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Abstract
Articular cartilage is a remarkably resilient tissue
capable of withstanding considerable stress and
repeated loading. Since this tissue has no blood vessels,
nerve elements, or lymphatics, it is not surprising that
it has a limited capacity for repair when damaged. In
the horse, cartilage damage occurs as an occupational
hazard. Furthermore, developmental defects such as
osteochondrosis can lead to osteochondritis dissecans.
Resultant cartilage flaps, fissures, and poorly
organized subchondral bone produce disruption of
joint surfaces.

Veterinarians are often called upon to intervene
when damaged cartilage has healed incompletely. Basic
understanding of the physiology and repair mecha-
nisms of cartilage is paramount to successfully manag-
ing such injuries. This literature review gives a brief
overview of recently published clinical and experimen-
tal studies on the healing of cartilage. The discussion
centers on the equine model.

Resume
Gu6rison du cartilage: revue de la litt6rature
avec emphase sur 1'espece equine comme
modele
Le cartilage articulaire est un tissu tres resistant capable
de tolerer le stress et les forces biomecaniques. Ce tissu
ne possede ni vaisseaux sanguins, ni elements nerveux
ou lymphatiques; il n'est donc pas surprenant que le
cartilage ait une capacite limitee de regeneration
lorsqu'il est endommage. Les dommages cartilagineux
representent, chez le cheval, un risque relie a ses
activites. De plus, des problemes de croissance tels
l'osteochondrose peuvent favoriser l'apparition de
lesions d'osteochondrite dissequante caracterisees par
un os sous-chondral dont l'architecture est pauvrement
organisee et par la formation de fissures et de char-
nieres cartilagineuses, le tout resultant en une disparite
des surfaces articulaires. Les veterinaires sont souvent
appeles a intervenir dans des situations ou le cartilage
endommage n'est pas compl'etement gueri. Des con-
naissances de base sur la physiologie et sur les meca-
nismes de reparation du cartilage sont essentielles pour
avoir du succes dans nos interventions sur de telles
1esions. Cette revue de litterature fournit un apercu des
etudes clniques et experimentales recemment publiees
sur la guerison du cartilage. La discussion est orientee
vers le modele equin. (Traduit par Dr Therese Lanthier)
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Repair of articular cartilage has been studied in
several species including rabbits (1-5), dogs (6,7),

calves (8), chicks (9), and horses (10-15). Among these
studies, it is generally accepted that articular cartilage
has very limited reparative powers (11,12,15).
Three mechanisms contribute to articular cartilage

repair (16). Intrinsic healing is proliferation of injured
or exposed chondrocytes and production of new
matrix. Extrinsic healing is cartilaginous metaplasia
of granulation tissue originating from subchondral
bone. Third, matrix flow participates in healing of
cartilage by producing a wave-like flow formation
from the perimeter that extends into the defect
(6,7,17). Cellular events involved in the repair of
articular cartilage are influenced by a number of fac-
tors including the thickness, size, and anatomical loca-
tion of the defect (10-15). Post-traumatic and post-
operative management of joint injuries varies
considerably and is poorly understood. However, the
degree of weight-bearing allowed and the length of
convalescence can affect the quality of the reparative
tissue (2,18).

Morphological and biochemical studies have docu-
mented the inability of superficial or partial-thickness
cartilaginous defects to undergo repair (2,7,8,11,18,20).
This can be attributed to the fact that the injury does
not breach the junction between the unmineralized and
mineralized cartilage (tidemark), thereby preventing
the underlying subchondral bone from supplying blood
vessels to the area. Since the inflammatory response
is absent, repair is limited to intrinsic healing which
has very limited potential for complete repair (7,19,21).
Matrix flow has been shown to reduce the size of the
defect (3), but complete restoration of a normal
hyaline cartilage surface is unlikely.

Full-thickness cartilage defects benefit from the pro-
duction of granulation issue by subchondral mesen-
chymal cells. This tissue matures with time and under-
goes metaplasia to fibrocartilage, or hyaline-like
cartilage (2,7,10,22). Subchondral bone drilling
(forage), spongialization (removal of the subchondral
bone), and abrasion chondroplasty (shaving) of the
articular surface have been performed in attempts to
stimulate the (osteo)chondrogenic response and improve
the quality of the reparative tissue (1,2,13,15,23-26).
In these studies, breaching the subchondral bone plate
allowed pluripotential mesenchymal cells from the sub-
chondral bone and bone marrow to improve the qual-
ity of the reparative tissue. However, the architecture
and proteoglycan concentration of the reparative tissue
were inferior to uninjured cartilage.

Neochondrogenesis can be stimulated by several fac-
tors, namely loading by the opposing articular surface,
decreased oxygen tension, and motion (16,29). Motion
is the most easily controlled of these factors. Recent
experimental work in rabbits has demonstrated the

565



beneficial effects of continuous passive motion (CPM)
on the healing of full-thickness cartilage defects (18).
Continuous passive motion has been shown to be an
effective way to stimulate neochondrogenesis and
improve joint function in experimental adolescent and
adult rabbits (18) and in human patients (30,31).
Furthermore, both intermittent active motion and
CPM prevent the formation of intra-articular adhe-
sions which are detrimental to cartilage healing. Never-
theless, Salter concluded that neither immobilization
nor intermittent active motion provide an adequate
stimulus for the healing of full-thickness defects (18).
A recent study concluded that immobilizatin combined
with 8 h/day of CPM was as effective as CPM
24 h/day in promoting cartilage repair (32).

Joint biology and the problems of cartilage healing
remain relevant to our understanding of the basic pro-
cesses of cartilage metabolism (22). Despite the large
body of information on the healing of cartilage, little
agreement exists on a recommended technique for
promoting the formation of high quality articular
cartilage in humans or any other animal species. Con-
fusion and controversy remain regarding the quality
and fate of reparative tissue of cartilage. Some of the
contention that the quality of reparative tissue is poor
may be explained by the variety of experimental
models that have been used, the use of many different
animal species, and a lack of standardization regard-
ing postoperative management (such as physiotherapy
and duration of convalescence). All these factors affect
joint biology and therefore the reparative mechanisms
of articular cartilage.
Human and equine orthopedists do not deal with

the same clinical problems regarding articular car-
tilage. Similarly, their patients have very different
requirements in the return to function of injured joints.
Chondromalacia patellae in man has been the focus
of attention of clinical orthopedists interested in heal-
ing of cartilage (23-25,33-37). The literature regard-
ing cartilage removal as a treatment for chondro-
malacia patellae and other joint-related problems is
confusing and contradictory, but abrasion chondro-
plasty (shaving) remains widely practised (22,37-44).
Mitchell and Shepard (44) recently studied the effects
of articular shaving in experimental rabbits and con-
cluded that superficial cartilage defects do not undergo
repair nor do they cause degenerative arthritis.
The majority of articular injuries in competitive

horses are osteochondral fractures. The equine surgeon
faces the challenge of restoring function to a horse so
it is capable of racing, jumping, and other athletic
pursuits. These fundamental requirements have
prompted several researchers to carry out practical
experiments designed to explore the equine osteochon-
drogenic response (10-15,45,46). In designing experi-
mental joint models, investigators have attempted to
address clinical orthopedic problems relevant to the
athletic horse by concentrating on two major joints,
the carpus and the stifle. Major differences in joint
biomechanics between the carpus and the stifle war-
rant separate consideration of the specifics of car-
tilaginous healing.

Articular trauma to the carpal bones has long been
established as a major cause of lameness in the
racehorse (47-50). Recent work on cadaver specimens
has shed some light on the etiology and pathogenesis
of carpal fractures. Such fractures result from stress
concentration due to linear compression (51), angular
displacement, and sudden acceleration of the individ-
ual carpal bones (52). Fresh, localized chip fractures
(type I) occurring at the margin (perimeter) of a carpal
bone are the most common type of carpal fractures
in racehorses (47,48). The area of the defect is usually
small and not critical to joint function, so it is not
crucial what type of tissue repairs the defect as long
as the fragment is resorbed or removed (48). Removal
of these fragments can help decrease physical and
chemical irritation to the joint, and reduce degenera-
tive changes (53).
When the lesions are more extensive, the limitations

of cartilage healing become apparent. Mcllwraith et al
(48) reported that racehorses with large defects have
a poor prognosis, and Hurtig et al (14) used an exper-
imental model to demonstrate that such lesions were
more likely to become nonhealing and expansive.
Large defects may be associated with the development
of subsequent degenerative joint disease (11,13,14).

Experimental models dealing with the carpus have
concentrated mainly on the third carpal bone, with
lesions created anywhere from the anterior margin of
the bone to a more central location (10,12-15,54).

Riddle (10) was the first to investigate healing of
articular cartilage in the horse after creating superficial
and full-thickness defects on the radial and interme-
diate facets of the third carpal bone. He demonstrated
that full-thickness defects were covered with granula-
tion tissue at one month and this tissue matured to
fibrocartilage by four months. At six months,
imperfect hyaline cartilage had been produced within
the full-thickness defects, but partial-thickness defects
had not healed after eight months.

In another study, investigations were done on the
healing process of 8 mm diameter full-thickness car-
tilage defects on the medial aspect of the distal radius
and 4 mm full-thickness defects on the distal aspect
of the radiocarpal bone and the proximal surface of
the third carpal bone (radial facet) at the joint margins
(12). None of the defects were completely repaired at
17 weeks or 67 weeks, and incomplete repair was more
commonly associated with the 4 mm diameter lesions.
Two types of repair tissues were often found in the
defects. Immature hyaline cartilage was found in the
deeper layer, closely associated with the subchondral
bone, whereas the superficial layer was mostly fibrous
or fibrocartilaginous in nature.
Vachon et al (13) recently reported that, following

forage (subchondral bone drilling) of partial- and full-
thickness cartilaginous defects of the radial facet of
the third carpal bone, the reparative tissue in drilled
defects was of superior quality to the fibrous tissue
in nondrilled defects. The fibrocartilage in the drilled
full-thickness lesions was anchored better to the under-
lying subchondral bone, covered a greater surface of
the defect, and was thicker than repair tissue in non-
drilled defects. Forage of the partial-thickness car-

Can Vet J Volume 31, August 1990566



tilaginous defects did not result in complete resurfac-
ing of the defects and anchorage of the repair tissue
to the bed of the defect was merely through the drill
holes or in areas of inadvertent subchondral bone per-
foration (13,15).
A research team recently investigated the effects of

location and lesion size on the repair mechanisms of
equine articular cartilage (14). Small weight-bearing
lesions on the concave portions of the radial and third
carpal bones healed better than nonweight-bearing
lesions on the rounded anterior rim of these bones.
Large lesions (15 mm diameter) healed poorly regard-
less of their location.

Stifle joint lesions are an important cause of hind-
limb lameness. Manifestations of naturally occurring
joint disease in the stifle include subchondral bone
cysts and osteochondritis dissecans (OCD) (55-58).
Management of these conditions remains controversial
(57,59,60), but most authors agree that horses do not
respond to conservative treatment (prolonged periods
of rest) and generally remain lame after such treatment
(58,59,61). Pascoe et al (58) reported on the necropsy
findings of two cases with bilateral, lateral trochlear
ridge osteochondrosis. These horses had undergone
unilateral surgical curettage of large OCD defects.
Fibrocartilaginous repair was evident in both cases at
three and at 14 months after surgery. Degenerative
changes involving the opposing lateral patellar facet
were present in both operated and unoperated femurs.
Severity of the degenerative changes appeared to be
related primarily to the degree of alteration in the con-
tour of the lateral trochlear ridge (58). Surgical curet-
tage of the lesions appears to produce better clinical
and radiographical results (58,59), but information on
the nature of the repair tissue within the operated
defects is limited (62).
Convery et al (11) studied the repair capacity of

osteochondral defects of 9, 15 and 21 mm diameter,
at the center of the weight-bearing surface of the
medial femoral condyle of mature Shetland ponies.
Defects of 3 mm diameter were created on the
nonweight-bearing surface of the medial femoral
condyle. After three months, the 3 mm diameter
defects were completely repaired with a mixture of
fibrous tissue and fibrocartilage. However, none of the
9, 15 or 21 mm diameter defects was completely
repaired at any time up to nine months.

Using a model similar to that used by Convery et al
(11), Kold et al (46) created full-thickness cartilaginous
defects (linear or elliptical) and subchondral cavity
defects on the weight-bearing surface of the medial
femoral condyle. They reported the formation of sub-
chondral bone cysts following the creation of full-
thickness linear defects. Subchondral cavities of
various size communicating with the joint via a 3 mm
diameter cartilage defect did not heal. A mixture of
fibrous and fibrocartilaginous tissue filled both the
cavities and the cartilaginous defects. These repair
tissues did not provide satisfactory healing.

Effects of lesion size and location on repair of
articular weight-bearing and nonweight-bearing sur-
faces of the femoropatellar joint were studied recently
(14). Small (5 mm) and large diameter (15 mm) defects

were created at the junction of the lateral trochlea and
trochlear groove in an area directly contacted by the
patella (weight-bearing) or high on the axial side of
the lateral trochlear ridge of the femur not contacted
by the patella (nonweight-bearing). Matrix flow and
fibrocartilage contributed to the repair of all defects.
Better healing occurred in small weight-bearing lesions
compared to large or nonweight-bearing lesions. In
published clinical reports (58,62) authors have stated
that the size of defects involving the femoral trochlear
ridges was not a limiting factor in terms of sufficient
healing for athletic function. Completeness of repair
of curetted defects in a hinge-like gliding joint surface
such as the femoropatellar joint has been viewed as
less critical to athletic function than defects affecting
a high loading surface such as the middle carpal joint
(13,67,68).
When treating a diseased joint, the surgeon must

keep two main objectives in mind: restoring function,
and restoring form to the joint. What advantages are
to be found in a technique that is successful in deal-
ing with a particular problem but, in the process,
creates a secondary problem that is equally or more
detrimental to the joint? This particular dilemma
becomes apparent when dealing with the repair of
cartilaginous defects in clinical and experimental cases.

Secondary or "kissing" lesions on the articular sur-
face opposite full-thickness and partial-thickness
defects are consistent findings in clinical and experi-
mental carpal joint injuries (10,12,13,63,64). These
lesions are characterized by hypertrophy and thicken-
ing of articular cartilage with superficial loss of
metachromasia (12), reduction in hexosamine content
(63), hypercellularity or hypocellularity in the tangen-
tial layer with superficial chondrocytic clusters and
focal thinning of the cartilage (13), or ulcerative
depressed areas (15). Their cause remains unclear, but
kissing lesions may occur following a decrease in
weight bearing, thereby reducing the diffusion of
nutrients to the cartilage (65,66). Kissing lesions sec-
ondary to partial-thickness cartilaginous defects are
less extensive than kissing lesions opposite full-
thickness defects (15,63). According to Riddle (10),
kissing lesions appear two to four months after the
full-thickness defects have been created. In contrast,
other studies have shown that lesions were not present
at 17 weeks following surgery but were evident
between 28 and 54 weeks. It was observed, however,
that some reversibility of the lesions occurred by
67 weeks postoperatively (12). The long-term implica-
tions of these lesions on joint function in the athletic
horse are unknown. In clinical situations, most
surgeons leave a kissing lesion undisturbed (63,67).

Postoperative management of the injured joint can
be a determining point for repair of defects. Con-
tinuous passive motion in rabbits for a period of seven
days was shown to improve the quality of the repair
tissue by disrupting adhesions and optimizing cartilage
nutrition (18). Nonweight-bearing CPM is not possi-
ble in the horse, but passive flexion and early post-
operative ambulation have been shown to be beneficial
to cartilage healing in full-thickness defects by disrupt-
ing synovial adhesions in nonweight-bearing locations,
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particularly at the cranial rim of the middle carpal joint
(14). The same authors hypothesized that synovial
membrane adhesions interfered with cartilage nutri-
tion. Other investigators, however, have associated
synovial membrane adhesions with a fibrous type of
repair (10,12). In recent studies on full- and partial-
thickness defects, synovial adhesions were not found
to be a source of repair tissue nor were they found to
interfere with the repair process (13,15,54).
De Palma et al (7) found that the development of

hyaline cartilage depended on functional stresses from
early motion and weight bearing. Compression in the
presence of a low oxygen concentration was found to
facilitate cartilage formation (69). The healing process
of cartilage in weight-bearing versus nonweight-
bearing surfaces has been incompletely studied. Con-
fusion remains as experimental investigations have
produced conflicting results (4,7,70). The literature
dealing with equine cartilage healing is replete with
experimental models that have used empirical and sub-
jective means to determine weight-bearing areas
without ever quantifying the nature, the magnitude,
or the location of the forces acting on articular sur-
faces. Among the studies examining cartilage healing
in the carpus, lesion sites have varied from the anterior
margin of the radial and third (intermediate and radial
facets) carpal bones (10,12,14) to centrally located sites
on radial or third carpal bones (13-15). Hurtig et al
(14) hypothesized that lesions at the anterior margin
of the carpal bones were nonweight-bearing whereas
lesions centrally located on concave surfaces were
weight-bearing. Only recently has a study located and
quantified peak pressures along the dorsal rim of the
carpus using pressure-sensitive films. The same study
found a strong mathematical between stress concen-
tration due to linear compression and the occurrence
of carpal fractures (51). Objective correlations need
to be made between the lesion site, the type of repair
tissue, and the magnitude of forces acting on a par-
ticular articular surface. Perhaps such data would shed
some light on noted discrepancies between clinical
studies (58,62) and research (14) when considering the
effects of lesion size on repair of cartilaginous defects
in femoral trochlear ridges. Controversy has been
fuelled by the lack of similarity between experimental
models that compare the effects of a directly loaded
surface (radiocarpal and middlecarpal joints) to those
of a gliding surface (femoropatellar, femorotibial, and
tarsocrural joints). Intra-articular contact area and
stress distribution can be helpful measurements in
understanding the biomechanical character of a joint.
Although several human joints have been studied in
that fashion (6,72), such data have only been collected
in foals (73) and are lacking in adult horses.
Doubts regarding the quality and the durability of

cartilage repair tissue have been expressed (2,13,14,
27,48,74). Vachon et al (13) hypothesized that the lack
of repair in carpal bone injuries was related to the high
density of the subchondral bone and the high loading
forces the repair tissue had to withstand. Hurtig et at
(14) further theorized that opposing articular surfaces
were more likely to protrude into large defects and
impinge on fragile repair tissues, resulting in their

disruption. The physical properties of normal cartilage
and repair tissue in full-thickness cartilaginous defects
were studied using compression testing in rabbits
(5,75). The repaired articular surfaces were shown to
be less suited for repetitive loading than normal
articular cartilage because the former deformed more
easily (75). The same authors concluded that a repaired
articular surface was inadequate as a replacement for
normal cartilage in weight-bearing areas. Nevertheless,
the presence of healed and nonhealed 6 mm diameter
osteochondral defects in the weight-bearing portion of
the femoral condyles of dogs did not affect the
condyles' ability to distribute load (76). These authors
concluded that knees of adult dogs could accom-
modate moderate incongruities without obvious mor-
phological consequences.

Convalescence time has been the subject of con-
siderable debate. Maturation of the repair tissue to
hyaline-like cartilage was achieved between 17 and
28 weeks postoperatively for a 4 mm diameter defect
(12) and 28 weeks postoperatively for a 15 mm diam-
eter defect (10). In both studies, little correlation was
found between prolonged healing time and the qual-
ity of the repair tissue.

In conclusion, disagreement and controversy regard-
ing recommended surgical treatment, postoperative
therapy, and convalescent time of horses with car-
tilaginous defects will likely remain until experimen-
tal protocols become standardized and meaningful
experimental data can be extrapolated to clinical cases.
One must also consider the fact that joints in which
cartilage healing was studied experimentally were not
subjected to a racehorse's level of exercise and
therefore have not endured similar tissue trauma. In
spite of recent experiments on the healing of equine
cartilage, clinicians dealing with an athletic horse often
choose a conservative approach to debridement of
articular defects. The general approach includes
removing the bone fragment(s), and debridement of
the full-thickness cartilaginous defect to remove under-
mined cartilage and expose bleeding subchondral bone.
Debridement of partial-thickness cartilaginous defects
is not performed. The overall conservative approach
to treating osteochondral lesions reflects the lack
of confidence of clinicians in the quality and dura-
bility of the repair tissue and the fact that fibrous
repair tissue is commonly dislodged during athletic
exercise (48). cvi
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Conseil de I'ACV 1991-1993
Appel de mise en candidature - Conseilers pour le Quebec et l'Ontario

Nous vous invitons A soumettre votre candidature au poste de conseiller de lACV pour la province du Quebec et de l'Ontario, pour un mandat de trois (3) ans debutant le
ler janvier 1991 et se terminant le 31 decembre 1993.
Le reglement de l'ACV fut recemment modifie pour permettre l'election d'un conseiller de l'ACV dans ces provinces (Quebec et Ontario) oui la cotisation a lACV n'est pas
pertue par l'association provinciale.
Un(e) membre de IACV peut se porter candidat(e) au conseil de l'association si il ou elle: i) demeure dans la province out il ou elle se presente; ii) est propose(e) par deux (2)
membres en regle de lACV qui demeurent dans cette province; iii) accepte cette nomination; et iv) est en regle avec lACV.
Les mises en candidature doivent se faire sur le formulaire ci-dessous, et doivent parvenir au bureau du secretariat de l'ACV, 339, rue Booth, Ottawa (Ontario) K1R 7K1,
timbrees au plus tard le 8 septembre 1990. Chaque mise en candidature doit etre signee par deux membres en regle de IACV et par le (la) candidat(e). S'il y a plus
d'un(e) candidat(e), des bulletins de vote seront postes a tous les membres de l'ACV de la province en question le 24 septembre 1990.
Nous demandons aux candidat(e)s de nous faire parvenir une photographie recente ainsi qu'une courte biographie.

FORMULAERE DE MISE EN CANDIDATURE
Conseiller du/de la candidat(e) pour: Quebec Ontario
Information sur le (la) candidat(e)
NOM: ADRESSE:

Mis(e) en candidature par les membres en regle de l'ACV suivants:

1)
(Nom au complet, lettres moulees) (Signature)

(Nom au complet, lettres moulees) (Signature)
Je suis un membre en regle et, si elu(e), j'accepte de sieger au conseil de l'ACV pour
un mandat de un an. (Signature du/de la candidat(e))

CVMA 1991-1993 Council
Cal for Nominations - Ontario and Quebec Councilors

Nominations are hereby invited for the position of CVMA Councillor for the provinces of Ontario and Quebec, for a term of three (3) years starting on January 1, 1991, and
ending on December 31, 1993.

The CVMA By-Laws have been amended to provide for the election of a CVMA Councillor in provinces (Ontario and Quebec) where CVMA dues are not collected by the provincial
association.
A member of the CVMA is eligible for election to the Council of the Association if he or she: i) is a resident in the province for which he or she is nominated; ii) is
nominated by two (2) CVMA members in good standing who reside in that province; iii) consents to the nomination; and, iv) is in good standing in the CVMA.
Nominations must be submitted on the form below, and must be sent to the CVMA Secretariat, 339 Booth Street, Ottawa, Ontario KIR 7K1, postmarked on or before
September 8, 1990. Each nomination must be signed by two CVMA members in good standing and countersigned by the nominee. If there is more than one candidate,
ballots will be mailed to all CVMA members on September 24, 1990.

We would ask nominees to send us a recent photograph as well as a short biography.

NOMINATION FORM
Councillor nominee for: Ontario Quebec

Nominee Information

NAME: ADDRESS:

Nominated by the following active CVMA members:

1)
(Print full name) (Signature)

(Print full name) (Signature)
I am an active member and, if elected, agree to serve as a councillor for a one-year (Signature of nominee)
term.

572 Can Vet J Volume 31, August 1990


