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(ABSTRACT)

Cylindric (10 mm diameter X 15 mm deep) osteochondral defects were created in

the medial femoral condyles of 5 horses to mimic clinical cases of subchondral bone cysts

after debridement.  The defects were created with either a standard square ended drill bit

or a compaction drill bit.  The compaction drill bit compresses bone laterally and distally

creating a dense wall and floor.  Twelve-mm sternal cancellous cylinders were compressed

to 9.25 mm and inserted into the femoral defects where they were presumed to expand

and tighten the fit.  The end result was sternal cancellous bone that exactly fit the femoral

defects.  Fluorochrome bone labels were used to confirm the origin of bone present in the

defects at necropsy, which was performed after 6 months.  Successful graft incorporation

occurred in 3 of the compacted and 2 of the noncompacted defects.  The surfaces of the

successful cancellous bone grafts contained predominately fibrocartilage.  The

unsuccessful noncompacted defects expanded laterally and deeply into the parent bone

epiphysis while the unsuccessful compacted defects remained confined to the originally

created size.
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INTRODUCTION

Subchondral bone cysts (SBCs) are an important source of lameness in young

horses.1-9 They occur most commonly in the medial femoral condyle but have been

reported in all joints of the equine limbs.4,5,9,10  The pathogenesis of subchondral bone cysts

remains a question.  Currently most accepted theories include osteochondrosis,2,5,10-13

traumatic disruption of articular cartilage14,15 with extrusion of synovial fluid into the

subchondral bone or both1.  

Conservative therapy has consisted of variable periods of stall rest.4,5,7  Although

some authors have been reported resolution of lameness,4,7,16 some discrepancy exists

between definitions of athletic soundness.  Conservative therapy has not produced good

overall results as lameness often returns at a critical level of work.3,5,6,9,17

Early surgical interventions used a supracondylar approach to access the cyst

from outside the joint followed by introduction of a cancellous bone graft;18 however, no

results were reported.  Success has been attained following curettage of the cysts via

arthrotomy or arthroscopy.3,6,9,17  The current recommendation is to evacuate the cyst

contents, its fibrous lining, and to expand the opening to the margins of substantial

subchondral bone. 

Multiple drilling of the debrided cystic margins (forage) to expose the cavity to

increased osteogenic potential has resulted in enlargement of the cyst or development of

secondary cysts.3  Synovial fluid hydraulic pressure through cartilage defects has been
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incriminated in the pathogenesis of subchondral cystic defect, and it may play a role in

these secondary postoperative changes.14,15,19  Based on radiographs, subchondral cysts do

not fill or only partially fill with bone postoperatively.3,4,6,9,15,17  The defects are filled with

fibrous connective tissue and fibrocartilage9,20 which optimally eliminates synovitis and

deeper bone pain. 

Overall results following simple curettage of the lesions in athletic horses is not

totally effective3,9 increasing the need for an alternative treatment such as a predictable

grafting procedure.  Packing curetted defects with cancellous bone fragments has yielded

success rates similar to those reported for debridement alone.21,22  Because these were

clinical cases, there was no control and only radiographic evaluation of healing.  Three of

the five horses destined to race were sound and back in full race training after 1 year.

A logical approach to achieve the best possible healing of debrided defects would

be to use a single perfectly fitting autogenous cancellous bone graft.  Such a graft could

provide osteogenic potential and a stable scaffold for the ingrowth of new vessels.23-27 

Using such a graft, very good results were obtained when the graft healed primarily.28 

However, in some horses apparent leakage of synovial fluid between the graft and parent

bone caused lysis of both surfaces and loss of the graft.28  When the grafts healed well, a

good quality cartilage formed on the surface of the grafted cancellous bone plugs.  Clinical

and experimental experience point to the importance of intact subchondral bone for the

formation of an articular surface.29,30

Assuming the failure of some grafts to heal was due to leakage of synovial fluid
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around the grafts, methods have been sought to seal the host-graft interface.  Compaction

drill bits (Compaction Drill Bits, Instrument Makar, Inc, Okemos, MI) are specialized

orthopedic drills designed to displace the bone rather than remove it from the implant site.

 The displaced bone becomes densely compacted on the sides and floor of the defect. 

Compaction Pliers (Compaction Pliers, Instrument Makar, Inc, Okemos, MI) shape and

compress the graft ensuring a circular perfectly sized graft for placement in the recipient

site.  The final compaction size is .75 mm smaller than the compaction hole permitting

easy insertion of the graft and allows for bone memory (expansion) to tighten the fit

postoperatively.  We propose that this could be used in clinical cases by enlarging

subchondral cystic lesions into a cylinder using the appropriate drill to receive the fitted

autogenous cancellous plugs.

This project was designed to evaluate the healing of compacted cancellous bone

cylinders when placed into experimentally induced medial femoral condylar defects which

were created using conventional or compaction drilling.  Hypothetically, the articular

surface formed on a stable graft surface with active mesenchymal elements would be

superior to that which forms after healing of a defect a centimeter or larger in diameter

and depth.
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LITERATURE REVIEW

SUBCHONDRAL BONE CYSTS

Types Of Bone Cysts

Three types of bone cysts have been described in the horse, and each of which

represents a distinct clinical entity.1  Subchondral bone cysts (SBCs), also referred to as

subchondral cystic lesions or osseous cyst-like lesions, occur in multiple joints in horses;1-

9,11,13,17,18,21,22,31-45 primary aneurysmal and unicameral bone cysts are reported

infrequently.46-48  True bone cysts are defined as a closed cavity lined by epithelium.49 

Subchondral bone cysts which are not true bone cysts occur in all joints, but the weight

bearing surface of the medial femoral condyle is the most common site.1,2,5,7-9,17  The lesion

contains synovial fluid or a mixture of semisolid detritus and loose fibrous tissue

surrounded by a peripheral dense fibrous lining adjoining active fibroplasia and capillary

proliferation.1,9,20  Most subchondral bone cysts communicate with the joint through a

cartilage defect.5,7,9,20

Aneurysmal bone cysts are not articular but are true bone cysts that usually affect

the metaphysis of long bones.  They are expansile lesions consisting of anastomosing

cavernous spaces filled with unclotted blood and lined with fibrous walls.50  These lesions

develop secondary to a preexisting lesion such as a hematoma, bleeding disorder,
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neoplasia or fibrous dysplasia.1,48

Unicameral bone cysts are solitary single chambered intraosseous cysts lined by

thin connective tissue membranes.51  Unicameral bone cysts may develop from

encapsulation of focal intramedullary hemorrhage or from a defect in metaphyseal

endochondral ossification.52  Like aneurysmal bone cysts these lesions typically affect the

metaphysis of long bones.

Clinical Findings

Subchondral cystic lesions in the medial femoral condyle have been described in

horses five months to15 years of age.5,9  However, 60-70 % of affected horses are

between the ages of 1-3 years.3-5,9  The importance of these lesions as a cause of hindlimb

lameness in young horses has been clearly established.4,7-9,17,20,36  In one report of 86 cases

of stifle lameness, 38% were attributed to subchondral bone cysts.36  Of the 38%, the

weight bearing surface of the medial femoral condyle accounted for 90%, and the lesions

communicated with the joint.36  Lameness varies from mild to severe and may be

intermittent.  In one study, the onset of lameness was associated with trauma in 30% of

horses, and another 30% coincided with breaking-in or the commencement of training.4 

The most recent retrospective study reported bilateral radiographic lesions in 66% of the

horses.3

Synovial effusion is not a feature, because the femorotibial joint has no room for

expansion.5  Approximately 65% of adult horses have communication between the medial
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femorotibial and femoropatellar joints, and approximately 17.5% between the lateral

femorotibial and femoropatellar joints.53  However, femorotibial effusion does not always

reach the femoropatellar joint. 

The significance of cystic lesions must be based on localization of pain to the

involved joint as not all cystic lesions cause pain. The effectiveness of diagnostic

intraarticular anesthesia with cystic lesions is variable.1,2,17  However, after injecting 20-30

ml of local anesthetic into the medial femorotibial joint a 50% or greater improvement

should be considered significant.1,17  Subchondral bone sensation may respond more

slowly to local anesthetic and repeating the lameness examination one hour after

administering intraarticular anesthesia has been suggested.2

Diagnosing subchondral bone cysts requires high quality radiographs.1,5,11  Lesions

in the medial femoral condyle are best demonstrated in the caudal to cranial view.1,5,11 

Flexed lateral and posterior to anterior lateral to medial (PALM) oblique views are also

useful and easier to obtain using portable radiograph machines.1,11  Condylar SBCs have

been classified by size and radiographic appearance. 3,9  Type 1 lesions are <_10 mm deep,

and appear as shallow saucer or dome-shaped lucent areas confluent with a flattened joint

surface.  Type 2 lesions are >10 mm deep and are typically domed, conical or spherical

lucent areas with a narrow radiographically lucent tract connecting the cyst to the articular

surface.  Type 1 lesions may progress to Type 2 lesions.9,11  Type 3 lesions are a flattened

or irregular contour of the subchondral bone 3 and are often seen contralateral to deeper

SBCs.
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Pathogenesis

Subchondral bone cysts have been reported in horses for almost 30 years, yet the

exact cause remains unclear;1,2,4,5,8,10,12,20,41,54 theories have implicated osteochondrosis,

articular surface trauma or a combination of both.1  In 1975 Rooney described

subchondral bone cysts as one of two manifestations of osteochondrosis based on location

in the joint.13 He referred to SBCs as $nonmarginal osteochondrosis# because they

occurred on the weight bearing surface of the joint and osteochondritis dissecans as

$marginal# or nonweightbearing lesions.  

Osteochondrosis is a general term for a syndrome in young animals, which results

from a defect in endochondral ossification.  In the developing fetus and neonate the

cartilaginous epiphysis and growth plate are confluent, however, shortly after birth a

distinct center of ossification develops in the epiphysis, separating the metaphyseal growth

plate and the articular cartilage.55  The growth cartilage of the epiphysis is interposed

between the articular cartilage of the joint surface and the epiphyseal bone.56  Therefore,

the cartilage covering the end of a long bone in a growing animal is actually composed of

both epiphyseal growth cartilage and articular cartilage and has been called the articular-

epiphyseal (A-E) cartilage complex.11,56  In immature animals the articular cartilage and

epiphyseal growth cartilage are morphologically distinct, with the articular cartilage

lacking cartilage canals.56  The articular cartilage persists in the adult, while the epiphyseal

cartilage gradually ossifies, resulting in a layer of calcified cartilage and underlying
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subchondral bone.  The first change observed in osteochondrosis is focal growth cartilage

thickening from retention of the hypertrophied zone and failure of mineralization.5,57 

Rejno and Stromburg identified the four essential features of osteochondrosis as cartilage

thickening, degeneration, necrosis, and disturbance of endochondral ossification, all of

which have been identified in SBCs in the femoral condyle.41

Cartilage retention and thickening in the epiphyseal cartilage at weight bearing

sites may lead to infolding of the cartilage.5,6,58,59  Degeneration and necrosis may follow in

the deeper layers of the thickened, retained cartilage.58 As the epiphysis matures, disturbed

ossification becomes radiographically evident when the defect becomes surrounded by

normal bone formation.  Supporting a role of osteochondrosis is the higher incidence of

subchondral cystic lesions seen in young horses and the occasional presence of OCD

lesions adjacent to the SBC or in the same or contralateral joint of some horses.3

Subchondral bone cysts have been diagnosed following known joint trauma which

supports the possibility that SBCs may be acquired in adults suffering articular cartilage

defects.60  Mature adult horses in work have also been diagnosed with SBCs.  However,

since asymptomatic SBCs have been discovered, these late-developing cases may have

carried the lesion without clinical signs for sometime.  Clinical evidence that trauma plays

a role in development of some SBCs includes their occurrence in weight bearing areas of

affected joints, their diagnosis in older working horses, occasional enlargement after

surgical debridement and cyst formation following documented joint trauma.3,4,8,12,60 

Early theories implicating trauma were derived from human studies employing
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injection of synovial fluid through an articular defect into the subchondral bone,19

observation of bone necrosis secondary to direct trauma in the absence of normal articular

cartilage,61 direct trauma to normal cartilage,62 regional overloading63 and pressure

necrosis of the osteochondral junction 64.  Landells hypothesized that synovial fluid

pressure during weight bearing was sufficient to cause necrosis of the subchondral bone if

a defect in the articular cartilage was present.19  Direct trauma was proposed to produce a

focal area of subchondral bone ischemia and necrosis with resorption of the necrotic

bone.8,64

Medial femoral condylar subchondral cystic lesions have enlarged following

arthroscopic debridement and drilling, and have developed in the glenoid cavity following

debridement of OCD lesions.3,32  These occurrences remain unexplained,  but may involve

focal damage (ischemia or pressure necrosis) to the subchondral bone together with the

hydraulic influx of synovial fluid into cartilage and subchondral bone defects.8,14   

Experimentally, subchondral cystic lesions have occurred following creation of

focal articular cartilage and subchondral bone defects in horses.14,15  In the first study, a

cystic lesion developed in the medial femoral condyle in one of two ponies after creation

of a full thickness incision in the articular cartilage.15  Ray, et al simulated the study with a

larger number of horses using arthroscopy to create the lesions14  Either a 15-mm full

thickness linear slit or a 15 X 3 mm X 5-mm-deep articular cartilage and subchondral bone

lesion was created in the weight bearing articular cartilage14  While none of the horses in

the first group developed cysts, 5/6 of the horses in the second group developed
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subchondral cystic lesions suggesting that linear defects which expose subchondral bone

are at risk of cyst formation. 14

A combined theory is that the disturbance in endochondral ossification leads to

thickening and weakening of the epiphyseal cartilage which eventually cracks leaving a

narrow opening for synovial fluid to be pumped into the subchondral bone during normal

joint motion.1,2   The mechanical effect of the synovial fluid being hydraulically pumped

through the cartilage defect against the subchondral bone during weight bearing may cause

bone resorption leading to formation of a subchondral cystic lesion.1,2,19  The joint fluid

mechanics dictate the eventual size of the lesion, which enlarges until equilibrium is

reached between the synovial fluid pressure and bone resistance.1,2  Surrounding bone

appears sclerotic radiographically, however it is woven bone that is often soft and poorly

organized.2

Pain associated with SBCs may originate from synovitis, the subchondral bone or

both.1  It has been proposed that subchondral cystic lesions do not cause pain until they

rupture into the joint.2  This situation would apply only if osteochondrosis developing

beneath intact articular cartilage is the primary cause of the lesion.  Cysts produced

secondarily to articular cartilage disruption would be expected to always communicate

with the joint, making rupture into the joint an unlikely cause of the clinical signs.1 

Alternatively, lameness may be due to increased intraosseous pressure 1,2 which

causes severe pain in people.65  Variation in subchondral bone sensory innervation may

explain the variable lameness, as well as the failure to completely eliminate lameness by
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use of intra-articular anesthesia.38  The actual source of pain may vary depending on the

pathogenesis of the individual lesion and in the horse remains unknown.

Treatment

Conservative treatment consists of rest with or without intra-articular medications

or nonsteroidal anti-inflammatory drugs.  Early success rates of 50-64% were

reported,4,7,16 others reported less favorable results for athletic horses.5,6,9,10,17

Surgical treatment consists of complete evacuation of the cystic contents and

enlargement of the articular margins to substantial adjacent bone.  Extra-articular 18 and

femorotibial arthrotomy 9 and arthroscopic 3,17 approaches have been described. 

Debridement alone or with an autogenous cancellous bone graft,21,22 bone cement,66 or

drilling of the parent bone 3,9,17 have been used.  Surgical debridement via arthroscopy or

arthrotomy has been reported to results in improvement so 70-80 % of horses are able to

return to their intended use. 3,9,17  Only one report provided follow-up on horses intended

for racing, 61% returned to racing, however, only 50% remained sound.17  Drilling of the

parent bone is no longer recommended due to subsequent cystic enlargement or secondary

cyst formation.1,3   

Horses should improve within 6-12 months after surgery; however, the range is 4-

22 months and the average is 6-7.5 months.1,3,17   Pain after surgery may not resolve until

the sclerosis disappears from the subchondral bone.2  Unfortunately, no specific

preoperative findings predict which horses will respond to treatment, and there is often no
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explanation for those that do not respond to surgery.  Subchondral cystic lesions rarely

resolve radiographically despite improvement or resolution of the lameness, and there does

not appear to be any relationship between radiographic density of the lesion and eventual

soundness of the horse.1,6,9 

Addition of a cancellous bone graft after debridement of the cyst resulted in a

success rate similar to debridement alone.22  Grafting of experimentally created

subchondral cystic lesions has resulted in successful graft incorporation and joint

resurfacing.28  However, some of the horses experienced graft resorption and cyst

enlargement 6 to 12 months later.28

BONE GRAFTS

Microanatomy and Physiology of Bone

Bone is a complex tissue containing four cell types, the osteoprogenitor

(osteogenic) cell, the osteoblast, the osteocyte and the osteoclast.67  Osteoprogenitor cells

consist of determined osteoprogenitor cells that will become osteoblasts and inducible

osteoprogenitor cells that require exposure to an inducing agent.68  Determined

osteoprogenitor cells in their resting state are flattened, relatively undifferentiated

mesenchymal cells located on or near all free surfaces of bone including the cambium layer

of the periosteum, the endosteum and in the Haversian canals and bone marrow.68,69 

Determined osteoprogenitor cells are involved in normal bone growth and become

activated in bone healing.  Inducible osteoprogenitor cells are pluripotent mesenchymal
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cells which are widely dispersed throughout the body, but are more concentrated in

muscle and connective tissue.68  Osteoblasts are uninucleate cells which contribute to bone

formation by secreting the collagenous bone matrix, osteoid.  Osteocytes are osteoblasts

that have become surrounded by bone matrix.  Osteoclasts are multinucleate cells thought

to be formed from the fusion of circulating monocytes70,71 and are responsible for bone

resorption effected through the release of collagenase and other proteolytic enzymes.

The two morphologic forms of bone are woven and lamellar .  Woven bone is an

immature form characterized by random organization of its fibrous elements and is usually

found in early fracture repair.  Lamellar bone is mature bone composed of successive

layers, each of which has a highly organized infrastructure.  Lamellar bone may exist as a

solid mass of compact bone such as cortical bone, or it may be a spongy trabecular mass

such as cancellous bone where the spaces contain bone marrow.  Cancellous bone does

not usually contain Haversian systems, so the osteocytes exchange metabolites via

canaliculi to sinusoids in the marrow.72 

Biology of Bone Grafting

In 1668, the first recorded bone graft procedure was performed by Job van

Meekeren, a Dutch surgeon.73,74  The transplantation of bone or biosynthetic materials to

repair skeletal defects is now an accepted surgical technique.  Materials reported to have

been used include cancellous,21,23,25-27,75-85 cortical,24,80,86-91 and corticocancellous

bone,24,26,75,76,80,87,89,90,92-96 osteochondral plugs 97-101 or synthetic material. 26,88,90,102-106
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Intraarticular grafts have been reported using cancellous bone 21,22 and osteochondral

grafts. 98,107-109

Bone grafts provide osteogenic potential (primary osteogenesis or osteoinduction)

and scaffolding for ingrowth of new elements (osteoconduction).  Primary osteogenesis is

the formation of new bone stemming from transferred living cells110 which may survive up

to 1 mm from the implant surface.  Osteoinduction is the phenotypic conversion of host

mesenchymal cells to osteogenic cells in response to biochemical factors from the graft

such as bone morphogenetic proteins (BMP s).26,70,111  Osteoconduction is the process by

which the bone graft provides passive support for host neovascularization and osteogenic

elements orienting the structure of the newly forming bone.110  Osseointegration is the

formation of a direct, intimate and lasting connection between the host bone and graft.70  

An additional purpose of a graft may be structural support 27,112 which is mainly derived

from cortical, corticocancellous or osteochondral bone grafts.76

Bone has the unique ability to heal completely and regain its original structure and

mechanical properties; repair tissue consists of new bone rather than scar tissue.70,79,113 

The net biologic activity of the graft is the sum of its inherent biologic activity, its capacity

to activate surrounding host tissues and its ability to support the ingrowth of host

osteogenic tissue.87 

During incorporation the graft site goes through several concurrent phases.26  

Within minutes platelet aggregation and degranulation initiates the release of cytokines

and growth factors causing inflammation.112,114  Neutrophils, macrophages and fibroblasts
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are recruited via chemical messengers such as kinins, complement, histamine, serotonin,

prostaglandins and leukotrienes.26  Macrophages and giant cells debride the wound of

devitalized protein while osteoclasts begin removing dead bone.  Ischemic death of lacunar

osteocytes and subsequent release of lysosomal enzymes results in osteoid destruction.115 

The inflammatory phase lasts up to one week in cancellous autografts.27

Centripetal vascularization begins as early as the second day.25,85,116-118   In

cancellous bone, vascularity advances at a rate of 0.2-1.0 mm/day 75,85  and may be

completed within 1-3 weeks.119  Cortical grafts become revascularized much more slowly

requiring 4-8 weeks for fresh autogenous grafts and greater than 4 months for frozen

grafts or allografts with a histocompatibility antigen difference.87

Mesenchymal cells begin to proliferate by day 3, differentiate into chondroblasts by

day 5, and osteoblasts by day 10.80  The osteoinduction of inducible pluripotent stem cells

by BMP and transforming growth factor-β is complete within the first one to two weeks.26

 Vascular ingrowth also brings osteoclastic activity initiating graft resorption.  Osteoclasts

resorb the dead bone, while osteoblasts deposit an osteoid seam along the remnants of the

dead trabeculae.  The osteoid is then mineralized into new host bone.24  During this phase

the installed graft trabeculae are gradually replaced by new host bone either by 'creeping

substitution' in cortical bone or by surface resorption in cancellous bone.  Osteoconduction

lasts several months in cancellous grafts and may take years in cortical bone.27

Bone graft success depends on the host recipient site, local growth factors of the

host bed, bone graft viability, the volume of bone grafted and the structural function of the
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bone graft.76  The host recipient site influences the graft physiologically and mechanically.

 The number of host osteoprogenitor cells and the quality of the perivascular connective

tissue determine hosts ability to respond to graft BMP s and other growth factors.76 

Factors adversely affecting graft incorporation include trauma, infection, insufficient

vascular supply and graft or fracture instability.  Motion at the graft/host bone or soft

tissue interface will impede or prevent revascularization.87,112

Growth factors are polypeptides that bind to specific cell membrane receptors and

 stimulate or inhibit certain cell functions.120  Five important growth factors that have been

identified include platelet-derived growth factor (PDGF), transforming growth factor-beta

(TGF-β), insulin-like growth factor, basic fibroblastic growth factor and epidermal growth

factor.104  Within the TGF-β super family, the BMP s which are secreted by osteoblasts

have emerged as the trigger needed to stimulate bone formation.70,104  BMP-2 appears to

be the most potent member of the family inducing heterotopic bone formation as early as 5

days. 68,121  BMP-2 induces bone formation at heterotopic as well as orthotopic sites122 and

has been evaluated in segmental bone defects in rats,123,124 dogs,125 rabbits126-131 and

monkeys132,133 with similar results.

BMP induced bone formation is dose dependent and exposure to an immediate

source of osteoprogenitor cells is crucial.68,120,122,134  BMP plus bone marrow yields the

highest bone production and may be 3 times as effective as autogenous cancellous

grafts.135 BMP increases the recruitment of bone forming cells but does not increase

individual cell activity.136  Bone morphogenetic protein activity of the bone graft and host



17

bed induce proliferation of perivascular connective tissue and facilitate osteogenesis.

Because graft viability improves success, the graft should be transferred directly or

wrapped in a blood-soaked sponge.26  Air, saline or antibiotics damage the grafted cells.137

 Even with ideal handling, up to 90% of living cells die after bone graft transfer,76 but

those up to 1.0 mm from the bone surface usually survive.  The open structure of a

cancellous graft allows diffusion of nutrients and limited capillary microanastomosis,

whereas denser cortical bone is a greater barrier.138 Autogenous cancellous and

vascularized corticocancellous bone grafts have a greater chance of survival than do

allografts and xenografts which lack early vascularization and elicit an immune response.76

 Larger grafts require longer for complete incorporation which increases the likelihood of

complications and failure.  Conversely, transferring more cells means that more osteogenic

cells survive.76

Bone Grafts and Bone Graft Substitutes

Cancellous Bone Grafts

 Cancellous bone is a 3-dimensional coarse trabecular lattice that creates a network

of intercommunicating spaces occupied by bone marrow.67,139  Complete osteons are

present only in thicker trabeculae.70 The majority of cancellous bone is present in the

epiphysis and metaphysis of long bones where it transmits multidirectional forces to the

diaphysis.139   Fresh cancellous autografts have long been considered the optimal graft,
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because under ideal conditions they contain a maximum number of surviving cells and

have a loose framework which allows rapid vascular ingrowth from the host tissues.25,118

The goal of autogenous cancellous chip grafting is to seed the recipient site with viable

mesenchymal cells that will produce new bone rather than to transplant viable morsels of

bone.85

Cancellous bone can be readily obtained from sternebrae, tuber coxae, proximal

tibia, proximal humerus and ribs.24-27,76,83,84,89,110,112,140  The sternum is suitable for

harvesting cancellous bone when horses are placed in dorsal recumbency.140 

Histologically, sternal cancellous bone is comparable to cancellous bone from the tuber

coxae.140  The caudal sternebrae provide relatively more cancellous bone compared to the

cranial sternebrae.140 

Sullins et al transplanted intact cancellous bone cylinders into experimentally

created osteochondral defects in equine stifle joints.141 In this study, the successfully

grafted defects were covered with a uniform cartilage covering, compared with the

nongrafted lesions.141

Cortical Bone Grafts

Cortical bone has a porosity of 5 to 30% compared to the 30 to 90% porosity of

cancellous bone, and is most commonly used to provide stability at a fracture site.67 

Autogenous cortical grafts provide limited osteogenic potential as only surface cells

survive, and osteoinduction is limited by the small quantity of BMP.  Cortical graft
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incorporation is significantly delayed compared with cancellous grafts.27

In contrast to cancellous grafts, incorporation of cortical grafts is initiated by

osteoclasts rather than osteoblasts.26  Vascularization is primarily the result of peripheral

resorption and vascular infiltration of the Haversian canals,142 and takes at least twice as

long than for similar sized cancellous grafts.143  Osteoclasts resorb bone at a relatively high

rate (50 )/day) while osteoblasts form bone at a rate of only 1 )/day.  The result is

increased porosity 26 and significant weakening of the graft beginning 2-6 weeks after and

persisting for at least 6 months.27  Large segmental grafts are subject to fatigue

microdamage due to cyclic loading and require protection until replaced by new host

bone.112  Matrix in dead bone is as strong as that in viable bone, and a combination of graft

lamella and new host osteons make the graft as strong as control segments at one year.27

Osteochondral Grafts

In humans and animals osteochondral grafts have been used clinically and

experimentally to treat highly comminuted, intra-articular fractures, severely osteoarthritic

joints, osteochondrosis and malignant bone tumors.28,67,97,98,107,108,138,144,145  Cartilage and

subchondral bone have a unique biomechanical interdependence because they are joined by

a semisolid layer of calcified cartilage97 which minimizes the stiffness gradient between

cartilage and bone.146 

There are two major types of osteochondral grafts, shell grafts and massive grafts.

 Shell grafts consist of articular cartilage and 2-8 mm of underlying bone, which is set in
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fitted apposition to normal articular cartilage.  Shell grafts have been used successfully in

defects up to 30 mm in diameter.98  The small volume of bone in shell grafts is efficiently

remodeled, preserving the structural support for cartilage.97,107  Cartilage survival has been

documented following osteochondral allografts used to resurface the tibial condyle in

humans.147,148

Hurtig successfully used autogenous cancellous grafts harvested from the

contralateral limb to resurface experimental small weight bearing defects on the third

carpal bone.144  In the same study allografts were unsuccessful due to pannus formation

and host rejection. Desjardins successfully transferred fresh and frozen autogenous

osteochondral grafts from the tibiotarsal joint to the femoropatellar joint.97  Both studies

reported limitations of this procedure due to donor site morbidity and the size, shape and

quantity of tissue available.97,144   

Sullins, et al used sternal osteochondral autografts to fill experimentally created

subchondral cystic lesions in the medial femoral condyle.28  In this study when graft

incorporation was successful, the cartilage of the graft remained attached and viable. 

However, graft incorporation was unsuccessful in four of nine cases.28  It was

hypothesized that the bone lysis that occurred was due to influx of synovial fluid around

the graft.  

Allografts

Allograft bone is an important source of graft material in small animal24,27,89 and
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human orthopedic surgery26,93,94,107.  Allografts have consisted of cancellous bone chips,

cortical bone and osteochondral bone.  Approximately 2 weeks post grafting fresh

allografts invoke a host immune response.67,110  Allografts may be sufficiently

immunogenic to slow or prevent incorporation.27 Antigenicity may be reduced by freezing,

freeze-drying, or irradiation. These preservation techniques diminish the mechanical

properties of the graft but when done properly preserve the bone morphogenetic proteins

and thus the osteoinductive capabilities of the graft.112  Allografts have been used

successfully in experimental fractures of the equine third carpal bone 144 but have found

little use in clinical procedures primarily due to the prolonged incorporation time.

  

Demineralized Bone Matrix

Demineralized bone grafts are potent osteoinductive stimulants, but have no

osteoconductive properties.26  Demineralized bone matrix (DBM) is produced by carefully

leaching mineral from the bone without destroying the bone morphogenetic proteins and

other growth factors.149  Demineralized bone grafts are available as powder, chips or

segmental blocks and are widely used in human orthopedics.150  Demineralized bone

matrix induces heterotopic and orthotopic bone formation in the horse similar to other

species but is not currently used in equine orthopedics.92,96  

Xenografts

Commercially available processed bovine cancellous xenografts have been used for
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cervical vertebral stabilization in humans 151 and horses.152  Vascularization of xenogenic

cancellous bone is markedly delayed compared to autogenous or allogeneic grafts.85 

Xenografts  have not become popular due to prolonged incorporation time and

histopathologic evidence that fibrous, rather than osseous fusion may occur. 152,153

Hydroxyapatite

Hydroxyapatite is a nonbiodegradable ceramic used for bone replacement that is

well tolerated and augments healing by osteoconduction.76  These implants have a network

of interconnecting pores and channels similar to the mineralized inorganic structure of

bone and are available in cylinders, blocks or granules.  Formation of bone is preceded by

vascular ingrowth into the gaps and pores of the hydroxyapatite.76  Initially,

hydroxyapatite has 55% of the strength of trabecular bone, which increases to three times

the strength of cancellous bone at 6 months.103  When placed into experimental

subchondral defects in the medial femoral condyle, the deeper central portion of the

implant was filled with new bone at six months, but the superficial area did not fill with

bone nor was there any cartilage covering the defect.34

Tricalcium Phosphate

Tricalcium phosphate (TCP) is a biodegradable product with exceptional tissue

acceptance which is slowly replaced by bone.76,154  TCP has been placed experimentally

into osteochondral defects of the distal third metacarpal/third metatarsal bones of horses
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with good results.154  Interestingly the tricalcium phosphate cylinders remodeled into

cortical bone in the region of the cortex and into cancellous bone in the region of the

medullary cavity.  A new subchondral bone plate developed over the TCP toward the

surface and was covered by a calcified cartilage layer a fibrocartilage layer.154
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ABSTRACT

Objective- To develop a grafting technique which would consistently allow

primary bone healing in subchondral bone cysts in the medial femoral condyle of

horses.

Study Design- Using a paired design within horses subchondral bone cysts were

experimentally created in the medial femoral condyle of five horses using either a

conventional drill bit or a compaction drill bit.

Animals or Sample Population- 5 young adult horses.

Methods- The experimentally created subchondral bone cysts were grafted with

intact compacted autogenous cancellous bone cylinders harvested from the

sternum.  The graft sites were radiographed at monthly intervals until completion

of the study 6 months after surgery.  A treble fluorochrome bone labeling

technique was used to assess rate of bone healing.

Results- Successful graft incorporation occurred in 3 of 5 compaction drilled and

2 of 5 conventionally drilled defects.  Unsuccessful graft sites in the conventionally

drilled group were characterized by lateral and deep cystic expansion while defects

in the compaction group had bone resorption with out enlargement.

Conclusions- There was no statistical difference in successful incorporation of

using either drilling technique.  However, compaction drilling prevented lateral and

deep expansion of the defects compared with the conventionally drilled defects.

Clinical Relevance- Further investigation with compaction drilling as an adjunct

to treatment of large osteochondral defects in weight bearing surfaces is

warranted.
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INTRODUCTION

Subchondral bone cysts (SBCs) are an important source of lameness in young

horses.1-9 They are most common in the medial femoral condyle but have been reported in

most joints of the horse.4,5,9,10 The cause of subchondral cysts is unknown, but

osteochondrosis,2,5,10-13 articular trauma,14,15 or both1 are considered likely.  

Conservative therapy has consisted of variable periods of stall rest.4,5,7  Although

lameness in some horses has been reported to resolve permanently,4,7,16 some discrepancy

exists between definitions of a successful outcome based on the intensity of exercise. 

Conservative therapy has not produced good overall results as lameness often returns

when exercise intensity reaches a certain level.3,5,6,9,17

Early surgical interventions used a supra condylar approach to access the cyst

from outside the joint followed by introduction of a cancellous bone graft;18 no results

were reported.  The outcome improved following curettage of the cysts via arthrotomy or

arthroscopy.3,6,9,17  The practice has been to evacuate the cyst contents and its fibrous

lining and to expand the cyst opening to the margins of substantial subchondral bone.

Repeated drilling into the debrided cyst margins (forage) to expose the cavity to increased

osteogenic potential has been associated with cyst enlargement or development of

secondary cysts.3  Synovial fluid hydraulic pressure through cartilage defects has been

incriminated in the pathogenesis of subchondral cysts, and may play a role in these

secondary postoperative changes.14,15,19  

Postoperatively, most subchondral cysts do not completely fill with bone and

remain radiolucent.3,4,6,9,15,17 Defects fill with fibrous connective tissue and fibrocartilage

9,20 which is associated with a decrease in synovitis and deeper bone pain. Simple curettage

of the lesions in athletic horses is not totally effective.3,9,17  In a small number of cases,
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packing cancellous bone fragments into curetted defects has yielded success rates similar

to those reported for debridement alone.21,22  Because these were clinical cases, there was

no control and only radiographic evaluation of healing.  Three of five horses destined to

race were sound and back in full race training after 1 year.22

A logical approach to achieve the best possible healing of debrided defects would

be to use a single perfectly fitting autogenous cancellous bone graft.  Such a graft would

provide osteogenic potential and a stable scaffold for ingrowth of new vessels.23-27 When

previously performed, good results were obtained when the graft healed primarily.28 When

the grafts healed well, morphologically organized hyaline cartilage formed on the surface

of the grafted cancellous bone plugs.28,29  However, in some horses apparent leakage of

synovial fluid between the graft and parent bone caused lysis of both surfaces and loss of

the graft.29   Clinical and experimental experience point to the importance of intact

subchondral bone for production of a cartilage surface.30,31

Assuming the failure of some grafts was due to leakage of synovial fluid around

the grafts, methods have been sought to seal the host-graft interface.  Compaction drill

bits (Compaction Drill Bits, Instrument Makar, Inc, Okemos, MI) are specialized

orthopedic drills designed to displace the bone peripherally rather than remove it from the

implant site.  The displaced bone becomes densely compacted to the sides and floor of the

hole.  Compaction Pliers (Compaction Pliers, Instrument Makar, Inc, Okemos, MI) shape

and compress the graft ensuring a circular perfectly sized graft for the recipient site.  The

final compaction size is .75 mm smaller than the compaction hole permitting easy insertion

of the graft and allows for bone memory expansion to tighten the fit postoperatively. 

Hypothetically, clinical subchondral cystic lesions would be enlarged into a cylinder using

the appropriate drill to receive the fitted autogenous cancellous plugs.

This project was designed to evaluate the healing of compacted cancellous bone
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cylinders when placed into experimental medial femoral condylar defects created using

conventional or compaction drilling.  We hypothesized that compaction drilling would

make the recipient subchondral bone more resistant to synovial fluid pressure.  The new

surface generated on a stable surface should be superior to that on an unfilled defect a

centimeter or larger in diameter and depth.

MATERIAL AND METHODS

Five mixed breed horses two-four years old with radiographically normal

femorotibial joints were used for this project.  All horses were dewormed and vaccinated

routinely.  Using a paired design within horses, the medial femoral condyles of each horse

were randomly assigned to one of two groups (compacted or noncompacted).  Twenty

four hours prior to surgery, oxytetracycline (25 mg/kg, IV) was administered for

fluorochrome bone labeling.  After overnight fasting, each horse received phenylbutazone

(2.2 mg/kg, PO) and procaine penicillin G (22,000 IU/kg, IM).  The horses were sedated

with xylazine (0.66 mg/kg, IV) and general anesthesia was induced with guaifenesin (5%

IV to effect) and ketamine (2.2 mg/kg, IV) and maintained using halothane in oxygen. 

The horses were placed in dorsal recumbency and the stifle and ventral sternal areas were

aseptically prepared and draped following standard protocol.

With the hind limbs in flexion, the central portion of the medial femoral condyle

was located and bilateral 20-mm arthrotomies were created.  A 10-mm diameter X 15-mm

deep cylindric defect was created on the weight bearing surface of each medial femoral
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condyle.   The defects were predrilled using a 4.5-mm drill.  The sites designated to be

conventionally drilled were enlarged using an 8-mm conventional drill and completed

using a 10-mm square-ended drill bit (Codman Cervical Drill Tip, Johnson & Johnson,

New Brunswick, NJ).  The sites designated to be compaction drilled were completed using

a 10-mm Compaction Drill Bit.  A Stryker reamer (Stryker Reamer, Stryker, Kalamazoo,

MI) which developed 300 rpm was used for drilling.  Sterile saline lavage cooled the drill

bits and debris was carefully removed using forceps and suction and lavage.

A 15-cm midline incision exposed the sternebrae.  The soft tissues were

retracted, and the thin cortical bone was removed using a Cobb spinal elevator (Cobb

Spinal Elevator, Codman, Johnson & Johnson, New Brunswick, NJ).  A 12-mm cylindric

sternal autogenous cancellous bone graft was harvested using a Cloward-type dowel

cutter (Codman Dowel Cutter, Johnson & Johnson, New Brunswick, NJ).  The graft was

compacted to a 10-mm diameter using Compaction Pliers and cut to a 15-mm length using

a scalpel.  The grafts were placed into the condylar defects, and the surfaces were shaped

to align with the adjacent subchondral bone (Figure 1). 

The arthrotomies were closed using a five-layer simple continuous pattern of 00

polyglactin 910 (Vicryl, Ethicon Inc, Somerville, NJ) in the joint capsule, deep and

superficial fascia, and subcutaneous tissue. Care was taken to keep the tissue layers

separate.  The skin edges were apposed using 00 nylon (Ethilon, Ethicon Inc, Somerville,

NJ) in a vertical mattress pattern.  The sternal incisions were closed using simple

continuous patterns of 0 polyglactin 910 in the superficial fascia and subcutaneous tissue. 
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The skin margins were apposed using stainless steel staples (Stainless Steel Staples,

Richard Allen Medical, Richland, MI).  Postoperatively procaine penicillin G (22,000

IU/kg, IM, BID) and phenylbutazone (2.2 mg/kg, PO, BID) were administered for five

and 10 days respectively.  Stall confinement was enforced for 3 weeks followed by small

paddock turnout for the remainder of the study.  The skin suture and staples were

removed after two weeks, and radiographs were taken at 30-day intervals.  Calcein

(Calcein, (2,7'[Bis] carboxymethyl-amino methyl fluorescein), Sigma, St Louis, Missouri)

(20 mg/kg, IV) was administered at three months as a second fluorochrome bone label and

oxytetracycline (25 mg/kg, IV) was repeated at six months (24 hours prior to euthanasia).

 Lameness evaluations were performed at the beginning of the study and just prior to

euthanasia using a four grade system.32

Horses were humanely euthanatized using pentobarbital sodium (IV), and the

stifle joints were examined.  Following gross examination in situ, the medial femoral

condyles were removed.  The specimens were photographed and sectioned through the

center of the defect using a band saw.  The specimens were photographed and placed into

10% neutral buffered formalin and changed to 70% ethanol after 48 hours until

processing.  Xeroradiographs were taken of representative bone sections.  One section

was decalcified for 10 days in resin ion exchange medium of 10% formic acid.  Sections

were then routinely processed into paraffin blocks, sectioned at 7 µm and stained with

haematoxylin and eosin. Another section was embedded in methacrylate, sectioned at 7 or

10 µm  and stained with toluidine blue or left unstained for observation of fluorochrome
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bone labeling.  McNemar’s test for paired nominal data was used to evaluate the statistical

difference of occurrence of successful vs unsuccessful results.  Success was defined as

primary healing of the graft.

RESULTS

Minimal edema was present around all incisions by the first postoperative day and

resolved after 3-4 days.  Horse two developed an acute left hind lameness on

postoperative day 6.  Arthrocentesis demonstrated no sepsis, and a subcutaneous suture

tract abscess was drained on the 10th postoperative day.  All other horses were grade 2/4

lame during the first 10 days of stall confinement but improved to grade 1/4 or less prior

to paddock turnout.  No horses demonstrated lameness at a trot prior to euthanasia.  The

sternal/pectoral region developed dependent edema beginning on the second post-

operative day which increased slightly until day 3-4, and did not completely resolve until

10-14 days after paddock turnout began in the fourth postoperative week.  The sternal

incisions all healed primarily.

The radiographic appearance of the graft sites immediately after surgery was a

uniform but slightly decreased density compared to the adjacent parent bone and was

similar regardless of graft type (Figure 2).  One month later the appearance was

unchanged except in horse two which demonstrated dome-shaped lytic enlargements of

both defects.  At 60 days, similar lytic enlargement was present in the remaining three sites
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(Horses 4N, 5C and 5N) which ultimately went on to failure (Table 1).  At 90 days these

lytic defects had reached maximum size, and no further radiographic changes occurred. 

Defects in horses 1C, 1N, 3C, 3N and 4C were more difficult to distinguish from parent

bone at 90 days and were indistinguishable deeper than 3 mm from the surface by 120

days.

Gross Necropsy Observations

The incisions healed completely in all horses, and there was no gross evidence of

soft tissue inflammation.  The appearance of the joint capsule and synovial membrane was

unremarkably similar between groups regardless of graft outcome.  The medial menisci

and proximal tibial articular surfaces were grossly normal in all joints.

The condylar defects were easily identified.  In four of the five horses, both

defects were covered with an irregular off-white dense tissue and thin dull grey tissue

(Figure3).  The articular cartilage adjacent to the grafts was intact, and the defects

remained 10 mm in diameter.  In the remaining horse (# 1) there was no gross evidence of

resurfacing on either graft site.  Graft incorporation could not always be determined based

on the surface appearance of any defects due to consistent irregular graft surfacing.

On cut sections through the graft sites there was successful graft incorporation

(the margins cancellous graft had healed well to parent bone) in 3/5 of the compacted

joints and 2/5 of the conventionally-drilled joints (Figure 4).  The remaining 2/5
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compacted and 3/5 conventionally-drilled graft sites demonstrated variable graft resorption

or resorption of parent bone adjacent to the graft.  The unsuccessful grafts in the

compacted group were characterized by graft resorption with minimal or no lateral or

deep expansion of the parent bone defect (Figure 5).  In the conventionally-drilled group,

all unsuccessful graft sites expanded laterally and deeply into the subchondral bone as

either solitary or multiple cystic lesions (Figure 6).  The largest defect measured 2.4 cm

deep X 1.6 cm wide.  Utilizing the McNemar’s test for paired nominal data, no statistical

difference was found between success and failure of the graft groups.

Histology

The histologic appearance of the graft sites varied within individual horses and

within the graft types (Table 1).  Successful sites had active bone formation characterized

by wide osteoid seams lined by plump osteoblasts.  Areas of bone formation alternated

with areas of resorption which were characterized by Howship’s lacunae with or without

osteoclasts.  These areas of remodeling within the graft extended a maximum of 5 mm into

the subchondral bone and were less than 5 mm wide. 

Unsuccessful sites were lined by a poorly staining fibrous tissue and were devoid

of bone and cartilage or consisted of a combination of fibrocartilage and fibrous tissue. 

The detritus within the defect consisted of fibrous tissue and spicules of necrotic bone. 

The periphery of the defects had extensive scalloping of bone by osteoclasts and abundant
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reactive bone with wide osteoid seams.  The outer edges had formation of new lamellar

bone on the existing trabeculae.

The newly formed surface cartilage consisted of a combination of fibrocartilage,

fibrous tissue and hyaline-type cartilage with irregular areas of mineralization.  There were

irregular clefts extending variable distances into the defects.  The hyaline cartilage had an

abnormal arrangement of the superficial, intermediate and radiate zones.  Fibrocartilage

and fibrous tissue dominated the surfaces in most defects.  The tissue type of the surface

cartilage appeared to vary independently of whether the graft site was successful or not.

Fluorochrome Labeling

There was mild, nonspecific diffuse staining of both the parent and graft bone

throughout, and frequently single bright green (calcein) bands lined trabecular bone,

corresponding to areas of active bone remodeling.  Only rarely were a few residual single

yellow (tetracycline) bands lining the trabecular bone.  No distinction could be made

between the graft and parent bone using fluorescent microscopy.

DISCUSSION

Successful incorporation of intact cancellous bone cylinder grafts in the medial

femoral condyle can result in uniform cartilage formation on the articular surface.28
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However, in previous work graft site incorporation was successful in only 50% of cases

and unsuccessful cases resulted in cystic enlargement.29  This project was designed to

address problems associated with the previous grafting technique.  The hypothesis was

that cystic enlargement and in previous work was associated with synovial fluid influx

along the host graft interface.  Drilling the cystic defect with a compaction drill bit forms

lateral walls of compacted cancellous bone that should be more resistant to synovial fluid

pressure.  Additionally, the cancellous cylinders in this project were compacted and

allowed to expand within the defect forming a tight seal.

The overall results in this study closely paralleled previous similar work in that

approximately half of the grafted cancellous cylinders healed primarily to the surrounding

parent bone.28, 29 However, based on gross and histologic results drilling with the

compaction drill bit did prevent lateral expansion of all defects.  Lateral expansion as well

as secondary cyst formation developed in all unsuccessful conventionally drilled graft sites.

 Graft disruption and resorption occurred in 2 horses in the compaction group.  Failure

may have been associated with either an insufficient seal and adhesion from graft to host

bone or inhibition of revascularization due to the increased density of the graft associated

with compaction.  Since successful grafts also occurred in the compaction-drilled sites, it

is unknown whether the denser walls affected graft healing.  Both horses (2 and 5) with

failure in the compaction group had bilateral failure raising a question about an individual

horse factor in success or failure. It was noted at the time of surgery in both of these

horses that the sternal grafts formed very compacted cylinders that did not expand in the
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defect, thus forming a weak seal at the interface.  Sufficient numbers were unavailable to

statistically examine the effect of individual horses on the results.

Fluorochrome bone labeling confirmed complete revascularization of successful

graft sites in both groups at 3 months after surgery with indications of calcein labeling

present in the graft sites. No distinction could be made grossly, with fluorochrome labeling

or on histology between successful graft sites in the two groups.

In previous work, successful grafts became covered with a uniform cartilage

surface.28 Surfacing of successful grafts in this study was not as uniform as in previous

work.  Successful grafts were resurfaced with similar tissue regardless of the drilling

technique used.  The joint surfaces were irregular and were covered with a combination of

fibrous tissue, hyaline cartilage, and fibrocartilage, but primarily fibrocartilage.   Joint

resurfacing on a successful graft would seem to seal the defect and limit synovitis and

subsequent degenerative changes.

In summary, a method of filling defects of subchondral cysts that yields consistent

results remains to be identified.  Although the specific reason for some horses continuing

to be lame after cyst debridement is unknown, logically, a procedure yielding a complete

healing would seem to be beneficial.  This procedure is not consistent enough for clinical

application.
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LIST OF FIGURES

Figure 1. Surface of the condyle with the graft in situ. 

Figure 2. A post surgical radiograph (PALM) of the graft site.  Note the

decreased density of the graft in the weight bearing surface of the medial

femoral condyle.

Figure 3. Surface of successful graft.  Note the irregular surface with solid areas. 

It was not possible to determine the outcome of the underlying

cancellous graft from looking at the surface.

Figure 4. Xeroradiograph of a cut section of a successful graft.  The margins of

the cancellous graft have healed well to parent bone, but the bone

surface was slightly elevated.

Figure 5. Unsuccessful graft from a compaction drilled graft site.  Note the limited

expansion of the graft site, but there is almost complete resorption of

the graft.  Lucent lines in the parent bone indicate further lysis is

possible.

Figure 6. Unsuccessful graft from a conventionally-drilled defect.  Note the

expansion of the defect into the surrounding parent bone. Lucent lines in

the parent bone indicate further expansion is possible.
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Figure 1. Surface of the condyle with the graft in situ. 
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Figure 2. A post-surgical radiograph (PALM) of the graft site.  Note the

decreased density of the graft in the weight-bearing surface of the

medial femoral condyle.
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Figure 3 Surface of successful graft.  Note the irregular surface with notable solid
areas.  It was not possible to determine the outcome of the underlying
cancellous graft from looking at the surface.
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Figure 4 Xeroradiograph of a cut section of a successful graft.  The margins of

the cancellous graft have healed well to parent bone, but the surface

bone has become slightly elevated.
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Figure 5 Unsuccessful graft from a compaction drilled graft site.  Note the limited
expansion of the graft site, but there is almost complete resorption of the graft. 
Lucent lines in the parent bone indicate further lysis is possible.
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Figure 6 Unsuccessful graft from a conventionally-drilled defect.  Note the
expansion of the defect into the surrounding parent bone. Lucent lines in
the parent bone indicate further expansion is possible.
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 Table 1.  Summary of Results

Horse Graft Result Joint Surface

1C (compacted) Successful graft incorporation Very thin fibrous tissue surface
with minimal amounts of
fibrocartilage

1N (noncompacted) Successful graft incorporation Very thin fibrous tissue surface
with minimal amounts of
fibrocartilage

2C Failure of graft incorporation with
joint surface collapse
No expansion of defect

Thickened hyaline cartilage
combined with increased
fibrocartilage

2N Large cystic formation with lateral
and deep expansion

Thickened hyaline cartilage
combined with increased
fibrocartilage

3C Successful graft incorporation Irregular surface with multiple
clefts and cracks a combination
of hyaline and fibrocartilage

3N Deep graft incorporation with joint
surface collapse

Multiple clefts and cracks with
a combination of hyaline and
fibrocartilage

4C Successful graft incorporation Disorganized fibrocartilage
with multiple clefts and cracks

4N Lateral and deep expansion with
diffuse lysis and resorption

A combination of fibrous tissue
and fibrocartilage

5C Complete graft resorption without
expansion. Lesion lined with fibrous
tissue

Primarily fibrous tissue with
some fibrocartilage

5N Large cystic formation with lateral
and deep expansion

Cartilage mostly absent with a
thin fibrocartilage surface
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