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tibial subregions. WORMS score ranges from 0–6 where 6 represents
cartilage loss to bone in 75% of region. Analysis was performed
for the compartment showing bone-on-bone appearance ("index") on
radiograph and also for the other TF compartment of the same knee.
Hoffa-synovitis and effusion-synovitis were assessed for the whole knee.
Changes in scores at follow-up were noted for each feature. For cartilage
and BML, within-grade changes were also recorded.
Results: 67 knees from 63 subjects were included (51% women, 84%
White, mean age 65.1±8.6 years, mean BMI 30.2±5.2 kg/m2). At baseline,
in the index TF compartment, all knees showed severe cartilage loss (max
WORMS score from 5 subregions was 5 in 1 knee and 6 in 66 knees), 54
knees (80%) showed moderate to large BMLs (max WORMS score 2 or
3), and 62 knees (94%) had severe meniscal lesions (i.e. displaced tear
or maceration). In the other TF compartment, 12 knees (18%) had severe
cartilage loss, but 47 (71%) had no BML and 57 (97%) had no meniscal
damage. 39 knees (58%) had moderate to severe effusion-synovitis, 56
knees (86%) had mild or moderate Hoffa-synovitis. Longitudinally, 22
index compartments (35%) showed an increase in the sum of cartilage
scores from all subregions, and 2 (3%) showed increase in the maximum
cartilage score. In the other TF compartment, 22% showed an increase
in the sum score for cartilage damage, while 15% showed increase in
maximum score. For BMLs in the index TF compartment, 19 knees (31%)
showed an increase in maximum score and 11 (18%) showed a decrease.
Fluctuation of BMLs was also seen in the other TF compartment, but to
a lesser extent. Meniscal status mostly remained the same in the index
(98%) and other TF (95%) compartments. Effusion-synovitis worsened in
15 knees (27%) and improved in 2 knees (4%). Hoffa-synovitis worsened
in 6 knees (11%) and improved in 2 knees (4%).
Conclusion: In KL4 knees, MRI detected progression of cartilage loss,
effusion-synovitis, and Hoffa-synovitis, and fluctuation in size of BMLs.
Meniscal damage remained stable. Our findings support the idea that
disease progression still occurs in KL4 knees. KL4 knees can be a potential
target for assessing therapeutic interventions and should not necessarily
be excluded from studies evaluating therapeutic response.
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B. Beynnon1, H.C. Smith1, A. Scheinman1, D. Sturnick1, P. Vacek1,
L. Holtermann1, M. Gardner-Morse1, T. Tourville1, J. Slauterbeck1,
I. Bernstein1, S. Shultz2, J. Hashemi3, R. Johnson1. 1The Univ. of Vermont,
Burlington, VT, USA; 2Univ. of North Carolina at Greensboro, Greensboro,
NC, USA; 3Texas Tech Univ., Lubbock, TX, USA

Purpose: Injuries to the Anterior Cruciate Ligament (ACL) of the knee
are common and can lead to post traumatic osteoarthritis (PTOA). Recent
studies have shown that tibial plateau geometry may play an important
role in controlling transmission of intersegmental forces across the the
knee during weight-bearing activity. Factors that have been shown to
influence the risk of ACL injury explored thus far have focused on
subchondral bone geometry, and include the depth of the concave surface
of the medial tibial plateau and the posterior-inferior directed slopes of
the medial and lateral plateaus of the tibia. The goal of our study was to
build on prior studies of bony geometry by studying the influence of the
articular cartilage geometry of the tibial plateau on the risk of suffering
ACL injury.
Methods: The study used a matched case-control design. Knee MRI
images of 20 ACL injured cases and 20 uninjured controls matched by
age and sports team were obtained in order to control for exposure. The
DICOM images were uploaded into a viewer program (Osirix, Pixmeo,
version 3.6.1., open-source). Using the Cintiq digitizing tablet (Wacom,
2010), the cartilaginous articular surface of the medial tibial plateau
was segmented in a standardized and reproducible coordinate system
aligned with the tibia. The maximum depth of concavity in the tibial
plateau was defined as the point with the greatest depth of concavity
within the central 20% of the total surface area. For each of the 40 knees
that were segmented, the data points defining the sagittal profiles that
contained this value were subsequently used in the statistical analysis.
A hierarchical mixed model was used to fit fourth order polynomials to
the sagittal profile data. Interaction terms were included in the model
as fixed effects to permit the regression coefficients to vary between
cases and controls. Variation in the coefficients between individuals
and deviations between the estimated and observed data points within
individuals were modeled as random effects. Model parameters were

estimated by maximum likelihood and the difference in the fit of models
with and without the interaction terms was assessed by the likelihood
ratio test.
Results: Polynomial fit lines for medial tibial geometry (Figure 1) were
significantly different between cases and controls (p < 0.001). Polynomial
fit equations are as follows:
Case: −0.5682 + 0.041495x + 0.007804x2 − 0.000045x3 − 0.00001143x4

Control: −0.6073 + 0.03446x + 0.007512x2 − 0.00013x3 − 0.00001x4

Fig. 1. Polynomial fits of sagittal articular cartilage profiles.

Conclusions: There was a significant difference in tibial articular surface
morphometry measured using the fourth order polynomial models
between ACL injured case subjects and uninjured matched controls.
Uninjured controls appeared to have a tibial articular cartilage profile
that conformed to the femoral condyle, while this was not the case for
the injured subjects. The increased conformity in uninjured controls was
characterized by a substantial increase in the depth of concavity that
may act to control the joint biomechanics, particularly during impulsive
loading conditions when the knee transitions from non-weightbearing to
weightbearing conditions such as during an ACL injury. This divergence
of shape of the articular cartilage may further our understanding of
how the forces transmitted across the knee influence risk of ACL injury,
how individual knee joints respond to loading, and subsequent risk of
development of PTOA.
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Purpose: Radiographic joint space width (JSW) is a key feature for
evaluating severity and progression of knee osteoarthritis. Computerized
methods for evaluating JSW are ideal for large studies, but fully-
automated programs which detect bone edge are not as accurate
on older digitized plain-film radiographs while manual methods are
time consuming. We explored using manually placed Bézier curves to
automatically find several measures of JSW, and compared minimum
JSW with a manual digital measure.
Methods: 25 digitized plain-film and 25 digital knee radiographs from
the Chingford cohort were selected with a range of disease severity (K&L
0–4). Minimum JSW (minJSW) as measured by digital calipers placed
by the user was the ‘gold-standard’ measure. Mean and minimum JSW
measurements were calculated based on the Bézier curve, with a user
selected point to constrain the area of analysis (outer slopes of the tibial
spines) as well as an automated constraint point selected by the program
based on curvature. Two observers (KL and DH) completed two training
sessions before independently reading the radiographs in a random order,
with KL re-reading all radiographs after several days. Intra and inter-
observer reproducibility was tested using intraclass correlations (ICC)


