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Abstract

Osteochondritis dissecans of the knee is a disease that typically affects skeletally immature patients. Clinically manifested
with knee pain, limping, and joint disfunction, this condition has remained misunderstood and undervalued for a long
period. Although being a rare condition, its awareness is of utmost clinical interest because of the possible severe
consequences it can bring when misrecognized or inadequately treated. Its etiology remains unclear and is still debated.
Many theories have been proposed, including inflammation, local ischemia, subchondral ossification abnormalities, genetic
factors, and repetitive mechanical microtrauma, with a likely interplay of the same. This review article aims to deliver
and discuss current and up-to-date concepts on epidemiology, etiology, and natural history of this pediatric condition.

Level of evidence: level V.
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Introduction

Osteochondritis dissecans (OCD) is a disease of unknown
etiology involving the osteochondral unit of the joint.
Sequestration of subchondral bone with possible articular
cartilage involvement can occur, leading to osteochondral
fragment instability and eventual detachment.! Even
though the disorder was first described by Konig in 1887,
the cause, management, and prognosis of this pathologic
condition are far from understood.

The most affected joint is the knee, followed by the
ankle, elbow, shoulder, and hip. The condition typically
involves a solitary joint; however, some children can
develop OCD in several.?

OCD is classified in juvenile (JOCD) and adult (AOCD),
but being a classification based on the status of the growth
plate, the terms “open physes” and “closed physes” should
be utilized.* The “open physis” form affects skeletally
immature patients and generally has a better prognosis,
while the “closed physis” form affects young adults and is
typically characterized by a poorer prognosis.>® While
OCD is generally considered an idiopathic phenomenon,
various etiopathogenetic factors are currently the matter
of investigation, including local ischemia, accessory cen-
ters of endochondral ossification, repetitive microtrauma,
and familiar or genetic predisposition.””!® The clinical

presentation of the OCD of the knee can be rather variable,
but usually characterized by knee pain and discomfort that
can lead to disability and early osteoarthritis. However,
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many children can be completely asymptomatic up to the
end stages of the disease.

Our knowledge of pathogenesis has recently improved;
many issues remain subject to debate, especially for what
concerns etiopathogenesis, magnetic resonance imaging
(MRI) findings, treatment methods, and feasibility of
developing a treatment algorithm. The aim of this article is
to address recent updates in the orthopedic literature about
the epidemiology, etiology, and natural history of OCD of
the knee in skeletally immature patients.

Epidemiology

The exact incidence of OCD of the knee remains still
unclear; however, the most recent studies indicate that the
incidence ranges between 2.3 and 31.6 cases per 100,000
people with skeletal immaturity, reflecting differences in
ethnicity, sex, and age.!'"!3

Knee OCD rarely presents before the age of 6years,
while it peaks most frequently between 13 and 17 years.'?
In an incidence analysis, Kessler et al.'3 founded that sub-
jects aged from 12 to 19 years old have three times the risk
of developing knee OCD compared with subjects aged
from 6 to 11 years, regardless of sex and ethnicity.

With regard to gender, males appear to be more affected
than females, with a two- to four-fold higher incidence
depending on the studies considered."'* Nevertheless,
some authors'*'® reported a present-day increase in inci-
dence in girls, probably related to the rise in female partici-
pation and specialization in high-impact sports. In the
ROCK (Research in Osteochondritis Dissecans of the
Knee) investigation, female patients were found to have an
earlier presentation than males by a year. Although this
divergence does not reach statistical significance, it may
indicate a clinical relevance due to sex differences in skel-
etal maturity.!”

In terms of ethnicity and race, Black people presented
higher risk of OCD compared with other ethnic groups.'
However, Whites had 2.6 times a greater risk of OCD than
Hispanics, 2.1 times a greater risk than Asians/Pacific
Islanders and as much as and 5 times a greater risk of dis-
ease than those of mixed ethnicity. The incidence analysis
then demonstrated that non-Hispanic Blacks had the high-
est incidence of knee OCD (31.6/100,000), whereas the
lowest incidence was observed in Asians (4.7/100,000),
establishing significant interracial differences.

The possible role of sports practice in the incidence of
knee OCD has been speculated for decades; interestingly,
OCD of the knee was historically referred as “catcher’s
knee.” The ROCK study enrolled 1004 knees of both
males and female patients. 71.7% and 59.1% were multi-
sport athletes, and almost the entirety of the subjects
enrolled considered themselves athletes.!” Not surpris-
ingly, authors found symptomatic OCD to be more com-
mon in young patients participating in sports requiring
explosive movements of lower extremities such as

basketball and soccer for both sexes. Although these sports
were the most practiced in the cohort enrolled, OCD
lesions did not appear to be confined to sports that involved
cutting tasks or acceleration and deceleration profiles of
the lower limbs. Moreover, individuals practicing a pri-
mary sport for more than 8 months per year did not have a
higher risk of OCD of the knee. This information sug-
gested that frequent sport participation may be associated
with the development of knee OCD during the prepubes-
cent transition to adolescence rather than direct trauma.'®

The most classic location for OCD lesions of the
knee is the posterolateral aspect of the medial femoral
condyle (MFC), which represents a watershed area for
vascularity.'”? To the best of our knowledge, only two
multicenter studies examined the location of defects.!” Up
to 77% of osteochondral lesions were in the MFC, 51% of
the lesions were on the lateral aspect of the MFC, 19% in
the center, and 7% on medial aspect. The lateral femoral
condyle (LFC) was involved in 17%—18% of cases, patella
in 6%—7%, femoral trochlea in 1%-9.5%, and tibial plateau
in 0.2%. Data regarding patellofemoral OCD are deficient
and probably underestimate the incidence of the disease
in this peculiar location.?!

Etiology

The precise cause of OCD remains unclear, although a
number of etiological theories have been proposed.?
Mechanical, biological, hereditary, and anatomical factors
are all speculated to play a role in the development of
this disecase, whose origin can thercfore be considered
multifactorial.!®%3

Mechanical factors have historically been investigated
as primarily responsible for the occurrence of OCD of the
knee.?*?* This theory predicts a single major traumatic
event or multiple smaller but repeated micro-traumatic
events as the main cause. Major trauma or the repetitive
stress evokes subchondral reaction that probably interferes
with bony trabecular healing, preventing the ability of the
bone to recover.

Some authors® hypothesize a correlation between the
size of the anterior tibial spine (ATS) and the presence of
knee OCD. This theory dates back as far as 1957, when
Smillie?® speculated that OCD was related to impingement
between the ATS and the lateral chondral aspect of the
medial condyle. However, the authors’ statements at that
time required further corroborating data.

This concept of impingement between the ATS with
the MFC is consistent with the repeated microtrauma
etiology proposed by different groups,?’?® although
better investigated in other location, such as the elbow
joint.2%3% Wechter et al.’! conducted a study evaluating
the anteroposterior and lateral radiographs view of the
knee, demonstrating that knees with MFC OCD lesions
possessed greater posterior and medial tibial slope in
comparison to both normal contralateral knee and
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controls. However, knees with LFC OCD lesions had no
significant difference in lateral tibial slope compared
with the contralateral knee or matched controls. Finally,
posterior slope was greater in patients with medial OCD
lesions than matched controls. An MRI analysis con-
firmed that patients presenting knee OCD had a more
prominent tibial eminence than patients without OCD.?

Impingement of the tibial eminence on the MFC was
also investigated by Chow et al.,* proving that knees with
MFC OCD lesions presented significantly smaller notch
width index (NWI) than matched controls. This theory
adequately justifies the classic location of OCD of the
knee, which is on the posterolateral aspect of the MFC.

In fact, this theory suggests a mechanism of traumatic
contact during knee flexion between the most prominent
part of the tibia (ATS) and its counterpart on the femur,
which turns out to be the posterolateral aspect of the MFC.
The finding of OCD typically localized on this area of the
femur therefore fits well with this hypothesis.

Other anatomical variants, like a more distal location of
the footprint of the posterior cruciate ligament (PCL) as
well as the presence of a discoid lateral meniscus (DLM)
may further affect the mechanical environment in the
knee.*333* Complete discoid menisci were associated with
a central OCD, while incomplete discoid menisci were
associated with peripheral OCD.*® Mitsuoka et al.>® even
reported a case of OCD with a complete DLM in a 10-year-
old male that completely healed after partial arthroscopic
meniscectomy, without specific treatment for the osteo-
chondral lesion of the LFC. The authors suggested that an
abnormal repetitive loading on weaker osteochondral
structures by a damaged DLM could be one of the main
causes of OCD of the LFC.

Still concerning the role of the menisci, some authors
recently identified meniscal instability as a biomechanical
alteration implicated in the genesis of OCD. In particular,
Camathias et al.’’ postulated that hypermobility of the
anterior horn could be a contributing factor through
repeated impingement of the loose meniscal edge between
the articular surfaces. This prolonged mechanical stress in
the end may result in damaging the overhanging corre-
sponding femoral osteochondral unit. This postulation
was formulated by the authors by observing increased
meniscal instability at the anatomical correspondence of
the osteochondral lesion in most patients undergoing knee
OCD surgery.

MRI is not specific to detect meniscal instability and
arthroscopic evaluation is a diagnostic necessary point in
case of symptomatic patients.’® A specific arthroscopic
aspiration test was described to detect meniscal instability
of the posterior horn of the lateral meniscus.?

These remarks on meniscal instability are in accordance
with what mentioned above about the discoid meniscus.
Indeed, in both cases, the chondral articular surfaces are
exposed to excessive and repetitive stresses during knee
flexion and extension owing to the presence of excessive
meniscal encumbrance. Interestingly, Takigami et al.*

observed that a DLM with a meniscal shift type C accord-
ing to Ahn’s MRI classifications should be considered as
predictive factors for OCD of the LFC.

Many studies?™*' demonstrated a high correlation
between OCD location and lower limb mechanical axis
deviation. An association was found between varus and
valgus axis, respectively, with medial and lateral condyle
OCD.* Moreover, the convergence of the mechanical
axis with the location of the OCD lesion may be consid-
ered an associated factor in fragment instability. This
convergence is more common in unstable OCD.*!' Other
biomechanical factors, including obesity,** and soft-tissue
instability such as cruciate ligaments hypoplasia** have
also been implicated.

Knee activity—related positioning has been considered
central to the pathogenesis of OCD for a long time.
Younger age of OCD presentation and a more posterior
location on both femoral condyles were found more typi-
cally in baseball catchers than position players (non-catch-
ers). These findings may represent the effects of repetitive
and persistent loading of the knees in the hyperflexed posi-
tion specific to catchers.®

Local ischemia has been proposed as another causative
factor for OCD. The vascular anatomy of subchondral
bone is characterized by low arteriole anastomoses pre-
disposing to ischemic insult. Green and Banks?* were the
first to emphasize the role of ischemic subchondral bone.
Campbell and Ranawat*® suggested classifying OCD
as idiopathic aseptic necrotic lesions of the epiphysis,
showing in their histological examinations a large isch-
emic bone area beneath the detached fragment. Multiple
studies?**” stated that there is an interplay of vascular and
traumatic factors of subchondral bone ischemia, leading
to the development of OCD.

This etiologic hypothesis has similarity features with
another pediatric orthopedic condition: Legg—Calve—
Perthes disease, which consists of a hip disorder caused by
a temporary disruption of blood flow to the femoral head.
Deprived of an adequate blood supply, the bone cells die,
in a process referred to as “avascular necrosis.”*

Based on this, some possible genetic associations were
investigated, in particular genes involved in heritable
thrombophilic risk.**=2 To the best of our knowledge, no
similar studies have yet been conducted for what pertains
to the genetics of OCD, but it could be a cue for future
research.

Mechanical and vascular factors therefore play an
important role in the etiopathogenesis of OCD; however,
the presence of family cases with high risk of OCD in
monozygotic twins suggests that hereditary factors are
likewise crucial.'®** Gornitzky et al.” described a positive
family history of OCD in 14% of the cohort of patients
analyzed, providing preliminary support for a familial
inheritance pattern for OCD. Other groups also described
familial cases of OCD lesions, in particular in association
with short stature and multiple lesion sites.>*>* Preliminary
studies identified mutations in candidate genes involved
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Figure 1. Two cases of spontaneous healing of OCD. Case |: 14years old boy. X-ray notch view of the right knee (a) shows a
stable OCD of the right medial femoral condyle. X-ray (b) after 6 months of sports restriction shows a complete spontaneous
healing of OCD. Case 2: |12years old, female. Detection of OCD on MRI after 18 months of knee pain. Coronal T |-weighted (c)
and sagittal T2-weighted (d) MRl images show the area of OCD of the medial lateral condyle with low-signal intensity lesion on
Tl-images and a signal suggestive of bone marrow edema on T2-images. There is no sign of instability. Coronal T |-weighted (e) and
sagittal T2-weighted (f) MRI images after 12 months of sporting activity restriction show OCD healing.

the maintenance of turnover of cartilage as a possible pre-
disposition to develop OCD.>¢-8

Other biological theories refer to endocrine factors, but
the effective role of the intra-articular biochemical envi-
ronment and endocrine patterns is not still defined.>*¢!
Vitamin D deficiency was found to statistically correlate
with children diagnosed with OCD.®>% Human growth
hormone (hGH) deficiency could lead to atypical ossifi-
cation nuclei and the subsequent development of OCD
lesions.**

Natural history

The natural course of OCD of the knee can be character-
ized by spontaneous healing or worsening over time.*??
Higher likelihood of healing with sporting activity restric-
tion was found in younger patients with open physes
(Figure 1).°

Failure of lesion healing results in intermittent pain,
which may last for years until the osteochondral fragment
becomes unstable. This event is a tipping point after which
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sequelae such as premature degenerative joint disease can
occur.

Regardless of imaging study findings or possible signs
of re-ossification of the osteochondral lesion, a patient can
be considered healed when complete resolution of symp-
toms occurs. However, a patient with a newly diagnosed
knee OCD should be closely monitored until radiographic
normalization is complete, as symptoms are likely to
resume even after years of quiescence.®

Age is considered a key prognostic factor, specifically
skeletal maturity at the time of symptom onset appears to
drive clinical outcome, with better prognosis for subjects
with open physes.!*¢’

Another major determinant is the surface area of the
lesion, with better outcomes in patients with smaller sur-
face areas.®® Wall et al.®® in a prospective study on skele-
tally immature patients who underwent non-operative
treatment found that the mean surface area in the group
whose lesions healed was 209 mm? compared to 288 mm?
in the group with persistent lesions.

Conclusion

OCD of the knee is a common disease of skeletally imma-
ture patients. The pathogenesis is poorly understood but
seems to be multifactorial in nature with genetic, mechan-
ical, anatomical, and biological predisposing factors.
More prospective and research studies are required to
increase our knowledge about the factors that play a role
in the development of this disease.
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