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INTRODUCTION

Bone is a critical component of the equine musculoskeletal system. It not only provides strength to
the legs, but also acts as the foundation for cartilage in the moveable joints. Much of the clinical disease
in the horse associated with bone involves the subchondral bone immediately under the articular carti-
lage leading to problems in the joint. These conditions can be divided into developmental problems of
bone and traumatic problems of bone. They will be considered separately.

Developmental Problems of Bone

The term developmental orthopedic disease (DOD) was coined in 1986 to encompass all orthopedic
problems seen in the growing foal and is a term that encompasses all general growth disturbances of horses
and is therefore nonspecific (Mcllwraith, 1986). The term should not be used synonymously with osteo-
chondrosis, and it is inappropriate for subchondral cystic lesions, physitis, angular limb deformities, and
cervical vertebral malformations, all to be presumed as manifestations of osteochondrosis. When the term
developmental orthopedic disease was first coined, it was categorized to include the following:

1. Osteochondrosis. Osteochondrosis is a defect in endochondral ossification that can result in a num-
ber of different manifestations depending on the site of the endochondral ossification defect.
These manifestations include osteochondritis dissecans (0CD) and some subchondral cystic
lesions. Not all subchondral cystic lesions or osseous cyst-like lesions are necessarily manifesta-
tions of osteochondrosis. Another manifestation is some physitis (but we now recognize that most
clinical swelling associated with the physis has no pathologic change involving the physis itself).

2. Acquired angular limb deformities.

3. Physitis.

4. Subchondral cystic lesions.

5. Flexural deformities.

6. Cuboidal bone malformation.

Osteochondrosis

Osteochondrosis (dyschondroplasia) was initially defined as a disturbance of cellular differentiation
in the growing cartilage (Olsson, 1978). Osteochondrosis is considered to be the result of a failure of
endochondral ossification and therefore may affect either the articular epiphyseal cartilage complex or
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the metaphyseal growth cartilage. It is usually in the articular epiphyseal cartilage. It can have three
consequences: (1)These areas of retained cartilage, due to a lack of endochondral ossification, can heal;
(2) They can break out and form flaps of cartilage and bone or fragments of cartilage and bone (called
osteochondritis dissecans or 0CD); or (3) The retained cartilage can undergo necrosis and form a sub-
chondral cystic lesion (subchondral bone cyst).

The majority of cases of 0CD and subchondral bone cysts are considered to be the result of necrosis
occurring in the basal layers of the thickened retained cartilage with subsequent pressure and strain
within the joint giving rise to fissures in the damaged cartilage.

Osteochondritis Dissecans

There is a general agreement that this condition involves a dissecting lesion with the formation of a
chondral or osteochondral flap. Flaps may become detached and form joint mice. In some instances,
lesions have been found at arthroscopy that consist of cartilage separated from bone, and the cartilage
does not appear to be thickened (Mcllwraith, 1993). Based on these observations, the author questions
whether persistence of hypertrophied cartilage is a necessary event prior to the development of an 0CD
lesion. This question is based on instances seen at arthroscopic examination or in follow-up histologic
examination where dissection or separation occurs close to the cartilage-bone interface, rather than in
the underlying cancellous bone between normal cartilage and a normal bone-cartilage junction, as it
commonly does in humans. The clinical manifestations and treatment of the common entities of 0CD
are discussed in a separate lecture.

Subchondral Cystic Lesions

Subchondral bone cysts were first reported as a clinical entity in 1968 (Pettersson, 1968).
Subchondral cystic lesions have also been proposed as manifestations of osteochondrosis by a number
of authors (Rooney, 1975; Stromberg, 1979), and there is some pathologic support for this (Rejno and
Stromberg, 1978). However, more recent work has demonstrated that subchondral cystic lesions can be
produced from a small defect in the bone, and other work has shown that the lining of clinical subchon-
dral cystic lesions contained increased quantities of neutral metalloproteinases, PGE-2, and
interleukin-1, and also are capable of osteoclastic resorption of bone.

The Cause of 0CD
Despite the instances where there is no evidence of thickened cartilage, it is generally accepted that
most 0CD lesions are manifestations of osteochondrosis. In the one- to two-year-old horse, most cases
of subchondral cystic lesions are also related to osteochondrosis. For that reason, the following discus-
sion is on various etiologic factors associated with osteochondrosis.

Genetic Predisposition
There have been a number of genetic studies on the heredity of 0CD in the hock in Standardbreds
and Scandinavian cold-blooded horses. A radiographic survey by Hoppe and Phillipson in Standardbred
trotters and Swedish Warmbloods showed that one stallion of each breed had a significantly higher fre-
quency of 0CD among its progeny, compared with the progeny groups of the other stallions (p < 0.001)
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(1985). In another study, Schougaard et al. (1990) showed radiographic evidence of a significantly high-
er proportion of 0CD in the progeny of one of eight stallions, even though the stallion itself did not show
radiographic signs of OCD. Since that time, there have been two additional studies on the heritability of
osteochondrosis in the tibiotarsal joint (Grondahl and Dolvik, 1993; Phillipsson et al., 1993). Both of
these studies were in Standardbred trotters but did show significant heritability with OCD. Studies in
other breeds are markedly lacking. In the Dutch Warmblood, there has been a protocol preventing
breeding of stallions with any OCD for ten years, but whether this has lowered the incidence of the dis-
ease is questionable.

Growth and Body Size
An association has been made between body weight and 0CD by Pagan and Jackson (Pagan and
Jackson, 1996). Foals in Kentucky that had to have arthroscopic surgery for 0CD were significantly heav-
ier than foals that did not have OCD.

Mechanical Stress and Trauma

It has long been recognized clinically that mechanical stresses precipitate the onset of clinical signs,
presumably by avulsing an OCD flap or fragment (Pagan and Jackson, 1996). The role of trauma as a pri-
mary initiator of a lesion is more controversial. Pool pointed out that there are no unique histologic
features that will consistently distinguish the lesion of osteochondrosis from that of trauma at a devel-
oping osteochondral junction, and that the radial vessels supplying the chondrocytes in the epiphyseal
physis may be sheared and cause a primary osteochondrosis lesion (Pool, 1986). He felt that biome-
chanical forces are an important factor and are superimposed upon an idiopathic lesion to produce
defective cartilage. Reflection back to the classic paper by Konig in 1887 is appropriate in considering
the potential role of trauma in the pathogenesis. He claimed that loose bodies in the knee joints of
young people had three causes: (1) very severe trauma, (2) lesser trauma causing contusion and necro-
sis, and (3) minimal trauma acting on an underlying lesion, for which he suggested the name
"osteochondritis dissecans” (and for which he is considered the originator) (Barrie, 1987). | feel that
these three different syndromes can be seen in the horse.

Defects in Vascularization
0CD was initially described as being caused by a vascular or ischemic necrosis of the subchondral
bone (Adams, 1974). Although recent work in the pig suggested that the viability of epiphyseal carti-
lage in the articular-epiphyseal cartilage complex is highly dependent on an adequate blood supply
from cartilage canal vessels, and strongly implicates a defect in blood supply in the pathogenesis of
osteochondrosis, there is no evidence yet documented in the horse (Carlson et al., 1991).
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Nutrition
Osteochondrosis-like lesions have been induced in horses by feeding 130% of National Research
Council (NRC) carbohydrate and protein (Glade and Belling, 1986). More recently, further work has
defined that 130% of NRC digestible energy will certainly significantly increase the incidence of osteo-
chondrosis lesions, but increasing the protein content does not (Savage et al., 1993).

Mineral Imbalances

Various mineral imbalances have been implicated in the pathogenesis, including high calcium, high
phosphorus, low copper, and high zinc. There is no good equine-specific support for high calcium caus-
ing problems, but three times the NRC levels of phosphorus significantly increased the number of 0CD
lesions (Savage et al., 1993).

Low copper has been implicated as a cause. In experimental studies, it has been reported that a
marked copper deficiency (1.7 ppm) produced both flexural deformities and osteochondrosis-like
lesions (Bridges and Harris, 1988). Bridges and Harris also noticed a softening of articular cartilage and
suggested that the low copper status may lead to reduced cross-linking of collagen by lysyl oxidase,
predisposing to physeal and articular fractures. Hurtig et al. conducted a controlled experiment with
high (30 ppm) and low (7 ppm) copper diets (1990). A much higher incidence of lesions of osteochon-
drosis was seen in the foals fed the low copper diet. Many of the changes were present in the cervical
spine. Hurtig and coworkers considered the cause as one of reduced structural strength rather than
arrested or abnormal endochondral ossification (1990). Further work has been done in copper by Pearce
and coworkers in New Zealand (Pearce et al., 1998a; Pearce et al., 1998b; Pearce et al., 1998¢). The
absolute levels of copper at which 0CD can be produced have been questioned, or at least it appears
clear that there are differences between different countries. Pearce and coworkers (1998a ) failed to
produce significant clinical 0CD with low copper diets. They also showed that, while oral supplementa-
tion of mares could enhance the foals’ copper status, parental administration could not.

Excessive zinc intake has been related to equine osteochondrosis (Messer, 1981). The effects of envi-
ronmental exposure to zinc and cadmium were studied in pregnant pony mares following observations
of lameness, swollen joints, and unthriftiness, particularly in foals (Gunson et al., 1982).

Endocrine Factors

It has been postulated by Glade (1986) that the production of osteochondrosis lesions in association
with overfeeding is mediated by the endocrine system. Glade has proposed that feeding initiates
increased concentrations of insulin and T, and high concentrations of insulin could inhibit growth hor-
mone, although the exact mechanism is not known (Glade et al., 1983). A long-term administration of
dexamethasone has been associated with the production of osteochondrosis-like lesions (Glade et al.,
1983). More recent work showing an association between high-glycemic feed, insulin secretion, and
osteochondrosis has been made by Ralston and Pagan.

Site Vulnerability
Because the lesions of equine osteochondrosis occur at specific anatomic sites, this does suggest vul-
nerability that could be related back to trauma or excessive stress and interference with blood supply as
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originally suggested by Pool (1986). Lesions are frequently bilateral in the femoropatellar and tar-
socrural joints and quadrilateral in the fetlock joint, although they infrequently involve different joints
in the same animal. This observation could perhaps suggest a "window of vulnerability" in the endo-
chondral ossification of that specific joint at that specific location.

Natural History of Osteochondrosis Lesions

Recent work done by the workers at Utrecht has shown that many lesions in the stifle and the hock will
heal. In this study, foals were radiographed every month, and lesions developed (defects developed, signi-
fying a lack of endochondral ossification) and then the lesions healed (Dik et al., 1999). Relatively few of
them became clinical, but the times at which they were going to persist were established. This study
emphasized that we need to be careful of radiographic surveys in deciding that we have a problem with
0CD. This author feels that only when we have clinical signs associated with it should we be intervening.
This study also clarified the age at which surgical treatment was appropriate. If surgical intervention is car-
ried out at a very young age, it is likely that it is unnecessary in many instances.

Further work by McIntosh and Mcllwraith (1993) showed that it was certainly possible to have
lesions heal beyond this time if foals were confined. Definition of what lesions can heal with conserva-
tive management has greatly progressed treatment, and this is discussed elsewhere.

Management of OCD Lesions and Subchondral Bone Cysts that
Do Not Respond to Conservative Management

Osteochondritis Dissecans of the Femoropatellar (Stifle) Joint

The stifle joint is one of the principal joints affected with 0CD. Although stifle OCD can be diagnosed
in almost any breed, it seems to be more common in Thoroughbreds than in other breeds.
Approximately 60% of affected horses will be one year of age or less at the time the condition becomes
symptomatic, and younger animals that develop clinical signs often have more severe damage within
the joint. However, incidental lesions are sometimes identified in older horses where no clinical signs
have ever been observed.

Clinical and Radiographic Signs

Animals usually present with a sudden onset of joint swelling and lameness. A recent increase in the
level of exercise is sometimes part of the history. Lameness sometimes may be very mild, with a stiff
action and shortened stride being observed, rather than the horse having a prominent lameness. Some
more severely affected horses will have a “bunny hop” action behind that can initially be confused with
a neurologic problem.

Joint distention, however, is the most consistent sign seen with OCD of the stifle. Careful palpation of
the joint may identify free bodies, or the surface irregularity associated with the damage within the
joint. Bilateral involvement is common in the stifle, so careful examination of both stifles should be
completed. In one study, 57% of affected animals had bilateral involvement.
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Breed Distribution of 161 Horses Age Distribution of 161 Horses

Presented for Femoropatellar 0CD Presented for Femoropatellar 0CD

Breed Number Percentage Age (yr) Number Percentage
Thoroughbred 82 50.9 <1 2 13.7
Quarter Horse 39 242 1 68 422
Arabian 16 9.9 2 36 224
Warmblood 9 56 3 2 3
Crossbred 5 3.1 >4 1 87
Paint Horse 3 19

Appaloosa 3 1.9

Other 4 25

Flexion of the limb will usually exacerbate the lameness, and anesthetic placed into the joint will
improve or eliminate the lameness. However, intra-articular anesthesia is usually not necessary to con-
firm a diagnosis.

Lateral to medial radiographs provide the most useful information regarding specific lesion location
and size. The most common defect identified is a variably sized irregularity or flattening of the lateral
trochlear ridge of the femur. The area of the ridge that comes in contact with the bottom portion of the
patellais most commonly involved. Partial calcification of the tissue within the defect is sometimes
seen, and free bodies are also occasionally identified. It is rare to see OCD primarily affecting the patella,
but secondary radiographic change in the patella resulting from the trochlear ridge damage can be
seen. The medial ridge of the femur is much less commonly involved.

Generally, the extent of damage to the joint identified at surgery is more extensive than would be
predicted from radiographs. Although other joints can be involved concurrently, this is uncommon. In
one study of 161 horses with stifle 0CD, five horses also had 0CD affecting the rear fetlocks, four had
hock 0CD, and one had OCD of a shoulder joint.

Treatment

Itis generally accepted that surgical debridement of the lesions using arthroscopic technique is the
treatment of choice. However, smaller lesions identified in younger horses may respond to rest and
resolve radiographically. These are generally lesions that are not causing severe clinical signs. If lame-
ness and swelling are prominent, arthroscopic surgery is indicated.

As for all joint surgery, the joint is thoroughly explored, and suspicious lesions are probed. Loose or
detached tissue is elevated and removed. Loose bodies are also removed. The defect site is then debrid-
ed down to healthy tissue. Care must be taken to not be overly aggressive with bone debridement in
young animals having soft subchondral bone.

Animals are usually stall-rested for 2 weeks after surgery, at which time hand-walking is started.
Restricted exercise is usually continued for 2-3 months after surgery, at which time training is started or
the horse is turned out.
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Prognosis

In one study of 252 stifle joints in 161 horses, follow-up information was available for 134 horses
(Mcllwraith et al., 1991). Of these 134 horses, 64% returned to their previous use, 7% were in training,
16% were unsuccessful, and 13% were unsuccessful due to reasons unrelated to the stifle. The success
rate was higher in horses having smaller lesions, and it was also higher for older horses. However, this
age factor was considered to be due to the fact that the most severe lesions were generally identified in
the younger horses.

Osteochondritis Dissecans of the Tarsocrural (Hock) Joint

Hock OCD usually affects the intermediate ridge of the tibia in the proximal and cranial portion of the
joint. However, lesions can also develop along the trochlear ridges (lateral ridge much more common
than medial ridge) and the medial malleolus of the tibia. Hock OCD is very common in Standardbreds
but can be diagnosed in most breeds.

(linical and Radiographic Signs

The most common clinical sign of hock OCD is effusion of the tarsocrural joint. This is manifested clin-
ically as a “bog” spavin, which simply refers to the prominent swelling seen most readily along the
medial or inside aspect of the joint. Lameness can also be seen but it is not common and is rarely promi-
nent. Racehorses usually present as two-year-olds, but non-racehorses usually present as yearlings
prior to going into training.

On radiographs, most attention is paid to the intermediate ridge of the tibia, followed by the lateral
trochlear ridge, and then the medial malleolus of the tibia. Lesions are identified as fragments still in place
(intermediate ridge) or surface irreqularities of the trochlear ridge(s) or malleolus. The radiographic appear-
ance often underestimates the extent of damage identified at surgery, particularly for lateral trochlear ridge
lesions. The hock is also a joint where radiographically silent lesions (lesions identified at surgery where no
abnormality was seen on radiographs) occur more commonly than in other joints.

Location of OCD Lesions in 318 Tarsocrural Joints

Number of Joints Location

244 Intermediate ridge (dorsal aspect) of distal tibia

37 Lateral trochlear ridge of talus

12 Medial malleolus (dorsal aspect) of tibia

n Intermediate ridge of tibia plus lateral trochlear ridge of talus
4 Intermediate ridge plus medial malleolus of tibia
3 Intermediate ridge plus medial trochlear ridge of talus
3 Medial trochlear ridge of talus
3 Lateral trochlear ridge of talus plus medial malleolus of tibia
1 Lateral and medial trochlear ridge of talus

318 Total
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Treatment

Although lameness is usually minimal with hock OCD, surgery is the recommended treatment.
Lameness may only be a problem at racing speeds or at upper levels of performance that cannot be
observed during a clinical examination. As well, resolution of the effusion cannot be expected without
removal of the abnormal tissue. That is not to say, however, that all horses having hock 0CD need to
have surgery. Horses with small lesions, minimal effusion, no lameness, and a potential career as a
pleasure horse or light-use horse may not require surgery. Surgery should be considered early enough in
the course of the disease so that the joint capsule is not unduly stretched, making resolution of the joint
effusion less likely.

Arthroscopic identification and removal of fragments is recommend, although an arthrotomy (surgi-
cal incision into the joint) can be used successfully and is preferred by some for certain OCD lesions in
this joint. Postoperative management is similar to that for OCD of the stifle, and for small lesions the
time period for restricted exercise may be decreased. Maintenance of good bandages is more difficult
for the hocks and must be taken in the early postoperative period to avoid subsequent infection in the
joint through the small surgical incisions.

Prognosis

In a study involving 183 horses, 76% raced successfully performed at their intended use after surgery
(Mcllwraith et al., 1991). If degenerative changes were identified at surgery in the cartilage surrounding
the OCD lesion, the prognosis was less favorable. Resolution of effusion was inferior for lesions involving
the lateral trochlear ridge compared to the intermediate ridge of the tibia; however, this seemed to
have no effect on subsequent performance.

Osteochondritis Dissecans of the Fetlock Joint

The most common manifestation of 0CD in the fetlock joint is fragmentation and irreqularity that
occurs on the dorsal aspect of the sagittal ridge and the condyles of the metacarpus or metatarsus (can-
non bone). A second condition involving the fetlock that may be OCD is fragmentation of the proximal
palmar-plantar aspect of the first phalanx or long pastern bones. Debate continues as to whether these
fragments are truly 0CD-related or whether they represent small avulsion fractures. A final entity is 0CD
of the palmar aspect of the metacarpal condyles, which does seem to be a trauma-related condition of
racehorses. Although this condition has been referred to as 0CD, it does not fit with the developmental
etiology. The remainder of this discussion will include the first two entities.

Osteochondritis Dissecans of the Dorsal Aspect of the Distal Metacarpus/Metatarsus
(Fetlock Joint)

Clinical and Radiographic Signs

Joint swelling (effusion) is the most common clinical sign, with lameness being variable in both
appearance and severity. Fetlock flexion tests are usually positive. It is not unusual for all four fetlocks to
be involved, and bilateral forelimb or hind limb involvement is quite common.
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The diagnosis is confirmed on radiographs, and clinically silent lesions (no effusion or baseline lame-
ness) are often identified along with the lesions causing clinical signs. Lameness can sometimes be
induced by flexion in these clinically silent joints. A variety of radiographic presentations are seen with
fetlock 0CD. Some joints will show only flattening of the sagittal ridge (Type | 0CD), others will have a
fragment in place within the area of flattening (Type Il 0CD), and others have flattening with or without
afragment in place but also have free or loose bodies within the joint (Type Il 0CD).

Treatment

A conservative approach is initially recommended where only flattening without fragmentation is
identified. Many of these cases will have resolution of clinical signs, as well as improvement or disap-
pearance of radiographic signs; however, surgery will eventually be necessary in some of these cases.
Surgical debridement is recommended for lesions where fragmentation or loose bodies are present. The
prognosis is quite favorable for Type | lesions using conservative treatment but more guarded for Type ll
and Type Il lesions (Mcllwraith and Vorhees, 1990). Horses having other signs of articular cartilage ero-
sion or wear lines within the joint had a less favorable prognosis. If the lesion extended out onto the
condyle of the metacarpus/metatarsus from the sagittal ridge, the prognosis was also less favorable. It
was determined that clinical signs would persist in approximately 25% of cases.

Proximal Palmar/Plantar Fragments of the First Phalanx

Two types of fragments have been identified in this location. Type | fragments usually involve the hind
fetlock joints and are located between the midline of the bone and its caudomedial (most common) or cau-
dolateral (less common) borders. Type Il fragments are also called ununited proximoplantar tuberosities of
the proximal phalanx, as these lesions occur almost exclusively in the hind limb. These fragments are locat-
ed at the most lateral (most common) or medial (much less common) borders of the bone.

Both of these entities have been identified frequently in radiographic surveys completed on yearling
Standardbreds, supporting a developmental concept.

(linical and Radiographic Signs

With Type | fragments, effusion is uncommon, and typically lameness is identified only as a some-
what vague problem at racing speeds or at the upper levels of performance. Flexion tests are often
positive and anesthetic placed within the joint will usually eliminate any clinical signs that may be pres-
ent. Regular oblique radiographs will usually demonstrate the lesions, although a special view is often
used to highlight their location. Most fragments are present medially. Lameness and effusion are rare
with Type Il fragments.

Treatment

Arthroscopic surgery is recommended for Type | fragments where clinical signs are present. If these
lesions are identified incidentally on fetlock radiographs, treatment is based on what the intended use
is for the horse. If vigorous athletic activity is planned, prophylactic surgery is justified. If less rigorous
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pursuits are planned, most horses will not require surgery and the fragment will not lead to further
arthritic changes within the joint.

Surgery is rarely indicated for Type Il fragments, and most of these fragments will unite with the par-
ent bone over a period of many months. However, Type | and Il fragments can occasionally occur
together in the same joint, and the Type | fragment may require surgery. The prognosis for Type | frag-
ments with surgery is favorable. Most Type Il fragments are self-limiting.

Osteochondritis Dissecans of the Shoulder Joint

0CD involving the shoulder joint is probably the most debilitating type of OCD affecting horses.
Generally, large areas of the joint surfaces are involved, and secondary joint disease is common. However, it
is unusual to have free or loose bodies develop. OCD of the shoulder is less common than for the other joints
described, and seems to affect Quarter Horses and Thoroughbreds with a similar incidence.

(linical and Radiographic Signs

Most horses with shoulder OCD present at one year of age or younger with a history of forelimb
lameness of variable severity. Many of these horses will have prominent lameness. If lameness has been
present for many weeks, muscle atrophy will also be seen. Because of the altered gait and use of the
limb, many cases develop an upright or club-footed appearance to the foot, and the foot may appear
smaller on the affected limb. Deep pressure over the shoulder joint will often cause discomfort, and
forced flexion/extension of the limb will sometimes accentuate the lameness that is seen. Intra-articu-
lar anesthesia will improve or eliminate the lameness.

On radiographs, the most common sign is flattening or indentation of the humeral head. Often, cys-
tic type lesions are also identified in the glenoid cavity of the scapula. Productive remodeling changes
are also commonly identified along the caudal border of the glenoid cavity.

Treatment

Conservative treatment is rarely associated with a successful outcome, and sufficient numbers having
surgery have not yet been accumulated to accurately identify the prognosis with surgery. However, there is
little doubt that surgery dramatically improves the clinical signs in most cases. If extensive degenerative
arthritic change is present on radiographs at the time of initial examination, the prognosis for an athletic
career is unfavorable, and surgery should only be considered for relative improvement in the degree of
lameness. However, for more localized lesions, the prognosis is favorable for a successful outcome.

The shoulder is probably the most difficult joint on which to perform arthroscopic surgery, due to the
depth of the joint below the muscles in the area. Surgery is easier on younger animals due to their rela-
tive muscle mass. Problems encountered in the shoulder are inaccessibility of lesions due to their
location within the joint, and extravasation or leakage of fluid outside the joint, which impairs visibility
within the joint.

Prognosis
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A large series of cases having surgery has not yet been reported although preliminary results from
such a series being compiled at (SU suggest that the overall prognosis is approximately 50%. The prog-
nosis seems to be less favorable if lesions are present on both the humeral head and the glenoid cavity.
In unsuccessful cases, further deterioration of the joint surfaces on radiographs is common.

Traumatic Lesions of the Subchondral Bone

In recent years, good evidence has been provided that intra-articular fractures are preceded by sub-
chondral bone disease. This subchondral bone disease consists of a spectrum of microcracks, diffuse
microdamage, cell loss (apoptosis or necrosis), and accompanying subchondral bone sclerosis.

Cause of Subchondral Bone Disease

The development of microdamage is presumed to be associated as a consequence of cyclic trauma.
The repeated wear and tear has been noted with radiographic study and, more recently, CT to con-
tribute to subchondral bone sclerosis. However, the direct association between sclerosis leading to the
necrosis of bone has not been totally demonstrated. The development of Iytic lesions in the subchondral
bone, however, is presumed to be associated with microdamage. Factors involved in the predisposition
of horses to damage based on the cyclic trauma of an athletic career include racetrack or arena surface,
conformation, genetic predisposition, and a destabilizing traumatic injury.

Consequences of Traumatic Subchondral Bone Disease

Subchondral bone disease creates an environment for pathologic fractures. The most common mani-
festations are osteochondral chip fractures, which can be career-ending if not treated successfully.
However, the overall success with arthroscopic surgery is high. Slab fractures represent a more severe
injury requiring internal fixation. Some of these cases can return to athletic activities. However, in other
instances such as collapsing slab fractures in the carpus, the failure to treat adequately can lead to loss
of life. The third level of fracture injury in terms of severity is made up of catastrophic injuries that can
be life-threatening. Surgical treatments of such conditions are salvage procedures.

Diagnosis
Early diagnosis is critical. The recognition that early disease in the subchondral bone can lead to frac-
tures has resulted in research efforts to diagnose bone disease early.

Treatment

By 1975 the arthroscope began to achieve real clinical use in human orthopedics, and diagnostic
arthroscopy of equine carpal joints in three horses was reported in 1975 (Hall and Keeran, 1975).
Experience with the limitations of what could be achieved with arthroscopy surgery has fed back into
attempts to develop novel treatment techniques, as well as recognizing the need for early diagnosis and
prevention of injury (Mcllwraith, 1990a; Mcllwraith and Bramlage, 1996).

The application of arthroscopic techniques to the horse has revolutionized the treatment of traumat-
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icjoint injuries. The first detailed paper on diagnostic arthroscopy in the horse was published in 1978
(Mcllwraith and Fessler, 1978), and it is important to recognize that arthroscopic surgery is the diagnos-
tic method of choice to evaluate articular cartilage and remains the gold standard for assessing
pathologic joints. As in human orthopedics, use of the arthroscope in horses extended into surgical prac-
tice as technology and techniques of triangulation developed. These techniques were first detailed in
textbook form in 1984 (Mcllwraith, 1984). Diagnostic arthroscopy is especially valuable when response
to medical treatment of a joint is suboptimal. In many instances, articular cartilage lesions are more
extensive than what is insinuated on radiographs, but these lesions can sometimes be better related to
physical examination and the extent of clinical signs.

By 1990, arthroscopy in the horse had gone from being a diagnostic technique used by a few veteri-
narians to the accepted way of performing joint surgery (Mcllwraith, 1990a). Prospective and
retrospective data substantiated the value of the technique in the treatment of carpal chip fractures
(Mcllwraith et al., 1987), fragmentation of the dorsal margin of the proximal phalanx (Yovich and
Mcllwraith, 1986), carpal slab fractures (Richardson, 1986), osteochondritis dissecans (OCD) of the
femoropatellar joint (Martin and Mcllwraith, 1985; Mcllwraith and Martin, 1985), 0CD of the shoulder
(Bertone et al., 1987), and subchondral cystic lesions of the femur (Lewis, 1987). The results with tar-
socrural 0CD were published in 1991 (Mcllwraith et al., 1991). During this period, the use of diagnostic
arthroscopy led to the recognition of previously undescribed articular lesions, many of which are treated
using arthroscopic techniques.

Since 1990 there has been further sophistication of techniques. New ones have been developed and
treatment principles have been changed based on new pathobiologic knowledge and further prospec-
tive and retrospective studies defining the success of various procedures. Many of these advances have
been recorded in a recent publication (Mcllwraith, 2002). For example, there has been further docu-
mentation of success rates following arthroscopic removal of fragments from the dorsoproximal margin
of the proximal phalanx (Kawcak and Mcllwraith, 1994; Colon et al., 2000). Advances and understand-
ing of the pathogenesis of osteochondral disease and fragmentation in the carpus and fetlock have
been reported (Norrdin et al., 1998; Kawcak et al., 2001), which naturally led to progression and diag-
nosis and treatment. Parameters for the surgical treatment of joint injury have been carefully defined
(Mcllwraith and Bramlage, 1996). Arthroscopic treatment of fractures in the previously considered inac-
cessible palmar aspect of the carpus have been described (Wilke et al., 2001), together with arthroscopy
of the palmar aspect of the distal interphalangeal joint (Brommer et al., 2001; Vacek et al., 1992).
Arthroscopy has also led to understanding of the contribution of soft tissue lesions to joint disease. In
the carpus, tearing of the medial palmar intercarpal ligament (MPICL) was first reported in 1992
(Mcllwraith, 1992) and its implications discussed by Phillips and Wright (1994) and others (Whitton and
Rose, 1997; Whitton et al., 1997a; Whitton et al., 1997b).

In the fetlock joints, success rates following arthroscopic removal of osteochondral fragments of the
palmar/plantar aspect of the proximal phalanx have now been documented (Foerner et al. 1987; Fortier
etal., 1995). Results for arthroscopic treatment of osteochondritis dissecans for the distal/dorsal aspect
of the third metacarpal/metatarsal bones (Mcllwraith et al., 1990) and results of arthroscopic surgery to
treat apical, abaxial, and basilar fragments of the sesamoid bones have also been reported (Southwood
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etal., 1998; Southwood and Mcllwraith, 2000).

The results of arthroscopic surgery for the treatment of OCD in the tarsocrural joint have been docu-
mented (Mcllwraith et al., 1991), and the arthroscopic approach and intra-articular anatomy of the
plantar pouch of this joint have also been described (Zamos et al., 1994).

Considerable advances have been made in arthroscopic surgery of the stifle joint. Results of arthro-
scopic surgery for the treatment of OCD of the femoropatellar joint were reported in 1992 (Foland et al.,
1992), and the syndrome of fragmentation of the distal apex of the patellar was recognized and its
treatment reported in the same year (Mcllwraith, 1990b). The use of arthroscopic surgery for treating
certain patellar fractures was discussed in 1990 and reported in the refereed literature in 2000 (Marble
and Sullins, 2000).

In the femorotibial joints, the use of arthroscopic surgery to treat subchondral cystic lesions of the
medial condyle of the femur and proximal tibia has been reported (Howard et al., 1995; Textor et al.,
2001). Research has led to alternative methods of treating subchondral cystic lesions. After an initial
demonstration that subchondral cystic lesions could develop on the medial condyle after 3 mm deep, 5
mm wide penetration of the subchondral bone plate (Ray et al., 1996), examination of the fibrous tissue
of subchondral cystic lesions in horses demonstrated that it produced local mediators and neutral met-
alloproteinases and caused bone resorption in vitro (von Rechenberg et al., 2000a). Production of nitric
oxide (NO), PGE;, and MMPs in media of explant cultures of equine synovial membrane and articular
cartilage has also been demonstrated in normal and osteoarthritic joints (von Rechenberg et al.,
2000b). Injection of corticosteroids into the lining membrane of subchondral cysts has therefore been
carried into the clinical arena.

(artilage lesions of the medial femoral condyle have been described (Schneider et al., 1997).
Arthroscopy has allowed great advances in the recognition and treatment of meniscal tears and cruciate
injuries (Walmsley, 1995; Walmsley, 2002; Walmsley et al., 2003). Successful treatment of grade I and
grade Il meniscal tears has been achieved and documented as well as lack of success recognized with
lesions that are not completely accessible. Arthroscopy has also been used to remove fragments from
the intercondylar eminence of the tibia (Mueller et al., 1994), and internal fixation of one case has been
reported (Walmsley, 1997). Techniques have also been developed for diagnostic and surgical
arthroscopy of the caudal pouches of the femorotibial joints (Stick et al., 1992; Hance et al., 1993;
Trumble et al., 1994; Walmsley, 2002).

Diagnostic and surgical arthroscopy of the coxofemoral joint has been described, lesions identified,
and some surgical treatments performed (Honnas et al., 1993; Nixon, 1994). The use of the arthroscope
is no longer confined to the limbs and the arthroscopic anatomy of the temporomandibular joint has
been described recently (Weller et al., 2002).
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