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Background—Osteochondrosis (OC) is a common developmental orthopedic disease affecting
both humans and animals. Despite increasing recognition of this disease among children and
adolescents, its pathogenesis is incompletely understood because clinical signs are often not
apparent until lesions have progressed to end-stage, and examination of cadaveric early lesions is
not feasible. In contrast, both naturally-occurring and surgically-induced animal models of disease
have been extensively studied, most notably in horses and swine, species in which OC is
recognized to have profound health and economic implications. The potential for a translational
model of human OC has not been recognized in the existing human literature.

Objective—The purpose of this review is to highlight the similarities in signalment, predilection
sites and clinical presentation of naturally-occurring OC in humans and animals and to propose a
common pathogenesis for this condition across species.

Study Desigh—Review

Methods—The published human and veterinary literature for the various manifestations of OC
was reviewed. Peer-reviewed original scientific articles and species-specific review articles
accessible in PubMed (US National Library of Medicine) were eligible for inclusion.

Results—A broad range of similarities exists between OC affecting humans and animals,
including predilection sites, clinical presentation, radiographic/MRI changes, and histological
appearance of the end stage lesion, suggesting a shared pathogenesis across species.

Conclusion—This proposed shared pathogenesis for OC between species implies that naturally-
occurring and surgically-induced models of OC in animals may be useful in determining risk
factors and for testing new diagnostic and therapeutic interventions that can be used in humans.

Key Terms

osteochondrosis; osteochondritis dissecans; articular-epiphyseal cartilage complex; endochondral
ossification; translational model; pathogenesis

INTRODUCTION

Osteochondrosis (OC) is a developmental orthopedic disease characterized by clinical signs
of joint pain, effusion, and dysfunction caused by the formation of clefts extending through
the articular cartilage into the subchondral bone. Extensive studies evaluating the clinical
aspects of this condition are available in both human and veterinary medicine; however,
there is limited information available regarding the similarities and differences between OC
in humans and animals.

The majority of studies aimed at describing the etiologic factors and pathogenesis of OC in
humans focus on osteochondral fragments removed surgically from adolescents or adults
presenting with clinical symptoms of OC.[1] By this time, the fragments have been present
for months to years. Understandably, it is nearly impossible to determine the pathogenesis of
the disease from examination of these end-stage tissues. Obtaining osteochondral samples
from juvenile human cadavers is difficult, and currently there is no established method for
screening asymptomatic children or adolescents for OC. Both of these factors have
hampered the understanding of the pathogenesis of naturally-occurring human disease. In
contrast, in the veterinary literature, OC is defined as a focal disturbance of endochondral
ossification,[2] the process by which a cartilage template ossifies in the appendicular
skeleton of a growing individual. Extensive studies performed in young growing animals of
several species have demonstrated early, developing lesions at predilection sites well before
the age at which clinical disease manifests.[3-5] We believe that naturally-occurring and
surgically-induced OC in animals may provide valuable translational models to help
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understand the etiology and pathogenesis of human disease. Our review, therefore, aims to
highlight the similarities in signalment, predilection sites and clinical presentation of
naturally-occurring OC in humans and animals, and by doing so, propose a common
pathogenesis for this condition across species.

DISEASE TERMINOLOGY

Evaluation of the literature pertaining to OC is complicated by the variety of terminologies
used. In 1887, Konig proposed the term “osteochondritis dissecans” for an underlying lesion
in the joint cartilage facilitating formation of loose bodies in the absence of significant
trauma.[6] Subsequent histological studies have not supported a primary inflammatory
etiology for the condition, making “osteochondrosis” the more accurate term, as suggested
by Howald in 1942.[7, 8] However, the original phrase has persisted, and in fact,
“osteochondrosis” and “osteochondritis” are often used interchangeably. In the clinical
literature, when a fissure or fracture in the overlying articular cartilage is present, the
condition is nearly universally referred to as osteochondritis dissecans (OCD), although
osteochondros/s dissecans would be more appropriate. In the veterinary medical field, focal
abnormalities of endochondral ossification involving the articular-epiphyseal cartilage
complex (AECC) are referred to as osteochondrosis (or osteochondrosis dissecans, as
appropriate) regardless of anatomical location. Conversely, in the human literature,
manifestations of OC at various anatomical sites are given different names (Table 1).
Additionally, the phrase “the osteochondroses” includes conditions affecting the AECC, the
physis, and various apophyseal locations. This general phrase has also been used to describe
diseases of primary osteonecrotic etiology, such as Legg-Calvé-Perthes disease.[9] The
present article will specifically focus on articular manifestations of OC.

CLINICAL ASPECTS OF OSTEOCHONDROSIS IN HUMANS AND ANIMALS

Human OC is typically not recognized in children or adolescents until the onset of clinical
symptoms, at which point the disease is advanced.[16] In many cases, a lag time of months
to years may exist between the onset of symptoms and diagnosis of the disease.[17] OC
diagnosed prior to the age at which physeal closure occurs is known as juvenile OC;
however, lesions diagnosed in adulthood also most likely developed prior to physeal closure.
[10] Common presenting clinical complaints include joint pain, especially with extreme
flexion or extension, swelling, and catching or locking of the joint. These symptoms may be
intermittent, especially early in the course of disease, and may be associated with athletic
activity. Continuous or more severe symptoms may be indicative of a loose osteochondral
fragment within the joint.[10, 18] Bilateral disease is not uncommon, although clinical
symptoms are typically worse in one joint than the other.[19] Diagnosis is typically made by
radiologic and/or magnetic resonance imaging (MRI) examination of the affected joint. MRI
more closely aligns with arthroscopic findings[20] and is also more sensitive for
identification of subtle cartilage abnormalities (i.e. prior to formation of overt osteochondral
fragments), suggesting that this may be the better imaging modality for OC, especially for
early lesions.[10] The preferred initial treatment for OC when the articular surface is intact
is non-surgical management, including a combination of non-steroidal anti-inflammatory
drugs, physical therapy, and modification of activity, typically with some form of joint
immobilization. If conservative therapy fails, or if partially or completely detached
osteochondral fragments are present at the time of diagnosis, then surgical intervention via
arthroscopy is pursued.[10, 11, 19] Although removal of the fragment/flap followed by
debridement is most common, reattachment of large osteochondral flaps using internal
fixation has also been described.[21] Lesions that are not treated adequately may lead to
development of degenerative joint disease with long-term debilitative consequences for the
individual; thus, early intervention is recommended.[16, 21]
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In horses, asymptomatic OC is usually identified at an early age due to extensive
radiographic screening aimed at facilitating sale of racehorses as yearlings (before two years
of age). In more slowly-maturing breeds that usually do not undergo early radiographic
screening, OC is most often identified after 3 years of age as clinical signs, including subtle
lameness and joint effusion, develop after the commencement of regular training. This latter
presentation is strikingly similar to that noted in cases of juvenile OC in humans, which
most frequently affects young athletes and usually presents with poorly localized pain that is
exacerbated with exercise.[8, 19, 22] In horses, OC lesions are most often treated with
arthroscopic removal of loose fragments followed by debridement of the fragment bed with
or without microfracture.[23] Although many horses go on to perform in their intended
capacity after treatment, the prognosis for future athletic career following surgical
debridement of OC lesions diminishes as the size of the lesion increases.[24] Novel
treatment modalities attempting to salvage and reattach large osteochondral flaps have
recently been introduced to address this concern.[23]

In commercially bred pigs, OC is considered to be an important cause of lameness with
profound economic implications.[5, 13] Clinical signs consistent with OC have been
associated with decreased longevity of young female swine intended for breeding.[25, 26]
Although histological changes characteristic of early articular OC have been described in the
femoral condyles of pigs as young as 6-8 weeks of age[27], clinical signs usually do not
become apparent before adolescence.[28] Treatment of OC in pigs is usually not
economically feasible and severely affected animals are generally sent to slaughter. As a
result, greater emphasis is placed on prevention rather than treatment of disease, although
arthroscopic removal of an OC lesion affecting the talus has been reported in this species.
[29]

It is worth noting that skeletal maturity is reached much more rapidly in the animal species
discussed above than in humans. Ossification (“closure™) of the physeal (metaphyseal
growth plate) and epiphyseal (AECC) cartilage is the hallmark of skeletal maturity in all
species. In young humans, this process occurs between 14 and 25 years of age, depending on
anatomical location.[30] In contrast, growth cartilage closure in horses begins around three
months of age and is considered complete before 3 years of age.[31] Thus, a yearling horse
would be at the approximate maturity of an adolescent human, with the onset of clinically-
apparent OC in both species occurring around the time of cessation of growth. The
association of athletic activity and onset of clinical signs is also reflected in both humans
and horses, although asymptomatic lesions are undoubtedly present earlier.

PREVALENCE OF OSTEOCHONDROSIS

Global estimates of the prevalence of articular OC are not reported in the human literature,
likely due to the tendency to regard manifestations of OC at different anatomical locations
as separate diseases. Prevalence of elbow OC was reported as 4.1% in one radiographic
survey of 1,000 Danish men over the age of 15,[32] while incidence of knee OC was
calculated to be between 15 and 30 per 100,000 in women and men (respectively) between
the ages of 10 and 20 in a single Swedish city.[33] In general, OC of the knee is considered
to be most common, representing approximately 75% of all cases,[10] with manifestations
in the elbow (second most commonly affected location), ankle, and hip occurring relatively
uncommonly.[17] However, it is likely that any estimate of OC prevalence in humans is an
underestimate, given that diagnosis is generally delayed until the onset of clinical signs[34];
many individuals may be asymptomatically affected and never diagnosed. In contrast, in
horses, where survey radiographs are routinely taken in many breeds before the onset of
clinical signs, global prevalence estimates range from 20% to 80%, although prevalence
varies by joint and breed.[35, 36] Similarly, in pigs, where prevalence is determined based
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on post-mortem surveys, up to 70% of animals are reportedly affected.[5, 37] Most of these
lesions in horses and pigs are subclinical/asymptomatic at the time of diagnosis.

PROPOSED PATHOGENESIS AND RISK FACTORS

The underlying etiology and pathogenesis of OC have long been the subject of controversy
and speculation, and a variety of environmental and genetic risk factors have been proposed.
Historically, the major schools of thought have been divided into those who propose trauma
as the primary cause for OC and those who suggest alternative underlying processes,
including inflammation, osteonecrosis, vascular abnormalities, and cartilage extracellular
matrix abnormalities.[6, 7] Konig himself fell into the latter category, describing
osteochondritis dissecans as occurring in the absence of any significant trauma.[38]
However, the inflammatory etiology suggested by the term “osteochondritis” has not been
corroborated by subsequent histological studies.[1, 39] Histological results from
osteochondral fragments removed during surgery also fail to support osteonecrosis of
subchondral bone as the primary lesion of OC.[1, 39] Instead, necrosis of the subchondral
bone is thought to most commonly occur secondary to detachment of the osteochondral
fragment, rather than being an inciting cause.[40] The production and accumulation of
abnormal extracellular matrix molecules in the endoplasmic reticulum (ER) has been
suggested as the underlying cause of abnormal mineralization (failed endochondral
ossification) and subsequent OC lesions, based on electron microscopy of surgically
removed OC lesions and adjacent “normal” cartilage biopsies from four human patients.[41]
The authors hypothesized that an underlying inherited ER storage disorder was responsible
for abnormal protein production and accumulation, although no candidate mutation was
identified.[41] However, other conditions, including local ischemia, can lead to
accumulation of unfolded, but otherwise normal, proteins in the ER.[41] Additionally, the
tissues examined were end-stage, making it difficult to determine if the ultrastructural
changes were a cause or a consequence of disease. Abnormalities in cartilage extracellular
matrix maturation have also been proposed to play a central role in the development of OC.
Decreased collagen content and alterations in collagen cross-linking were reported in
cartilage samples obtained from foals with OC compared to healthy foals, and this
“immature” cartilage was considered potentially more susceptible to external trauma.[42]
Similarly, it has been suggested that the marked changes in collagen fibril orientation and
density across the epiphyseal cartilage, especially near nutritive cartilage canals in the
ossification front may create focal areas of biomechanical weakness.[43] However, there is
little evidence that these matrix changes are primary. Indeed, many of the matrix alterations
reported by Lecocq et al (2008)[43] were located in or near focal regions of
chondronecrosis. Studies performed in animals demonstrate that these focal regions of
chondronecrosis form due to interruption of the blood supply to the nutritive cartilage canals
within the epiphyseal cartilage of the AECC during endochondral ossification[44], and this
pathogenesis can be reproduced experimentally.[27, 45, 46] Areas of chondronecrosis resist
normal ossification and degenerate, resulting in tissue that is prone to clefting or collapse
under the influence of external forces.

Proponents of an etiology for OC involving major trauma have suggested that the
preponderance of disease in young boys compared to girls is related to greater athletic
activity and tendency towards overuse injuries and trauma in males.[9, 34] In most cases of
human OC there is no history of a single traumatic event; however, repetitive stress could be
important in the development of lesions.[10] This latter hypothesis is supported
circumstantially by the fact that most patients affected with juvenile OC have a lengthy
history of participation in specific exercise regimens or sports.[40] It is also possible,
however, that more active individuals are more likely to become symptomatic and are
therefore more likely to have OC diagnosed. In naturally-occurring disease in animals, the
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role of athletic activity is not clear-cut and is thought to be a secondary factor. For example,
in one large study in horses, controlled exercise affected the distribution of OC lesions
within joints, but not the total number of lesions.[47] Another study found that regular,
limited exercise appeared to reduce the risk of OC development in young foals.[48]
Osteochondral fragments can be elicited in experimental animal models using either
repetitive impacts or acute compression and rotation,[49] but these models cannot replicate
the more commonly recognized early OC lesions with intact overlying articular cartilage.
[50] The idea of major trauma as the sole etiologic agent is also brought into question by the
occurrence of OC at anatomical locations not exposed to increased stress during physical
activity, and because it cannot explain early histologic changes seen at OC predilection sites
in young animals.[3, 27, 51] Thus, while trauma undoubtedly is a key precipitating factor in
the onset of clinical signs of OC (i.e. by resulting in disruption of the articular surface and
separation of an osteochondral fragment), it is less likely to be the initiating factor in disease
development.

A variety of additional environmental factors have been proposed to play a role in the risk
for development of OC in veterinary species, including nutrition, exercise, conformation and
other biomechanical factors, stress response, /n utero environment, and hormonal
interactions.[52, 53] Of these, nutrition has been the subject of the most study. In animal
models of disease, dietary factors that have been implicated in OC risk include copper
deficiency,[54, 55] excess phosphorus,[56] and excess dietary energy.[57] However, the
relationship between disease and nutrition is far from one of straightforward cause-and-
effect. For example, in pigs, dietary supplementation of specific amino acids and
microminerals reduced the severity, but not the incidence, of OC lesions when compared
with a control diet.[58] Similarly, reducing digestible energy and increasing micromineral
concentrations reduced the incidence of OC in foals in a prospective study of 17 breeding
farms, but did not eliminate the condition.[59] It is likely that “windows of susceptibility”
exist during which dietary factors may play key roles in OC manifestation,[60] but these
may vary between species and anatomic location, and have yet to be clearly defined. To our
knowledge, there are no reports examining a potential relationship between OC development
and nutrition in humans.

Genetic risk factors are also thought to play an important role in the development of OC in
both humans and animals. Since the initial description of human OC, there have been many
reports of families with apparently increased incidence of disease. Many of these initial
reports were small, involving a few siblings or a parent and his/her children. [61, 62]
However, extended families with high incidence of OC over multiple generations have also
been reported in the literature[63, 64], and these suggested an autosomal dominant pattern of
inheritance with varied penetrance. Patients in these families were often affected in multiple
joints, and an association with short stature was noted.[63, 64] This condition was named
Dominant Familial Osteochondritis Dissecans (OMIM 165800), and is caused by a missense
mutation in the aggrecan (ACAN) gene that results in an aggrecan protein with a reduced
ability to interact with other proteins found in the cartilage extracellular matrix.[65]
However, this familial form of disease is rare, and the ACAN mutation is unlikely to
underlie other manifestations of OC. The more common, sporadic, form of OC is likely
polygenic in nature; that is, the combined effects of multiple gene variants determine the
underlying genetic risk of disease. To our knowledge, there are no reports in the human
literature attempting to identify genes contributing to sporadic OC. However, several case
reports describing identical lesions, including nearly simultaneous timing of clinical
presentation, in monozygotic twins have been reported in the literature.[66—68]

Heritability estimates for OC in horses and pigs range from 0.14 to 0.52, depending on
location and disease definition.[69—71] Thus, between 14% and 52% of disease risk may be
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attributed to genetic factors in these species. Up to 70% of foals from a single sire have been
reportedly affected with OC,[69] and offspring of affected sires were more than twice as
likely to develop OC than offspring of non-affected sires.[72] Similarly, boars with affected
half-siblings were highly likely to have OC-affected offspring.[5] Two approaches have
been taken to try to identify genetic risk factors in these species. The first is a candidate gene
approach, where genes known to play a role in skeletogenesis and related processes are
identified and subsequently sequenced to try to identify putative risk alleles/causative
mutations.[73, 74] The second approach is genome-wide association (GWA) analysis, which
evaluates statistical association between allele frequency at tens of thousands of known sites
of variation throughout the genome and disease status.[75-77] GWA studies have been
performed examining both the overall occurrence of OC in commercial pigs, and the
manifestation of OC in specific locations, including the metacarpophalangeal joint and
tibiotarsal joint, in several breeds of horses including Standardbreds, Warmbloods,
Thoroughbreds, and French Trotters.[75-79] Both candidate gene and GWA approaches
have limitations and, to date, although several promising candidate chromosomal regions
have been identified, specific genes and alleles underlying risk have not been definitively
identified. Work in this field is ongoing, however, and improvements in next-generation
sequencing technology as well as the formation of cross-institutional consortia will aid
efforts. Genes and pathways identified in veterinary species will not only provide insight
into OC pathophysiology, but will also become compelling biological candidates for further
study in humans.

EVIDENCE FOR DISTURBANCES OF ENDOCHONDRAL OSSIFICATION
LEADING TO OSTEOCHONDROSIS

Evidence from animal models most strongly supports the theory that the primary
pathophysiological process underlying the development of osteochondrosis is a disturbance
in endochondral ossification, the process by which the epiphyseal growth cartilage of the
AECC is gradually replaced by bone. It is likely that several of the etiologic factors
described above contribute to this disturbance.

In both humans and animals, nutrients are normally supplied to the epiphyseal cartilage of
the AECC and the physis via vessels running in channels called cartilage canals (Figure 1).
[80-83] The majority of these vessels arise from the perichondrium and run parallel to the
articular surface. Physiologically, as endochondral ossification progresses and the
ossification front advances in the direction of the articular surface, the blood supply to most
vessels in the cartilage canals must change from vessels originating from the perichondrium/
periosteum to vessels originating from the medullary cavity of the secondary center of
ossification. This transfer enables a consistent supply of nutrients to the ever-thinning AECC
and involves the formation of anastomoses between vessels in the epiphyseal cartilage and
vessels in the advancing ossification front. Studies performed in animals, however, have
demonstrated that this blood supply is prone to failure.[44] This failure may be due to
physical instability of the newly formed anastomoses, local effects on the vasculature by
growth factors at the ossification front, or inadequate mechanical support for the developing
vasculature from the surrounding tissue.[44] The impact of mechanical forces may also be
especially high at the transition between two tissue types with very different mechanical
characteristics.[44] The lack of anastomoses among vessels contained within the cartilage
canals[84] means that failure of this transition in blood supply often results in avascular
necrosis of a well-defined area of epiphyseal growth cartilage. Failure of vascularization and
mineralization of the necrotic cartilage causes focal arrest of endochondral ossification, the
hallmark of osteochondrosis.[51, 85] Indeed, lesions resembling OC have been successfully
reproduced in pigs and horses by surgical transection of vessels contained within cartilage
canals.[27, 45, 46] The retained area of necrotic epiphyseal cartilage is inferior to viable
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epiphyseal cartilage or subchondral bone in providing support to the overlying articular
cartilage, predisposing the site to collapse and/or cleft formation that often results in clinical
disease.

The focal area of cartilage necrosis in the epiphyseal cartilage is the first histologically
apparent lesion during the pathogenesis of OC and is termed osteochondrosis latens (Figure
2) in the veterinary literature.[81] This lesion has not been described in humans, most likely
due to limited access to appropriate tissues for evaluation and because it is not
radiographically evident. As the ossification front reaches the necrotic epiphyseal cartilage,
the necrotic cartilage resists ossification and becomes radiographically apparent as a
radiolucent defect in the subchondral bone, at which point it is designated as
osteochondrosis manifesta (Figure 3).[5] This lesion is observed in human medicine but is
not currently recognized as a preclinical form of OC.[86, 87] There are two potential fates
for this area of necrotic cartilage. In some cases (likely depending, in part, on the size and
location of the lesion), it will eventually undergo ossification and resolve with minimal to no
visible remnants.[5] Alternatively, if the area of necrotic epiphyseal cartilage is very large or
if the overlying articular cartilage sustains excessive trauma, as may occur during athletic
activities, a fissure extending from articular cartilage through the underlying necrotic
epiphyseal cartilage may develop, at which point the lesion is described as osteochondrosis
dissecans (Figures 4 and 5).[5] This lesion is most frequently termed osteochondritis
dissecans in the human literature. In both humans and animals, this stage of the disease
results in clinical signs of joint pain/dysfunction and lameness.

As noted earlier, the majority of histological studies evaluating OC/OCD in humans have
focused on osteochondral fragments removed during surgery, which are easily accessible but
represent the end stage of the disease and rarely include evidence of the early changes
affecting the endochondral ossification process. Indeed, human studies regard fibrous/fibro-
cartilaginous tissue present at areas of separation of osteochondral fragments from the parent
bone as areas of delayed or nonunion.[1] However, the complete absence of a calcified
cartilage layer and subchondral bone plate in osteochondral fragments removed from
adolescents affected by juvenile OCD[1] indicates that juvenile OCD develops while the
endochondral ossification is still ongoing, thus it is unlikely to be a primary disease of the
subchondral bone.[88, 89] Instead, we believe that this fibrous/fibro-cartilaginous tissue is
the remnant of necrotic epiphyseal cartilage and accompanying reactive fibrous tissue which
has been present as osteochondrosis manifesta well before the development of clinical signs
(Figure 4). This theory is supported by histological studies in horses and pigs using
specimens from young animals undergoing active endochondral ossification and in
osteochondral samples obtained from adult animals affected by clinically apparent OCD.
Histological studies in foals with ongoing endochondral ossification demonstrated lesions
consistent with subclinical OC (osteochondrosis latens) at predilection sites of clinically
relevant OC.[4, 85] Conversely, studies examining the osteochondral fragments removed
from adult horses affected with OCD revealed histological changes consistent with those
noted in human studies, including fibrous tissue at the separation border.[90] The similar
appearance of end-stage lesions across species suggests that the continuum of disease
demonstrated in animals is also likely present in humans.

SHARED ASPECTS OF HUMAN AND ANIMAL OSTEOCHONDROSIS

Several factors are suggestive of a shared pathogenesis of OC between humans and
veterinary species. In addition to histologically identical end-stage disease as described
previously, humans and animals share common predilection sites for development of disease
(Table 1). In humans, OC is diagnosed in the knee, elbow, and ankle joints with decreasing
frequency.[91] Within the knee, the medial femoral condyle is the most commonly affected
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area, whereas in the ankle, OC affects the talus[92] more commonly than the tibial plafond.
[93] OC of the elbow joint usually involves the humeral capitellum.[88] Similarly, in swine,
the disease is most commonly seen in the medial condyle of the femur and the medial aspect
of the sagittal ridge of the humeral condyle.[2] Lesions are also found, at a lower frequency,
in the shoulder, hip, and tibiotarsal (ankle) joints of swine. The most commonly affected
sites in horses are the tibiotarsal, stifle (knee), and metacarpo/metatarsophalangeal joints.
[14, 35] Similar to humans, the most commonly affected sites in the tibiotarsal joint in the
horse are the distal intermediate ridge of the tibia and the lateral trochlear ridge of the talus
(Figure 6).[94] In the stifle, the lateral trochlear ridge is the most commonly affected
structure in the horse[35, 95], but involvement of the medial femoral condyle has been
described as well (Figure 7).[96] OC also infrequently affects the shoulder, carpal, and hip
joints of both humans and horses.[14, 97]

Clinically apparent bilateral involvement in both humans and animals is widely reported,
although the frequency of occurrence varies between joints. Bilateral juvenile OC of the
knee is reported in 13 — 30% of human patients,[22] and 10% of human subjects are affected
bilaterally with osteochondral lesions of the talus.[98] Similarly, in Thoroughbred
racehorses, bilateral involvement of the stifle (knee) occurs in 17.5 — 20.5% of affected
animals, while incidence of bilateral disease in the tibiotarsal joint is 6 — 10%.[35, 95] Many
more human patients may have clinically silent lesions in the contralateral joint visible on
MRI, although the importance of these lesions has been recently been called into question.
[86] However, based on studies in animals, it is highly likely that the majority of the
“ossification variants” identified in the MRI studies in patients under the age of 8[87] were,
in fact, actually osteochondrosis manifesta lesions. The lack of progression of these
“ossification variants” into clinically apparent OC, and their occurrence in young patients,
corresponds with observations made in animals, where the high ratio of subclinical
(osteochondrosis manifesta) to clinical (OCD) lesions suggest that the majority of lesions
undergo complete healing (Figure 5).[5, 37] Indeed, healing of radiographically apparent
juvenile OCD is reported to occur in approximately 50% of human patients.[40]

The apparent potential for healing of subclinical OC lesions has been demonstrated in swine
and horses as well. In young swine, subclinical osteochondrosis manifesta lesions affecting
the trochlea of the humerus and/or the distal femur were found in up to 70% of animals,
whereas clinically apparent OCD lesions were noted in only 7%.[5] Similarly, in horses,
resolution of subclinical but radiographically apparent changes consistent with
osteochondrosis manifesta of the distal intermediate ridge of the tibia, the lateral trochlear
ridge of the talus, and the lateral trochlear ridge of the distal femur may occur before 5, 5,
and 8 months of age, respectively. Lesions which remain present beyond these ages,
however, become permanent.[14] Experimental studies, in which chondral fractures were
created in the cartilage of the femoral condyles in skeletally immature rabbits demonstrated
that cartilage flaps are capable of healing if they are stable and have a wide pedicle
containing abundant cartilage canals. However, unstable fragments, attached only by a
narrow isthmus devoid of cartilage canals, are unlikely to heal completely and result in a
fragment that closely resembles OCD.[99]

The gender distribution of OC is similar between humans and swine. In humans, females are
affected less frequently than males, accounting for approximately 20-40% of all cases of
OC.[22, 86] Similarly, in pigs the incidences of osteochondrosis manifesta and
osteochondirosis dissecans are significantly lower in females.[5] Conversely, the incidence
of OC in horses does not appear to differ between females and males.[48, 72, 100] The
reason for this difference in gender predilection in the horse compared to other species is
unknown.
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CONCLUSION

A broad range of similarities exists between OC affecting humans and animals, including
predilection sites, clinical presentation, radiographic/MRI changes, and histological
appearance of end-stage (OCD) lesions, suggesting a shared pathogenesis among the various
species. Histological findings from examination of sequential early naturally-occurring and
experimentally-induced OC lesion in young animals strongly supports that this pathogenesis
is characterized by localized avascular necrosis of the epiphyseal cartilage of the AECC
leading to focal retardation and/or failure of endochondral ossification. Further investigation
of early, subclinical OC in human subjects using /77 vivo imaging and post mortem
histological evaluation of predilection sites should confirm or refute the role of vascular
compromise and necrosis of epiphyseal cartilage of the AECC in the development of OC
affecting humans. If indeed, this is the case, then naturally-occurring or surgically-induced
cases of OC in animals will provide an excellent opportunity to develop and test diagnostic
and treatment modalities for this increasingly recognized condition.
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Figure 1.

Photomicrograph depicting normal cartilage canals (arrows) containing blood vessels in the
articular-epiphyseal cartilage complex in the medial femoral condyle of a 14-week-old pig
(hematoxylin and eosin stain).
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Figure 2.

Photomicrograph of an osteochondrosis latens lesion (dashed line), including necrotic blood
vessels and surrounding necrotic cartilage, involving the medial femoral condyle of a 14-
week-old pig. Inset: viable chondrocytes are present in the left half of the image whereas in
the right half, chondrocytes are eosinopilic and contain no obvious nucleus, consistent with
chondrocyte necrosis (hematoxylin and eosin stain).
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Figure3.
Photomicrograph depicting an osteochondrosis manifestalesion in the medial femoral

condyle of a 14-week-old pig (same animal as in Figure 2). A large area of necrotic
epiphyseal cartilage is present (dashed line) and has resulted in a focal failure of
endochondral ossification (arrowheads) (hematoxylin and eosin stain).
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Figure 4.

Photomicrograph showing an osteochonadrosis dissecans lesion involving the medial femoral
condyle of a 6-month-old pig. A fissure that is partially lined by fibrous connective tissue
extends through the articular cartilage to the subchondral bone, resulting in the formation of
an osteochondral cleft. A: articular-epiphyseal cartilage complex; B: subchondral bone;
arrowheads: fibrous tissue. Inset: Remnants of necrotic cartilage are present adjacent to the
cleft and are accompanied by chondrocyte clones. Arrowheads: necrotic chondrocytes;
arrow: chondrocyte clone; F: fibrous tissue (hematoxylin and eosin stain).
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Figurebs.

Diagram demonstrating the pathogenesis of osteochonadrosis dissecans (modified with
permission from Figure 7,[2]). Panel A: normal enchondral ossification. Panel B:
Development of osteochondrosis latens lesion due to failure of cartilage canal blood supply
causing necrosis of the epiphyseal cartilage (circled area). Panel C: Osteochondrosis
manifestalesion appears as a delay in the progression of the ossification front. Panels D and
E: healing of osteochondrosis manifesta lesion by incorporation into the subchondral bone.
Panels F and G: Development of osteochondrosis dissecans lesion due to trauma causing
collapse of the articular cartilage overlying areas of necrotic epiphyseal cartilage.
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Figure6.

Osteochondrosis dissecans lesion involving the ankle (tibiotarsal joint). Panel A: posterio-
anterior radiographic image of an osteochondrosis dissecans lesion (black arrow) of the talus
in a juvenile human subject. Panel B: dorsomedial-plantarolateral oblique radiographic
image of an osteochondrosis dissecans lesion (white arrow) involving the lateral trochlear
ridge in a horse. Panel C: lateromedial radiographic image of an Ooteochondrosis dissecans
lesion (black arrow) involving the distal intermediate ridge of the tibia in a horse.
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Figure7.

Osteochondirosis dissecans lesion of the medial femoral condyle. Panels A (coronal plane)
and B (transverse plane) depict MRI findings from a human subject with osteochondrosis
dissecans of the medial femoral condyle (white arrows). Panel C: CT image of an
osteochondirosis dissecans lesion (black arrow) of the medial femoral condyle of a horse
obtained in the transverse plain. (Image is courtesy of Dr. Bergman, VetCT-Lingehoeve
Diergeneeskunde, Netherlands)
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Disease names for manifestations of osteochondrosis at specific anatomical locations as reported in the human
literature. For comparison, location of predilection sites in pigs and horses is also presented.

Disease Name (Human) L ocation Pig Horse
Articular

Theimann’s Disease proximal and distal interphalangeal joints (fingers and toes)

Panner’s Disease elbow (humeral capitellum) X

osteochondritis dissecans (OCD) gﬁ?s\gv (humeral capitellum), knee (medial or lateral femoral condyle), ankle (medial X X

Freiberg’s Disease metatarsophalangeal joint (head of 2" metatarsal) X
Non-articular/apophyseal

Sinding-Larsen-Johansson Disease  knee (inferior pole of patella) X

Osgood-Schlatter Disease knee (proximal tibia)

Sever’s Disease ankle (proximal calcaneus)

Kéhler’s Disease ankle (tarsal navicular bone)

Iselin Disease ankle (base of 51 metatarsal)

medial epicondyle apophysitis elbow (medial epicondyle)
Physeal

Blount Disease (tibia vara) proximal tibial physis

Scheuermann’s Disease vertebrae X X

Human: [9-12]
Pig: [13]
Horse: [14, 15]
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