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Why this matters  
 

Bones are porosity graded materials, spongy in the centre, where 
the marrow travels feeding the cells oxygen and other nutrients 
and removing waste and CO2, and denser in the outer 
circumference, because they need to sustain us (figure 1). 
  
One of the new exciting research fields is biomimetics, i.e. how we 
engineers can learn from the lessons that nature, the best engineer 
ever, can provide or inspire us with. In particular, the biomimetic 
design and manufacture of functionally engineered materials (e.g. 
porosity tailored foams that exhibit enhanced mechanical 
properties due to their heterogeneous architecture) is a main area 
of interest. Despite the recognised need for these biomimetic 
materials (i.e. porosity tailored artefacts that can be used, for 

example, as orthopaedic scaffolds), the research in manufacturing systems lags behind. One 
of the hindrances that is slowing down the development of improved digital manufacturing 
processes is a lack in definition of ‘porosity gradient’. So far, attempts have been made to 
“translate” linear porosity gradient into mathematical algorithms (figure 2) [1-2], i.e. from big 
to small pore size in a single direction, in 2D, but nothing has been done yet in the 3D space.  
 
The definition of ‘porosity gradient’ for 3D volumes will be 
a major breakthrough for the optimized design and 
fabrication methodology of these functionally engineered 
materials.  
 
Current measurements techniques  
  
There is a myriad of methods to quantify ‘local’ porosity 
(i.e. pick a little volume, measure the porosity) and 
‘global’ porosity (bulk porosity, ratio weight to volume). 
However, there is not a way of quantifying the ‘gradient’, 
which is the number, or equation, or mathematical 
expression, that is needed to improve a digital 
manufacture process (i.e. sonication) and consequently 
produce artefacts that better resemble bones (for bone 
research, scaffolds in bioengineering, etc). 
 
Novel manufacturing technology which requires 
definition of “porosity gradient”  
 
In the search of a material that mimics the bone’s natural mechanical behaviour, current 
work is being done on solid polymeric foams. The novel manufacture process by sonication 
[3-4] involves irradiation on the polymeric melt undergoing foaming at sensitive stages of the 

Figure 1: Bone cross-section, 
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Figure 2: Linear porosity gradient, 
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polymerisation. Control is achieved on the size of the bubbles which, upon curing, become 
cavities. Consequently, the distribution of cavity sizes can be prepared ‘ad-hoc’ to suit each 
given application (figure 3). 
  
This technology could be improved notably if there was a quantification of the ‘porosity 
gradient’ to feedback to the system and, therefore, create more sophisticated artefacts with 
optimised mechanical, chemical and physical properties. 
 
 

 

Figure 3: Cross-section of three exemplars of porosity graded foams, manufactured by sonication 

 
Multidisciplinarity of these mathematical questions  
 
This problem is not solely a medical problem that affects bioengineering, orthopaedics or 
tissue engineering. Solving this issue will also have an impact on numerous fields such as 
materials engineering, structural materials, geophysics, prospection and petroleum 
engineering, filtration and membranes in chemical engineering, food technology for 
functional foods, etc.  
 
Questions posed to the mathematicians: 
 

1. How can asymmetry be quantified? Especially when a ‘bell-shape’ distribution is 
obtained in a 3D space, but it is not necessarily centred at the vertical axis. How can 
symmetry, or asymmetry, be quantified on these distributions? (note: ‘skewness’ has 
been tried already with limited success because this is also a ‘global’ feature. We 
need to be able to take position also into account)  

2. How can a periodically distributed ‘porosity gradient’ in a 3D volume be translated 
into a mathematical expression? In other words, how can porosity characteristics be 
coupled with location in a 3D volume without the need to individually define each 
single point or detail of a ‘cloud’. (Note: this will be limited to periodic distributions) 
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