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Determination of bone volume porosity 
based on histograms of the mCT scans
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Th e new method is proposed in the paper for determination of volume porosity of bone tissue based on histograms of 3D mCT 
scans and also precise defi nition of the threshold value of relative density preserving calculated volume porosity during the 
reconstruction of the binary image of sample. In this method the normed histogram is considered as a probability distribution 
of relative mass density in the bone sample. It was shown that the normed histograms of increasing 3D sample are convergent 
to the limit curve which can be interpreted as a representative histogram of given sample. Th e limit histograms have been used 
to determine: the distributions of relative densities in the sets of voxels of pore and skeleton type and their characteristics, the 
volume porosities of both samples and thresholds values of their binarisation. 
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Introduction
Th e new method is proposed in the paper for 
determination of volume porosity of bone tissue based 
on histograms of 3D mCT scans. In this method the 
normed histogram is considered as a probability 
distribution of relative mass density in the bone sample. 
It is a linear combination of two distributions 
characterizing frequency of occurrence of pore and 
skeleton types of voxels with diff erent densities in the 
scan of sample. Such approach makes possible 
determination of volume porosity directly from the scan 
of bone sample without necessity of earlier reconstruction 
of its microscopic pore geometry. It allows also precise 
defi nition of the threshold value of relative density 
preserving calculated volume porosity during the 
reconstruction of the binary image of sample. Th e 
method was applied to the analysis of two samples of 
human bone tissue with diff erent porosities separated 
from mCT scan of femur condyle.

Scans and histograms of bone samples
Th e proposed method concerns the 3D scans of human 
bone samples determined using the micro computer 

tomograph. Th e scan of one layer of bone sample is 
shown in Fig. 1a. Due to limitation of spatial resolution 
of the scanning set up each scan is composed of voxels 
with prescribed relative densities represented in the scan 
as the grey level scale. Histogram of the scan characterizes 
the frequency of occurrence of voxels with various 
densities in the scan of sample (Fig. 1b). It was shown 
that the normed histograms of increasing 3D sample are 
convergent to the limit curve which can be interpreted 
as a representative histogram of given sample.

Theoretical model of the histogram
It is assumed that 3D scan of bone sample form a set of 
voxels with various relative densities ρ, the frequency of 
occurrence of which in that set is described by normed 
histogram ψ(ρ). Th is set is composed of two type voxels: 
pore and skeleton one with various densities. Th eir 
frequency of occurrence are described by the probability 
distributions ψp(ρ) and ψs(ρ), respectively. Both 
functions are defi ned on the whole range of voxels 
density values (i.e. for eight bit scan ρ ∈ <0, 255>). Th is 
means that attachment of voxel with a given density to 
subset of pore or skeleton type is stochastic, determined 
by the value of probability.
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For the normed histogram we obtain the following 
description:

  (1)

where fv denotes the volume porosity of sample. Th is 
parameter defines the frequency of occurrence 
(probability) of pore type voxels in the scan of sample.

Identifi cation of the volume porosity
Th e volume porosity fv and parameters of voxels density 
distributions ψp(ρ) and ψs(ρ) are determined using the 
optimization method by adjusting the graph of the 
theoretical histogram given by expression (1) to the 
histogram obtained from the scan of sample (Fig. 2). 

Fig. 2. Adjusting of the theoretical histogram (      ) to the 
experimental one (    ).

Th e obtained results for two diff erent samples of 
human bone have been shown in Table 1. It illustrates 
also the dependence of volume porosity on size of 
sample. 

Table 1. Dependence of volume porosity on size of sample.

Sample I Sample II
size of sam-
ple (voxel)

fv size of sam-
ple (voksel)

fv

25 0,5610 50 0,7233
50 0,5790 100 0,8498

100,150 0,6161 150,200 0,8565

Determination of the threshold 
for binarization procedure
Th e proposed method of determination of volume 
porosity allows also natural and precise defi nition of the 
threshold value ρo for the binarisation procedure of the 
scan. It takes form:

(2)

Such defi nition preserves the determined value of volume 
porosity during the reconstruction of the binary image 
of the sample. Th e values of thresholds have been 
determined for various bone samples and were compared 
with results of other methods.

Fig. 1. Scan of one layer of human bone sample (a) and its histogram (b).
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