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calcified cartilage of sharks and rays (elasmobranchs)
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Introduction: Sharks & rays have armored skeletons, comprised of uncalcified cartilage covered by mineralised tiles (tesserae). The mechanical function of
this skeletal tessellation remains unclear. We used high-resolution imaging and developed advanced 3D data processing tools to characterize how tesserae
interact at ultrastructural levels, gaining insight into form-function relationships of their complex joints and their roles in whole skeletal element performance.
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Semi-automatic tiling recognition of tesserae networks Mesh-based quantitative analysis of intertesseral joints
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We developed custom modules for semi-automatic tiling-recognition using AmiraZIB Edition We developed an advanced shape-analysis-algorithm in Python to quantify

to segment individual tiles in microCT scans of tesseral mats and quantify tesserae shape tesserae interaction from microCT data by defining joint parameters, such as

variation across skeletal elements in 3D. contact zones, joint flatness and interlocking. We present an exemplar data
set; this technique will be applied to multiple joints in future work.
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QUANTIFICATION OF TESSERAE INTERACTION
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FINDINGS

Preliminary analyses of a tesseral neighbor-pair illustrate that, although the joint surfaces of tesserae have convoluted
topographies (~0.6 flatness) with comparatively large intrusions into the joint space (up to 27um), they are dominated
by fibrous attachment areas (¥86%), with only small regions (~¥14%) of neighbor contact including scant areas (¥4%) of
apparent interlocking. This suggests that in tessellated cartilage, unlike in other ‘tiled’ biological systems, interlocking
plays little role in mechanics and the limited abutment of tesserae at contact zones may offer adequate skeletal stiffness
in compression. These hypotheses will be tested via modeling work described in our ‘Companion/Future Studies’.
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