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[ Abstract] Objective To explore the biomechanical characteristics related to structural differences in
joint cartilage between shoulder and knee. Methods Six joint cartilage samples from human cadavers
('shoulder and knee) were selected. The arrangement of chondrocytes, cartilage thickness, distribution of

proteoglycans and collagen fibers were observed with histological staining methods such as hematoxylin
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and eosin (H-E ), toluidine blue, and safranin O-fast green-staining. The biomechanical parameters
( stress-strain relationship, elastic modulus, peak force, equilibrium force, and maximum stress
reduction) were measured via static indentation and dynamic fatigue testing. Results  Significant
differences in cell morphology, matrix composition, and chondrocyte arrangement were observed
between shoulder and knee cartilage. Knee cartilage was thicker than shoulder cartilage, with distinct
stratification, higher cell density, and more pronounced heterogeneous staining. Knee cartilage
demonstrated higher proteoglycan content, and exhibited a denser collagen fiber network. In contrast,
shoulder cartilage was thinner, lacked distinct stratification, exhibited sparse cell distribution, weaker
staining intensity, lower proteoglycan content, and evenly distributed but low-density collagen fibers.
Pre-fatigue, shoulder cartilage showed higher peak force [ (2.428+0.759) N vs (1.853+0.871) N,
P=0.004] and equilibrium force [ (0. 923+0.247) N vs (0. 646+0. 330) N, P<0.001] when
compared to knee cartilage. No significant differences was found in elastic modulus [ median 14. 469
(10.637,16.592) Pa vs 11.459(8.543,15.001) Pa, P=0.086]. Post-fatigue, the shoulder cartilage
retained higher peak force [ (2. 081+0. 624) N vs (1.540+0. 685) N, P<0.001] and equilibrium
force [ (0.870+0.223) N vs (0.596+0.292) N, P<0.001]. There was no significant differences in
elastic modulus between the shoulder and knee cartilage [ (15.451+4.517) Pa vs (13.363+6.350) Pa,
P=0.117]. Conclusion Knee cartilage exhibits higher cell density and matrix complexity, shoulder
cartilage demonstrates superior load-bearing capacity with higher stress values. Within the elastic
range, the elevation of elastic modulus in shoulder cartilage is lower than knee, and fatigue loading
elevates the elastic modulus of both tissues. These differences may be closely related to the distinct
functional and loading requirements of the two types of joints.

[ Key words] shoulder cartilage ; knee cartilage; biomechanics; fatigue response
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Fig.1 Biomechanical loader and loading schematic diagram
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Fig.2 Microscopic structural observations of hematoxylin and eosin( H-E) , toluidine blue, and safranin
O-fast green-stained different layers of articular cartilage tissue
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