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Rationale and Objectives: In this retrospective case series, we utilize arthroscopy as the gold standard to determine if magnetic res-
onance imaging (MRI) of the knee can predict osteochondritis dissecans (OCD) lesion stability, the most important information to guide
patient treatment decisions. It is hypothesized that the classification system of the International Cartilage Repair Society (ICRS) will
allow for improved assessment of lesion grade and stability in OCD.

Materials and Methods: Routine MRI studies of 46 consecutive patients with arthroscopically proven OCD lesions (mean age: 23.7
years; 26 male, 16 female) were assessed by three radiologists who were blinded to arthroscopic results. Arthroscopic images were
evaluated by two orthopedic surgeons in consensus. The OCD criteria of the ICRS were applied to arthroscopy and imaging interpre-
tations. Inter-rater correlation statistics and accuracy of magnetic resonance (MR) grading with respect to arthroscopy were determined.

Results: Only 56% of the available MR reports assigned a label of stable or unstable to the lesion description. Of these, 58% of the
lesions were deemed unstable and 42% were stable. Accuracy was 53% when reports addressed stability. Utilizing the ICRS classi-
fication system, for all three readers combined, the respective sensitivity, specificity, and accuracy of MR imaging to determine lesion
stability were 70%, 81%, and 76%. When compared to the original MRI report, the overall accuracy increased from 53% to 76% when
readers were given the specific criteria of the OCD ICRS classification. However, inter-reader variability remained high, with Krippendorf’s
alpha ranging from 0.48 to 0.57.

Conclusions: In this paper, we utilize arthroscopy as the gold standard to determine if MRI can predict OCD lesion stability, the most
important information to guide patient treatment decisions. To our surprise, the analysis of the existing radiology reports that ad-
dressed stability revealed an overall accuracy in defining OCD lesion stability of about 53%. The classification system of the ICRS,
created by an international multidisciplinary, multi-expert consortium, did markedly improve the accuracy, but consistency among dif-
ferent readers was lacking. This retrospective study on OCD reporting and classification highlights the inadequacy of existing classification
schemes, and emphasizes the critical need for improved diagnostic MRI protocols in musculoskeletal radiology in order to propel it
toward evidence-based medicine.
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INTRODUCTION

steochondritis dissecans (OCD) is the term first uti-
lized in 1887 (1) to describe the occurrence of a
progeny osteochondral fragment separated from the
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parent bone. The etiology remains controversial (2) considering
genetic (3), traumatic (4,5), and vascular causes (6). In the knee,
OCD most commonly occurs in the central aspect of the medial
femoral condyle, followed by the lateral femoral condyle, the
trochlea, and the patella (7). Treatment of OCD largely depends
on the presence or absence of stability of the progeny and
the parent bone (8,9). Surgical fixation is recommended for
stable OCD lesions that have failed nonoperative manage-
ment, as well as for all unstable lesions (9,10).

There is a general consensus that OCD lesion stability is
determined based on both clinical and radiological examina-
tions (11-14). Magnetic resonance imaging (MRI) has been
shown to be reliable in predicting the stability of OCD once
a patient’s physis has closed (15). However, the same research
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has shown poor correlation between magnetic resonance (MR)
findings and stability on arthroscopy prior to skeletal matu-
rity (15). Another study concluded that MRI should not be
used in isolation to assess lesion stability in juvenile OCD (16).
Frequently, stability is not specifically assessed on preopera-
tive imaging reports. This has left the preoperative diagnosis
of stability to be heavily based on clinical rather than imaging
findings (9).

There are several arthroscopic classification systems that have
been used (17). The International Cartilage Repair Society
(ICRS) has attempted to create a more standardized and
universally accepted system (17,18). As higher grades are more
likely to be unstable and need intervention, there is a utility
to using a corresponding grading system in preoperative MR
imaging (19).

The purpose of this study was to determine the accuracy
and inter-rater variability of MR diagnosis of grade and sta-
bility of OCD in the knee as compared to the gold standard
of arthroscopy using the ICRS classification system for both
MRUI and arthroscopic assessment. In this study, it is hypoth-
esized that lesion grade and stability determination in OCD
will be more accurate and consistent with specific assess-
ment criteria than without.

MATERIALS AND METHODS
Study Design and Patient Selection

This study was a retrospective review of consecutive pa-
tients with OCD of the knee from November 2006 through
May 2014. The study was approved by the local institu-
tional review board and performed in accordance with the
Health Insurance Portability and Accountability Act (HIPAA)
guidelines. Inclusion criteria were OCD in the knee, preop-
erative MR imaging, and arthroscopic images and report.
Exclusion criteria were prior surgery on the same knee,
nondiagnostic MR images, and nondiagnostic arthroscopic
images.

MR Examination

Patients underwent MR imaging at multiple clinical imaging sites,
and studies were deemed to be of diagnostic quality by two board-
certified radiologists (8 years and 7 years of experience, respectively)
with fellowship training in musculoskeletal (MSK) radiology. All
studies contained at a minimum axial, coronal, and sagittal fluid-
sensitive (proton density [PD] or T2-weighted) sequences with
or without fat saturation.

Several other imaging characteristics that have been asso-
ciated with OCD were determined. These characteristics consist
of bone marrow edema deep to the lesion, fluid signal at the
interface between normal bone and the lesion, hypointense
linear signal deep to the fluid signal, cartilage disruption, car-
tilage edema, cartilage thickening, hypointense signal in the
cartilage, and overall size of the lesion (15,19-21).

TABLE 1. (A) MRI Grading of Osteochondral defects
(ICRS Classification System for OCD Lesions) and (B)
International Cartilage Repair Society (ICRS Classification
System for OCD Lesions)

A

Grade 1: Thickening of cartilage without disruption
1a: Bone marrow edema
1b: Fluid at lesion-bone interface

Grade 2: Cartilage breached, fluid at interface, but not entire
interface

Grade 3: Cartilage completely disrupted with fluid interface
surrounding lesion

Grade 4: Displaced fragment

Dipaola et al. (1991) (19)

B)

ICRS OCD I: Stable lesions with a continuous but softened area
covered by intact cartilage

ICRS OCD Il (A with intact cartilage, B cartilage lesion): lesions
with partial discontinuity at the lesion and bone interface that
are stable when probed

ICRS OCD Il (A intact articular cartilage, B cartilage lesion):
lesions with a complete discontinuity that are not yet
dislocated (“dead in situ”)

ICRS OCD IV: Empty defects and defects with a dislocated
fragment or a loose fragment within the bed

Brittberg and Winalski (2003) (18)

MRI, magnetic resonance imaging; OCD, osteochondritis dissecans.

Following this, an overall grade and stability on MR imaging
was determined by the same two board-certified radiologists
with MSK fellowship training (MR readers 1 and 2), as well
as an MSK radiology fellow (MR reader 3). Grading was based
on previously published standards (19), as well as subcategories
based on additional cartilage imaging features (Table 1A).
During the collection of imaging features, and grading and
determination of stability, image reviewers were blinded to
the operative findings as well as to the initial MR interpre-
tation. Additionally, a retrospective review of the MR reports
was performed when report was available (34 of 42 total cases
[81%)]) for the presence of a grade or determination of stability.

Arthroscopic Evaluation

Two orthopedic surgeons with fellowship training and sub-
specialty board certification in sports medicine reviewed
arthroscopy images. Through this review, an overall grade based
on the ICRS arthroscopic criteria (Table 1B) and determi-
nation of the presence or absence of stability was made (18).
The two surgeons reviewed each case independently. On cases
where there was a discrepancy between the two interpreta-
tions (16 cases, 38%), a consensus agreement was reached
between the two.

Statistical Analysis

Inter-rater correlation statistics, accuracy of MR grading with
respect to the standard of arthroscopic review, and accuracy of
the initial MR reports were determined using Krippendorf’s alpha.
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TABLE 2. Arthroscopic Grade Distribution

ICRSOCD | ICRS OCD IIA ICRS OCD IIB

ICRS OCD IlIA ICRS OCD lliB ICRS OCD IV

6 (52%) 1(2%) 15 (36%)

0 (0%) 7 (17%) 13 (31%)

ICRS, International Cartilage Repair Society; OCD, osteochondritis dissecans.

RESULTS

Forty-six cases of knee OCD lesions with arthroscopy, but
no prior surgery on the same knee, were compiled between
November 2006 and May 2014. Two patients were ex-
cluded for inadequate MR image quality, and two patients
were excluded for inadequate quality of arthroscopic images.
This resulted in 42 patients being included in the study, mean
age of 23.7 years (range: 10—48 years) with 26 male (62%)
and 16 female (38%) patients. These 42 patients were further
subdivided into adults and juveniles based on the presence of
an open physis on plain radiograph; there were 14 juveniles
(33%) and 28 adults (67%). The mean time span between MRI
and arthroscopy was 5 months (range: <1 to 20 months).

Of the 42 OCD lesions, 29 (69%) were found in the medial
femoral condyle, 9 (21%) were in the lateral femoral condyle,
and 4 (10%) were in the trochlea. This distribution is con-
sistent with previous observations of OCD in the distal femur
(7).

Of the 42 patients, 22 (52%) lesions were deemed unsta-
ble on arthroscopy, whereas 20 (48%) were deemed stable.
Arthroscopic grade distribution is listed in Table 2.

Using Krippendorf’s alpha as a measure of agreement
between MR-determined grade and the gold standard of ar-
throscopy, MR reader 1 had mild agreement and MR readers
2 and 3 had substantial agreement (Table 3). The prediction
of stability was also found to be highly significant for readers
2 and 3, and significant for reader 1 at the 0.1 level (Table 3).
There was no significant difference in agreement in the ju-
venile patients with respect to the adult patients. Figure 1
demonstrates a case in which none of the MR readers agreed
with the arthroscopic assessment of stability, and Figure 2 dem-
onstrates a case in which all readers were in agreement with
the arthroscopic assessment.

TABLE 3. Agreement Between MR Readers and
Arthroscopy

Agreement of Grade Agreement of

MR Reader* (Krippendorf’s Alpha) Stability (P-value)
1 0.52 [0.26-0.73] <0.01

2 0.60 [0.37-0.77] <0.01

3 0.68 [0.45-0.86] 0.065

MR, magnetic resonance; MSK, musculoskeletal.
Note: Numbers in brackets are 95% confidence intervals.

* MR readers 1 and 2 are board-certified radiologists with fellow-
ship training in musculoskeletal radiology; MR reader 3 is an MSK
radiology fellow.

TABLE 4. Inter-rater Agreement Between MR Readers

Agreement of Grade

MR Readers* (Krippendorf’s Alpha)

1and 2 0.52 [0.25-0.74]
1and 3 0.48 [0.19-0.72]
2and 3 0.57 [0.32-0.74]

MR, magnetic resonance; MSK, musculoskeletal.
Note: Numbers in brackets are 95% confidence intervals.

* MR readers 1 and 2 are board-certified radiologists with fellow-
ship training in musculoskeletal radiology; MR reader 3 is an MSK
radiology fellow.

Also using Krippendorf’s alpha, there was mild agreement
between all of the MR readers when compared to one another
(Table 4). Lesions determined to be unstable on arthroscopy
were deemed stable by reader 1 in two cases (9%), by reader
2 in five cases (23%), and by reader 3 in eight cases (36%).

When the three independent MRI readers agreed that a
lesion was stable, the respective sensitivity, specificity, and ac-
curacy of MR imaging to determine lesion stability were 70%,
81%, and 76%.

Of the 34 MR reports that were available, 19 assigned a
label of stable or unstable (56%). Of these, 11 were deemed
unstable (58%) and 8 were deemed stable (42%). Accuracy
was 53% when reports addressed stability, yielding an overall
accuracy of 29% when all reports were considered, whether
or not they addressed stability.

The absence of cartilage thickening was mildly indicative
of instability, with 4 of 42 patients not having thickened car-
tilage, and 3 of these 4 having unstable lesions. Additionally,
the lack of central hypointensity in the cartilage of the lesion
was indicative of instability, but only had a sensitivity of 14%
as only three of the patients with unstable lesions demon-
strated this characteristic.

DISCUSSION

The most important finding in the present study was that the
analysis of the existing radiology reports revealed an overall
low accuracy in defining OCD lesion stability of about 29%
and that the ICRS classification system did markedly improve
the accuracy to 76%, but consistency among different readers
was lacking. Our findings are in keeping with several other
publications highlighting the limited reliability of MRI imaging
findings (15,16) for evidence-based patient management. Several
issues are brought to light by these results, including that the
MR criteria for stability are often difficult to evaluate using
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standard MR sequences. Specifically, the progeny bone in-

terface is difficult to assess using current clinical MRI protocols.
In addition, radiologists or other physicians reading MRs often
do not address the issue of stability of osteochondral defects
in their reports, and when they do accuracy is poor. Multi-
ple causes could be hypothesized; there are no widely accepted
stability criteria, or because of the above-mentioned issue of
imaging sequence selection.

Because treatment of OCD largely depends on the pres-
ence or absence of stability of the progeny and the parent bone,
preoperative assessment criteria for patient management de-
cisions are based on clinical findings in combination with
imaging results. Surgical fixation is recommended for stable
OCD lesions that have failed nonoperative management and
for all unstable lesions (9). MR is frequently utilized to attempt
differentiation of stable from unstable lesions (22), as well as
to determine the severity of stable lesions and health of the
fragment.

Multiple systems have been described for classifying OCD
lesions of the knee on MRI and during arthroscopy (17), with
varying levels of agreement and overlap among the existing
classification systems. The ICRS provided a specific classifi-
cation system to OCD of the knee for more standardized and
universally accepted criteria with the option to transfer the
arthroscopic grading into an imaging classification (18). This

Figure 1. Osteochondritis dissecans
(OCD) lesion with poor magnetic reso-
nance (MR)-arthroscopy stability correlation
with all three MR readers assessing a lesion
as stable, which was subsequently found
to be unstable on arthroscopy. Sagittal
proton density-weighted image (a), coronal
T2-weighted image with fat saturation (b),
and arthroscopic images (c) and (d) are
shown.

system consists of four arthroscopic stages of OCD lesions,
which are outlined in Table 1A.

Previously, multiple MRI grading systems have also been
suggested (15,16,19-21,23-26). The MRI protocols in these
studies were all similar and included fat-suppressed intermediate-
weighted T2-Turbo Spin Echo (TSE) or fluid-sensitive PD
sequences in the sagittal and coronal plane, as well as T1-
weighted TSE sequences usually in all three planes. De Smet
et al. (21) first provided a well-accepted classification system,
which later was refined (21,23), revealing near 100% sensi-
tivity and specificity for unstable lesions. However, the patient
cohort was small and the authors found that the hyperin-
tense signal at the interface of the progeny and the donor site
might be less specific and might not necessarily indicate in-
stability. Kramer et al. (27) suggested the use of intra-
articular gadolinium contrast agent for improved assessment
of overlying articular cartilage and lesions stability. Prior studies
have also found that the agreement between OCD lesion
grading and stability assessment was limited in juvenile pa-
tients (15,16), whereas good agreement between MR grading
of OCD and stability and the gold standard of arthroscopy
was shown for adult patients. We have shown similar results
with our MR readers having significant or highly significant
agreement in the determination of stability utilizing the spe-
cific ICRS OCD criteria. However, inter-rater variability
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remained relatively poor between the MR readers in our study.
Heywood et al. (16) found in their 2010 study that MRI pre-
dicted 21 of 23 lesions to be unstable, whereas arthroscopy

found only 10 of these 23 lesions to be unstable. They also
determined that the most common pattern of false-positive
findings involved lesions with an area of high signal inten-
sity at the bone—fragment interface, concluding that MRI should
not be used in isolation to determine lesion instability in young
patients with juvenile OCD.

In addition to the standard grading of OCD, additional
imaging findings of the absence of cartilage thickening and
lack of central cartilage hypointensity were fairly specific for
instability, but not sensitive. Given these findings, it is likely
that specific sequences addressing osseous versus cartilagi-
nous components of the OCD lesions that have been previously
evaluated in animal models (28) could be more sensitive for
these subtle findings, which might better elucidate their sta-
bility and health. The utilization of 3D TSE (Turbo Spin Echo)
or GRE (Gradient Recalled Echo) high-resolution imaging
sequences has been suggested previously (22). Also, further
investigation is needed into other noninvasive findings that
could indicate healing potential, such as diftusion-weighted
imaging and possibly contrast-enhanced imaging to evaluate
for necrotic bone and cartilage. Furthermore, identifying car-
tilage abnormalities using quantitative relaxation time measures
could improve assessment of epiphyseal (28) as well as articular

Figure 2. Osteochondritis dissecans
(OCD) lesion with good magnetic reso-
nance (MR)-arthroscopy stability correlation
with all three MR readers assessing a lesion
as unstable, which was subsequently
proven to be unstable on arthroscopy. Sag-
ittal proton density-weighted image (a),
coronal T2-weighted image with fat satu-
ration (b), and arthroscopic images (c) and
(d) are shown.

cartilage using established (29) and newer mapping methods
(30).

Our study also indirectly revealed that future improve-
ments in accuracy of lesion assessment might be limited when
focusing solely on the criteria of image interpretation. Stan-
dard clinical care MRI imaging sequences are based mostly
on PD, T2, and T1 TSE sequences. The respective image
contrast derived from these sequences is poor in depicting bone
detail and differentiating low signal intensities between osseous,
fibrous, and necrotic tissues, which might become impor-
tant in the future as new insights into the etiology of the disease
are unfolding (5,31).

This study was limited by the retrospective nature and the
relatively low sample size, some variation in image quality,
finite time between imaging and arthroscopy, and the need
to also retrospectively determine arthroscopic stability. Al-
though the choice of the grading system was based on the
recommendation of an expert team consensus, many other
parameters have been discussed in the literature, and to this
date there is no common recommendation that is consid-
ered standard of care. Additionally, the study is limited by the
inherent reliance on arthroscopy to determine stability, as even
the gold standard of arthroscopy has some shortcomings in
that it only allows superficial visualization of the lesion (17).
Particularly in grade II and grade III lesions, stability is not
always readily apparent on arthroscopy.
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CONCLUSIONS

In this paper, we utilize arthroscopy as the gold standard to
define if MRI can predict OCD lesion stability, the most im-
portant information to guide patient treatment decisions. To
our surprise, the analysis of the existing radiology reports re-
vealed an overall accuracy in defining OCD lesion stability
of about 29%. The classification system of the ICRS, created
by an international multidisciplinary, multi-expert consor-
tium, did markedly improve the accuracy, but consistency
among different readers was lacking. This paper on OCD re-
porting and classification highlights the inadequacy of existing
classification schemes and emphasizes the critical need for im-
proved diagnostic MRI protocols in MSK radiology in order
to propel it toward evidence-based medicine.
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