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Introduction

Osteochondritis dissecans (OCD) is a pathological condition 
affecting the subchondral bone, with the risk of destabilization 
of an osteochondral joint segment and the potential to result in 
severe function loss, joint blockage, and premature osteoarthri-
tis.1 Children who are active in athletics are more frequently 
affected.2 Multiple etiological factors like trauma, ischemia, 
abnormal ossification patterns, genetic disorders, and endocrine 
aspects may play a role in the development of the disease.3,4 
Current findings in a histological study revealed focal accumu-
lation of nonmineralized bone matrix indicating a lack of min-
eralization in OCD. This correlates with a low level of vitamin 
D.5 The medial condyle of the distal femur is the most fre-
quently affected location.6 Magnetic resonance imaging (MRI) 
is currently the modality of choice to diagnose, stage and moni-
tor the progression and/or healing of OCD of the knee.7,8

An inexpensive and more widely available tool for the 
assessment of a variety of musculoskeletal disorders is the 
use of ultrasound (US).9,10 The purpose of this study was to 
evaluate if US imaging is reliable in identifying OCD of the 
distal femur in comparison with MRI.

Methods

In this prospective study, 44 children who were transferred 
to our clinic with pain in the knee and evidence of OCD 
lesion at the distal femur in MRI were analyzed. Investigation 
period was from May 2008 to December 2013. Eligibility 
criteria were age <18 years, no previous surgical treatment, 
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Abstract
Objective. Magnetic resonance imaging (MRI) is currently the gold standard to diagnose and monitor osteochondritis dissecans 
(OCD) of the knee. The purpose of this study was to evaluate for the first time if ultrasound imaging can be used to visualize 
osteochondritis dissecans of the distal femur. Design. From May 2008 to December 2013, 44 children (26 boys and 18 girls) 
presenting with OCD of the knee in our department were examined and evaluated by ultrasound imaging. Mean age at 
diagnosis was 11.8 ± 2.2 years. Two independent experienced orthopedic surgeons analyzed the localization, stage, and the 
size of the OCD via ultrasound and compared the results with the MRI findings. Results. Ultrasonic examination has limitations 
in assessing the OCD stage I and therefore is not suitable for evaluating this stage of the disease. In stages II to IV, a good 
correlation to MRI regarding defect localization and size can be found, when the defect is localized in a region that is accessible 
to ultrasonic examination. Conclusion. Ultrasonic scan is an appropriate tool for the screening and monitoring of OCDs stages 
II to IV. It provides an inexpensive and readily available alternative to MRI. In addition, the healing process of higher grade 
defects as well as the screening of the opposite side can also be performed by ultrasound. Detection of defects being localized 
close to the intercondylar notch or far posterior on the lateral condyle are limitations for the use of ultrasound.
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informed consent by parents, and proof of OCD in MRI in 
at least 1 knee joint. All patients with proven OCDs in MRI 
despite of size and stage were included. Consecutive 26 
male (59.1%) and 18 female (40.9%) patients with a mean 
age of 11.8 ± 2.17 years were included in the study. A total 
of 24 patients (54.5%) had an OCD of the right knee, 20 of 
the left knee (45.5%). In all, 68.2% (30 cases) of the OCDs 
were localized at the medial femoral condyle, 25% (11 
cases) at the lateral condyle, and 6.8% (3 cases) had medial 
and lateral OCDs in unilateral manifestation. There were 2 
patients with bilateral manifestations diagnosed in MRI.

Two investigators independently performed and ana-
lyzed all US data. Raters were aware of existence but not 
size and location of the OCDs. Results were compared and 
measuring differences of 1 mm were rated as equal. In case 
of differences of more than 1 mm, the arithmetic mean of 
both measurements was chosen. The same method was 
applied for the measurements of the MRI scans. Maximum 
period between MRI and US was 4 weeks. Finally, all 
results were compared regarding accuracy, size of the OCD, 
and classification, especially regarding stability. In case of 
perifocal cysts or fluid margin in MRI, surgery was manda-
tory. Eighteen patients received surgical treatment, so in 
these cases intraoperative stability was possible to compare 
MRI and US valuation.

To describe OCD localization, we used a method pub-
lished by Cahill and Berg11 (Fig. 1).

Magnetic Resonance Imaging of the Knee

MRI with T1- and T2-weighted sequences in axial, coronal, 
and sagittal planes of the knee were presented by all patients. 
Sagittal dimension of OCD and radiological classification 
according to Dipaola et al.12 were determined:

•• Stage 1: Thickening of articular cartilage and low 
signal changes.

•• Stage 2: Articular cartilage breached, low signal rim 
behind fragment indicating fibrous attachment.

•• Stage 3: Articular cartilage breached, high signal 
changes behind fragment indicating synovial fluid 
between fragment and underlying subchondral bone.

•• Stage 4: Loose body.

No MR arthrography was performed.

Ultrasound Examination

All children received US examinations of both knees. All 
investigations were performed with the patient lying supine 
and the knee flexed to 90°. A broadband linear array trans-
ducer 3 to 12 MHz (L12-3, Koninklijke Philips N.V.) was 
used in all patients. It was placed on the medial and lateral 
femoral condyles in coronal and sagittal planes (Fig. 2). For 
the purpose of this study, the size and location of the lesion 
were determined and an attempt to rate lesion stability was 
performed. Using US, the normal cartilage of the joint can 

Figure 1.  Osteochondritis dissecans (OCD) localization modified according to Cahill and Berg (1983).11 In the anteroposterior 
diagram, the anatomic zones 1 to 5 are used. They are delineated by bisecting the individual condyles. Zone 3 is outlined by the walls 
of the intercondylar tunnel. In the lateral diagram, zone A is limited by a line projected along the roof of the intercondylar tunnel. 
Zones B and C are separated by a line projecting distally from and parallel to the posterior femoral cortex.

Figure 2.  Ultrasonic examination of distal femur in the sagittal 
plane.
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clearly be distinguished from the underlying bone. If a sub-
chondral lesion was present a fragmented base could be 
seen. Pathological findings were recorded.

In analogy to MRI, we suggest the following criteria:  
1 = no lesion, 2 = continuous cartilage with irregularity 
articular surface, 3 = hyperechoic subchondral bone sur-
face with moderate irregularity and discontinuity, 4 = com-
plete disruption of echogenic articular surface and a 
hyperechoic subchondral bone surface with heteroge-
neously material. Criteria 1 and 2 are considered to be sta-
ble and 3 and 4 are considered unstable.

Statistics

Descriptive statistics were used to analyze the basic charac-
teristics of the data. Continuous variables were presented as 
mean and standard deviation (SD). Differences between 
groups were calculated using the Student t test. Mann-
Whitney U test was used to compare accuracy of MRI and 
US. A P value <0.05 was considered statistically signifi-
cant. Statistical analysis was performed using SPSS statisti-
cal software (SPSS version 19.0, IBM Corp. Armonk, NY, 
USA).

To calculate sensitivities, the gold standard needs to be 
defined. In this study, MRI was defined as the gold stan-
dard. For the tests to agree, they also had to agree on loca-
tion. Sensitivity of US was calculated as the proportion of 
those with describable OCD if MRI was positive.

Results

Mean stage on MRI of all OCDs was 2.4 ± 0.7 (stage  
1 = 6.8%, 2 = 43.2%, 3 = 38.7%, 4 = 11.3%). The aver-
age stage of OCDs treated surgically and treated nonopera-
tively was 2.8 ± 0.7 and 2.1 ± 0.6, respectively.

Only 2 OCDs could not be diagnosed by US examina-
tion. One was a stage 1 OCD measuring 1.6 cm in length 
localized close to the intercondylar notch and the other was 
a stage 2 OCD measuring 0.6 cm in diameter and located far 
posterior on the lateral condyle. In total, 95.5% of all lesions 
could be detected by US (accuracy P = 0.04).

Mean size of OCDs measured on US imaging in the 
sagittal plane was 2.2 ± 0.7 cm and on MRI scans 2.2 ± 
0.8 cm. The difference was not statistically significant  
(P = 0.29).

MRI showed signs of unstable OCDs in 18 cases (rim of 
fluid signal intensity, multiple breaks in the subchondral plate, 
and a second outer rim of low T2-weighted signal intensity). 
To evaluate instability of OCDs further, lesion width, cystic 
like lesion size, and patient age are used.13 Because of unclear 
criteria for stability of OCDs using US examination, one 
investigator rated 10 OCDs while another investigator rated 
12 OCDs to be unstable. In a consensus between both investi-
gators, 12 OCDs were rated as unstable.

Following the classification by Cahill and Berg,11 6.8% 
of OCDs were localized in zone 1, 68.2% in zone 2, 0% in 
zone 3, 20.5% in zone 4, and 4.5% in zone 5. In the antero-
posterior view, we found 0% in zone A, 63.6% in zone B, 
and 36.4% in zone C. The most frequent location was zone 
2B with 50% of all cases. A majority of these cases were in 
between zones B and C. No additional OCD at patella was 
recognized.

All 42 visible OCDs on US examination could be found 
in exactly the same location as on MRI (Figs. 3 and 4).

Eighteen of 44 children underwent surgical treatment 
because of imminent instability in MRI. Intraoperatively, 6 
OCDs were defined unstable and had to be stabilized. These 
6 cases were rated incorrectly as stable on US examination 
by both investigators. Clear criteria for instability on US 
could not be established even when intraoperative findings 
were taken into account.

A total of 40.9% of patients underwent surgery during 
clinical course, 59.1% had non-operative treatment. Time 

Figure 3. A n 11-year-old boy with osteochondritis dissecans, 
in ultrasound imaging.

Figure 4. A n 11-year-old boy with osteochondritis dissecans, 
in magnetic resonance imaging.
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lapse between initial diagnoses and surgery was 15.0 ± 
15.1 months. All children had MRI examinations at inter-
vals of 6 months. The indication for surgery was given in 
case of progress or imminent instability of OCD lesion. In 
all, 67% received arthroscopic-guided retrograde drilling, 
33% refixation with resorbable pins.

Discussion

Traditionally, plain radiographs are used to describe the 
characteristics of OCDs. MRI is recommended for addi-
tional assessment of OCDs and is believed to be superior to 
other imaging techniques in evaluation of a painful knee.13,14

Various classification systems are used to rate stage and 
stability of the lesions.15,16

US is an established method to diagnose diseases of 
musculoskeletal system, for example, shoulder.17 However, 
to our knowledge, the use of US to analyze OCD of the 
knee has not been attempted widely in the literature. It is an 
inexpensive, portable, and widely available instrument 
without the drawback of radiation.9,18 Furthermore, it is 
quick and straightforward to use especially in children, 
while the use of MRI in young children may involve seda-
tion or anesthesia.19

In 1989, the first report on diagnosis of OCDs on US 
versus conventional radiography was published. All 25 
cases seen on radiographs could easily be identified with 
US imaging.20

Reed et  al.21 could show the accuracy of MRI versus 
arthroscopy in the assessment of cartilage lesions. Good 
results for MRI were published, but some chondral lesions 
were still overlooked. To improve the identification of OCD 
via arthroscopy, Penttilä et al.22 combined this method with 
intraoperative US imaging and were able to further clarify 
the grading of the lesion.22 But, to the best of our knowl-
edge, no study has compared MRI and US.

This feasibility study was done to correlate US and MRI 
findings in OCD of the distal femur. US was found to be 
capable of accurately measuring both cartilage thickness 
and the extent and depth of cartilage defects in a cadaver 
model with a 10 MHz transducer.23 We were able to confirm 
those findings while using US to delineate OCD of the dis-
tal femur in immature patients. However, criteria to identify 
instability of lesion could not be detected.

The majority of our patients had a stage II OCD on MRI. 
Only 1 OCD in this stage could not be detected by US. The 
defect was localized on the posterior aspect of the lateral 
femoral condyle. This patient had insufficient knee flexion, 
which made the examination of the posterior aspects of the 
condyle difficult. This patient could be examined from pos-
terior with knee extended. Three OCDs were classified as 
stage I, and 1 of them was not identified on US. The defect 
was localized in zone 3 according to Cahill and Berg.11 
Therefore, grade I lesions may not be detected by US, 

especially when they are located close to the intercondylar 
notch or close to the patella.20

According to literature, 75% to 80% of OCDs are seen 
on the posterior-lateral aspect of the medial femoral con-
dyle (1C), fewer than 25% of cases are located at the poste-
rior aspect of the lateral femoral condyle (4/5C), patella, 
and trochlea.24,25 Our study showed similar results.

To plan treatment of OCDs, an adequate evaluation of 
the subchondral bone and articular cartilage with regard to 
the stability of the OCD is required. Stable OCDs in skele-
tally immature patients can be treated nonsurgically with a 
success rate of about 90%. Those who fail nonoperative 
treatment or unstable lesions require surgical intervention.2 
Lesion stability is the most important predictor of a success-
ful nonoperative management. Dipaola et al.12 established a 
commonly used classification system for OCDs consisting 
of 4 grades: Grades 1 and 2 are rates as stable, while grades 
3 and 4 are rated as unstable. An unstable OCD has a T2 
signal change behind the fragment suggesting fluid behind 
the lesion.12 Another frequently used classification system 
to identify instability by MRI was established by De Smet 
et  al.26 and revised for immature patients by Kijowski 
et al.,27 because they found a significant lower specificity 
for detecting unstable juvenile OCD lesions using criteria 
developed for adults. So they recommend that a high T2 
signal intensity rim around an OCD lesion of immature 
patients represents instability only if it has the same inten-
sity as adjacent joint fluid and is accompanied by a second 
outer rim of low T2 signal intensity or multiple breaks in the 
subchondral bone plates.26,27 Considering MRI being the 
gold standard imaging method to detect OCD, US showed a 
high sensitivity related to MRI in our study. But regarding 
grading of OCD, US was not convincing.

It is difficult to stage OCD when applying US. However, 
in analogy to MRI, the following criteria could be used: 1 = 
no lesion, 2 = continuous cartilage with irregularity articu-
lar surface, 3 = hyperechoic subchondral bone surface with 
moderate irregularity and discontinuity, 4 = complete dis-
ruption of echogenic articular surface and a hyperechoic 
subchondral bone surface with heterogeneously material. 
Criteria 1 and 2 are considered to be stable and 3 and 4 are 
considered unstable. In our study, of all OCDs, 10 OCDs 
were considered to be unstable on US by 1 investigator and 
12 by the other.

Eighteen of 44 children underwent surgical treatment. 
Intraoperatively, only 6 OCDs were defined as unstable and 
had to be stabilized. Therefore, we currently do not recom-
mend assessing stability with US. However, it may be used 
to define location, size progression, and signs of fragment 
dislocation. It may also be used as a readily available 
screening method for knee pain and to assess the contralat-
eral knee joint. Bilateral involvement with OCD on the dis-
tal femur is reported between 12.6% and 38.9%. Sensitivity 
of US to detect OCD was 0.9545 in this study. Also, there is 
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the bias of known OCD in our cohort; we believe US exam-
ination can easily be used to rule out contralateral disease 
when one knee is affected.6,11,28

Aigner et al.29 found an accuracy of US, for in vivo mea-
surement of meniscal bearings, between 0.4 and 0.7 mm 
when using an 8-MHz US device. Therefore, it may be pos-
sible to see ruptures of cartilage and judge stability of OCDs 
with higher resolution in the future.29

Knowledge of OCD in MRI as potential bias and number 
of patients could be seen as study limitations.

In summary, US is an appropriate tool for the screening 
and monitoring of OCDs stages II to IV. It provides an inex-
pensive and readily available alternative to MRI. In addi-
tion, the healing process of higher grade defects as well as 
the screening of the opposite side can also be performed by 
US. Detection of defects being localized close to the inter-
condylar notch or far posterior on the lateral condyle are 
limitations for the use of US.
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