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Introduction
Cortical bone is remodeled by resorbing osteoclasts and 

forming osteoblasts, combined in Basic Multicellular Units

(BMUs). A cutting cone of osteoclasts excavates a tunnel, 

and a closing cone of osteoblasts fills the tunnel with new 

bone, so forming a new osteon. Histologists observe that 

osteon diameter is generally smaller in bone regions that 

experience larger strains [1]. A mechanism relating osteon 

diameter to strain is as yet unknown. 

A relation between strain and osteon diameter implies a 

relation between strain and osteoclastic bone resorption. 

These are related in our bone adaptation model [2, 3], 

where mechanically induced osteocyte signals [4, 2] inhibit 

osteoclastic bone resorption [5]. This model was 

previously applied [3] to explain osteon alignment to 

mechanical loads [6]. Here we investigate how this model 

relates osteon diameter to loading.

Methods

Figure 1: A) Initial configuration. B) Enlarged view. 

Osteon development is simulated in a 4x4 mm2 piece of 

cortical bone tissue, subjected to compressive loads in the 

vertical direction (Fig. 1A). Osteocytes are positioned in 

the bone tissue. Osteoclasts start from an initial resorption 

cavity of 180 µm diameter (Fig. 1B). Load transfer through 

the structure is calculated by finite element method. 

Depending on local strain levels osteocytes send signals to 

the bone surface. A high signal inhibits resorption and 

activates formation. 

Results

Figure 2: A) SED. B) Osteocyte signal.

Stress-strain levels around the cavity are low in loading 

direction and high in transverse direction (Fig. 2A). The 

osteocyte signal (Fig. 2B) reflects this pattern.

Figure 3: Simulation development. 

Guided by the signal osteoclasts resorb a tunnel along the 

loading axis and osteoblast bone formation is initiated on the 

tunnel walls (Fig. 3). 

Figure 4: Final configurations (above) and osteocyte signal 

distributions (below) at different loading magnitudes.

If this simulation is performed at different loading 

magnitudes, the resulting osteons have different diameters 

(Fig. 4). We find smaller osteon diameter for higher loads.

Discussion
The mechanically induced osteocyte signal increases with 

load. Being constrained by the osteocyte signal, the size of 

the cutting cone decreases with load. Being determined by 

cutting cone size, osteon diameter decreases with load. 

Thus the proposed mechanism can explain the inverse 

relation between osteon diameter and strain. 
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