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Background
Juvenile osteochondritis dissecans (JOCD) is
an idiopathic condition affecting the subchondral
bone and the articular cartilage in children with
open growth plates. If left untreated, patients
with OCD lesions can develop early onset
osteoarthritis.1,2 The incidence of OCD ranges
from 18-30 cases per 100,000 in the population;
however, over the past decade this number
has increased particularly in young athletes
due to rising awareness, more frequent use
of advanced imaging, and competitive sports
participation at an earlier age.3–5 Current nonsurgical treatment, including activity restriction
and/or immobilization for 6 to 18 months, has
been reported to be effective in only 50-67%
of children with stable OCD.3 Currently no
systematic approach exists to identify those
patients who can benefit from non-surgical
treatment. Thus, non-operative approaches may
fail after up to 18 months of activity restriction
resulting in an unstable lesion that requires
surgical intervention.6–10 Since the underlying
pathomechanism of this condition is unknown,
effective and early intervention for successful
treatment is difficult. The American Academy of
Orthopedic Surgeons published a guideline to
improve the diagnosis and treatment of OCD of
the knee in immature and young mature patients;
however,due to the nature,unknown mechanism,
multifactorial etiology of the condition, and
treatment variability among practicing surgeons,
most of these suggestions were inconclusive.11–13
This suggests a compelling need to further
investigate the possible risk factors associated
with development of OCD in young patients.
Over 50% of studies that investigated the
etiology of this condition suggested trauma or
repetitive movement associated with increased
stress in the dominant knee.13 However, no
studies have considered if specific 3D femorotibia alignment and 3D range of motion are
associated with development of OCD in athletes.
A previously published study looked at the
association between medial condyle OCD and
varus axis and lateral condyle OCD and valgus
axis using AP X-ray images.14 Although this
study strongly suggested an association between
femoro-tibial alignment and the development
of an OCD lesion, only varus/valgus 2D angles
were included and 3D alignmentof the femur
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and tibia were not considered. Despite the years
of clinical evaluation of OCD and the collective
knowledge on the etiology, diagnosis, and
treatment of this condition, a 3D biomechanical
analysis associating 3D skeletal parameters to
abnormal retropatellar or tibial spine loading
and development of OCD in adolescents and
young adults has not yet been performed.13
The emerging technology of low-dose
stereoradiography system can be used to acquire
biplanar X-rays and generate 3D reconstruction
of the bones in an upright position. The weightbearing position allows for analysis of the
3D alignment of the bones as patients stand.
We aimed to explore the applicability of this
new technology in exploring the relationship
between the geometrical parameters of the lower
extremities and the location of the unilateral or
bilateral lesion of the knee in juvenile OCD.
The objective of this study was to characterize
the 3D femoro-tibial geometrical parameters
using sterEOS 2D/3D X-ray post-processing
platform in a group of adolescents with stable
or unstable unilateral or bilateral OCD of the
knee. We hypothesized that femoral mechanical
axis alignment and femoro-tibial torsion are
significantly associated with the location of the
OCD lesion.

Methods
Subjects
A total of three patients who presented
with unilateral or bilateral OCD of the knee on
their MRI were recruited for this pilot analysis.
The exclusion criteria were previous surgical
intervention on the knee or hip and any other
neuromuscular condition. Patients had to
be able to stand for 30 seconds without any
external support. Patient ages ranged from 8 to
18 years. One asymptomatic age, sex-matched
control was included. This pilot analysis was
approved by the Institutional Review Board
at the Children’s Hospital of Philadelphia and
consent was obtained from all participating
subjects.
Clinical data collection and 3D imaging
Patients’ charts and MRI were consulted
to determine the location of the OCD lesion.
Full biplanar X-ray images (AP and lateral) of
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the lower extremities, with the pelvis included in weightbearing standing position, were taken by the EOS stereoradiography imaging system (EOS imaging, Paris, France). 3D
reconstruction of the lower extremities was generated in
SterEOS2D/3D, a validated and FDA-approved software for
3D reconstruction of the spine and lower extremities images
(Figure 1A). The center of the femoral heads was determined
by fitting a circle to the femoral heads in AP and lateral X-rays.
Femoral and tibia condyle notches were digitized manually. A
tangent line to femoral and tibial condyles was digitally traced
to calculate the femur (FMA) and tibia mechanical angles
(TMA) (Figure 1B). A total number of 21 2D /3D alignment and
morphological parameters of the lower extremities and pelvis
were measured in the cohort, including pelvic incidence,
sacral slope, sagittal pelvic tilt, lateral pelvic tilt, pelvic rotation,
femoral heads diameter, femoral offset, neck shaft angle, neck
length, mechanical femoro-tibial angle (MFT), valgus/varus
angles, flexion/extension angles, femur length, tibia length,
mechanical and anatomical axes lengths, valgus/varus angles,
knee flexion/extension, femoral and tibial mechanical angle,
HSK angle, and axial plane parameters (tibial and femoral
torsion, and femoro-tibial rotation).

Figure 1B. Alignment and morphological parameters of the lower extremities in both AP
and lateral views.

Results
One patient had left knee OCD while the other two had a
lesion in their right knee. Patients’ clinical data, including the
demographics and the location of the lesions, are summarized
in Table 1 for the three patients. The 2D and 3D measurements
of the legs for the patients and control are summarized in
Table 2. Higher femorotibial rotation was observed in OCD
patients (10.7 versus 2.8 degrees).

Discussion

Figure 1A. EOS 3D reconstruction of a case patient’s lower extremity.

OCD is a rare disease with an unknown pathogenesis.
Although multiple factors have been associated with OCD
development in adolescents, the impact of the 3D alignment
of the femur and tibia on the mechanical loading of the knee
and development of OCD has not been investigated. We
evaluated the clinical application of stereoradiography of the
lower extremities in clinical assessment of OCD of the knee.
The association between varus/valgus knee angles measured
on 2D X-rays and the OCD lesion has been investigated before;
however, the relationship between 3D alignment of the femur
and tibia, femoro-tibia torsion, and the OCD lesion has not
previously been investigated.14 Our results suggest SterEOS
2D/3D software can accurately produce the 3D geometry
of the bone using EOS x-ray images.15,16 Understanding
the 3D alignment of the femur and tibia and its impact on
the transferred force between the two bones is essential in
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Table 1. Demographics and clinical data of case patients.
Case 1

Case 2

Case 3

Age
Gender
Laterality of OCD

9
Female
Left

14
Female
Right

14
Male
Right

Location of lesion

Medial femoral condyle
(lateral aspect)

Medial femoral condyle
(lateral aspect)

Lateral femoral condyle

Non-surgical
No

Surgical
Yes (Left)

Surgical
No

Treatment type
History of OCD

Table 2. 2D and 3D leg measurements for the case patients and age-matched control.
Femur
Case 1
Case 2
Case 3
Control 1
Femoral head diameter (mm)
3D
29
44
47
34
2D
----Femoral offset (mm)
3D
31
43
34
33
2D
----Neck length (mm)
3D
38
54
51
40
2D
39
53
44
43
Neck shaft angle (deg)
3D
127.5
127.5
139.6
125.7
2D
125.1
128.2
137.8
122.7
Lengths
Femur length (cm)
3D
31.9
43.6
41.0
31.8
2D
31.9
43.5
38.7
31.6
Tibia length (cm)
3D
26.5
36.4
34.6
26.5
2D
26.3
36.4
34.3
26.2
Functional length (cm)
3D
59.1
80.5
75.6
59.1
2D
58.9
80.5
73.4
58.4
Anatomical length (cm)
3D
58.5
79.9
75.6
58.3
2D
58.2
79.9
73.0
57.8
Knee
Valgus/Varus (deg)
3D
0.4
-1.2
2.8
0.6
2D
0.9
-1.3
3.6
0.3
Knee flexion/knee extension
3D
5.3
-2.2
11.6
0.6
(deg)
2D
5.8
-1.8
9.8
0.2
Femoral mechanical angle (deg)
3D
91.6
92.5
92.4
90.5
2D
91.1
92.7
94.8
90.9
Tibial mechanical angle (deg)
3D
87.7
86.4
91.9
89.8
2D
88.0
86.4
88.7
89.1
HKS (deg)
3D
4.6
4.1
3.9
3.7
2D
4.3
3.5
3.7
4.1
Torsions
Femoral torsion (deg)
3D
-5.9
1.1
-16.4
-4.8
2D
----Tibial torsion (deg)
3D
31.2
53.1
40.6
41.3
2D
----Femorotibial rotation (deg)
3D
12.5
-10.9
-17.0
-2.8
2D
----characterizing the underlying biomechanical parameters
associated with OCD progression and development.
The stereoradiography system, EOS™ imaging, also reduces
the radiation dose 3 to 4 times compared to the scanograms
performed with computed radiography (CR) while conserving
X-ray images’ quality. The reliability of this imaging modality

has been tested in identifying the lower limb torsion and length
discrepancy.15,16 While application of the stereoradiography
imaging in OCD clinical evaluation reduces the radiation
exposure and examination time significantly, the reliability of
this new technology in clinically evaluating OCD of the knee
has not been investigated.
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This study demonstrates the applicability of low-dose
stereoradiography of OCD of the knee. The 3D parameters can
improve the classification of OCD of the knee and highlight
the mechanical factors associated with OCD development.
This novel approach has potential to improve understanding
of the underlying pathomechanism associated with OCD of
the knee.

Conclusion
The applicability of the stereoradiography imaging in
3D evaluation of OCD of the knee was investigated. This
technique can reduce the radiation dose while providing
quantitative information regarding the mechanical factors
associated with OCD development.
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