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Abstract

Osteochondritis dissecans (OCD) is a common but poorly understood source of knee pain
and dysfunction. It is a condition primarily affecting the subchondral bone, with second-
ary effects on the articular cartilage surface. A large amount of research over the past two
decades has produced many valuable insights into the condition, but further study and
elucidation are still needed. The goal of this chapter will be to serve as a general overview
of osteochondritis dissecans as it is understood today, including the etiology, clinical pre-
sentation, diagnosis, treatment options, outcomes, and future research aims.
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1. Introduction

Osteochondritis dissecans (OCD) has become a well-recognized, but still poorly understood
source of knee pain and dysfunction. It is a condition primarily affecting the subchondral
bone, with secondary effects on the articular cartilage surface. A large amount of research
over the last two decades has produced many valuable insights into the condition, but further
study and elucidation are still needed. The goal of this chapter will be to serve as a general
overview of osteochondritis dissecans as it is understood today, including the etiology, clini-
cal presentation, diagnosis, treatment options, outcomes, and future research aims.

The term osteochondritis dissecans was first documented in the literature in 1887 by Franz
Konig, who described a presumed inflammatory process leading to loose bodies in the elbow
and knee joints in young, atraumatic patients [1]. This theory was ultimately disproved as
histological studies began to support findings of necrosis rather than inflammation in OCD
lesions [2-6]. Many other theories and descriptions of osteochondritis dissecans have subse-
quently been proposed, but a definitive understanding remains elusive. The current working
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definition of OCD as developed by the leading collaborative research group on the topic is as
follows: a focal, idiopathic alteration of subchondral bone with risk for instability and disrup-
tion of adjacent articular cartilage that result in premature osteoarthritis [7].

Traditionally, OCD had been subclassified into two groups based on the status of the distal
femoral physis. Juvenile OCD occurs in those with an open distal femoral physis, whereas
adult OCD is found in skeletally mature patients [8]. Previously, the etiology of OCD in skel-
etally immature individuals was thought to be from a fundamental disturbance in epiphyseal
development. The adult form, on the other hand, was believed to be associated with more
direct traumatic causation [9]. However, many experts now currently feel adult OCD is in
the majority of cases not a distinct entity, but instead the natural progression of juvenile OCD
missed in adolescence [10-12]. While the nomenclature is no longer as critical, the distinction
between “juvenile” and “adult” OCD as based on presentation and timing of diagnosis is still
important in regards to prognosis. Multiple studies have shown that juvenile OCD lesions to
be more stable in appearance and to have a better prognosis than those diagnosed in adult-
hood [8, 10, 13-15].

2. Epidemiology

The presence of articular cartilage pathology is found in greater than 60% of patients under-
going knee arthroscopies, with focal chondral defects of all varieties found in 20% of these
patients [16-18]. As a subset of these lesions, osteochondritis dissecans of the knee remains
a relatively uncommon condition. In the pediatric population aged 6-19 years, the incidence
of OCD lesions of the knee was found to be 9.5 per 100,000. There is a strong predilection for
males versus females with an incidence of 15.4 and 3.3 per 100,000, respectively. Patients aged
12-19 years have an over three times risk of OCD than those aged 6-11 years. In terms of race
and ethnicity, African Americans have double the risk of OCD of the knee compared to non-
Hispanic whites, and at least 4 times the risk of disease as all other races and ethnicities [19].

The most common location for OCD lesions to occur is in the medial femoral condyle, which
accounts for 70-85% of all lesions. The majority of these lesions occur in the posterolateral
aspect of the medial femoral condyle [19]. The next most frequent location is the lateral femo-
ral condyle, and the lesions in this location are often found to be larger and more advanced.
OCD lesions are also rarely found on the patella, trochlea, and tibial plateau [11].

3. Etiology

Starting with Konig’s inflammatory theory, numerous hypotheses regarding the true patho-
physiology behind the formation and progression of OCD lesions of the knee have been pro-
posed, but no one theory has gained uniform consensus. In histologic review of OCD lesions,
necrosis of the subchondral bone is often identified but it remains unclear if the presence of
the necrosis is primary or secondary to the pathogenesis of OCD [3-6, 20]. The vascularity of
the subchondral bone has been described as an end arterial arcade with poor anastomoses.
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Histology of necrotic bone has been shown to be consistent with vascular occlusions, and it
has been proposed that insufficient arterial branching could lead to subchondral bone infarc-
tion and subsequent OCD [21, 22]. The presence of an ischemic zone in the lateral aspect of
the medial femoral condyle has been questioned, although particularly in young patients who
have good distal femoral blood supply [23-26].

Repetitive microtrauma has become the most accepted cause of OCD, mainly due to the rising
incidence of the disorder among athletes [27]. The theory states that an initial stress reaction
occurs in the subchondral bone of the knee and with further loading a true stress fracture
is generated. Repetitive, progressive loading prevents the stress fracture from healing and
eventually the subchondral bone becomes necrotic [2]. The fragment begins to dissect and
ultimately separate from the fracture bed leading to an unstable OCD lesion. In this theory,
bone necrosis is seen as secondary to trauma rather than to a primary lack of vascularity.
Mechanical axis alignment has also been associated with OCD, with aberrant mechanical
pressures on the condyles potentially leading to the formation of an OCD [28]. The true eti-
ology of OCD is most likely multi-factorial and a combination of the currently proposed
theories.

4. Clinical presentation and physical examination

The clinical presentation of OCD lesions can be quite variable and often differs depending
on the stability and severity of the lesion. Stable lesions, as are frequently seen in juvenile
OCD, often present with complaints of nonspecific and poorly localized knee pain which is
exacerbated by exercise, particularly when climbing stairs or hills [10]. Unstable lesions are
commonly seen in adult OCD and present with more mechanical symptoms like swelling,
stiffness, locking, and catching.

On physical examination, both stable and unstable lesions may present with an antalgic gait.
An external rotation of the tibia during gait can be seen as compensation for impingement of
the tibial eminence on an OCD lesion of the medial femoral condyle [29]. This can be tested
clinically with the Wilson test, which elicits pain when the tibia is internally rotated during
extension of the knee between 90 and 30°. Pain is relieved with tibial external rotation as it
moves the eminence away from the lesion. Ligamentous stability and overall alignment must
also be assessed to allow for concomitant pathology to be appropriately addressed. Muscle
strength testing is also important as significant dynamic strength deficits of the quadriceps
and core may warrant rehabilitation attempts prior to surgery [30].

5. Imaging

Plain radiographs and magnetic resonance imaging (MRI) are the two most commonly used
imaging modalities in evaluating knee OCD. Radiographs are commonly used for the initial
diagnosis and assessment of skeletal maturity, whereas MRI highlights changes in the articu-
lar cartilage and subchondral bone.
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Radiographs are relatively inexpensive and easy to obtain, making it the initial imaging choice
for evaluation of suspected OCD. Radiographs evaluating for OCD lesions often include
anteroposterior, lateral, sunrise, and tunnel/notch views. The characteristic appearance of an
OCD lesion of the knee consists of a well-circumscribed lucent defect in the subchondral bone
[31]. The notch view, which is obtained with a posterior to anterior beam at approximately
30° of flexion, is particularly helpful for evaluating the posterior aspects of the femoral con-
dyles [8]. Evaluating for potential lesions in boys younger than 13 and girls younger than 11
requires caution as they may develop secondary ossifications that can resemble OCD lesions
and MRI is often needed for clarification [10]. Given the limitations of radiographs in assess-
ing an OCD lesion, MRI is often used to evaluate the true size and stability in order to deter-
mine an appropriate surgical plan.

6. Classification systems

The most commonly used classification system for OCD lesions is based on MRI findings. The
Hefti system divides lesions into five different stages and differentiates between stable (stages
1 and 2) and unstable (stages 3, 4, and 5) lesions with progressive pathology noted [13].

The MRI classification has been shown to be accurate to divide lesions into stable and unstable
categories, but ultimately arthroscopic evaluation provides the best assessment of the OCD
lesion [32]. Multiple arthroscopic systems have been proposed to classify lesions during sur-
gery, but no comprehensive system to describe the full complement of OCD lesions has been
accepted [32-37]. The Research in OsteoChondritis of the Knee (ROCK) group developed a
novel classification system to provide a common language in describing these lesions [38].
To optimize comprehensibility and applicability, each type was described with a memorable
name. The classification divides lesions into immobile and mobile lesions. The “cue ball” (no
detectable abnormality), “shadow” (cartilage intact but subtly demarcated), and “wrinkle in
the rug” (cartilage is demarcated with a fissure or wrinkle) are in the immobile category. The
mobile lesions consist of the “locked door” (cartilage fissuring at periphery but unable to
hinge open), “trap door” (able to hinge open the fissure), and “crater” (exposed subchondral
bone defect). This classification system has been shown to have very good inter-observer reli-
ability and should be used to facilitate a common language which is crucial for future col-
laborative research.

7. Nonoperative treatment

Nonoperative management is the appropriate first line of treatment for stable juvenile OCD
lesions. Juvenile OCD lesions have a higher healing potential than adult lesions, and an open
distal femoral physis has been shown as one of the best predictors for successful nonoperative
management [39]. Conservative management is usually attempted for a minimum of 3 months
to allow for potential healing. Most current nonoperative treatment plans focus on activity
modification with cessation of impact activities and protected weight bearing with crutches or
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an offloader brace [40]. The goal of conservative management is to eliminate pain and repeti-
tive loading to help promote healing of OCD lesions.

Overall, successful healing rates >50% have been shown for stable juvenile OCD lesions
treated nonoperatively. However, this has not been replicated in the adult population, with
poor results seen without surgical intervention for adult OCD lesions [4, 8, 41]. Adult OCD
lesions have little capacity for healing with nonoperative means, but an unloader brace is a
potential temporary option to allow an athlete to finish their season prior to operative inter-
vention [40]. Complete resolution of symptoms takes time, patience, and compliance, which
is important to stress to patients early in the process.

8. Operative treatment

In those patients who have failed nonoperative treatment or have large, unstable, or unsal-
vageable lesions, surgical intervention is often required. Cartilage treatment strategies can be
characterized as palliation (debridement), repair [drilling and microfracture (MF)], or restora-
tion [osteochondral autograft transfer (OAT), osteochondral allograft (OCA), and autologous
chondrocyte implantation (ACI)] [42]. One of the most important determinations to be made
prior to surgical intervention is the stability of the OCD lesion. The stability relates to the
mechanical integrity of the subchondral lesion [43]. A lesion which is immobile and resting in
situ is considered to be stable, whereas a lesion which is mobile, fragmented, or ex situ is con-
sidered unstable. The distinction is important for determining the appropriate surgical plan.

9. Subchondral drilling

Subchondral drilling is the initial standard of care operative procedure for stable OCD lesions.
There are two main types of drilling, transarticular and retroarticular, but the principle behind
each technique is the same. The goal of subchondral drilling is to use a Kirschner wire to dis-
rupt the sclerotic margin of the lesion to establish channels between the necrotic subchondral
bone and the healthy cancellous bone in order to promote revascularization, osseous bridging,
and healing [11]. The average time to healing is around 4-6 months after surgery.

Transarticular drilling is done from inside the joint and penetrates the articular cartilage
through at least one site to create subchondral penetrations. The main concern with this tech-
nique is related to the uncertain long-term implications of disrupting the articular cartilage
with the drill sites. Retroarticular drilling avoids this concern by sparing the articular surface
and physes with drilling through the affected femoral condyle into the lesion under fluoros-
copy. Aside from the added radiation risk, this technique is also more technically demanding
and risks incomplete lesion drilling, lesion displacement, or inadvertent soft tissue injury [10].

Neither technique has clearly demonstrated superior patient-orientated outcomes or radio-
graphic healing. Transarticular drilling demonstrated an average healing rate of 91% with
a mean healing time of 4.5 months with retroarticular just behind at 86% at 5.6 months [44].
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No complications were noted throughout a review of all studies on drilling, making the tech-
nique not only effective but also safe option. Poorer results have been noted in older patients
with closed physes, fissures of the articular cartilage, and lesions located outside the tradi-
tional posterolateral medial condyle [45-47].

10. Debridement

The simplest solution to the management of an unstable OCD lesion is excision of the fragment
with debridement of the remaining chondral defect. As the painful and limiting mechanical
symptoms of an unstable OCD are due to these loose fragments, excision has been correlated
with good short-term clinical results [48, 49]. However, as excision and debridement alone
leads to a loss of articular cartilage with subsequent degenerative changes, the longer term
imaging and knee function scores deteriorate [50, 51]. Even while patients maintain good
clinical knee scores, evidence of early degenerative changes can be seen on radiographs at
midterm follow up after excision and debridement [52, 53]. The results of these studies further
reinforce that every attempt should be made to preserve, repair, or replace the native bone
and cartilage that is damaged in an OCD lesion.

11. Lesion fixation

For unstable lesions or stable lesions that have failed a drilling procedure, the next surgical
option is often fixation of the osteochondral lesion. The general principles of lesion fixation
are to attempt to restore the articular surface, enhance the blood supply of the osseous inter-
face, and initiate early range of motion postoperatively [8].

Historically, after lesions were debrided and bone grafted, they were pinned in place with
Kirschner wires; after, the lesion had been debrided and bone grafting had been applied [54].
However, this technique has largely been abandoned due to K-wire bending and inability to
hold and provide an adequate compressive force to the lesion. K-wires were replaced by the use
of rigid metal screw fixation, either with variable pitch or cannulated partially threaded screws.
Most recently, bioabsorbable implants designed as screws or pins have become popularized for
fixation. Fixation is again particularly important given the poor results seen with detached frag-
ment removal, especially in weight-bearing areas of the femoral condyles [49, 51, 55].

Variable pitch headless screws were initially described for use in scaphoid fixation, but indica-
tions spread to include fixation of OCD lesions [56-58]. The goal of fixation with these screws
is to achieve compression encouraging bony union of the subchondral fractures. The main
advantage of variable pitch headless screws (Herbert screws) lies in their ability to provide
strong compression and be sunk completely under the articular surface to prevent protrusion.
The rigid fixation also allows early joint motion due to anatomic restoration of the joint sur-
face [59]. The majority of patients undergoing this technique report good to excellent results
without major complications [60-62]. The use of cannulated screws has also been described
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with successful results; however, the major drawback is the concern for increased articular
cartilage morbidity due to screw prominence on the articular surface [63, 64]. Cannulated
headless compression screws have now been developed as an alternative, which theoretically
combines the advantages of both techniques [65].

Bioabsorbable screws, pins, tacks, and darts have been designed and utilized with overall
good results [66-69]. The main advantages of bioabsorbable fixation are the lack of metal arti-
fact on postoperative MRI as well as theoretically no subsequent surgery needed for implant
removal [66]. Bioabsorbable implants can fail though due to screw breakage, screw back out,
reactive synovitis, and loss of compressive force over time [70-73]. These implant failures
often lead to refractory mechanical symptoms and need for revision surgery. Despite these
potential risks, unstable lesions should still be fixed instead of excised when technically fea-
sible. As there has been no significant difference noted in comparison of bioabsorbable pins
and tacks, variable pitch screws, and partially threaded screws with regard to clinical and
radiographic healing, the choice of fixation is surgeon dependent [69]. The most frequently
used techniques among surgeons are bioabsorbable screws and metal headless variable pitch
screws [74].

12. Microfracture

Microfracture is a marrow stimulation technique that was developed and implemented in the
early 1980s to allow for cartilage repair. The goal of the procedure is to create microfractures
in the subchondral bone perpendicular to the surface to create a surface rough enough to hold
the generated marrow clot. The pluripotent cells of the clot proliferate and differentiate into
cells with morphological features similar to chondrocytes. These cells then produce a cartilag-
inous repair tissue to fill the chondral defect [75]. The fibrocartilage which matures though is
often predominately type 1 collagen, a structurally different entity from hyaline cartilage [76].

Indications for microfracture include smaller partial and full-thickness cartilage defects in
patients with acceptable knee alignment. The greatest improvement occurs with the treatment
of acute lesions less than 4 cm in size in patients under 35 years old [77]. Younger patients
have better results with microfracture as it is crucial to have adequate height of cartilage on
the lesion rim to hold the clot in place, which is difficult in degenerative lesions where the
cartilage is thinner [75].

Early results of microfracture are positive with clear improvement in knee function noted
throughout the literature at 2 years, particularly in smaller lesions. Despite good midterm
results published by the developer of the technique, the longevity and durability of microfrac-
ture have been questioned [78-80]. When compared to other cartilage procedures like OAT
and ACI, the results are mixed, although no study showed superior results for microfracture
[81-83]. Microfracture has been found to have a significantly higher failure rate and need for
reoperation than OAT or ACI with larger lesions (>4.5 cm?) and at greater than 5 years post-
operatively [84]. An even smaller size threshold (<2 cm?) has been shown for microfracture to
be successful in the demanding athletic population [81, 85].
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13. Autograft transplantation

In the cases of failed fixation, lesion fragmentation, or chronically detached lesions, more
advanced chondral procedures, like osteochondral autograft transplantation (OAT), are
required. OAT was developed and then popularized in the 1990s [86, 87]. The procedure
entails the harvesting of a cylindrical graft of healthy cartilage and subchondral bone from a
less stressed area of the distal femur and implementing into an area of chondral defect. The
graft is matched to the surface area of the defect and seated to restore a smooth cartilage sur-
face in the joint [88]. A single plug of cartilage may be transferred or an alternative procedure
termed mosaicplasty can be performed where multiple smaller plugs are implemented.

Osteochondral autograft transplantation is currently recommended as a viable option for
osteochondral lesions measuring 1-4 cm? in a load-bearing area [89]. OAT offers the oppor-
tunity to repair cartilaginous defects by restoring hyaline cartilage anatomy [90]. Graft plugs
should be taken from nonweight-bearing areas to avoid being arthrogenic [91]. OAT provides
an immediate functional surface that allows a relatively quick rehabilitation and return to
play, but a mismatch of cartilage thickness between the two sites can lead to abnormal stresses
and poor function [92, 93].

Mosaicplasty has been shown to give reliably good short-term results [94-97]. In longer term
studies evaluating patients who underwent mosaicplasty, there is a significant decrease in level
of physical activity noted, particularly in patients whose activity level prior to surgery was high.
This reduction in activity level is often due to apprehension and a desire to preserve the joint
[91]. Older age, female sex, and more extensive initial lesions have been shown to be factors lead-
ing to poor prognoses after mosaicplasty [98]. Limb malalignment has also been shown to affect
outcomes if not corrected, and thus concomitant osteotomy is recommended in these cases [99].

The primary concern with autografting comes from possible donor site morbidity. Cadaveric
studies have shown load across donor sites during range of motion, but multiple studies have
shown minimal to no complications associated with donor sites at midterm follow-up [81,
95, 97, 100]. Athletes report nearly double the rate of donor site pain compared to less active
patients, indicating that vigorous exercise potentially increases donor site pain [99].

14. Allograft transplantation

Osteochondral allograft transplantation (OCA) involves the transfer of size-matched allograft
cartilage and subchondral bone into large osteochondral defects of the knee [30]. OCA is
primarily used in the management of large osteochondral defects and as a salvage option
for those who have previously failed other cartilage repair techniques. Fresh osteochondral
allograft transplantation is theoretically an attractive option because it can restore both the
osseous and the chondral components caused by the OCD lesion [101].

Allograft tissue is harvested within 24 hours of donor death, ideally from a donor aged 15-40
years with grossly healthy articular cartilage [102]. Allografts are often matched by tissue
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banks based on size, which is usually measured off an AP radiograph of the knee. The affected
condyle is used for sizing and a match is sought based on the overall condyle size, with an
acceptable match noted to be within +2 mm. While it is preferred to have patient size, side,
and condyle-specific matching, depending on the location of the lesion, it has been shown
that plugs may be successfully transplanted to the other compartment (medial to lateral) or
even to the other side (left vs. right). Once harvested, OCAs should be properly stored and
implanted within 28 days for maintained chondrocyte viability and subsequent clinical ben-
efit [103-108].

OCA is effective as a majority of patients are satisfied with their treatment and are able to
return to sport or recreational activity [109]. The success of OCA is highest when a single
articular surface is replaced, the surrounding ligaments and menisci are intact, and the align-
ment is normal [110]. Osteoarthritis or the presence of disease on both articular surfaces is a
contraindication to OCA [111]. The number of previous ipsilateral knee surgical procedures,
elevated BMI, age >30 years old, and medial femoral graft location have been found to be inde-
pendent factors predictive of reoperation and failure after allograft transplantation [101, 112].

Overall, there is a 1 in 3 chance of undergoing an additional operation, with vast majority
being arthroscopic debridement, within the first 5 years following OCA. Despite this high rate
of requiring a second surgery, OCA remains an attractive option due to allograft having the
ability to treat larger defects, the lack of donor site morbidity, reduced surgical time, and the
ability to customize the graft to the recipient’s defect site.

15. Autologous chondrocyte implantation

Autologous chondrocyte implantation is a two-stage procedure indicated for full thickness
cartilage or OCD lesions of the knee. The initial procedure involves arthroscopic evalua-
tion and cartilage harvesting. After 2 weeks of culturing, the harvested chondrocytes are
then implanted and sealed into the cartilage defect in an attempt to recreate a hyaline car-
tilage interface. ACI is indicated for full thickness cartilage or osteochondral lesions of the
knee ranging from 2 to 16 cm? with minimal cartilage damage on the opposing articular
surface [113].

The treatment of OCD lesions with ACI has been associated with clinical improvements,
including reduced pain and improved function, in both adolescents and adults at midterm
follow-up [114-117]. As with other cartilage repair techniques, younger patients with more
localized lesions tend to do better [118-120].

A drawback to ACI is the requirement of two separate procedures. However, most patients
undergoing ACI have already failed numerous other options and are willing to undergo the
extra surgery for a chance at salvage. Most complications of ACI seem to be related to the peri-
osteal flap, including overgrowth, delamination, and arthrofibrosis. Majority of failures occur
with the first 2 years after surgery [121]. Despite these limitations, ACI remains a cartilage
salvage option, particularly in those who have failed other surgical modalities.
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16. Future research

Despite over 100 years of research, there is still much to be learned regarding osteochondritis dis-
secans. In 2011, the American Academy of Orthopedic Surgeons released Clinical Practice guide-
lines regarding OCD of the knee [122]. These guidelines found limited evidence for all aspects
of the treatment of knee OCD. To provide better insight and advance the understanding of this
condition, multicenter study research groups have been formed. These groups are undertaking
clinical trials attempting to answer many of the unsolved issues relating to knee OCD [123].

17. Conclusion

Osteochondritis dissecans of the knee remains a poorly understood and difficult problem-fac-
ing patients and orthopedic surgeons today. Affecting both articular cartilage and subchondral
bone, OCD is a progressive condition leading to knee pain, mechanical symptoms, and ulti-
mately osteoarthritis if left untreated. OCD recognized in patients with open distal femoral
physes is termed juvenile OCD and has a better prognosis, particularly with nonoperative man-
agement. Adult OCD is found in patients after skeletal maturity and almost always requires
surgical intervention. The stability and size of the lesion is critical in determining the appropri-
ate surgical modality. Reparative procedures such as drilling, microfracture, and lesion stabi-
lization have shown good early results for smaller lesions, but larger and more chronic lesions
often require regenerative chondral techniques like osteochondral autograft, allograft, or acellu-
lar chondrocyte implantation. Further research is underway comparing the different techniques
to determine the gold standard for each size and type of lesion. The interest and understand-
ing of knee OCD has progressed considerably in the past 20 years, but still more prospective
research studies are needed to improve the assessment and treatment of this complex condition.
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