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AVASCULAR NECROSIS

Introduction

Osteonecrosis is synonymous with aseptic necrosis and avas-
cular necrosis (AVN). After the hip, the knee is the second most
common location for osteonecrosis but represents less than 10%
of all cases of osteonecrosis (7,8). Three general categories of
AVN include spontaneous, atraumatic, and traumatic. Sponta-
neous or idiopathic AVN of the knee was first described by Ahl-
back in 1968 and has since been referred to as Ahlback’s disease
(1). Atraumatic or secondary AVN is also caused by the use of
corticosteroids, Gaucher disease, caisson worker’s disease, and
sickle cell disease (2—6). Traumatic AVN of the knee is theoret-
ically seen after fractures of the distal femoral condyles or tibial
plateau or after surgeries, such as high tibial osteotomy or pos-
terior cruciate ligament reconstruction, related to femoral
condyle tunnel preparation. This section focuses primarily on
spontaneous or idiopathic AVN and discusses secondary
osteonecrosis under Differential Diagnosis.
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Epidemiology

Spontaneous or idiopathic osteonecrosis typically affects
women older than 60 years. The ratio of affected women to
men is three to one and the ratio of those affected older than 60
years to those younger than 60 years is four to one. Unlike
atraumatic or secondary osteonecrosis, which more commonly
presents bilaterally, spontaneous osteonecrosis is found bilat-
erally in less than 20% of cases (9,10).

Spontaneous osteonecrosis most commonly affects the
weightbearing portion of the medial femoral condyle fol-
lowed by the lateral femoral condyle. It is only rarely seen in
the periphery or intercondylar notch region (10,11). Sponta-
neous osteonecrosis also occurs in the tibial plateau where it
is more common in the medial plateau mimicking a medial
meniscal tear (12). Spontaneous osteonecrosis of the patella
occurs rarely (13).

Other than being female and aged more than 60 years, there
are few other known risk factors associated with spontaneous
AVN, although obesity has been found in 60% of cases (15).
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Despite the preponderance of AVN of the medial femoral
condyle, there is no association with varus alignment (14).

Presentation

Patients with spontaneous AVN will often complain of
acute onset of severe pain, with only 10% of patients report-
ing a history of trauma. The pain is located over the involved
condyle, most commonly over the medial aspect of the knee.
Pain in the acute phase is often reported as being worse at
night and can last 6 to 8 weeks (10). Mechanical symptoms
are rare unless the articular cartilage surface is unstable and
fragmented, but patients may present with severe muscle
spasm, giving the knee a locked appearance. After the acute
phase, the pain typically dissipates, but in some cases, pain
may become chronic.

On physical examination, effusions are uncommon, and
knee range of motion is usually preserved, being limited only
by muscle spasm when present. Pain is elicited with palpation
over the medial femoral condyle. This finding can often mis-
lead the examiner into thinking that the patient has a degener-
ative meniscal tear—a much more common diagnosis in
patients of this age group.

Basic Science

The vascular supply in osteonecrotic bone is compromised
by one of four mechanisms (Table 1). The most common
known etiologies of atraumatic or secondary osteonecrosis are
associated with alcohol or corticosteroid use. The mechanism
by which alcohol or corticosteroid use causes AVN is
unknown, although it is hypothesized that fat emboli from a
fatty liver or from the bone marrow can occlude the arterial
vessels (17).

The etiology behind spontaneous osteonecrosis is unknown,
but theories are based on the same pathophysiology as idio-
pathic osteonecrosis of the femoral head (16,17). Two hypothe-
ses have been espoused. The vascular hypothesis proposes that
injury to the tenuous blood supply of the subchondral bone in
the femoral condyle leads to ischemia and bone edema. This
edema leads to increased intraosseous pressure, leading to wors-
ening ischemia. As the ischemia advances, the bone collapses.
With revascularization of the subchondral bone, the symptoms
from osteonecrosis abate.

The traumatic hypothesis is based on the fact that most of these
cases occur in women older than 60 years. This population has a
high incidence of osteoporosis, and it is thought that microfrac-
tures in the subchondral bone lead to an influx of synovial fluid
into the marrow cavity, which elevates the intraosseous pressure,
resulting in osteonecrosis.

A third etiologic category of osteonecrosis can be classified as
iatrogenic. For example, there are anecdotal reports of osteone-
crosis developing after posterior cruciate ligament reconstruc-
tion due to the proximity of the bone tunnel to the articular
surface of the medial femoral condyle. Similarly, there is signif-
icant overlap between the presentation of osteonecrosis and
meniscal pathology. Although it is the author’s opinion that
many of these cases represent cases of unrecognized early-stage

TABLE 1. Etiologies of vascular injury in osteonecrosis

Mechanical disruption of vessels
Fractures
Dislocation
Stress fracture
Occlusion of arterial vessels
Circulating fat
Alcohol use
Corticosteroid use
Nitrogen bubbles
Caisson worker’s disease
Abnormal cells
Sickle cell disease
Injury/pressure on arterial walls
Intimal damage
Vasculitis
Radiation exposure
Angiospasm
External pressure
Osteomyelitis—inflammatory cells
Gaucher’s disease—macrophages filled with
cerebroside
Alcohol use—hypertrophied fat cells
Occlusion to venous outflow
Venous pressure exceeds arterial pressure
Osteomyelitis
Corticosteroid use
Alcohol use

osteonecrosis diagnosed as meniscal tears and chondral injuries,
the literature is re »lete with cases of AVN after partial meniscec-
tomies and chondroplasty. For example, there are at least three
studies in the literature representing 24 patients who were
reported to develop AVN after arthroscopic partial meniscecto-
mies (18-20). It is thought that without the protective effect of
the meniscus, the condyle is subjected to a greater amount of
force, resulting in micro fractures, edema, and ischemia (Fig.
1A). However, the average age of the patients in these studies
was 65 years old, and the majority of the patients were women.
It is contended that this population had preexisting spontaneous
osteonecrosis before their partial meniscectomies. It is impossi-
ble to determine whether the arthroscopic surgery may have
caused the osteonecrosis or simply exacerbated that which was
present before surgery.

Other authors have reported the development of AVN after
arthroscopic laser meniscectomy (21-21b). These case
reports suggest that the damage to the subchondral bone from
the energy of the laser precipitated osteonecrosis. Although
this might be true, another study showed that when the laser
is used at appropriate settings, the risk of AVN is no higher
than the risk associated with routine arthroscopic instrumen-
tation (22).

Recently, with the advent of monopolar and bipolar radiofre-
quency devices used to perform thermal chondroplasty, there
has been increasing concern that some of these devices may
actually lead to thermal injury to the subchondral bone. Non—
temperature-controlled bipolar radiofrequency devices may
cause full thickness chondrocytes death to the level of the sub-
chondral bone, but a direct cause and effect relationship remains
to be established (Fig. 2) (23,24).
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B
FIG. 1. Avascular necrosis of the medial femoral condyle developing within 4 months of a simple posterior
horn medial meniscectomy in a 48-year-old male. A: Routine weightbearing anteroposterior radiograph
demonstrating focus of avascular necrosis. B: Arthroscopic evaluation in the same patient demonstrating
softening over area of collapsed subchondral bone.

The pathologic changes of osteonecrosis of the knee parallel tion of the cartilage with thickening of the tidemark (Fig. 3). With
those changes seen in the hip. Early in the disease process, the disease progression, a flap of articular cartilage develops over the
gross appearance of the articular cartilage may be normal with area of necrotic bone. With further progression, the defect left
slight discoloration and softening appreciated by gentle probing behind by the cartilage flap is filled by fibrocartilage. Microscopic
(Fig. 1B). The chondrocytes undergo cloning, and there is fibrilla- examination shows changes typical of osteonecrosis with empty

FIG. 3. Fibrillation of the articular cartilage and chondrocytes
cloning. (From Mankin HJ, Mow VC, Buckwalter JA. Articular
cartilage repair and osteoarthritis. In: Buckwalter JA, Einhorn

FIG. 2. Avascular necrosis of the medial femoral condyle TA, Simon SR, eds. Orthopaedic basic science, biology and
after thermal chondroplasty, using a bipolar radiofrequency biomechanics of the musculoskeletal system, 2nd ed. Rose-
device used to treat a grade Il lesion of localized chondro- mont, IL: American Academy of Orthopaedic Surgeons,

malacia. 2000:478, with permission.)
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FIG. 4. Osteonecrotic bone with osteoblastic rimming. (From
Day SM, Ostrum RF, Chao EYS, et al. Bone injury, regener-
ation, and repair. In: Buckwalter JA, Einhorn TA, Simon SR,
eds. Orthopaedic basic science, biology and biomechanics
of the musculoskeletal system, 2nd ed. Rosemont, IL:
American Academy of Orthopaedic Surgeons, 2000:374,
with permission.)

osteocyte lacunae and fatty degeneration of the marrow. Dead
bony trabeculae are surrounded by osteoblastic activity, cartilage
formation, and fibrovascular granulation tissue (Fig. 4).

Imaging Studies and Staging Systems

Imaging studies are necessary to make the diagnosis of AVN.
There are five plain radiographic stages (15,25). Stage 1 is deter-
mined by a normal radiographic study with the diagnosis being
made on bone scan. Fifty percent of patients can present with nor-
mal x-rays, which, together with the medial sided joint pain on
physical exam, often leads to a mistaken diagnosis of a symptom-
atic degenerative meniscus tear. Of the patients with normal x-
rays, 70% will develop radiographic findings over the course of 7
months (26). Stage 2 is characterized by subtle flattening of the
femoral condyle. Stage 3 lesions are frankly necrotic and have a
radiolucent area in the subchondral bone that is bordered superi-
orly and laterally by a sclerotic halo. Stage 4 is associated with
thickening of the sclerotic halo, subchondral bone collapse with
sequestration, and cartilage flap formation. Stage 5 heralds full
blown degenerative changes with joint space narrowing, osteo-
phyte formation on the affected condyle, and degenerative
changes in the tibial plateau (Table 2 and Fig. 5).

The extent of the lesion can be determined by three methods.
Using radiographs corrected for magnification, the volume of
the lesion is calculated by multiplying the height by the width
by the length of the lesion (27). Small lesions are characterized
as less than 10 cm®, medium lesions between 10 and 20 cm?, and

TABLE 2. Radiographic stages of avascular necrosis

Stage | Normal radiographs, bone scan positive
Stage I Flattening of condyle

Stage lll Radiolucency with halo of sclerotic bone
Stage IV Calcified sequestrum

Stage V Narrowing of joint space

FIG. 5. Schema of the five stages of osteonecrosis. (From
Insall JN, Aglietti P, Bullough PG, et al. Osteonecrosis. In:
Insall JN, Windsor RE, Scott WN, et al., eds. Surgery of
the knee. New York: Churchill Livingstone, 1993:616, with
permission.)

large lesions more than 20 cm? (28). The combined necrotic
angle is another method to determine the size of the lesion (28).
On the anteroposterior view, a line is drawn tangentially along
the medial and lateral border of the lesion (Fig. 6). The angle
that is formed by the intersection of these lines is added to the
angle measured on the lateral view. Small lesions are defined as
those when the sum is less than 150 degrees, medium if between
150 and 250 degrees, and large if greater than or equal to 250
degrees (28). The percentage of the condyle involved also gives
an indication of the prognosis. The larger the percent of the
condyle involved, the worse the prognosis. The percentage
involved is measured on plain films by dividing the width of the
condyle by the width of the lesion (29) (Fig. 7).

Scintigraphy is useful to make the diagnosis of osteonecrosis,
especially in the face of normal radiographs (Fig. 8) (9). Techne-
tium-99m phosphate compounds are effective as the isotope
adheres to hydroxyapatite crystals, immature collagen, alkaline
phosphatase, and calcium phosphate. A three-phase scan is rec-
ommended with blood flow, blood pool, and delayed images,
providing an accurate diagnosis of early osteonecrosis (30).
Early in the disease, the blood flow phase shows hyperemia.
Focally intense uptake is seen in the affected condyle on the
delayed images, also known as the static phase.

Bone scans can also assist in determining the extent of dis-
ease. As there is diffusion of the image on the anteroposterior
view, localization of the lesion is best seen on the lateral view.
Uptake in the femoral condyle and tibial plateau implies degen-
erative changes on both sides of the joint. If the bone scan is pos-
itive only on the tibial side, then the differential diagnosis
includes osteonecrosis and stress fracture. If the diagnosis is
AVN, the plain radiographs will eventually show the character-
istic subchondral lucency and sclerosis of osteonecrosis.

Persistently elevated uptake in the blood flow and static phase
for 6 to 12 months is a poor prognostic factor, indicating slowly
worsening disease (30). Patients with a good outcome have a
more rapid decrease in isotope uptake after 6 months. With heal-
ing of the lesion, there is diffusely less uptake throughout the
involved condyle, although there will be some uptake for an
extended period of time. Despite the usefulness of scintigraphy,
others have found that as much as 29% of cases with docu-
mented AVN can have negative bone scans (28).

The role of magnetic resonance imaging (MRI) in osteone-
crosis has not been fully delineated. Some studies report that
MRI is not particularly sensitive with respect to early AVN (9).
False-negative reports of 25% on T2 and 12.5% on T1 have been
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FIG. 6. The combined necrotic angle in osteonecrosis measured with tangential lines drawn to the edges
of the defect on both the anteroposterior (A) and lateral (B) radiographs.

documented in the literature (31). Other authors support the use
of MRI, stating that it is better than scintigraphy by being non-
invasive and more sensitive (32).

When MRI does detect AVN, the T1 and T2 images have
distinct findings. On the T1 images, the bright signal of the
marrow is replaced with a subchondral area of low signal
intensity (Fig. 9). On the T2 sequences, there is an area of low
signal corresponding to the lesion surrounded by a high signal
representing edema. MRI changes over time may be prognos-
tic. For example, decreasing pain may be associated with
decreasing perifocal bone marrow edema compared to a pre-
treatment MRI (31,33).

Differential Diagnosis

Spontaneous AVN has no known etiology. It is unilateral and
mainly affects females in their sixth and seventh decades. It
should be differentiated from secondary avascular necrosis that
is commonly caused by corticosteroid use or chronic alcohol-
ism (34). In these patients, enlarged fat cells are thought to
impinge on the bone microvasculature, potentially leading to a
bone infarct (35-37).

The association between steroid use and osteonecrosis is well
known in patients with systemic lupus erythematosus and after
renal transplantation. The prevalence of osteonecrosis in these
patients has been reported as high as 8% to 12% (38,39).

Unlike spontaneous osteonecrosis, secondary osteonecrosis
can affect any age, any population, and is frequently asymptom-
atic. It may affect other joints such as the hip and shoulder as

well. Secondary osteonecrosis of the knee tends to be bilateral
and involves the lateral femoral condyle more often than spon-
taneous osteonecrosis (9).

A diagnosis of medial meniscus pathology is the most com-
mon alternative diagnosis to spontaneous osteonecrosis. Simi-
larities between the two include acute onset of pain, mild
effusion, and locking of the knee joint. There are cases in which
avascular necrosis is not seen on a preoperative MRI, and
arthroscopy is recommended. In these clinical situations, a par-
tial medial meniscectomy is performed for a degenerative
meniscus tear—a common finding in this age group (40). If the
patient’s symptoms worsen postoperatively, possibly due to
increased tibiofemoral contact force after the meniscectomy,
one should be suspicious for the development of osteonecrosis
(Fig. 1) (41). The conclusion that partial meniscectomy has
caused osteonecrosis, however, must be made with caution, as
it is more likely that early phase (i.e., pre-radiographic)
osteonecrosis was present at the time of the meniscectomy (31).
In cases in which the diagnosis is in doubt, a bone scan or MRI
can prove useful to help differentiate these entities. Initial treat-
ment is observation with protected weightbearing with serial
radiographs obtained to look for classic signs of osteonecrosis.

Symptomatic osteoarthritis is differentiated from spontane-
ous osteonecrosis by the temporal pattern of clinical deteriora-
tion. Typically, osteoarthritis has a gradual onset with a slow
progression. Alternatively, osteoarthritis associated with spon-
taneous osteonecrosis is associated with an acute onset and
rapid deterioration (10). Imaging studies can be useful in dif-
ferentiating osteoarthrosis from osteonecrosis. Radiographi-
cally, joint space narrowing without the classic findings of
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FIG. 7. The percentage of the femoral condyle involved can be
measured by dividing the width of the condyle (B) by the width
of the lesion (A) on the anteroposterior radiograph.

osteonecrosis is seen with osteoarthritis. Bone scans in osteoar-
thritic patients demonstrate bipolar uptake, as opposed to uni-
polar uptake, in osteonecrosis. Additionally, uptake is rarely as
intense as is seen in patients with osteonecrosis (42).

Other conditions confused with osteonecrosis include hip
osteoarthrosis, pes anserine bursitis, and deep venous thrombo-
sis. With hip osteoarthrosis, referred pain to the medial side of
the knee may be the presenting complaint. Hip radiographs,
selective injections, and a bone scan help to differentiate this
from osteonecrosis of the knee. With pes anserine bursitis, acute
medial-sided knee pain is seen below the joint line at the ham-
string insertion. Physical examination and selective injections
are diagnostic.

Osteonecrosis can present with radiating leg pain distally and
posteriorly, potentially mimicking a deep venous thrombosis. In
one study, 3 of 40 patients were misdiagnosed as having a deep
venous thrombosis as evidenced by negative venograms (26).

Osteochondritis dissecans (OCD) is also included in the dif-
ferential diagnosis of osteonecrosis. Whereas spontaneous
osteonecrosis is most common in women older than 60 years,
OCD occurs between the ages of 10 and 50 years and males are
2 to 3 times more frequently affected. Osteonecrosis mostly
affects the weightbearing zone of the medial femoral condyle,
and OCD classically involves the lateral aspect of the medial
femoral condyle (43,44). At least one-half of patients with OCD
report a history of trauma—an uncommon finding in patients
with osteonecrosis (43,44). Pain tends to be insidious in OCD
with delayed osteoarthritic change, as opposed to the acute
onset of pain with osteonecrosis associated with expeditious

joint space narrowing (1,27,42). Radiographically, OCD rarely
leads to collapse of the femoral condyle. Loose bodies are com-
mon with OCD and rare with AVN. On bone scan, OCD lesions
are typically cold in contrast to osteonecrosis (45). Histologi-
cally, OCD has a fibrocartilaginous layer between the fragment
and the condyle, whereas osteonecrosis has fibrovascular gran-
ulation tissue. Necrosis is rare in OCD unless the fragment has
been chronically detached (46).

Prognosis

The natural history and prognosis of spontaneous osteonecro-
sis is predicated by lesion area, the ratio of the lesion’s size to
the condyle involved, and the lesion’s stage. Muheim and Bohne
(27) determined that smaller lesions (average size of 2.4 cm?)
had a more favorable outcome than larger lesions (average size
of 10.4 cm?). Other studies have shown that lesions averaging
2.3 cm? or less did well when treated conservatively, whereas
similarly treated lesions averaging 3.7 cm? or more developed
degenerative changes (42). Based on these studies, recommen-
dations include nonoperative treatment for lesions smaller than
3.5 cm? and operative treatment for those larger than 5.0 cm?.

Measuring the medial to lateral diameter of the lesion and
dividing this number by the width of the condyle eliminates
magnification error and is believed to be prognostic (29).
Knees with a ratio of 32% or less have favorable outcomes, and
knees with a ratio of 57% or more have poor outcomes. A ratio
of 50% has been defined as the borderline between good and
bad outcomes (29).

Similarly, but less reliably, the earlier the stage of the lesion at
the time of diagnosis, the better the prognosis. In particular, defin-
ing stage III lesions has made this method difficult in practice (47).

Treatment

Nonoperative treatment for osteonecrosis is reserved mainly for
stages I and II. These patients have normal radiographs or slight
flattening of the involved condyle. Lesions less than 3.5 cm? are
considered small and also do well with conservative care. Nonop-
erative treatments, including protected weightbearing with the use
of a cane, analgesics such as acetaminophen, and quadriceps reha-
bilitation, are important. This regimen leads to 70% to 90% good
to excellent results with small lesions (15,29,42). However, a
recent long-term study noted that only 20% of initially symptom-
atic knees treated nonoperatively had a successful clinical out-
come at 8 years (28). Roughly 30% of the osteonecrotic lesions
remained the same, 30% enlarged, and 30% decreased in size.
Although degenerative changes are eventually seen in most cases,
they are typically less severe with smaller lesions (10).

Core decompression is used in patients who fail conservative
treatment and who have lesions that are stage III or less. At 7 years’
follow-up, 70% of patients who underwent a single core decom-
pression had a good or excellent result (28). Like the hip, a guide-
wire is inserted into the osteonecrotic bone under fluoroscopic
control. A cannulated 8-mm reamer is then used to decompress the
bone. Other studies demonstrate deteriorating results with advanc-
ing stages of the lesion. Jacobs et al. (48) demonstrated that,
although more than 90% of patients with stage I or II had good
results, only 50% of patients with stage III had good results.
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FIG. 8. A: Normal radiograph in a patient suspected of having osteonecrosis, with evidence on technetium

bone scan (B). ANT, anterior; LT, left; RT, right.

Patients who fail core decompression can be treated several
ways. When the continued pain is thought to be primarily from
the bone, repeat core decompression can be performed, but results
decrease to 60% good to excellent (28). Arthroscopy is indicated
when pain is believed to be articular in origin and is ameliorated
with an intraarticular corticosteroid injection. At 3 years, 60% of

FIG. 9. A T1-weighted magnetic resonance image demon-
strating a well-circumscribed lesion of avascular necrosis of
the medial femoral condyle, with decreased signal intensity
within the subchondral bone marrow.

arthroscopically treated patients who failed core decompressions
had satisfactory results (28). Arthroscopic treatment alone for
stage III or worse osteonecrosis has not been shown to change the
natural history of the disease (9). A total or unicompartmental
knee arthroplasty is a good option in patients who fail core
decompression (48). Rarely, young patients with localized
osteonecrosis and normal alignment, may be successfully treated
with fresh osteochondral allograft reconstruction (Fig. 10).

Osteotomy performed with concomitant arthroscopic débride-
ment of the necrotic lesion may be successful (42, 47). Although
the realignment osteotomy is not recommended in patients with
a normal mechanical axis, it has been used when the standing
tibiofemoral angle is in 1 to 5 degrees of valgus. The goal of sur-
gery is to correct the anatomic axis to 6 to 15 degrees of valgus.
With osteonecrosis of the lateral femoral condyle, the tibiofem-
oral angle should be corrected to 4 degrees of varus. Good results
have also been seen in patients with concomitant drilling and
bone grafting at the time of osteotomy (47).

When osteonecrosis has advanced to the stage of collapse,
particularly when associated with advanced patient age, low
physical demand, ligamentous instability, flexion contractures,
and synovitis, total knee replacement is the treatment of choice.
Overall, total knee replacements provide 85% to 95% good to
excellent results at 10 years of follow-up (49,50). Results are not
as good for patients who have secondary or steroid-induced
osteonecrosis. Only 55% of 31 knee replacements had good to
excellent results at an average follow-up of 8 years in this later
population (7). Others have reported an 84% survivorship of the
prostheses at 5 years (51).

Unicompartmental arthroplasty is also an option in patients
whose disease is limited to one compartment. In short-term stud-
ies, results have been very encouraging with a low incidence
of loosening or revision and a high rate of pain relief (52).
Unicompartmental arthroplasty allows patients to maintain
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FIG. 10. Clinical example of an 18-year-old woman with localized steroid-induced avascular necrosis of
the medial femoral condyle with anteroposterior radiograph demonstrating minimal flattening of the medial
femoral condyle (A). B: Intraoperative photograph of softened articular surface consistent with subchon-
dral collapse treated with fresh osteochondral shell allograft (C), and demonstrating excellent incorporation
without collapse on her 12-month postoperative anteroposterior radiograph (D).

excellent range of motion and proprioception without sacri- enth decades. The exact etiology is unknown and the prognosis
ficing the bone necessary to perform a total joint replacement. seems predicated on the stage and size of the osteonecrotic seg-
ment. Nonoperative treatment is warranted for smaller lesions
and consists of protected weightbearing and nonnarcotic pain

Conclusion medication. Operative treatment can include arthroscopy, core
decompression, osteotomy, and arthroplasty. Frequently, patients
Spontaneous osteonecrosis is a relatively common cause of in this age group have coexisting degenerative meniscal tears,

medial-sided knee pain in female patients in their sixth and sev- and arthroscopic partial meniscectomies do not relieve the pain
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caused by osteonecrosis. The physician should always think of
osteonecrosis in patients with medial-sided knee pain in the
autumnal years of life.

OSTEOCHONDRITIS DISSECANS
History

OCD is a condition in which an area of subchondral bone
undergoes avascular change. Without spontaneous healing, the
bone and adjacent cartilage fragments separate and become
loose bodies. Although most commonly occurring in the knee,
other target joints include the elbow, ankle, shoulder, and hip.

The history of OCD goes back many centuries. In 1558, Pare
(53) described removing looses bodies from a joint. Paget (54)
termed the condition quiet necrosis in 1870—a reference to
ischemic changes seen in the subchondral bone with minimal
clinical symptoms. In 1888, Konig (55) was the first to use the
term osteochondritis dissecans, as he initially believed that the
condition was an inflammatory disease.

Other sources for loose bodies in the knee joint include syn-
ovial chondromatosis, fractured osteophytes, meniscal frag-
ments, and chondral or osteochondral fractures. Osteochondral
injuries commonly result from patellar dislocations, pivot-shift-
ing injuries, or direct blows. Morscher (56) reported that the
majority of loose bodies from fractured articular surfaces were
the result of patellar dislocations, in which the medial edge of
the patella or the lateral femoral trochlea shears off.

Classification

OCD remains a poorly understood entity, and there is no con-
sistent definition in the literature. For that reason, authors often
use the same term when describing different conditions. Divid-
ing OCD into a juvenile- or adult-onset form is reasonable,
because these variants have different prognostic implications.
Juvenile OCD (JOCD) is defined as a lesion that occurs when
the physes are open (57,58). Adult OCD has a poorer prognosis,
probably due to the inherently limited ability to heal after phy-
seal closure. This classification, however, fails to explain why
many patients with OCD are young adults who report a history
of knee pain in their youth (58). It is possible that OCD may
develop during adolescence but remains clinically quiescent and
symptoms do not manifest until after physeal closure. Other
classification systems describe the lesion stability (intact, par-
tially detached, fully detached, in situ, or loose) (59).

Etiology

The etiology of OCD remains obscure, but many causes
have been proposed, including trauma, vascular insult, genet-
ics, endocrinopathies, hormonal abnormalities, ossification
abnormalities, and multifactorial causes. The traumatic the-
ory popularized by Paget and Konig (54,55) is subdivided into
endogenous and exogenous trauma. Endogenous trauma
refers to the medial tibial eminence creating a sheer stress
against the lateral aspect of the medial femoral condyle with
internal rotation of the lower leg (60). This mechanism is

questionable, because the articular cartilage of the medial
femoral condyle is generally normal in the region of the medial
tibial spine (61).

Exogenous trauma is subdivided into microtraumatic and
macrotraumatic causes. Microtraumatic implies repetitive stress
over time on a particular area of the femoral condyle, leading to
a subchondral stress fracture, resulting in loose body formation.
Macrotrauma is supported by the fact that 25% to 50% of
patients with OCD report a definitive traumatic event that may
cause an osteochondral fracture (43). The traumatic etiology is
supported by the fact that children who engage in sports at a rel-
atively young age seem to be at increased risk. As girls and boys
are becoming involved in sports at an earlier age, the incidence
of JOCD in girls is increasing, and the average age of children
with JOCD is decreasing (58).

Enneking (62) proposed a vascular etiology to OCD by
acknowledging the tenuous blood supply to the epiphysis in rap-
idly growing individuals. The epiphyseal and secondary centers of
ossification are supplied by the epiphyseal artery, which has
numerous branches and arcades leading to end arterioles. Theoret-
ically, a traumatic event may result in the interruption of blood
supply to the epiphysis and secondary centers of ossification,
resulting in an osteochondritic lesion. In older patients, repetitive
trauma may cause vascular injury with impaired healing of a sub-
chondral stress fracture, leading to fragment detachment.

It is possible that patients with JOCD may have a mild vari-
ant of an epiphyseal dysplasia. Multiple epiphyseal dysplasia
is an autosomal dominant disease resulting in a deficient pro-
liferative layer of endochondral ossification. The severe Fair-
banks type can lead to angular deformities, and the milder
ribbing type results in the formation of multiple osteochon-
dritic lesions. Because JOCD is often bilateral, it is possible
that it is a variant of normal growth, and its expression is deter-
mined by an individual’s genetic makeup.

OCD has also been associated with endocrinopathic condi-
tions leading to fat emboli or thrombosis of the end arterioles
in the subchondral bone. Ligamentous laxity has also been
associated with JOCD. Adolescents with angular deformities,
such as genu varum, that result in stress accumulation on the
femoral condyles are at risk for JOCD (58).

Presentation

OCD usually presents in the 10- to 20-year-old age group but
can be seen in patients up to the age of 50 years. It has an inci-
dence of 3 to 6 per 100,000 individuals. Males are three times
more commonly affected than females, although, with the
recent increase in female sports participation, the ratio of males
to females affected with OCD may be approaching 2:1. The
medial femoral condyle is affected three times more often than
the lateral femoral condyle (Fig. 11). OCD has also been
described on the inferior aspect of the patella (63,64). In JOCD,
the incidence of bilaterality is 30% to 40%, whereas the adult
form is bilateral in only 5% of cases (65).

Patients without a recent history of trauma present with a
vague, poorly localized, aching pain, typically of several
months duration. They also complain of stiffness and activity-
related swelling. Symptoms typically worsen with increasing
activity as stable lesions detach, causing catching and locking.
Physical findings may be confused with patellofemoral pain, as
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the patient is often tender to palpation along the femoral condyle
near the trochlea. Decreased range of motion and effusions are
common. When symptomatic, patients often have quadriceps
atrophy and walk with an antalgic gait. With lesions on the lat-
eral aspect of the medial femoral condyle, patients may walk
with the tibia externally rotated to minimize the chance of hit-
ting the involved area with the medial tibial spine.

Wilson’s sign is a physical examination test that is specific for
these medial femoral condyle lesions (66). The knee is flexed to
90 degrees with the tibia internally rotated. The knee is then

Inferocentral
10%

FIG. 11. Distribution of osteochondritis dissecans.
(From Sisk TD. Knee injuries. In: Crenshaw AH, ed.
Campbell’s operative orthopaedics, Vol. 3, 7th ed. St.
Louis: C.V. Mosby, 1987:2470, with permission.)

slowly extended. A positive test is defined by recreating the
patient’s symptoms with the knee in 30 degrees of flexion as the
tibial spine abuts the medial femoral condyle. Externally rotat-
ing the tibia should alleviate the discomfort.

Imaging Studies and Staging Systems

The clinical benefit of classifying OCD lesions to guide
treatment recommendations is questionable, but they do gen-

FIG. 12. Chronic osteochondritis dissecans of the lateral aspect of the medial femoral condyle in a 28-
year-old male barely visualized in extension weightbearing radiograph (A) and imaged more dramatically
and in a 45-degree posteroanterior weightbearing radiograph (B).
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erally emphasize the importance of mapping the lesion’s loca-
tion with diagnostic imaging. Plain radiographs are usually
diagnostic. Views that should be obtained include the weight-
bearing anteroposterior view with the patient’s body weight
evenly distributed on both legs, 45-degree nonweightbearing
lateral view, a merchant view, and a 45-degree flexion weight-
bearing posteroanterior view. This latter view is possibly the
most helpful in diagnosing the classic lesion on the posterolat-
eral aspect of the medial femoral condyle, which can be
missed on the anteroposterior view (Fig. 12). Adolescents
should always have their contralateral limb radiographed to
detect bilateral lesions (Fig. 13). Caffey et al. (67) believed that
marginal irregularities with islands of bone in craters were at
higher risk for developing OCD (67). If, despite normal x-rays,
JOCD is still suspected, then a bone scan can detect the OCD
in the symptomatic knee.

Berndt and Harty (68) developed the first radiographic sys-
tem for OCD (for lesions in the talus), which is modified for
the knee (Table 3). Stage I lesions are defined as not being vis-
ible on plain radiographs. Stage II lesions are defined as visi-
ble fragments that are still attached, presumably by the
overlying articular cartilage. Stage III lesions are unattached
lesions that are not displaced. Stage IV lesions are displaced
fragments. The osteochondritic lesion is demonstrated as a
well-circumscribed area of subchondral bone separated by a
crescent-shaped radiolucent outline of the sclerotic fragment.

On lateral radiographs, Harding (69) noticed that 90% of
medial lesions were situated in a specific zone of the condyle,
defined by an area intersected by lines drawn through the pos-
terior cortex of the femur and Blumensaat’s line (Fig. 14). Gar-
rett (70) reported that 75% of lateral condyle lesions were
posterior to a line drawn along the posterior cortex of the
femur.

The classification system with scintigraphy has not been
found to be of prognostic value, but pinhole views can be use-
ful to monitor lesion healing (58,71). There are five stages
that have been defined by bone scan.

FIG. 13. Forty-five—degree posteroanterior weightbearing
radiograph demonstrating bilateral osteochondritis disse-
cans of the lateral aspect of the lateral femoral condyles.

TABLE 3. Radiographic stages of
osteochondritis dissecans

Stage | Not visible on x-ray

Stage Il Visible fragments still attached by overlying-
cartilage

Stage I Nondisplaced, unattached fragments

Stage IV Displaced fragments

Stage 0: Negative bone scan with a negative radiograph.

Stage I: Negative bone scan with a lesion seen on plain radio-
graphs. This represents an accessory center of ossification
seen in normal joints or a healed lesion.

Stage II: Bone scan with increased uptake in the region of the
lesion.

Stage III: Bone scan with increased uptake of the entire femoral
condyle (Fig. 15).

Stage IV: Bone scan with uptake involving the corresponding
articular surface consistent with bipolar arthritic change.

Most lesions present at stage III or IV. Activity levels are gen-
erally tolerated when the bone scan reverts to low-level uptake
(i.e., stage I or II). Typically, patients with JOCD treated con-
servatively will improve one scintigraphic level over the
course of 6 months and return to full competitive sports by 10
months (58,72).

MRI can confirm the extent of the lesion and the integrity of the
underlying subchondral bone (Fig. 16). Standard spin-echo tech-
niques combined with fat suppression improve contrast between
cartilage and fluid. Ideally, articular cartilage is evaluated using a

FIG. 14. Forty-five—degree flexion lateral view demonstrating
classic area of osteochondritis dissecans lesion defined by an
area intersected by lines drawn through the posterior cortex of
the femur and Blumensaat’s line.
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FIG. 15. Delayed-phase bone scan on same patient imaged
in Figure 14, demonstrating bilateral intense localized uptake
in the entire lateral femoral condyle.

spoiled gradient echo sequence with fat suppression and three-
dimensional acquisition. Differentiating OCD lesions from long-
standing osteochondral fracture nonunion is based on the shape of
the fragment. A loose OCD fragment is convex on both surfaces,
whereas its corresponding crater is concave. An osteochondral
fracture, on the other hand, usually has a flat fracture surface. The
MRI staging system developed by Dipaola et al. (73) can also be
used to follow lesion healing. Stage 1 is characterized by thicken-

ing of the articular cartilage and a decreased T2 signal. Stage 2 has
a breach of the articular cartilage and a decreased signal consistent
with fibrous tissue surrounding the OCD. Stage 3 is defined by a
separation of the articular cartilage and increased signal on T2
behind the fragment consistent with synovial fluid. Stage 4 is a
loose body.

Staging OCD is most accurately accomplished with arthros-
copy. The surgeon must pay close attention to seemingly normal-
appearing articular cartilage. Any depressions or a bluish-gray
color in the articular surface typifies an intact OCD lesion. An
arthroscopic classification system has been developed where cate-
gory 1 is a lesion with intact cartilage overlying it. Category 2
lesions have early separation, and category 3 lesions are partially
detached. Category 4 lesions are craters with or without a loose
body (Fig. 17) (74).

Natural History and Nonoperative Treatment

The natural history of OCD is primarily determined by
patient age. In patients younger than the age of 15 years, the
OCD lesion is firmly attached in 55%, in contrast to only 9% in
patients older than 15 years (75). Pappas (76) developed a clas-
sification based on outcome. Girls younger than 11 years and
boys younger than 13 years had the best outcomes, with healing
in greater than 90% over the course of 3 to 6 months. On the
other hand, girls and boys older than the age of 20 years had the
worst prognosis. Treatment variables depend on patient age,
lesion size, and lesion stability. Large fragments in the weight-
bearing zone of the condyle tend to do poorly. Unstable frag-
ments have the least chance of healing.

Nonoperative treatment is reserved for skeletally immature
patients or those near maturity with stable lesions and is based on
protective weightbearing. Casting is reserved for the noncompliant
patient, because it leads to stiffness, atrophy, and cartilage degen-
eration and may actually decrease the healing potential of OCD
(77). Knee braces can be used, but knee range of motion and
strength must be maintained. After 6 to 8 weeks of protective
weightbearing, the patient is allowed to resume full weightbearing,

FIG. 16. A:T1-weighted sagittal image. B: T2-weighted sagittal magnetic resonance image of an unstable
osteochondritis dissecans lesion of the medial femoral condyle, with fluid behind lesion consistent with an
unstable fragment.
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FIG. 17. Arthroscopic classification system. A: Category 1—a lesion with intact cartilage overlying it.
B: Category 2—a lesion with early separation. C: Category 3—a lesion with partial fragment detach-
ment. D: Category 4—an empty crater with or without a loose body.

assuming symptoms allow. Bicycling, swimming, and lower-
extremity strengthening is advanced when the pain is gone and
there is radiographic evidence of healing. Competitive sports are
discouraged until complete radiographic healing occurs—a pro-
cess that can take 4 to 12 months. Fifty percent of stable lesions in
young compliant patients with open growth plates will heal in 10
to 18 months (72). Stable lesions in young adults can also be
watched. It usually takes at least 4 months for these lesions to heal,
and the patient is at risk for fragment displacement later. If radio-
graphs are not conclusive in determining the healing process, then
serial bone scans can be obtained. Guhl (74) recommended sur-
gery if the OCD remained hot on consecutive scans taken at least
8 weeks apart and if the lesion was greater than 1 cm in diameter.
These somewhat aggressive treatment recommendations are not
necessarily followed by the authors.

Surgery is recommended if the lesion becomes detached or
unstable, if the pain worsens in a compliant patient, if the

patient is approaching epiphyseal closure, or if the bone scan
does not improve. Surgery is also recommended in all symp-
tomatic adults with OCD, even if they have stable lesions,
because the risk of fragment degeneration and loose body
formation is high, making a potentially reparable lesion
irreparable.

Lesion healing is not predictive of which patients will later
develop degenerative arthritis. Linden (57) reviewed 76 knees
with an average follow-up of 33 years. The long-term results
of JOCD were excellent with only 3 of 23 children developing
mild arthritic changes. Of the 48 adults studied, there was a
high incidence of loose bodies and chondrocalcinosis. There
was a 20-year latency before degenerative changes of the joint
appeared. At age 40 years, none of the patients had radio-
graphic evidence of degenerative joint disease. By age 50
years, 70% of the patients with adult-onset OCD lesions had
radiographic evidence of tricompartmental disease. More than
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FIG. 18. Drilling intact osteochondritis dissecans lesions
recruits mesenchymal cells to help heal the lesion. (Repro-
duced with permission from Sisk TD. Arthroscopy of the
knee and ankle. In: Crenshaw AH, ed. Campbell’s opera-
tive orthopaedics, Vol. 4, 7th ed. St. Louis: C.V. Mosby,
1987:2598.)

95% of patients older than 70 years had tricompartmental dis-
ease. Another study followed 22 children for an average of 34
years and found the outcome of JOCD was not as good as Lin-
den had described. In this report, 32% of children had moder-
ate to severe radiographic evidence of degenerative joint
disease on follow-up. Especially poor results were seen in
children with large defects and those involving the lateral fem-
oral condyle (78).

Surgical Treatment

Patients with an unstable osteochondral fragment with viable
subchondral bone and lesion size of more than 1 to 2 cm? who
present with knee pain, catching, locking, and effusion usually
require surgical intervention. OCD lesions in the weightbearing
zone of the knee should be fixed when possible, after which
patients maintain nonweightbearing for periods of time that
range from 6 to 12 weeks. Lesions in the nonarticulating portion
of the knee are less common and should be repaired when pos-
sible as well. Irreparable lesions in weightbearing zones can be
treated with cartilage restoration procedures if they fail to
respond to débridement and loose body removal. Irreparable
lesions in the nonarticulating areas often respond to simple
débridement (79,80).

Arthroscopic treatment allows the surgeon to evaluate the
entire articular surface and to provide initial treatment with min-
imal morbidity. Contraindications for purely arthroscopic sur-
gery include the inability to obtain a perfect reduction whereby
arthroscopic-assisted approaches may prove useful. Treatment
of intact stable lesions in adult patients or patients approaching
adulthood can be performed by drilling the bed of the lesion
with postoperative-protected weightbearing. Treatment of
unstable lesions includes fixation by bone pegs, 0.062 Kirschner
wires, bioabsorbable pins, or screws (small fragment screws,
Herbert screws, Acutrak screws). Treatment of macerated non-
salvageable lesions in the weightbearing zones of the condyle
includes fragment removal and, ultimately, cartilage restoration
procedures.

Wildey (81) initially described drilling bone for the promo-
tion of vascular ingrowth in 1915. A generation later, Smillie
(82) used drilling to treat OCD lesions. In 1989, Bradley and
Dandy (83) have used drilling of stable OCD lesions in skel-
etally immature patients. Drilling of the subchondral bone
leads to recruitment of mesenchymal stem cells, resulting in
improved healing rates and faster returns to activity than con-
servative treatment (Fig. 18). Techniques vary and include
arthroscopic antegrade and fluoroscopically guided retro-
grade drilling of in situ OCD lesions. Generally, results in
skeletally immature patients are superior to skeletally mature
patients.

Bone grafting of stable OCD lesions has been reported to lead
to lesion healing after 6 months. The technique requires retro-

FIG. 19. A: Example of an in situ lesion of osteochondritis dissecans repaired with 2-mm polylactic acid

bioabsorbable pins (B).
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grade drilling through the femoral condyle and packing cancel-
lous bone graft under fluoroscopic control to the level of the
lesion. Caution must be maintained to avoid penetrating the
OCD lesion and disrupting the articular cartilage (84).

Cortical bone pegs have been used to fix large OCD lesions
with 80% good to excellent results (85,86). Through an arthrot-
omy, matchstick-like bone pegs harvested from the medial side
of the proximal tibial tubercle are placed through drill holes
made within the OCD lesion. Other techniques include metallic
pins or Kirschner wires to fix the lesions (87). Smooth pins have
a tendency to migrate, but threaded pins are more difficult to
remove (88). To avoid the complications of hardware, bioab-
sorbable polylactic acid pins have been used with some success
(Fig. 19), although foreign body reactions have been reported
(89,90). The lack of compression with the use of these pins is
another potential limitation (91).

Fragments that are detached have a tendency to continue to
grow as they receive nutrients from the synovial fluid. These
fragments need to be meticulously débrided to fit into the
defect perfectly. Some craters have a sclerotic base and need
to be curetted down to bleeding bone. Often, we will micro-
fracture the base of the defect to promote a biologic healing
response. If the resulting crater is too concave for the frag-
ment, cancellous bone from the adjacent nonarticular meta-
physeal bone can be harvested to fill in the defect. Fragments
should be left 1 to 2 mm proud to allow for subsidence after
bone grafting.

Screws are effective in compressing the fragment and allow-
ing healing to occur (92). Cannulated screws are preferred
because of their ease of insertion and removal (75). The authors
prefer the use of Herbert or similar differentially pitched screws
(Acutrak), which offer good compression and can be buried
beneath the articular surface so as to avoid scuffing of the tibial
articular cartilage (Fig. 20). Unfortunately, a fibrous cap forms
over the screw’s head making removal difficult. The downside
of cannulated screws is that a second surgery is required to
remove the screws, although consideration for leaving recessed
headless screws may be appropriate. Patients are made non-

FIG. 20. Example of an in situ lesion of osteochondritis disse-
cans repaired with a headless screw, offering significant com-
pression across the defect.

weightbearing during the 6 to 8 week postoperative period in an
effort to prevent defect fragmentation and scuffing of the tibial
plateau from the fixation device.

Cartilage Restoration Procedures

Techniques used to manage chondral injuries are now
becoming accepted for the treatment of symptomatic irrepara-
ble OCD (93-96). Palliative first-line treatment for irreparable
osteochondral lesions includes arthroscopy and débridement.
It is the authors’ experience that patients with short-lived
symptoms that are predominately mechanical in nature may
respond favorably to these techniques. However, patients with
symptoms believed to be due to the defect itself rather than the
fragment (i.e., pain, swelling, weightbearing discomfort in the
region of the defect) will have only limited success with these
techniques (72).

Marrow-stimulating techniques offer a potentially reparative
technique for symptomatic lesions in relatively low-demand
patients (Fig. 21). The literature is limited and largely supports
microfracture as a technique for the treatment of chondral inju-
ries without significant bone loss (97,98). Unfortunately, this
technique often results in recurrent symptoms (99). Typically,
recovery from these procedures requires a minimum of 8 to 12
weeks, with up to 6 weeks of protected weightbearing and the
use of continuous passive motion for 4 to 6 hours each day. After
microfracture, patients may require up to 4 to 6 months to
become relatively symptom free. Patients are educated to
observe for recurring pain, swelling, or mechanical symptoms.
Regularly scheduled follow up visits are important to monitor
for the recurrence of symptoms. Repeat radiographs are
required to evaluate for signs of defect progression, which may
include defect enlargement, loose body formation, or frank
degenerative change.

Additional treatment options exist for patients who develop
recurrent symptoms after first-line treatment or for patients
who have very large or very deep osteochondral lesions that
are otherwise anticipated to fail arthroscopic débridement or
marrow-stimulating techniques. Treatment alternatives
include restorative techniques such as osteochondral grafting
and autologous chondrocyte implantation (ACI). Presently,
there is no optimal defect size or depth considered as an abso-
lute indication for osteochondral grafting or ACI. Generally
speaking and depending on patient activity level and defect
location, defects larger than 2 to 3 cm? and deeper than 4 to 6
mm are likely to demonstrate recurrent symptoms after débride-
ment or microfracture and, thus, may benefit from osteochon-
dral grafting or ACI.

There are essentially three restorative options that attempt to
establish normal articular cartilage to the injured area: osteo-
chondral autografts, osteochondral allografts, and ACI. Osteo-
chondral autograft procedures are predominately indicated for
smaller lesions with minimal bone loss due to concerns for
graft stability, which is otherwise compromised with larger
uncontained lesions. Autografts are taken from relatively non-
weightbearing sites such as the lateral trochlea or intercondy-
lar notch. These composite bone and cartilage grafts maintain
their viability by the nutrients supplied by synovial fluid and
the surrounding subchondral bone bed. Limitations due to
donor site availability and the associated donor morbidity limit
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the primary indications to relatively small symptomatic
defects of the weightbearing surface of the femoral condyle.
Similar to microfracture techniques, the literature reporting
the results of osteochondral autograft procedures largely deals
with patients who have chondral defects of the femoral
condyle of less than 2 to 3 cm? without significant bone loss
(Fig. 22) (100-102).

Osteochondral allografts offer another excellent treatment
option for the symptomatic patient with relatively large OCD
lesions. Gross et al. (103-105) popularized the use of fresh
osteochondral allografts, especially those used for joint restora-
tion. He found that fresh cartilage allografts maintained nearly
100% cartilage cell viability at retrieval. Osteochondral
allograft processing is typically carried out within 24 hours of
the death of the donor. The limitations of fresh osteochondral

FIG. 21. Microfracture of unstable osteochondritis disse-
cans fragment with remaining portion of lesion consid-
ered stable. A: Lesion appearance before débridement.
B: Débridement through the calcified layer. C: Microfrac-
ture with holes spaced 2 to 3 mm apart.

allograft transplantation are logistical and partially related to the
need for implantation before the final determination of bacte-
rial contamination. Currently, extensive research in the area of
prolonged-fresh cartilage preservation is underway. These tech-
niques use tissue culture methodology to main allograft cell via-
bility. Once perfected, fresh transplantation will be less of a
logistical concern.

Current indications include larger (i.e., more than 2 to 3
cm?) unipolar lesions due to localized degenerative disease,
posttraumatic arthritis, AVN, and OCD. Ligament instability
and malalignment must be corrected concomitantly or in a
staged fashion. In the setting of meniscal deficiency, combined
allograft meniscus transplantation may be considered. Con-
traindications include inflammatory arthritis, steroid depen-
dency, uncorrected comorbidities (i.e., malalignment,
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FIG. 22. A: Typical symptomatic chondral defect considered ideal for osteochondral autograft transplant

using a single 9-mm plug (B).

ligament insufficiency, subtotal meniscectomy), and any other
general medical condition that may affect graft incorporation.
Relative contraindications include bipolar (i.e., kissing
lesions) disease.

Fresh osteochondral allograft transplantation is the author’s
preferred method of treatment for patients with OCD who have
relatively deep lesions (i.e., deeper than 8 to 10 mm) or in
patients who are older than 35 to 40 years, even with shallow
OCD lesions owing to a more rapid recovery compared to ACI
(see later) (Fig. 23). Relatively young patients (i.e., younger
than 25 to 30 years) who have lesions considered amenable to
either osteochondral allograft transplantation or ACI are often
indicated for the latter because of the relative preservation of
subchondral bone when performing ACI. This allows other

treatment options, such as revision to osteochondral allograft
transplantation, should ACT fail.

Gross and others have demonstrated a clinical success rate at
5 years of 95%, at 10 years of 77%, and 66% at 20 years (103—
107). The results of fresh osteochondral grafting for bipolar
lesions are considerably less favorable. The grafts are size-
matched based on plain radiographs corrected for magnifica-
tion. Typically, the width of the proximal tibia 1 cm below the
joint line on the anteroposterior radiograph is sufficient to
determine the appropriate size match. It is important that the
graft is not used to correct malalignment. Instead, osteotomy
should be used to correct mechanical axis abnormalities simul-
taneously or in a staged fashion. Postoperatively, patients are
made nonweightbearing for 6 to 8 weeks with liberal use of

FIG. 23. A: Large lesion of osteochondritis dissecans occupying the majority of the weightbearing femoral
condyle treated with fresh osteochondral allograft transplant fixed with a single bioabsorbable pin (B).
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FIG. 24. Autologous chondrocyte implantation used to treat the unstable lesion in the same patient from
Figure 19, which had failed prior fixation with bioabsorbable pins. A: Débridement of the necrotic osteo-
chondral fragment. B: Defect covered with periosteal patch, which is sewn and glued into place. Autologous
chondrocytes are subsequently injected beneath the periosteal patch.

continuous passive motion. Return to high-level activities is
generally delayed until graft incorporation is noted radiograph-
ically, which can take up to 12 months.

ACI is another option for the treatment of symptomatic
lesions of OCD. Reported first by Brittberg et al. (108) for the
treatment of symptomatic chondral injury, ACI has become an
accepted treatment option for lesions of the femoral condyle,
trochlea, and, recently, the patella (94,109-111). With the
exception of defects larger than 10 to 12 cm?, the indications
and contraindications for ACI are similar to fresh osteochondral
allograft transplantation. The treatment of OCD with ACI with-
out bone grafting is considered acceptable for shallow defects
with no more than 6 to 8 mm of bone loss. Deeper lesions can
be treated with staged bone grafting and healing followed by
ACI. Single-staged bone grafting with a “periosteal sandwich”
of cultured chondrocytes between cambium layers is described
but is still considered largely investigational (110,111).

The procedure involves arthroscopically harvested autolo-
gous chondrocytes, which undergo a process of cellular dedif-
ferentiation and expansion in culture. At a minimum of 3 weeks
after the biopsy, an arthrotomy is performed, and the cells are
implanted beneath a periosteal patch sewn over the defect,
using a suture and sealed with fibrin glue (Fig. 24) (94). Disad-
vantages include the two-stage procedure, the required arthrot-
omy, and the relative cost of the procedure. However, the
authors prefer this technique in relatively young patients with
shallow OCD, because, unlike osteochondral allograft trans-
plantation, ACI does not destroy the subchondral bone and does
not compromise future salvage treatment options.

Reports of ACI for the treatment of OCD demonstrate
excellent results in up to 90% of all patients treated with ACI
(109-111). Peterson et al. (109) reported on a particularly
challenging cohort of patients with OCD. Eighteen consecu-
tive patients with OCD who had a history of 53 prior surgeries
and an average age of 26.6 years (range, 17 to 46 years) with
an average defect size of 4.7 cm? (range, 1.5 to 12.0 cm?) were
treated with single stage ACI with a mean follow-up of 3.1
years (range, 2.0 to 6.3 years). Their clinical results were

excellent in 13, good in 3, fair in 1, and poor in 1. Sixteen of
18 (89%) patients felt that the surgery had met their expecta-
tions for clinical outcome. These results are similar to that
achieved by the senior author (94).

Reconstructive Options

Mechanical malalignment can excessively load the affected
joint surface, leading to increased symptoms, decreased poten-
tial for lesion healing, and the possibility of failure of any of
the described cartilage restoration procedures. Performed in
isolation for the severely malaligned limb with OCD, osteot-
omy can be successful in reducing a patient’s symptoms (112).
However, unlike the malaligned osteoarthritic knee, patients
with OCD are typically younger and expect to remain or
become more active after treatment. Thus, the authors rou-
tinely perform an osteotomy, when indicated, in combination
with a cartilage restoration procedure in an effort to protect the
reconstruction and to maximize the clinical benefit of the pro-
cedure (Fig. 25). Also, unlike the osteoarthritic patient with
bipolar disease in a single compartment in which overcorrec-
tion is often desired, these patients are corrected to just beyond
neutral so that the weightbearing axis falls at least into the first
half of the uninvolved compartment.

Unicompartmental arthroplasty, total knee arthroplasty,
and knee arthrodesis are rarely indicated in this relatively
young population and certainly would not be the initial treat-
ment considered in the adolescent or young adult. These are
considered as salvage procedures when other treatment
options have failed.

Conclusion
OCD is relatively common and has multiple etiologies,

including trauma. The treatment of OCD in the knee is based on
disease chronicity, patient age, skeletal maturity, response to
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FIG. 25. Intraoperative fluoroscopic view of opening wedge
osteotomy and fresh osteochondral allograft performed con-
comitantly in a patient with chronic osteochondritis dissecans
and varus malalignment.

previous treatments, and the depth and quality of the subchon-
dral bone. Most commonly, patients with open physes with non-
displaced lesions will heal with appropriate conservative
treatment, including relative rest and restricted weightbearing.
Drilling of stable lesions or drilling and anatomic fixation of
unstable lesions is indicated in skeletally immature patients with
persistent symptoms or in the skeletally mature patient with
OCD when the fragment remains in situ. When fragments are
not amenable to fixation, removal can be beneficial, especially
when mechanical symptoms prevail. However, these patients, as do
those treated with marrow-stimulating techniques such as micro-
fracture, often become symptomatic with increasing follow-up
time and levels of activity. In symptomatic patients who fail fix-
ation or whose defects are not reparable, restorative options may
be indicated. These most commonly include fresh osteochon-
dral allograft transplantation or ACI. A low threshold for per-
forming a corrective osteotomy is paramount to the success of
these procedures. The decision making for any treatment option
must be evidenced based when possible and only further pro-
spective study will permit this to occur.

REFERENCES

1. Ahlbach S, Bauer GC, Bohne WH. Spontaneous osteonecrosis of
the knee. Arthritis Rheum 1968;9:705.

2. Chan-Lam D, Prentice AG, Copplestone JA, et al. Avascular necro-
sis of bone following intensified steroid therapy for acute lympho-
blastic leukaemia and high-grade malignant lymphoma. Br J
Haematol 1994;86(1):227-230.

3. Braverman DL, Lachmann EA, Nagler W. Avascular necrosis of
bilateral knees secondary to corticosteroid enemas. Arch Phys Med
Rehabil 1998;79(4):449-452.

4. Churchill MA, Spencer JD. End-stage avascular necrosis of bone in
renal transplant patients. The natural history. J Bone Joint Surg Br
1991;73(4):618-620.

20.
1%
21a.
21b.

22

23
24.
23
26.

27,
28.

29;

Ware HE, Brooks AP, Toye R, et al. Sickle cell disease and silent
avascular necrosis of the hip. J Bone Joint Surg Br 1991;73(6):947—
949.

Elstein D, Renbaum P, Levy-Lahad E, et al. Incidence of thrombo-
philia in patients with Gaucher disease. Am J Med Genet 2000;
95(5):429-431.

Mont MA, Myers TH, Krackow KA, et al. Total knee arthroplasty
for corticosteroid associated avascular necrosis of the knee. Clin
Orthop 1997:(338):124—-130.

Mankin HJ. Nontraumatic necrosis of bone (osteonecrosis). N Engl
J Med 1992;326(22):1473-1479.

Ecker ML, Lotke PA. Spontaneous osteonecrosis of the knee. J Am
Acad Orthop Surg 1994;2(3):173-178.

Insall JN, Aglietti P, Bullough PG, et al. Osteonecrosis. In: Insall
JN, Windsor RE, Scott WN, et al., eds. Surgery of the knee. New
York: Churchill Livingstone, 1993.

Havel PE, Ebraheim NA, Jackson WT. Steroid induced bilateral
avascular necrosis of the lateral femoral condyles: a case report.
Clin Orthop 1989;243:166.

Lotke PA, Ecker ML. Osteonecrosis of the medial tibial plateau.
Contemp Orthop 1985;10:47.

Laprade RF, Noffsinger MA. Idiopathic osteonecrosis of the patella:
an unusual cause of pain in the knee—a case report. J Bone Joint
Surg Am 1990;72A:1414.

Dupare J, Alnot JY. Osteonecrose primitive du condyle femoral
interne du sujet age. Rev Chir Orthop 1969;55:615.

Aglietti P, Insall J, Deschamps G, et al. The results of treatment of
idiopathic osteonecrosis of the knee. J Bone Joint Surg Br 1983;
65(5):588-597.

Ahuja SC, Bullough PG. Osteonecrosis of the knee. J Bone Joint
Surg Am 1978;60:191.

Glimcher MJ, Kenzora JE. The biology of osteonecrosis of the
human femoral head and its clinical implications. II. The pathologi-
cal changes in the femoral head as an organ and in the hip joint. Clin
Orthop 1979;139:283.

Prues-Latour V, Bonvin JC, Fritschy D. Nine cases of osteonecrosis
in elderly patients following arthroscopic meniscectomy. Knee Surg
Sports Traumatol Arthrosc 1998;6(3):142-147.

Muscolo DL, Costa-Paz M, Makino A, et al. Osteonecrosis of the
knee following arthroscopic meniscectomy in patients over 50-years
old. Arthroscopy 1996;12(3):273-279.

Johnson TC, Evans JA, Gilley JA, et al. Osteonecrosis of the knee
after arthroscopic surgery for meniscal tears and chondral lesions.
Arthroscopy 2000;16(3):254-261.

Brahme SK, Fox JM, Ferkel RD, et al. Osteonecrosis of the knee
after arthroscopic surgery: diagnosis with MR imaging. Radiology
1991;178(3):851-853.

Janzen DL, Kosarek FJ, Helms CA, et al. Osteonecrosis after con-
tact neodymium:yttrium aluminum garnet arthroscopic laser menis-
cectomy. AJR Am J Roentgenol 1997;169(3):855-858.

Rozbruch SR, Wickiewicz TL, DiCarlo EF, et al. Osteonecrosis of
the knee following arthroscopic laser meniscectomy. Arthroscopy
1996:12(2):245-250.

Atik OS, Tali T. Does the Holmium:Yag laser cause osteonecrosis?
Bull Hosp Jt Dis 1999;58(2):111-113.

Lu Y, Edwards RB, Cole BJ, et al. Thermal chondroplasty with
radiofrequency energy: An in vitro comparison of bipolar and monop-
olar radiofrequency devices. Am J Sports Med 2001;29:42-49.

Lu Y, Edwards RB, Kalscheur VL, et al. Effect of bipolar radiofre-
quency on human articular cartilage: comparison of fluorescent vital
cell staining and light microscopy. Arthroscopy 2001;17:117-123.
Koshino T, Okamoto R, Takamura K, et al. Arthroscopy in sponta-
neous osteonecrosis of the knee. Orthop Clin North Am 1979;10(3):
609-618.

al-Rowaih A, Lindstrand A, Bjorkengren A, et al. Osteonecrosis of
the knee. Diagnosis and outcome in 40 patients. Acta Orthop Scand
1991:62(1):19-23.

Muheim G, Bohne WH. Prognosis in spontaneous osteonecrosis of
the knee. J Bone Joint Surg Br 1970;52:605.

Mont MA, Baumgarten KM, Rifai A, et al. Atraumatic osteonecro-
sis of the knee. J Bone Joint Surg Am 2000;82(9):1279-1290.
Lotke PA, Abend JA, Ecker ML. The treatment of osteonecrosis of
the knee. Presented at: Annual Meeting of the American Academy
of Orthopaedic Surgeons; February 11, 1980; Atlanta.



492 / CHAPTER 32

30.

35

32

33

34.

35%

36.

3

38.

39;

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sl

52.

53

54.

55!

56.

7

58.

593

al-Rowaih A, Wingstrand H, Lindstrand A, et al. Three phase scintig-
raphy in osteonecrosis of the knee. Acta Orthop Scand 1990;61:120.
Bjorkengren AG, AlRowaih A, Lindstrand A, et al. Spontaneous
osteonecrosis of the knee: value of MR imaging in determining
prognosis. AJR Am J Roentgenol 1990;154(2):331-336.

Healy WL. Osteonecrosis of the knee detected only by magnetic
resonance imaging. Orthopedics 1991;14:703.

Marti CB, Rodriguez M, Zanetti M, et al. Spontaneous osteonecro-
sis of the medial compartment of the knee: a MRI follow-up after
conservative and operative treatment, preliminary results. Knee
Surg Sports Traumatol Arthrosc 2000;8(2):83-88.

Zizic TM, Hungerford DS. Avascular necrosis of bone. In: Kelley
WN, Harris ED, Ruddy S, et al., eds. Textbook of rheumatology, Vol
2. Philadelphia: WB Saunders 1985:1689-1710.

Solomon L. Idiopathic necrosis of the femoral head: pathogenesis
and treatment. Can J Surg 1981:24:573.

Wang GJ, Sweet DE, Reger SI, et al. Fat cell changes as a mecha-
nism of avascular necrosis of the femoral head in cortisone treated
rabbits. J Bone Joint Surg Am 1977;59:729.

Elmstedt E. Avascular bone necrosis in the renal transplant patient:
a discriminant analysis of 144 cases. Clin Orthop 1981;158:149.
Mok CC, Lau CS, Wong RW. Risk factors for avascular bone necro-
sis in systemic lupus erythematosus. Br J Rheumatol 1998:37(8):
895-900.

Veenstra DL, Best JH, Hornberger J, et al. Incidence and long-term
cost of steroid-related side effects after renal transplantation. Am J
Kidney Dis 1999;33(5):829-839.

Noble J, Hamblen DL. The pathology of the degenerate meniscus
lesions. J Bone Joint Surg Br 1975;57:180.

Brahme SK, Fox JM, Ferkel RD, et al. Osteonecrosis of the knee
after arthroscopic surgery: diagnosis with MR imaging. Radiology
1991:3:851¢

Rozing PM, Insall J, Bohne WH. Spontaneous osteonecrosis of the
knee. J Bone Joint Surg Am 1980;62:2.

Aichroth P. Osteochondral fractures and their relationship to osteo-
chondritis dissecans of the knee. J Bone Joint Surg Br 1971:53:448.
Linden B. The incidence of osteochondritis dissecans in the
condyles of the femur. Acta Orthop Scand 1976;47:664.

Linden B, Nilsson BE. Strontium-85 uptake in knee joints with
osteochondritis dissecans. Acta Orthop Scand 1976;47:668.

Chiroff RT, Cooke CP. Osteochondritis dissecans: a histologic and
microradiographic analysis of surgically excised lesions. J Trauma
1975;15:689.

Koshino T. The treatment of spontaneous osteonecrosis of the knee
by high tibial osteotomy with and without bone-grafting or drilling
of the lesion. J Bone Joint Surg Am 1982;64(1):47-58.

Jacobs MA, Loeb PE, Hungerford DS. Core decompression of the
distal femur for avascular necrosis of the knee. J Bone Joint Surg Br
1989;71(4):583-587.

Insall JN, Dorr LD, Scott RD, et al. Rationale of the Knee Society
clinical rating system. Clin Orthop 1989;(248):13-14.

Serna F, Mont MA, Krackow KA, et al. Total knee arthroplasty in
diabetic patients. Comparison to a matched control group. Arthro-
plasty 1994;9(4):375-379.

Seldes RM, Tan V, Duffy G, et al. Total knee arthroplasty for ste-
roid-induced osteonecrosis. J Arthroplasty 1999;14(5):533-537.
Atsui K, Tateishi H, Futani H, et al. Ceramic unicompartmental
knee arthroplasty for spontaneous osteonecrosis of the knee joint.
Bull Hosp Jt Dis 1997;56(4):233-236.

Pare A. Oeuvres completes. Paris: J.B. Bailliere, 1558:180—181.
Paget J. On the production of the loose bodies in joints. St. Barth-
olomew’s Hospital Rep 1870;6:1-4.

Konig F. Ueber freie korperin den Gelenken. Disch Zischr F Chir
1888;27:90-109.

Morscher E. Cartilage-bone lesions of the knee joint following
injury. Reconstr Surg Traumatol 1971;12:2.

Linden B. Osteochondritis dissecans of the femoral condyles: a
long-term follow-up study. J Bone Joint Surg Am 1977;59(6):769—
776.

Cahill BR. Osteochondritis dissecans of the knee: treatment of juve-
nile and adult forms. J Am Acad Orthop Surg 1995;3(4):237-247.
O’Driscoll S, Stuart M. Osteochondral lesions and osteochondritis
dissecans. In: Kai-Nan An, Morrey B, eds. Reconstructive surgery
of the joints, 2nd ed. New York: Churchill Livingstone, 1995.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

TIe

3

74.

o

76.

T4/

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Fairbanks, HAT. Osteochondritis dissecans. Br J Surg 1933:21:67.
Green JP. Osteochondritis dissecans of the knee. J Bone Joint Surg
1966;48B:82.

Enneking WE. Clinical musculoskeletal pathology. Gainesville, FL:
Storter Printing Co., 1977.

Desai SS, Patel MR, Michelli LJ, et al. Osteochondritis dissecans of
the patella. J Bone Joint Surg Br 1987;69(2):320-325.

Peters TA, McLean ID. Osteochondritis dissecans of the patellofem-
oral joint. Am J Sports Med 2000;28(1):63-67.

Mubarak SJ, Carroll NC. Juvenile osteochondritis dissecans of the
knee: etiology. Clin Orthop 1981;157:200-211.

Wilson JN. A diagnostic sign in osteochondritis dissecans of the
knee. J Bone Joint Surg Am 1967;49(3):477-480.

Caffey J, Madeu SH, Royer C, et al. Ossification of the distal femo-
ral epiphysis. J Bone Joint Surg Am 1958;40:647-654.

Berndt AL, Harty M. Transcondylar fractures (osteochondritis dis-
secans) of the talus. J Bone Joint Surg Am 1959:41:988—1020.
Harding WG, 3rd. Diagnosis of osteochondritis dissecans of the
femoral condyles: the value of the lateral x-ray view. Clin Orthop
1977;123:25-26.

Garrett JC. Osteochondritis dissecans. Clin Sports Med 1991;10(3):
569-593.

Cahill BR, Berg BC. 99m-Technetium phosphate compound joint
scintigraphy in the management of juvenile osteochondritis disse-
cans of the femoral condyles. Am J Sports Med 1983;11:329-335.
Cahill BR, Phillips MR, Navarro R. The results of conservative
management of juvenile osteochondritis dissecans using joint scin-
tigraphy: a prospective study. Am J Sports Med 1989;17:601-606.
Dipaola JD, Nelson DW, Colville MR. Characterizing osteochon-
dral lesions by magnetic resonance imaging. Arthroscopy 1991;
7(1):101-104.

Guhl JE. Arthroscopic treatment of osteochondritis dissecans. Clin
Orthop 1992;167:65-74.

Johnson LL, Uitvlugt G, Austin MD, et al. Osteochondritis disse-
cans of the knee: arthroscopic compression screw fixation. Arthros-
copy. 1990;6(3):179-189.

Pappas AM. Osteochondrosis dissecans. Clin Orthop 1981;158:59—
69.

Hughston JC, Hergenroeder PT, Courtenay BG. Osteochondritis
dissecans of the femoral condyles. J Bone Joint Surg Am 1984;
66(9):1340-1348.

Twyman RS, Desai K, Aichroth PM. Osteochondritis dissecans of
the knee. A long-term study. J Bone Joint Surg Br 1991;73(3):461—
464.

Lipscomb PR Jr, Lipscomb PR Sr, Bryan RS. Osteochondritis disse-
cans of the knee with loose fragments. Treatment by replacement
and fixation with readily removed pins. J Bone Joint Surg Am 1978;
60(2):235-240.

Chiroff RT, Cooke CP, 3rd. Osteochondritis dissecans: a histologic
and microradiographic analysis of surgically excised lesions. J
Trauma 1975;15(8):689-696.

Wildey AG. United fractures treated by bony axial drilling of the
fractured bone ends. Br J Surg 1915;2:423-428.

Smillie IS. Treatment of osteochondritis dissecans. J Bone Joint
Surg Br 1957;39:248-260.

Bradley J, Dandy DJ. Results of drilling osteochondritis dissecans
before skeletal maturity. J Bone Joint Surg Br 1989;71(4):642—644.
Lee CK, Mercurio C. Operative treatment of osteochondritis disse-
cans in situ by retrograde drilling and cancellous bone graft: a pre-
liminary report. Clin Orthop 1981;158:129-136.

Slough JA, Noto AM, Schmidt TL. Tibial cortical bone peg fixation
in osteochondritis dissecans of the knee. Clin Orthop 1991;267:
122-127.

Smillie IS. Treatment of osteochondritis dissecans. J Bone Joint
Surg Br 1955;37:723.

Scott DJ, Stevenson CA. Osteochondritis dissecans of the knee in
adults. Clin Orthop 1971;76:82.

Lipscomb PR Jr, Lipscomb PR Sr, Bryan RS. Osteochondritis disse-
cans of the knee with loose fragments. Treatment by replacement
and fixation with readily removed pins. J Bone Joint Surg Am 1978;
60(2):235-240.

Matava MJ, Brown CD. Osteochondritis dissecans of the patella:
arthroscopic fixation with bioabsorbable pins. Arthroscopy 1997;
13(1):124-128.



90.

1.

82,

93.

94.

05,
96.

97,

98.

99.

101.

AVASCULAR NECROSIS AND OSTEOCHONDRITIS DISSECANS / 493

Friden T, Rydholm U. Severe aseptic synovitis of the knee after bio-
degradable internal fixation. A case report. Acta Orthop Scand
1992;63(1):94-97.

Burvant JG, Thomas KA, Alexander R, et al. Evaluation of methods
of internal fixation of transverse patella fractures: a biomechanical
study. J Orthop Trauma 1994;8(2):147-153.

Smillie IS. Osteochondritis dissecans. Loose bodies in joints. Etiol-
o0gy, pathology, treatment. London: S. Livingstone, 1960.

Cole BJ, Frederick RW, Levy AS, et al. Management of a 37-year old
man with recurrent knee pain. J Clin Outcome Manage 1999;6:6, 46—
57, 7

D’Amato M, Cole BJ. Autologous chondrocyte implantation. Orthop
Tech 2001;11:115-131.

Cole BJ, Farr J. Putting it all together. Orthop Tech 2001;11:151-154.
Cole BJ, Cohen B. Chondral injuries of the knee: a contemporary view
of cartilage restoration. Orthop Special Edition 2000;6:2, 71-76.
Rodrigo JS, Steadman RJ, Sillman JF, et al. Improvement of full
thickness chondral defect healing in the human knee after débride-
ment and microfracture using continuous passive motion. Am J Knee
Surg 1994;70:595-606.

Gill TJ, MacGillivray JD. The technique of microfracture for the
treatment of articular cartilage defects in the knee. Op Tech Ortho
2001;11:2,105-107.

Ewing JW, Voto SJ. Arthroscopic surgical management of osteo-
chondritis dissecans of the knee. Arthroscopy 1988;4:37.

Levy AS. Osteochondral autograft transplantation. Op Tech Ortho
2001;11:2, 108-114.

Hangody L, Kish G, Karpati Z, et al. Arthroscopic autogenous
osteochondral mosaicplasty for the treatment of femoral condylar

102.

103.

104.

105.

106.

107.

108.

109.

110.

11

112:

articular defects. Knee Surg Sports Traumatol Arthrosc 1997;5:262—
267.

Bobic B. Arthroscopic osteochondral autograft transplantation in
anterior cruciate ligament reconstruction: a preliminary clinical
study. Knee Surg Sports Traumatol Arthrosc 1996;3:262—-264.
Gross A, Silverstein E, Falk J, et al. The allotransplantation of par-
tial joints in the treatment of osteoarthritis of the knee. Clin Orthop
1975;108:7, 123-138.

Gross AE. Fresh osteochondral allografts for posttraumatic knee
defects: surgical technique. Op Tech Orthop 1997;4:334-339.
Gross AE. Use of fresh osteochondral allografts to replace traumatic
joint defects. In: Czitrom AA, Gross AE, eds. Allografts in orthope-
dic practice. Philadelphia: Williams & Wilkins, 1992:67-82.
Garrett J, Wyman J. The operative technique of fresh osteochondral
allografting of the knee. Op Tech Ortho 2001;11:2,132—137.
Bugbee W, Convery F. Osteochondral allograft transplantation. Clin
Sports Med 1999;18:67-75.

Brittberg M, Lindahl A, Nilsson A, et al. Treatment of full thickness
cartilage defects in the human knee with cultured autologous chon-
drocytes. N Engl J Med 1994;331:889-895.

Peterson L, Minas T, Brittberg M, et al. Two- to 9-year outcome
after autologous chondrocyte transplantation of the knee. Clin
Orthop 2000;374:212-234.

Minas T, Peterson L. Chondrocyte transplantation. Op Tech Ortho
1997:7:373

Minas T, Peterson L. Advanced techniques in autologous chondro-
cyte transplantation. Clin Sports Med 1999;18:13.

Slawski DP. High tibial osteotomy in the treatment of adult osteo-
chondritis dissecans. Clin Orthop 1997;341:155.



