

tissue existed in varying degrees of maturation. In general 

the deeper tissues or those directly adjacent to the intact 

articular cartilage displayed some chondroid 

characteristics (Figure 10). Spheroid shaped cells with a 

proteoglycan halo were the most obvious chondroid 

characteristics. The chondrocytic appearing cells blended 

into a layer of fibrocartilage of varying thickness, 

characterized by a decreased amount of intercellular matrix 

and a fibroblastic appearance of the cells. In several 

cases, nests of hyaline cartilage existed within the deeper 

aspects of the lesion (Figure 10). Often these nests of 

chondrocytes were completely surrounded by immature osseous 

tissue. In no instance did the hyaline tissue reach the 

level of the normal articular surface. The intermediate and 

superficial repair tissue were extremely variable. In some 

lesions the fibrocartilage extended to the surface of the 

defect, with only a single layer of tangentially arranged
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fibrocytes covering the surface, while in others the 

fibrous tissue was immature, with prominent vascular 

elements and a loose packing arrangement of the collagen. 

Granulation tissue was evident most often on the medial 

aspects of the defects in conjunction with synovial 

adhesions. 

Graft surface: 

Greater than 70% of the lesion was covered with 

articular cartilage in 3 of the 6 grafts (Figure 12). One 

graft retained approximately 50% coverage, while 2 of the 

grafts retained only minuscule remnants of articular 

cartilage (Figures 13, 7, respectively). Only a small 

percentage (17%) of the retained hyaline cartilage was 

considered normal in that flaking was the only pathologic 

change observed (Figure 12). In most cases the hyaline 

cartilage had undergone varying degrees of erosion and 

thinning. Fibrillation and fissures which extended to the 

calcified layer were also prominent (Figure 12). When large 

areas of superficial cartilage were eroded, the line of 

demarcation was the junction of the calcified and non- 

calcified cartilage or the tidemark (Figure 13). In areas 

where the tidemark was not disrupted there was no evidence 

of fibrocartilaginous tissue repair. As expected, the 

matrix staining characteristics were extremely variable,
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ranging from hyperchromasia to extreme hypochromasia. 

Chondrocyte death, evidenced as a hypocellularity, was most 

prominent in the superficial layers of cartilage 

(transitional zone), while cloning of the chondrocytes 

occurred deep within the radial zone (Figure 14). The 

subchondral bone which formed the articular surface of the 

2 eburnated grafts was thickened, forming an exaggerated 

subchondral plate, with stout trabeculae. New bone 

production was prominent within the vascular spaces, 

greatly reducing the available marrow space and vascularity 

of the tissue (Figure 7). Evidence of osteoclastic activity 

in the immediate subchondral area was inapparent. The 

eburnated bone was not necrotic as viable osteocytes were 

observed in lacunae immediately adjacent to the articular 

surface. There was no evidence of osseous resorption or 

fibrocartilaginous repair on the eburnated articular 

surface of the grafts. 

Osseous architecture, lesion: 

The subchondral plate was surgically disrupted in all 

lesions, with no evidence of retained articular cartilage 

(Figure 11). In none of the lesions had the subchondral 

plate reformed, nor was any obvious attempt at restoration 

noted (Figures 10, 11). The trabeculae under the area of 

the lesion were substantially thinner when compared to the
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adjacent trabeculae which supported the normal articular 

surface. Osteoblastic and osteoclastic activity were 

evident and appeared to be in balance with neither being 

predominant. In general the marrow directly associated with 

the lesion was hypercellular. In 2 of the 6 lesions the 

subchondral marrow spaces were filled with avascular 

fibrous tissue. All others contained mixtures of 

granulation tissue and marrow elements. Bone necrosis was 

not evident in any of the lesions. 

Osseous architecture, graft: 

The subchondral plate and trabecular architecture of 

the grafts which retained a hyaline cartilage surface were 

unchanged (Figure 12). The thick cortices and coarse 

trabeculae of the phalanx showed minimal evidence of 

remodeling. There was no evidence of bone necrosis or 

cartilage collapse. The appearance of the grafts which 

underwent eburnation has been described previously. All 

grafts displayed some evidence of osseous union with the 

recipient bone. The degree of osseous healing ranged from 

immature woven bone to compact bone with Haversian systems. 

In general, if the graft and recipient bone were in close 

apposition, then a mature osseous union was evident (Figure 

13). As the gap between the graft and recipient osseous 

tissue increased in size, the proportion of fibrous tissue
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and immature bone increased (Figure 12). All healing 

activity appeared viable, with no evidence of soft tissue 

or bone necrosis due to graft instability. In dog #167 the 

cartilage fracture, when viewed histologically, was an 

osteochondral fracture. The fracture fragment was minimally 

displaced, retained a normal articular surface with good 

articular congruity and was joined to the graft with a 

mature fibrous union. 

Adjacent articular cartilage, lesion: 

Two of the twelve lesion-articular cartilage 

interfaces displayed a minimal degree of degenerative 

change (Figure 11). These junctions of fibrous tissue and 

articular cartilage showed a smooth transition between the 

two tissue types, with only a slight decrease of toluidine 

blue stain retention. The two articular surfaces did not 

have an appreciable step defect and flaking or fibrillation 

were not apparent on the hyaline surface. Five of twelve 

junctions demonstrated matrix continuity between the 

fibrous repair tissue and the normal hyaline cartilage. 

These five specimens demonstrated degenerative changes 

consisting of hypochromasia and hypocellularity within the 

transitional zone, and cloning of chondrocytes within the 

radial zone. A degree of hyaline cartilage flaking and 

fibrillation was evident in all five specimens (Figure 10).
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Poor reparative tissue-articular cartilage interfaces were 

observed at 5 of the 12 junctions. In these areas the 

fibrous reparative tissue was either excessive, extending 

above and over the normal cartilage, or there was a 

substantial gap between the two tissue types (Figure 10). A 

moderate degree of hypochromasia and fibrillation of the 

hyaline cartilage was noted in areas where the fibrous 

reparative tissue extended of the normal cartilage. When 

the reparative tissue did not abut the articular cartilage, 

the edge of the cartilage was beveled away from the lesion. 

The degenerative changes present in the adjacent articular 

cartilage did not usually extend more than 1-2mm from the 

periphery of the surgical defect. 

Adjacent articular cartilage, graft: 

Two of twelve graft-articular cartilage junctions 

demonstrated healed with continuous hyaline cartilage. The 

chondrocyte organization at these sites was disrupted; 

however, toluidine blue staining was normal. Fibrocartilage 

bridged the gap between the graft and recipient cartilage 

at 5 of the 12 junctions (Figure 12). These junctions 

demonstrated variable degrees of superficial hypochromasia 

and hypocellularity of the graft and adjacent recipient 

cartilage. Cloning was evident in the radial zone of the 

graft and adjacent cartilage. Five of twelve grafts
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demonstrated poor healing at the graft-recipient interface. 

At these junctions either loose fibrous tissue infiltrated 

the defect with no evidence of matrix congruity or there 

was a complete lack of a fibrous tissue response leaving a 

gap between the graft and adjacent cartilage (Figure 13). 

One interface displayed a pannus reaction which extended 

over the surface of the graft. 

Opposing tibia, lesion: 

The articular cartilage of the tibia opposing the 

lesions displayed minimal degenerative changes. Flaking was 

apparent in all specimens, with mild fibrillation being the 

most severe pathologic change observed. Hypochromasia, 

evident as decreased toluidine blue stain retention, was 

rare. 

Opposing tibia, graft: 

The cartilage surfaces of the tibia that were opposite 

the eburnated grafts demonstrated complete cartilage 

erosion. The underlying subchondral bone in these areas 

underwent sclerotic changes similar to those described for 

the graft. The pathologic change of the cartilage 

immediately adjacent to the eroded areas was limited in its 

extent and severity. Slight superficial hypochromasia was 

associated with flaking, fibrillation, along with
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chondrocyte cloning within the radial zone. These changes 

are all apparent in Figure 6. The tibial articular surfaces 

opposing the four grafts which retained hyaline cartilage 

displayed minimal degenerative changes. Superficial flaking 

and fibrillation were the most severe changes noted. A 

minimal loss of dye retention was noted as were areas of 

sporadic cloning and hypocellularity.
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Figure 10. Good Fibrocartilaginous Repair. This 

photomicrograph demonstrates a good fibrous tissue repair. 

A dense layer of fibrous tissue completely fills the 

defect, providing good articular congruity. The subchondral 

plate is absent and there is thinning of the associated 

trabeculae. The lesion/ articular cartilage junction on the 

right demonstrates good matrix congruity; however, the 

immediate adjacent articular cartilage has flaking and 

hypochromasia. The junction on the left demonstrates no 

matrix congruity, proliferation of the fibrous repair 

tissue, and beveling of the adjacent articular cartilage
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Figure 11. Poor Fibrous Tissue Repair. Photomicrograph of a 

poor fibrous tissue repair. This lesion demonstrates 

incomplete fibrous healing, resulting in exposed 

subchondral bone and poor articular congruity. A prominent 

nest of hyaline cartilage is present in the subchondral 

bone at the right of the lesion. The subchondral plate has 

not reformed, and there is evidence of granulation tissue 

within the marrow spaces. The fibrous tissue/cartilage 

junction on the right demonstrates a smooth transition 

between the two tissues, with minimal evidence of 

degeneration of the articular cartilage.
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Figure 12. Good Osteochondral Graft. This photomicrograph 

demonstrates a good osteochondral graft that has maintained 

its hyaline cartilage surface. There is only a small area 

of hyaline cartilage that is normal, with the majority 

displaying evidence of fibrillation and erosion. The 

osseous structure of the graft has been maintained. The 

osseous interface demonstrates a fibrous union with 

evidence of early osteogenesis at the bottom of the 

interface. The fibrous tissue originating within the marrow 

spaces has reached the articular surface and is associated 

with a marked hypochromatic change of the associated 

cartilage.
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Figure 13. Poor Osteochondral Graft. This photomicrograph 

demonstrates a poor osteochondral graft result. Only a 

minimal degree of hyaline cartilage has been maintained, 

with the majority of the surface having been eroded to the 

tidemark. There is evidence of mature osseous union of the 

graft and recipient bed at the right interface. The left 

graft/cartilage junction displays no evidence of hyaline or 

fibrous tissue repair. Note the thick trabeculae and the 

substantial cortex of the graft which appear viable with 

evidence of new bone formation.
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Figure 14. Eburnated Osteochondral Graft. The 

graft/cartilage interface displays no evidence of healing 

by replacement tissue. The osseous healing between the 

graft and recipient bone is mature. There is visible 

cloning of the chondrocytes deep in the adjacent cartilage, 

with hypocellularity apparent in the superficial layers. 

The degree of hypochromasia present immediately adjacent to 

the graft is marked; however, normochromatic staining is 

evident within a short distance.



Discussion 

Graft selection: 

The selection of the distal articular surface of the 

first phalanx from digit I of the ipsilateral manus was 

based on three criteria: 

1. The articular surface of the graft needed to 

approximate the curvature and angle found on the 

medial trochlear ridge of the talus. 

2. The articular surface of the graft was required to 

be of sufficient size to allow its use in the 

reconstruction of osteochondral defects 

associated with tarsal OCD. 

3. The graft should be available in all prospective 

patients, must be easily accessible, and its 

collection should not cause an appreciable degree 

of functional or cosmetic morbidity. 

The distal articular surface of the phalanx met these 

requirements. Although this investigator has not completed 

an extensive search, I have observed radiographs of dogs 

that have had elective post-natal dewclaw removal. These 

radiographs have demonstrated the retention of the first 

phalanx in its entirety. A limitation of this graft is the 

size of its articular surface. The surface area provided by 

the graft is appropriate for the reconstruction of focal 

defects, but is not of sufficient size for reconstruction 

95
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of linear defects or those of a size larger than the lesion 

created in this study. The source of the graft in this 

study is described as the ipsilateral manus, 1st phalanx of 

digit 1. This anatomic description is supported by growth 

plate morphology and radiographic assessment of 

ossification as reported by deKleer.'? This description is 

inconsistent as given by Evans in Miller's Anatomy of the 

Dog.*“ This author choses to support the description which 

is consistent with developmental morphology. 

Surgical recovery: 

The surgical procedures for phalanx collection, 

autogenous osteochondral graft preparation and 

osteochondral grafting are within the technical 

capabilities of most surgeons. The preparation of the 

recipient bed and the modeling of the graft circumference 

are two aspects of the procedure which are the most 

technically demanding and have the potential to greatly 

impact the surgical result. Adequate depth of the recipient 

bed is required to assure that the articular surface of the 

graft is below or level with the articular surface of the 

tarsus. The use of a caliper to ascertain the length of the 

graft and an orthopedic depth gauge to accurately measure 

the depth of the recipient bed should eliminate this 

technical error from the procedure. Failure to sculpt the
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elliptical circumference of the epiphysis of the graft to 

obtain a press fit in the circular recipient bed can result 

in iatrogenic osteochondral fracture of the medial wall of 

the talus, or instability of the graft if a press fit is 

not maintained. Graft instability did not occur in this 

study. The medial wall of the talus was fractured during 

graft placement in one dog. In this case the small fragment 

remained stable, healing with a mature fibrous union which 

did not negatively impact the results of the study. The 

incidence of osteochondral fracture during graft insertion 

could be eliminated by the development of a mechanical 

means of sizing the graft. 

The persistent joint effusion seen in dog #173 was 

most likely due to synovial irritation incited by 

inflammatory mediators released from degenerative bone or 

cartilage. Other potential causes of the inflammation could 

have been bacterial synovitis or inflammation due to suture 

within the joint. Due to the chronicity of the effusion, 

the limited severity of the inflammatory response, and 

unsupportive gross pathologic findings, these latter two 

etiologies are unlikely. 

Functional assessment: 

The transient lameness observed in all dogs was 

expected. The experimental creation of full thickness
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cartilage defects of smaller and larger diameters has 

produced transient lameness in horses, dogs, and 

rabbits.%.148.224 the transient reduction in joint mobility 

seen in all dogs was expected due to the use of an external 

support. The transient loss of joint mobility due to the 

use of external splintage has been well documented in human 

and veterinary medicine.*.271 shires reported a 

transient decrease in the stifle range of motion of 70%, 

attributable to three weeks extension splintage in the 

dog.*” The attainment of a normal range of motion after 4 

weeks of unrestricted activity reported here is consistent 

with the findings reported by other investigators.°*” 

Crepitus is normally associated with direct bone to 

bone contact, the extensive loss of articular cartilage, or 

osteophyte contact with synovial structures. The dogs which 

demonstrated crepitus in this study did not have gross or 

histologic findings which supported the aforementioned 

etiologies. Although the origin of the crepitation was the 

tarsal joint, the fine crepitation may have been 

attributable to extra-articular soft tissue structures such 

as the tendon or peritenon which were involved in the 

surgical approach. 

The retention of normal joint stability was expected 

due to the application of an external splint which allowed 

soft tissue healing prior to uncoapted ambulation and the
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use of a surgical approach which did not disrupt major 

osseous or ligamentous supporting structures.*©° 

The muscle atrophy which occurred in both study groups 

was indicative of disuse atrophy. Complete resolution of 

the atrophy in both groups strongly suggests that normal 

weight bearing function was present in the tarsus prior to 

the termination of the study. The relatively better 

clinical function of the non-grafted group at postoperative 

week 6 could be attributed to the reduced morbidity 

associated with curettage as compared to the more 

aggressive surgical manipulations required for 

osteochondral grafting. A true increase in the degree of 

morbidity attributable to surgery should have been observed 

throughout the study rather than as a single occurrence. 

The fact that a difference in function between the groups 

was noted only once suggests that the difference may have 

been due to the sensitivity of the methods or the criteria 

used for evaluation. 

Radiographic assessment: 

Post-operative radiographic assessment of the grafted 

dogs provided a critique of the graft placement. The 

difference noted between the treatment groups at the 

immediate postoperative assessment was due to the 

protrusion of the graft above the normal articular surface



100 

of the talus. The rapid resolution of the articular 

incongruity suggested that the forces applied by weight 

bearing either impacted the graft deeper into the recipient 

bed or caused erosion of the incongruous articular 

surfaces. The radiographically apparent increased joint 

space width and articular incongruity associated with the 

two grafts (#173, #196) had resolved radiographically by 

postoperative week 12. Gross pathologic evaluation of these 

two joints demonstrated that the improvement in articular 

congruity occurred at the expense of the articular surfaces 

of the graft and the opposing tibia. Joint space width in 

the presence of normal articular congruity should probably 

not be used as a major objective parameter in a non-weight 

bearing animal due to factors such as positioning and 

restraint which can mechanically alter the apparent width. 

The lack of degenerative changes within the twenty 

week experimental period was unexpected. When the study was 

designed it was postulated that the loss of articular 

cartilage would result in an iatrogenic disease that would 

produce some radiographic changes similar to those observed 

for naturally occurring tarsal OCD. The radiographic 

progression of degenerative disease associated with tarsal 

OCD has been documented, with marked radiographic change 

occurring within 4 weeks of the onset of lameness.'®? The 

plantarodorsal view has been proposed as the most effective
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for delineating early changes associated with medial 

trochlear ridge pathology. '®"? oblique views of the 

tibiotarsal joint in the dog have been described; however, 

these have been most beneficial for delineating pathology 

of the lateral trochlear ridge.'®.'% Radiographic 

incorporation of the osseous portion of the graft reported 

here is consistent with that reported for other autogenous 

grafts. 246.25 

Histologic assessment: 

The formation of synovial adhesions to the full 

thickness cartilage defects (FTCDs) reported here has been 

observed by other investigators.'*® It has been postulated 

that the synovial tissue ingrowth causes incomplete healing 

of full thickness cartilage defects. Conversely, the 

presence of granulation tissue in close proximity to 

synovial tissue may promote synovial adhesions.?” The 

fact that all adhesions noted were on the medial aspect of 

the defect suggests that proximity to the synovial tissue 

is a factor influencing the formation of adhesions. While 

the number of experimental animals precludes statistical 

analysis, it is interesting to note that the number and 

extent of adhesions were greater in the ungrafted group. 

Whether this was promoted by the increased exposure to 

subchondral granulation tissue is unknown.
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The Mankin scoring system has previously been used to 

evaluate normal and osteoarthritic articular cartilage.*® 

The histologic grading system was found to correlate well 

with biochemical changes in the cartilage and the degree of 

degenerative disease present in the joint. The Mankin 

grading system is solely dependent on the presence of 

hyaline cartilage. Therefore, it is not surprising that the 

grafted dogs scored significantly better than the ungrafted 

group in which the lesions healed by fibrous tissue 

replacement that was not hyaline in nature. Critical 

evaluation of the Mankin scores should be reserved for the 

articular cartilage which was retained on the grafts, the 

articular cartilage which was adjacent to the surgical 

lesions, the tibial cartilage which opposed the surgical 

lesions and the cartilage of the control tali. An mean 

score of 7 on the Mankin scale indicates that moderate 

degenerative changes occurred in the articular cartilage of 

the grafts. 

The degree of focal superficial cartilage injury which 

can be sustained without promoting significant degenerative 

joint disease is unknown. Both Rosenburg and Thompson 

demonstrated that superficial cartilage defects which do 

not penetrate the calcified zone are relatively benign and 

do not progress to generalized degenerative joint 

disease. 189-2099 conversely, Riddle demonstrated that opposing
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cartilage which articulates with partial thickness 

cartilage defects undergoes a more severe pathologic change 

than does cartilage which articulates against fibrous 

repair tissue.*'* Recently, it has been demonstrated that 

cartilage opposite FTCDs which have healed by fibrous 

tissue repair undergoes a greater degree of biochemical 

degenerative change than does cartilage opposite PTcDs.¢” 

A significant difference in the degenerative change of the 

opposing articular cartilage between the grafted or 

ungrafted sites was not demonstrated in this study. 

It is interesting to note that the functional increase 

in the size of the lesion as demonstrated by decreased 

toluidine blue stain retention was similar in both groups. 

These results imply either that the injury to the articular 

cartilage occurred when the lesion was created and that the 

extent of the injury was determined by the degree of 

iatrogenic trauma, or that the adjacent hyaline cartilage 

present on the graft had no discernable protective effect 

on the adjacent cartilage compared to the fibrous repair 

tissue. 

The fibrous tissue healing response observed here is 

consistent with that reported for full thickness cartilage 

Gefects created in the scapulohumeral joint, stifle and 

carpus. ®.148,212,214,274 ghis finding suggests that a FTCD of the 

medial trochlear ridge of the talus heals within a
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biomechanical and physiologic environment that is neither 

advantageous nor disadvantageous to fibrocartilaginous 

tissue repair when compared to the aforementioned joints. 

The incomplete nature of the fibrous tissue healing is 

consistent for the size (5.5mm) of the lesion created. 

Three millimeters has been reported as the maximum diameter 

of a FTCD which can be expected to heal completely with a 

high degree of consistency.*" The beneficial effects of 

intermittent active motion on cartilage healing previously 

reported were not observed in this study.** The lack of 

hyaline differentiation of the reparative tissue 

attributable to joint mobility may have been obviated in 

this study by the use of external coaptation for the first 

2 postoperative weeks. 

Restoration of the subchondral bone plate was not 

observed in any of the ungrafted animals. This finding is 

again consistent with that reported by other 

investigators.*” When restoration of the subchondral plate 

after the creation of FTCDs has been reported, restoration 

has not become evident until the 8th postoperative month. 

Thus, in this study the length of the healing period (5 

months) may have been inadequate for complete subchondral 

bone remodeling.*"® 

The healing of autogenous osteochondral grafts has 

been well documented in the
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literature , 208:216,246,257,273,276,277, 278,279,280 From these 

studies guidelines have been developed concerning graft 

size, graft stability, graft placement and the expected 

course of graft healing. The results reported here support 

these previous findings. The optimal size of the 

subchondral shell of 3-5mm was established by Pap and 

Krompecher.* Although the total length of some grafts in 

this study exceeded 5mm, no evidence of cartilage collapse 

or subchondral necrosis was noted. The reason for this may 

have been the open access of the medullary canal of the 

graft which would have provided an avenue for rapid 

revascularization that did not require extensive osseous 

remodeling. Previous investigations have reported the 

evidence of early osseous incorporation of autogenous 

grafts within 12-14 days, and complete incorporation by 6- 

14 weeks. 216.246,257,276,278,280 While most studies have evaluated 

the healing of trabecular bone of the epiphysis, one 

investigation which examined the incorporation of cortical 

bone pegs 2mm in diameter suggested that osseous 

incorporation had occurred within 12 -16 weeks.”! 

Radiographically, the osseous healing in this study was 

evident at 6 weeks postoperatively and judged complete by 

12 weeks. The radiographic findings were supported by 

histopathologic assessment which demonstrated osseous 

incorporation of varying maturity in all grafts.
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The critical nature of graft placement and 

stabilization has been documented by articular erosion and 

grafts non-union in previously reported studies. 2!-47.278 phe 

stability provided by the friction fit of the graft in the 

recipient bed and the anatomic configuration of the 

tibiotarsal joint proved adequate in this study. Additional 

factors which may have positively influenced the stability 

of the graft are the osseous interdigitation of the 

intermediate ridge of the tibia and the medial ridge of the 

talus, and the approximately 2:1 length to width ratio of 

the graft. The complete erosion of the articular surface 

and eburnation of the subchondral bone which occurred in 

dogs #173 and #196 was directly attributable to vertical 

malalignment of the graft and the adjacent articular 

surface. This resulted not only in the complete loss of 

articular cartilage from the grafts but also from the 

articular surfaces of the opposing tibia. 

Overall, the results of this study substantiate the 

results of autogenous osteochondral grafting reported by 

others. It is unfortunate, however, that these previous 

studies have used a controlled condylar fracture as the 

model for autogenous osteochondral grafting, or have 

harvested the osteochondral fragment and then replaced it 

in the same defect or a similar defect in the contralateral 

joint. As a result models used in previous studies have not
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addressed the issue of articular architectural incongruity 

as it occurs when the autogenous graft is obtained from a 

joint other than that being grafted. In this study the 

effects of graft incongruity were most evident at the 

periphery of the graft. The small radius of the convex 

surface of the graft created an inevitable gap at the 

interface of the graft and adjacent cartilage. This defect 

was filled with fibrous repair tissue during healing. In 

most cases healing by the repair tissue did not cause 

obvious pathologic change. However, the long term 

degenerative effect of this healing process needs to be 

evaluated. The degree of articular cartilage retention and 

articular pathology associated with osteochondral grafts 

has not been adequately addressed in previous studies. 

Comments concerning the gross appearance of the graft 

cartilage and the tissue which comprises the graft host 

junction are similar to those reported here. The degree of 

pathologic change which was displayed by the graft 

cartilage in this study has not been previously reported. 

The fact that normal hyaline cartilage on the graft was 

directly adjacent to graft cartilage which displayed severe 

fibrillation and erosion suggests that mechanical erosion 

was the primary pathoetiologic mechanism. The failure of 

the graft surface to match exactly the articular congruity 

of the talus likely facilitated these erosive changes.



Conclusions 

The results of this study indicate that the distal 

articular surface of the first phalanx can be successfully 

used as an autogenous osteochondral graft in the talus. 

This study supports the results of previous investigations 

which have indicated that the placement and alignment of 

osteochondral grafts are critical factors that greatly 

influence the successful resurfacing of an osteochondral 

defect. These results further suggest that a full thickness 

cartilage defect, 5.5mm in diameter, placed on the medial 

trochlear ridge of the talus, can be expected to heal with 

some variation by fibrous tissue replacement. The character 

of the fibrous tissue and the completeness of the defect 

healing as demonstrated in this study suggest that the 

articular surface of the talus is neither a preferential 

nor disadvantageous site for fibrocartilaginous tissue 

repair when compared to other articular surfaces. This 

study was unsuccessful in reproducing any of the clinical 

signs associated with tarsal OCD by the creation of a full 

thickness cartilage defect 5.5mm in diameter at the 

approximate site of naturally occurring OCD. This strongly 

suggests that the inciting factor responsible for the 

Clinical signs associated with tarsal OCD is not the focal 

loss of articular cartilage but may be attributable to 

108



109 

joint instability and loss of subchondral bone as has been 

suggested by previous investigators.’



Continuation of Research 

The development, completion and documentation of this 

project has opened two avenues of research which I would 

like to pursue. The first is the application of 

osteochondral allografts for the treatment of tarsal OCD. 

The size of the graft used in this project dictate that it 

be used only for small defects, or that it be used to 

partially restore larger defects. Due to the excellent 

results concerning the osseous healing of the osteochondral 

graft in this project, and reports in the literature 

concerning the use of osteochondral shell allografts, I 

believe that the technique to reconstruct the caudal 1/2 of 

the medial ridge of the trochlea could be developed. 

Development of the surgical technique would lead to long 

term investigations concerning graft cartilage function and 

degeneration. 

A second area of interest concerns the use of invitro 

cultured autogenous chondrocytes for articular resurfacing. 

I believe chondrocytes imbedded in a collagen matrix would 

have immediate application for repairing small articular 

defects such as those found at the graft-host junctions in 

this study and may eventually be used in conjunction with 

cancellous bone grafts in the repair of larger 

osteochondral defects. 
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