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Water is a polarized fluid, forming "ice-like" layers ("liquid crystals") in the neighborhood of
electrically charged surfaces. Only recently, our laboratory was successful in elucidating and
quantifying their effect beyond the molecular scale, all the way through the hierarchical
organization of bone. The talk will highlight corresponding recent discoveries: (i) mineral crystals
irreversibly glide along thin water films, leading to elastoplastic behavior at all higher organization
levels, such as the polycrystalline extrafibrillar space, the extracellular and extravascular bone
matrices, and finally the macroscopic bone tissue [1]; (ii) the interfacial viscosity of these films
trigger bone viscoelasticity [2,3]; (iii) layered water viscosity governs the Poisseuille flow in the
vascular pores, dictating the permeability properties at the macroscopic scale [4]; and (iv) viscous
fluid is trapped in the lacunar pore space, giving rise to hydrostatic pressures optimally stimulating
osteocytes [5]. Similar implications go obviously beyond bone, and can be explored in other (geo)materials hosting layered water, such as clays or hydrating cement [6].
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