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The amazing mechanical properties of bone, coupling stiffness, strength and lightweight, are due to a lifelong 

reorganization of bone material in response to the prevailing mechanical and biochemical stimuli. This process, 

known as bone remodeling, is essential for proper bone functioning in both physiological and pathological 

conditions. In this study we analyze the remodeling phenomenon along the lines set forth in [1] and further 

developed in [2]. Bone remodeling is described as a material reorganization process, leading to a pointwise 

change of the elastic properties of the bone material driven by the superimposed mechanical and biochemical 

stimuli. In the first part of this contribution, the general framework is described, focusing in turn on the 

kinematics, balance, and constitutive issues. From the kinematical point of view, remodeling is described by 

suitable order parameters which enrich the classical continuum description of body elements. Then, a properly 

stated extended virtual power principle provides the balance equations ruling the mechanical and remodeling-

related actions. Eventually, a suitable constitutive theory is proposed based on some basic, physically sound 

arguments. In the second part of the contribution, a simplified case is studied to highlight some features of the 

model. Analytical calculations and numerical simulations are developed to illustrate the stress-driven rotary 

remodeling of a two-dimensional elastically orthotropic body. Therefore, bone remodeling is described by the 

rotation of the elastic principal axes of the bony material. The main result is the prediction of the existence of 

remodeling equilibrium states--that is, stationary states where material properties do not evolve any more. 

Features of these states were analyzed by both analytical and numerical methods. Predicted remodeling state are 

shown to meet some classical requirements in terms of strain and stress distribution. Notably, no ad hoc 

constitutive prescriptions were introduced in the model in order to achieve the remodeling equilibrium states. 

These results suggest that bone remodeling might be an energy-driven process encompassing energy supply, 

balance and dissipation, pushing forward a new paradigm in modeling bone remodeling and similar biological 

processes. 
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