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Abstract Osteochondritis dissecans (OCD) of the knee is
a disease of the subchondral bone with secondary injury
to the overlying articular cartilage. OCD lesions are gen-
erally categorized as juvenile—growth plates open—or
adult—growth plates closed. This maturity-based classifi-
cation scheme has a prognostic value in that many juve-
nile OCD lesions will heal with conservative care while
most symptomatic adult OCD lesions need surgical inter-
vention. OCD can result in pain, knee joint effusions,
loose body formation, and arthritis. Short-term treatment
goals include pain and symptom resolution while the
long-term goal is to minimize arthritis. Surgical options
include debridement, drilling, microfracture, reduction
and fixation, autograft osteochondral transplantation, au-
tologous chondrocyte implantation, and allograft
osteochondreal transplantation.
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Introduction

Osteochondritis dissecans of the knee is an idiopathic disorder
primarily affecting subchondral bone with secondary effects
on the overlying articular cartilage [1]. The most common
locations of osteochondritis dissecans (OCD) of the knee are
the medial femoral condyle (70–80 %), lateral femoral con-
dyle (15–20 %), and patella (5–10 %) [2, 3]. The etiology of
OCD is unknown. OCD is postulated to primarily stem from
repetitive microtrauma; however, ischemia, genetic influ-
ences, and growth disturbances may play a role [1]. The two
main categories of OCD are juvenile (open physes) and adult
(closed physes). The maturity distinction has clinical signifi-
cance. Most cases of juvenile OCD will heal without surgery,
while adult OCD often requires surgical intervention [2, 4].

Patients with an OCD of the knee will typically present
with aching or activity-related knee pain [5]. In patients with
advanced disease or unstable lesions, the patient may com-
plain of locking, swelling, and catching. In 1967, Wilson de-
scribed a clinical sign that he thought was diagnostic of medial
femoral OCD [6]. He suggested that impingement of the tibial
eminence on the OCD lesion caused pain and a resulting ex-
ternal rotation gait. “Wilson’s sign” has been described in
which the examiner extends the knee from 90° to 30° against
resistance while internally rotating the tibia. The test is con-
sidered positive when symptoms are reproduced by internal
rotation and relieved by external rotation of the tibia. Wilson
correlated healing of the lesion with conversion of the sign
from positive to negative. Conrad and Stanitski demonstrated
that Wilson’s sign lacked diagnostic specificity but was useful
as a clinical monitoring test during treatment [7].

Patients with a suspected OCD of the knee should be eval-
uated with radiographs including: AP, lateral, sunrise/mer-
chant, and tunnel views (Fig. 1a, b). Although intuitively ob-
vious, the utilization of radiographs in the work up of a patient
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with possible OCD was given a “weak” recommendation by
the 2011 American Academy of Orthopaedic Surgeons
(AAOS) Clinical Practice Guidelines (CPG), due to only
one level of evidence II study supporting this recommendation
[8]. Bilateral OCD of the knee has been reported in 12–30 %
of cases [9, 10]. A recent study of only juvenile OCD patients
noted the prevalence of bilateral disease at 29 % [10]. These
authors recommended contralateral radiographs in all juvenile
OCD patients. However, the AAOS 2011 CPG was unable to
recommend for or against radiographs on the contralateral
asymptomatic knee because they were unable to find any
high-quality evidence on this theme [8].

After a patient has been diagnosed with an OCD of the
knee, a magnetic resonance imaging (MRI) is most commonly
used to further evaluate the lesion. MRI allows characteriza-
tion of the lesion as stable or unstable [11]. MRI indications of
OCD instability include: a high-signal-intensity line beneath
the lesion, a cystic area beneath the lesion, a high-signal-
intensity line through the articular cartilage, and a focal artic-
ular defect (Fig. 2). MRI has sensitivity for determining OCD
instability of 97–100 % in both juveniles and adults [11–13];
however, specificity is only 11–55 % in juvenile compared
with 100 % in adults [12–14]. The AAOS 2011 CPG graded
the recommendation to obtain an MRI to characterize the
OCD lesion as “weak” due to only two levels of evidence II
studies supporting this recommendation [8]. We utilize MRI
routinely prior to surgery.

Non-operative treatment of OCD of the knee is commonly
utilized for juvenile with stable lesions. Non-operative treat-
ment includes: activity modification, weight-bearing limita-
tions, anti-inflammatory medication, casting, bracing,
splinting, unloader bracing, electrical or ultrasound, or bone
stimulation. Outcomes of non-operative treatment in juvenile
OCD without a loose body have generally been good [2, 5,

15–17]. However, the AAOS 2011 CPG was unable to rec-
ommend for or against non-surgical treatment for symptom-
atic or asymptomatic juvenile OCD because they were unable
to find any quality evidence to support non-surgical treatment
[8]. In general, we recommend surgery for symptomatic juve-
nile lesions that have failed initial non-operative treatment and
non-surgical management for asymptomatic lesions.

Indications/contraindications

The stable juvenile OCD should be initially treated non-oper-
atively. The treatment of unstable and displaced OCD does not
depend on the presence of an open growth plate. Surgery is
recommended. General indications for surgical treatment in-
clude: failure of non-operative treatment greater than 6months
for juvenile cases or 3–6months for adults cases, symptomatic
loose bodies, or an unstable fragment.

Techniques

Surgical techniques for OCD of the knee can be classified as
palliative, reparative, and restorative/reconstructive [18].
Palliative techniques including loose body removal or de-
bridement of the defect aim to relieve mechanical symptoms
without restoring the articular surface. Reparative techniques
aim to either stabilize the osteochondral lesion or generate
fibrocartilage. These include transarticular and retroarticular
drilling, open reduction and internal fixation, arthroscopic-
assisted fixation, and microfracture. Restorative techniques
include autologous chondrocyte implantation and auto- or al-
lograft transplantation into the osteochondral lesion to fill in
the bone and articular cartilage defect.

Fig. 1 a AP radiographic view of the right knee in a 13-year-old travel
soccer athlete with OCD medial femoral condyle. b Lateral radiographic
view of the right knee in a 13-year-old travel soccer athlete with OCD
medial femoral condyle

Fig. 2 Coronal T2-weighted MRI showing a cystic area beneath the
lesion
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The AAOS 2011 CPG guidelines gave a consensus recom-
mendation that both skeletally immature and mature patient’s
salvageable unstable or displaced OCD lesions be given the
option of surgery [8]. A consensus recommendation was in-
dicated because of the absence of reliable quality evidence on
this theme. The AAOS 2011 CPG guidelines were also unable
to recommend for or against any specific cartilage repair tech-
nique in patients with an unsalvageable OCD lesion [8]. The
guidelines suggest that in the absence of reliable evidence
supporting surgical treatment of OCD, the choice to proceed
with surgery is part of a shared-decision making process be-
tween the patient, family, and physician [8].

Palliative

Loose body removal/chondroplasty

Osteochondral defects that are loose may cause pain, locking,
and swelling of the knee. Arthroscopic removal of the loose
body will provide short- term relief of symptoms [19, 20].
However, degenerative changes have been noted later on in
life in patients with adult OCD [21, 22]. For example,
Shelbourne and associates [23] reported that a role still exists
for arthroscopic loose body removal and chondroplasty. The
study involved 33 patients with a mean lesion size of 2.7 cm
[2] with a mean follow-up time of 7.7 years and found that
24% of patients had joint space narrowing on radiographs. As
an alternative, additional reparative, restorative/reconstructive
techniques can be combined with the loose body removal or
chondroplasty to promote healing of the remaining full-
thickness cartilage defect.

Reparative

Transarticular or retroarticular drilling

Drilling with a smooth K-wire is commonly performed for
stable juvenile OCD lesions that are less than 2.5 cm [2].
The goal of drilling is to create vascular channels from the
underlying marrow to promote a healing response of the
subchondral bone. Transarticular or retroarticular drilling
are equally efficacious [24]. Transarticular drilling involves
perforation of the articular cartilage under arthroscopic visu-
alization of the OCD lesion (Fig. 3). Retroarticular drilling
occurs through the affected condyle sparing the articular
cartilage and requires intraoperative fluoroscopy to direct
the K-wire to the back of the OCD lesion. Both tech-
niques involve a diagnostic arthroscopy of the knee to
address any concurrent pathology, followed by evaluation
of the lesion size and grade.

Retroarticular drilling can be performed with an ACL re-
construction transtibial guide and intraoperative use of fluo-
roscopy to ensure proper placement of a K-wire. Pennock [24]
suggests aiming the first K-wire at the center of the OCD
lesion and using this as a guide for ten drillings utilizing a
parallel wire guide. The benefits of the procedure include the-
oretically not violating the articular cartilage. The
retroarticular technique is technically more challenging than
the transarticular technique and requires more radiation to the
patient and surgeon. Excellent results have been documented
by multiple authors with this technique [25–28]. For example,
Edmonds et al. [25] reported on 59 juvenile OCD patients
treated with retroarticular drilling. The average time to return
to sports was 3 months. Seventy-five percent of lesions
completely healed radiographically at 12 months and 98 %
at 36 months [25].

Transarticular drilling is performed arthroscopically
under direct visualization with the use of standard portals.
Increased knee flexion may be utilized to obtain access to
posterior lesions; 0.45 or 0.62 mm K-wires are used to
drill multiple points in the lesion. Adequate depth is con-
firmed when blood and fat are visualized through the drill
hole. The theoretical disadvantage of transarticular dril-
ling is the necessary violation of the articular surface.
Results of drilling are dependent on the status of the
physis with far better results in patients with open physes
[29–31]. Louisia et al. [29] reported on 24 patients and
found 82 % good or excellent results in juvenile OCD
compared with 50 % good results in adult OCD. A recent
systematic review reported that transarticular drilling is
the most common surgical technique for treating stable
OCD lesions [32•].

The AAOS 2011 CPG was unable to recommend for or
against arthroscopic drilling for symptomatic or asymptomatic
juvenile OCD due to the lack of quality evidence [8].

Fig. 3 Arthroscopic image of transarticular drilling with two 0.062 K-
wires through the articular surface across the OCD lesion and into the
cancellous bone
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Open reduction internal fixation
and arthroscopic-assisted internal fixation

Stable OCD lesions with intact cartilage after failed non-
operative management or unstable OCD lesions with adequate
bone are candidates for internal fixation. The goals of internal
fixation for an OCD lesion are to re-approximate the articular
cartilage surfaces, stimulate vascular perfusion to the defect,
and provide compression to the fragment tomaximize healing.
Fixation may be done via an open or arthroscopic approach
(Fig. 4a, b). Arthroscopic techniques theoretically decrease
operative morbidity and lead to a quicker recovery. In either
case, a diagnostic arthroscopy may be performed to obtain
further information about the size and character of the lesion
(Fig. 5).

Once the lesion is determined to be amenable to fixation,
the base is exposed and prepared with debridement with a
curette or motorized shaver to remove any fibrous tissue.
Microfracture of the base is then performed to obtain a bleed-
ing base (Fig. 6). The fragment is then reduced to an anatomic
position and provisionally fixed with a K-wire. Final fixation
may be performed with bioabsorbable or non-absorbable pins,
nails, or screws (Fig. 7). The fixation device must be buried
below the articular surface to prevent cartilage damage.
Metallic or non-absorbable devices are removed after 8 to
12 weeks. A recent systematic review noted that bioabsorbable
pin fixation is the most common surgical technique for treating
unstable OCD lesions [32•]. Adachi et al. [33•] used
bioabsorbable pins for fixation of unstable OCD lesions and
noted 97 % healing with good to excellent clinical outcomes
confirmed by radiographs and MRI. Camp et al. [34] recently
published a technique using biocompression screws (Arthrex,
Naples, FL) countersunk 2 to 3 mm deep to the articular carti-
lage surface.

The perceived benefit of bioabsorbable implants is not re-
quiring an additional surgery to remove the hardware.
However, complications with bioabsorbable implants have
been reported, including non-union [35], osteolysis, screw
breakage [36], and synovitis [37]. Screw breakage was found

in 23 % of bioabsorbable screws used for fixation of OCD
lesions in skeletally immature patients. The authors noted
some of these failures were based on MRI alone and had no
clinical symptoms [36].

Postoperative rehabilitation for open or arthroscopic inter-
nal fixation for OCD lesions include protected weight bearing
for the first 6 to 8 weeks. Physical therapy may include an
emphasis on quadriceps strengthening. Range of motion can
begin immediately. After 6 weeks, weight bearing is increased
until as tolerated without crutches at 12 weeks. The AAOS
2011 CPG guidelines made a consensus recommendation that
those patients who have received surgical treatment for OCD
be offered the option of postoperative physical therapy. The
AAOS 2011 CPG workgroup noted the paucity of evidence
on the effectiveness of physical therapy; however, the AAOS
CPG recommendation was consistent with current practice
[8].

If the patient is indicated for a second surgery for removal
of hardware, the patient may limit their activities for a few
weeks following the second procedure to allow adequate time

Fig. 4 a An unstable OCD lesion. b An open reduction and fixation of
the OCD lesion using a screwwith head buried under the articular surface

Fig. 5 Arthroscopic image of large osteochondral loose body in a high
school basketball athlete

Fig. 6 Arthroscopic image of the bed of the ODC lesion after
debridement with a motorized shaver and curette and prepared with
microfracture
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for healing. Overall, either open or arthroscopic reduction and
internal fixation for unstable or displaced osteochondral le-
sions has demonstrated good outcomes [18].

Restorative/reconstructive

Microfracture

The goal of microfracture is to stimulate fibrocartilage to fill a
chondral defect. Microfracture was originally designed for
posttraumatic full thickness cartilage lesions and has also been
applied to patients with osteochondritis dissecans. Small
(<2.5 cm2) unstable lesions in low-demand patients are often
indicated for microfracture. The lesion is debrided to a stable
rim to enable a well-shouldered/contained lesion, followed by
removal of the calcified cartilage layer with a curette [38] or
motorized shaver. Care must be taken to maintain the integrity
of the subchondral plate. Microfracture awls are then used to
penetrate the subchondral bone with minimal force. Three to
four perforations per square centimeter are recommended. The
awl should penetrate to a far-enough depth to allow fat and
blood droplets to extrude through. These droplets contain the
stem cells and growth factors from the bone marrow [38].

Postoperatively, patients are partial weight bearing for 6 to
8 weeks. They may also utilize continuous passive motion
(CPM) machines and begin physical therapy to work on
quadricep-strengthening exercises. Weight bearing is in-
creased after 8 weeks with gradual weaning of crutches.
Low-impact exercises are started between 8 and 12 weeks
postoperatively and sport-specific exercise may begin at 3 to
4 months. Depending on the size and location of the lesion, as
well as the level of activity, return to sport may be anywhere
from 4 to 9 months.

The outcomes of this technique for traumatic chondral de-
fects have generally been good [39, 40]. However, long-term
outcomes in patients treated with microfracture for OCD le-
sions specifically has not been as promising. For example, in a

study by Gudas [41], patients with juvenile OCD were ran-
domized to microfracture or osteochondral autograft trans-
plant systems (OATS). Both groups did well at 1 year postop-
erative but failure rate increased to 41 % in the microfracture
group compared with 0 % in the OATS group when the pa-
tients were followed to 4 years postoperative. Fourteen per-
cent of patients in the microfracture group returned to
preinjury activities compared with 81 % in the OATS group.
The authors concluded that articular cartilage is better able to
withstand shear stress than fibrocartilage [41]. The AAOS
2011 CPG guidelines were unable to recommend for or
against a specific repair technique including microfracture,
autologous chondrocyte transplantation, and osetochondral
transplantation, in symptomatic unsalvageable adult OCD le-
sions. Four level IV studies addressed this theme, and the
work group judged the evidence inconclusive [8].

Autologous chondrocyte implantation

Autologous chondrocyte implantation (ACI) involves a diag-
nostic arthroscopy and harvesting a small amount of healthy
cartilage from the non-weight bearing area of the knee for cell
culture. The cells are then grown in vitro for about 6 weeks. A
second-stage procedure is then performed in which the cells
are re-implanted into the defect (Fig. 8). ACI is most effective
in OCD lesions larger than 2.5 cm2 in low-demand patients.
At time of re-implantation, the calcified cartilage layer is
debrided and the defect is covered with a synthetic collagen
membrane or periosteal flap that is sutured in place. Fibrin
glue is used to seal the edges, and the cells are injected beneath
the patch. If the depth of the lesion is greater than 8–10 mm,

Fig. 7 Arthroscopic image of the loose body repaired to the OCD bed
using metallic screws with the head of the screws buried 2 mm under the
surface of the articular cartilage

Fig. 8 The steps involved autologous chondrocyte implantation (ACI),
including diagnostic arthroscopy, harvesting a small amount of cartilage
for cell culture, and later at a second stage re-implant, the cells into the
defect and sealing the defect with a periosteal patch
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autogenous bone graft may be placed in the bony defect [42],
covered with an additional patch prior to the placement of the
cultured cells. This is known as the sandwich technique.
Postoperatively, the patients undergo a similar program as
for microfracture with limited weight bearing initially, early
range of motion, possible CPM, and quad-strengthening
exercises.

Peterson et al. [43] reported on 58 patients who underwent
ACI for an OCD lesion and found 91 % good to excellent
results at 2–10 years. Other authors have found similar results
[35, 42–45]. The AAOS 2011 CPG guidelines were unable to
recommend for or against a specific repair technique, including
microfracture, autologous chondrocyte transplantation, and
osteochondral transplantation, in symptomatic unsalvageable
adult OCD lesions. Four level IV studies addressed this theme,
and the work group judged the evidence inconclusive [8].

Other biologic techniques

Biologic biphasic scaffolds have been developed and may
obviate potential risks and complications associated with cur-
rent chondral restorative techniques.

Delcogliano et al. reported implanting a type 1 collagen-
hydroxyapatite nanostructural biomimetic osteochondral scaf-
fold in 23 patients with symptomatic knee OCD. The average
lesion size was 3.5 cm2. The results were encouraging. The
authors found statistically significant improvements in subjec-
tive and objective measures at 12 and 24months postoperative
[46]. Additional authors have also reported that biological
scaffold implantation is a viable option for treating symptom-
atic OCD [47, 48].

Osteochondral autograft transplant

OATS are indicated for high-demand patients with small
(<2.5 cm2) lesions. This technique may be performed
arthroscopically or via an open approach if needed. A diag-
nostic arthroscopy is performed first. Next, the OCD lesion is
prepared by removing loose debris and preparing the edges
with curette or knife. Any fibrous tissue or cartilage is re-
moved from the subchondral bone. The size and depth of the
lesion is then measured, and the need for additional bone
plugs or bone grafting is determined. A guide is used to re-
move the recipient bone plug, careful to not damage the sur-
rounding healthy cartilage. An appropriately matched donor
plug from the medial or lateral trochlea is harvested and then
press fit into the recipient site (Fig. 9). Chondrocyte damage is
minimized with an increased number of impacts but with less
force [49]. The grafts should not be left proud, as this can lead
to increased contact pressures and potential graft demise [50].

Postoperatively, patients are kept non-weight bearing for
3 weeks, followed by progressive weight bearing at weeks
3–6, and then full weight bearing at 6 weeks. Range of motion

exercises and CPMmay begin in the immediate postoperative
period. Return to sports may be expected at 4–6 months
postoperatively.

Limitations of the OATS technique include donor site mor-
bidity, lack of donor site cartilage, and inability to restore the
normal contour of the condyle. Outcomes for OATS proce-
dures in patients with OCD of the knee are better in patients
with smaller lesions and patients with lesions in the medial
femoral condyle [50]. One study of 142 OATS procedures, 61
for OCD lesions reported 72.5 % good or excellent results at
8-year follow-up [50]. Gudas et al. [51] published data on 10-
year follow-up of patients treated with OATS versus
microfracture. Twenty-six of the 60 patients included in the
study had OCD lesions with a mean lesion size of 2.7 cm2.
Patients in both groups had significant improvement in clini-
cal outcomes at year follow-up, but OATS patients had better
ICRS scores and higher athletic activity levels at 10 years
compared with the microfracture group.

Osteochondral allografting

Typically, osteochondral allografts are indicated for high-
demand patients with large lesions (>2.5 cm2) or patients that
have failed other surgical treatments. The basic fundamentals
of fresh osteochondral allograft transplantation involve the
transplantation of mature hyaline cartilage containing viable
chondrocytes along with a variable amount of supporting
subchondral bone to replace a chondral or osteochondral de-
fect [52]. An open approach is performed via a medial or
lateral parapatellar arthrotomy determined by where the loca-
tion of the lesion. Lesion is debrided and a cylindrical hole is
created with healthy cartilage and bone surrounding the hole.
A fresh (14–21 days) allograft is used to obtain the donor

Fig. 9 The steps involved in osteochondral autograft transplant,
including cell harvest, cell growth in vitro, injection of the cells into the
OCD defect, and OCD coverage. (Illustrations drawn by Zachary
Winthrop BS)
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cylindrical plug to match the recipient. The graft is press fit
into the hole and may be supplemented with metal or
bioabsorbable screws if necessary. This technique has been
successful in several studies [20, 53, 54]. A recent study ex-
amined the use of osteochondral allografts in 11 juveniles with
OCD of the knee and found 100 % of patients were able to
return to sports with improved functional scores at an average
of 24 months postsurgery [55]. This study suggests
osteochondral allografts are an option for patients with juve-
nile OCD. Similarly, Murphy et al. [56] reported on 26 pa-
tients with juvenile OCD lesions (average age, 16.4 years)
treated with osteochondral allografts and found an 85 % suc-
cess rate at an average of 8.9 years of follow-up.

Patellofemoral management

There is a paucity of literature regarding management of OCD
lesions of the patella and trochlea. A recent retrospective re-
view of a series of 26 patients treated with surgical manage-
ment was published [57••]. The treatment included
transarticular drilling, reduction and fixation, microfracture,
and lesion excision with marrow stimulation. Eighty-five per-
cent of patients were able to return to play at an average of
5 months after surgery. All but one patient had improvement
in the postoperative pain scores. This study emphasizes that
although patellofemoral OCD lesions are rare, surgical treat-
ment resulted in a high level of satisfaction and return to sports.

Conclusions

Osteochondritis remains a poorly understood condition. The
AAOS 2011 CPG guidelines have clearly demonstrated that
high-level evidence does not exist regarding the diagnosis and
treatment of OCD. Although thousands of studies were
reviewed, only 16 studies were rated of sufficient quality to be
included in the AAOS 2011 CPG for OCD [8]. Therefore, well-
designed studies about the natural history of OCD of the knee
and appropriate treatment are clearly needed. Recently, a multi-
center orthopaedic study group, Research in Osteochondritis of
the Knee (ROCK), was created to study questions regarding
OCD. These studies, as well as others, will hopefully improve
our understanding and treatment of OCD in the future.
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