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INTRODUCTION 
The importance of the osteocyte network in the 
mechanotransduction of bone is now well established, 
although the actual processes involved are still a matter of 
debate. Communication between osteocytes, via the inter-
connecting lacuno-canalicular network, and between that 
network and bone lining cells seems high likely, and a number 
of mechanisms have been proposed. Based on the ideas of 
Ausk et al. [1] a simulation of that communication has been 
developed to investigate osteocyte signal propagation, the 
corresponding bone lining signals, and the effect of osteocyte 
apoptosis and microcracks on that signalling. 
 
METHODS 
In this simulation, a uniformly distributed osteocyte network is 
considered in a small section of a femur subjected to bending, 
with each osteocyte connected to its neighbours and adjacent 
surface bone lining cells (BLCs), as illustrated in Figure 1.The 
sample is of size 4×4 mm, with strain values varying from 600 
to 1000 µStrain, and is modelled with a network of 100 ×100 
osteocytes. 
 
 
                                                                      
 
 
 
 
 
 
 

Figure 1:  The idealized osteocyte and bone lining cell 
network. 

 
A simulation then proceeds as follows: (1) an activity signal is 
calculated for each osteocyte based on the strain it 
experiences, according to specified activity thresholds and 
modulated by calcium store availability; (2) communication 
between neighbouring osteocytes and bone lining cells then 
takes place, again dictated by predefined amounts and here, 
based on the values measured by Adachi and colleagues [2]; 
as summarised in Figure 2. Note the cell signalling is 
asymmetric; for example, 34.4% of the signal level in an 
osteocyte is transmitted to an adjacent BLC, whereas only 
9.4% is transmitted in the opposite direction. The activity 
thresholds can also vary throughout the model, based on a 
specified standard deviation – but do not vary in the 

simulation presented here. 
 

 
Figure 2: Asymmetric signal propagation between cells. 

(Adapted from Adachi et al. 2009). 
 
Over time the different signals propagate through the 
osteocyte network and to the bone lining cells, but gradually 
decrease by a specified ‘depolarization factor’. The effect of 
osteocyte apoptosis and microcracks are included by 
preventing signalling at and through the affected osteocytes [3, 
4]. In the apoptotic simulation unviable cells are distributed 
randomly through the model, with the effects of 0, 2, 5 and 9% 
apoptosis considered here. Microcracks of length 320μm [6] 
are simulated one or two (osteocyte) layers below the surface 
of the bone and half-way along the length of the bone sample. 
 
RESULTS AND DISCUSSION 
In the model where all cells are active, the signal experienced 
by the bone lining cells on the surface is high and relatively 
uniform (Figure 3, top-left). The variation of the average 
    

 
Figure 3: Contour plots of osteocyte activity at t = 15 secs for 
sample models with increasing levels of osteocyte apoptosis. 
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Figure 4: Mean network and surface (bone lining cell) 

response. 
 
surface signal with time for this case is shown in Figure 4. The 
solid red line shows the mean surface (BLC) signal, which 
peaks 20 seconds after application of the load, but decreases to 
5% of that peak value approximately 60 seconds afterwards.  
 
The locations of the apoptotic cells are obvious in Figure 3 
since they have zero activity signals. These sample contour 
plots of activity at time t = 15 secs show an increasing decline 
in activity level, with the BLC signal at the surface 
significantly reduced in the models with apoptosis. For 
example, with just 5% and 9% osteocyte apoptosis, the peak  
 

 
Figure 5: Bone lining cells response to different microcracks 

at peak. 
 

BLC levels are reduced by 18 and 41% respectively (Figure 
4). Also the average network signal is significantly affected, as 
shown by the black lines in figure 4, with steady decline after 
loading, rather than 15 second plateau seen with 0% apoptosis. 
 
In Figure 5, the blue dashed line shows the surface (BLC) 
signal at peak activity level where a microcrack exists one 
layer (i.e 42μm) below the surface. It obviously causes a very 
significant decrease in the signal, dropping from 88% to zero 
activity. For the microcrack two layers below the surface (i.e 
at 84μm), the signal is reduced to 38%.  
 
CONCLUSIONS 
A simulation of the osteocyte and bone lining cell network is 
presented. The model needs further development and 
validation, however, the predicted activity signals follow the 
trends reported by Adachi et al. [2]. It also confirms that the 
location of microcracks will significantly alter the bone lining 
cell signal activity on the surface, with a reduction in signal 
presumably inducing remodelling [3], repair of the crack and 
thereby return to ‘normal’ signal levels. 
 
The inclusion of osteocyte apoptosis also has a marked effect 
on the signal at the bone lining cells. However, this time, any 
surface remodelling will only have a minimal effect on the 
level of signalling at the surface, since most of the apoptotic 
osteocytes are in the bulk of the material. This may possibly 
explain the mechanism that leads to increased remodelling and 
eventual bone loss observed with osteoporosis [4].  
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