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In this study, we investigated the mechanism behind knee joint stability.
First, we constructed a platform for knee joint experiments that can measure the material properties
of knee joint tissues. We investigated the effect of joint capsule and synovial fluid on ligament
bearing capacity using this platform. As a result, the joint capsule and synovial fluid did not have
a significant effect on the bearing capacity of the knee joint at deep flexion angles compared to
the ligament fibers. However, it was found that at shallow bending angles may have an affect on the
bearing capacity. Finally, a geometrically accurate numerical analysis knee joint model was
constructed based on CT image segmentation. It was possible of reproducing the knee joint drawer
tests at any flexion angles. As a result the load state of the cruciate ligament fiber bundles,
which greatly contributes to the stability of the knee joint, was estimated. The validity was
verified by comparison with previous studies.
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Fig. 1 Stress-strain curve of ACL. Fig. 2 Stress-strain curve of PCL.
24 ACL PCL LCL MCL
30 45 60 90 deg
(n=3) - 3-6
N mm
30, 60 90 deg
45 deg (Anterior) 50%
45 deg
200 200
---30degn=1
150 150
......... 30deg n=2 —AVG@30deg
100 ——30deg n=3 100
50 50
= z
s 0 g o
g k!
-50 -50
-100 -100
-150 -150
-200 -200
6 -4 2 0 2 4 6 © -4 2 0 2 4
Displacement [mm] Displacement [mm]
(a)Load contribution of each specimen (a)Average load contribution
Fig. 3 Load contribution at 30 deg flexion angle.
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Fig. 4 Load contribution at 45 deg flexion angle.
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Fig. 5 Load contribution at 60 deg flexion angle.
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Fig. 6 Load contribution at 90 deg flexion angle.
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Fig. 7 Complete numerical simulation knee joint model.
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