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INTRODUCTION:

Objective of this work was to develop a procedure for
detecting longitudinal focal and local cartilage thickness
changes due to osteoarthiritis (OA) using three dimensional
MRI data.

Method for measuring precision of such changes is essential.

Our method enables the observation of natural characteristics
(shape and thickness variation) within a set of normal and
mild OA cartilage thickness maps.

Enables the cross-sectional and longitudinal analysis of
disease progression.

MATERIALS AND METHODS:

10 subjects, five male and five female, 44.8 years on average
(5 with no OA history and 5 with mild OA) were scanned 5
times using a Phillips Gyroscan Intra 1.5T MR imaging system
(Phillips, Netherlands).

All subjects consented to the study protocol.

Two imaging sequences were used. The parameters for the
first sequence were: TE 2.6ms, TR 46ms, INEX, and a 45° flip
angle. While the parameters for the second sequence were
TE 2.6ms, TR 53ms, INEX, 45° flip angle, and MTC on.

A 512 X 512 matrix with a FOV of 18.00cm was used to
reconstruct the images. The slice thickness was 1.5mm.

Both sequences were registered and fused to form a 3D
multispectral data set.

A single radiologist obtained the cartilage volume and
thickness using the process illustrated in Figure 1. Validation
tests on the segmentation process produced good
repeatability and reproducibility results.*

The cartilage thickness map was obtained using a process
similar to the one proposed by Tamez-Pena et al. for
computing the distance map between the femur and the
subchondral bone surface.?
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Fig. 1: Cartilage extraction process.*

Inter-Subject Registration:

Some effort has been dedicated to registering the cartilage
longitudinally34. Recently, Cohen et al. have constructed a
patellofemural template based on a user defined anatomical
coordinate system.> However, to the best of our knowledge,
no such atlas exists for the tibia medial cartilage.

Due to great variability in cartilage shapes® and not wanting to
risk picking a thickness map uncharacteristic of the overall
population?, all maps were rotated to a unique coordinate
system using concepts such as the principal moments of
inertia and the principal axis method.

The average scale vector was computed using the average
anterior-posterior length and the average width of the rotated
tibia medial cartilage thickness map.

All 10 rotated maps were scaled to a common space.

Intra-Subject Registration:

Assuming that the differences in the thickness points
coordinates are most likely due to global changes, a good
origin approximation of the common coordinate system may
be derived from the centroids corresponding to the two
thickness maps.8

Therefore, the translation vector of the global change is the
difference between the two thickness map centroids.

The rotation matrix is comprised of the principal axes of the
two thickness maps. Each principal axis is defined as the axis
going through the established centroid with its orientation in
such a way that the sum of the square distance between the
centroid and the individual points corresponding to a thickness
is minimal.
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Fig. 2: Tibia medial cartilage probability map based on the
study population.
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Fig. 3: Tibia medial cartilage mean thickness map (a) and tibia medial cartilage

standard deviation map (b) generated using the study population.
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Fig. 4: Tibia medial cartilage mean thickness map (a) and tibia medial cartilage
standard deviation map (b) generated using the five scan collected from a knee
with no OA history.
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Fig. 5: Tibia medial cartilage mean thickness map (a) and tibia medial cartilage
standard deviation map (b) generated using the five scan collected from a knee
with mild OA.

RESULTS:

For all the subjects, all the scans were segmented and
analyzed using the methodology described in Figure 1.

Inter-Subject Registration:

A tibia medial cartilage thickness map belonging to each
subject was registered and a probability map was
created (Figure 2).

The brown region (area = 1) represents the probability
of finding cartilage in that location for all ten subjects.
While the orange through blue regions, around the
map’s edge, equate to low probability of cartilage.

For points within the probability map where the
probability was 50% or higher, a mean and standard
deviation map was generated.

The thickest area of the tibia medial cartilage is located
in the weight bearing region (Figure 3 (a)). The largest
deviation from the mean exist around the thickness map
edges (Figure 3 (b)).

Subjects | OAKnee | Average RMS of the
Mean Std. Dev.
1 No 1.84 0.31
2 No 2.20 0.34
3 No 242 0.32
4 No 2.23 0.33
5 No 243 0.57
6 Yes 212 0.33
7 Yes 2.35 0.28
8 Yes 231 0.45
9 Yes 1.77 0.47
10 Yes 1.62 0.36

Table 1: Summary of the average mean thickness and the
RMS of the standard deviation.

Fig. 6: Slice comparison of original and simulated defect in the anterior posterior
tibia medial cartilage region.
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Fig. 7: (a) Difference map of the simulated defect in the anterior
posterior region of the tibia medial cartilage. (b) Z-score map illustrating
area of significant change in the simulated and original cartilage.

Intra-Subject Registration:

All five thickness maps belonging to each subject were
correlated and for each point, the mean and the standard
deviation map was computed. Example of such maps are
shown in Figure 4 (a) and (b) for a case with no OA and in
Figure 5 (a) and (b) for a mild OA case.

Table 1 displays the average mean and the root mean square
(RMS) of the standard deviation computed for each subject's
thickness map. The mean and standard deviation was
estimated using the RMS of all the standard deviation points
within each thickness map.

The overall standard deviation helped determine the detection
threshold for focal defect progression based on changes in
thickness measurements.

The precision of the tibia medial cartilage thickness map was
found to be as low as 0.40mm (similar to the reconstructed in-
plane resolution of 0.35mm)

Simulated Cartilage Defects:

In order to mimic focal cartilage degradation, one tibia medial
cartilage was selected from the fifty cartilage segmentations.

A small amount of the anterior-posterior tibia medial cartilage
was digitally removed and a new thickness map was generated
(Figure 6).

The two thickness maps were correlated and the point by point
difference was calculated (Figure 7 (a)) where the 0.4mm
increments are based on the average standard deviation.

The Z-score map (Figure 7 (b)) was computed based on the
RMS values of the standard deviation and assuming an isotropic
distance among the values along the tibia medial cartilage. This
map reemphasizes the area where significant change in the tibia
medial cartilage occurs.

DISCUSSION AND CONCLUSIONS:

The developed methodology can determine the shape and
thickness variations within the tibia medial cartilage among a set
population.

The precision of measuring the focal and local cartilage defects
within the tibia medial cartilage was determined.

Plans for applying this method to a large population set are in
the works. Such results will reveal the actual shape and
thickness variation of the cartilage in the joint which will allow for
analysis of prevalence data in the case of clinical studies of OA.

The current method may be applied to other flat surfaces, such
as the tibia lateral and patella cartilage.

An application suitable for curved surfaces, such as the femoral
cartilage, is in the works.
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