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ABSTRACT 
 

Certain traumatic situations, congenital diseases or cancers can cause bone loss and require bone grafts or 
implants. Bone substitutes prepared from calcium phosphates such as hydroxyapatite (Ca10(PO4)6(OH)2) or 
Beta-tricalcium phosphate (β-Ca3(PO4)2) are used in orthopedic and dental surgery and they present good 
biocompatibility and bioactivity. These biomaterials in different forms: paste, granule or screw and their 
biological integration is influenced by structure and microstructure as well as the architecture, porosity, 
location and bone / implant connectivity. The aim of this study is segmenting and analyzing nano- 
biocomposite granules with low crystalline structure from bone. The simple thresholding is not sufficient, 
for that we have developed a novel method that combine different segmentation methods and then 
determine the volume of the defect, segmented the granules in the defect, calculate their size distribution. 

Keywords: Image Processing, X-Ray Tomography, Segmentation, Bio-Materials, Calcium Phosphate 
Granules, Bone Filling 

 
1. INTRODUCTION  
 

Calcium phosphate biomaterials have been used 
worldwide for more than 20 years as bone 
replacement materials and have become the most 
implanted bioactive materials, especially in 
orthopaedic and dental surgery. These compounds 
can bind chemically in skeletal tissue, including 
planting calcium phosphate on the surface of the 
tissue from biological fluids [1]. The biomaterials 
used to treat bone tissue are hydroxyapatite 
(Ca10(PO4)6(OH)2: HA), tricalcium phosphate (β-
Ca3(PO4)2):  β-TCP)  and  biphasic HA/β-TCP 
mixture. These biomaterials have good 
biocompatibility and bioactivity and their chemical 
composition is similar to that of human ash [2]. 
These biomaterials have good biocompatibility and 
biocompatibility due to their chemical 
composition, as well as the biocompatibility and 
biocompatibility of human skeletal apatite.   

The use of calcium phosphate biomaterials in 
various forms as frames or pastes with a highly 
crystallized structure has significantly increased 
therapeutic performance to allow bioactive 
alternatives to fully adapt to defects remaining 
skeletal [3]. However, this form of alternative is 
very intensive, which means that it is not 
sufficiently absorbed. Biomaterials are also used in 
granulated form to fill in small skeletal defects 
(typically 0.1 to 5 mm in diameter). The particles 
occupy the space of the skeleton and create macro- 
porosity allowing invasion of bone cells [4]. 
Because of its importance for clinical and scientific 
applications, imaging is now considered an 
important tool for bone processing. The most 
popular imaging methods in medicine include X-
rays, MRI, and ultrasound and computed 
tomography. These methods are often very cost-
effective, efficient and easy to use [5]. In this case, 
X-rays are considered the most appropriate tool for 
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implant adaptation. Computer-aided tomography 
(CT-scan), a 3D bone analysis method, is the most 
widely used method, as it is the fastest and easiest 
way for doctors to study bone and joint damage. 
Physicians generally use X-rays to determine the 
presence of a defect and the location of the 
implant. The database is a DICOM image. Modern 
hospitals store medical images in standard DICOM 
format (digital review and medical 
communication), including text in the image. Any 
attempt to retrieve and display these images must 
go through PACS (Picture Archives and 
Communication System) hardware. Usually, the 
biomaterials filled in the defect bone could be 
confused with the bone because they have similar 
level grey, for that the use of an automatic 
segmentation method that detects the biomaterials 
and separate it from the bone. 

   The rest of the paper is organized as follows: 

o The second section present the state of the 
art 

o The third section present materials used in 
the work and our proposed method 

o The fourth section present results 
obtained from our method and we discuss 
this results 

o The final section present the conclusion 
and perspectives  

 

2. EARLIER WORK 

Baptiste Arbez et al [6] presented a paper 
on the qualitative and quantitative evaluation of the 
three-dimensional microstructure of several 
granular biomaterials manufactured and marketed 
by several companies, comparing their properties 
to those of human bone trabecular and verifying 
the molecular composition of these biomaterials by 
Raman microspectroscopy. Homologous and 
heterologous particles as well as synthetic Ca/P 
ceramic particles commonly used in maxillofacial 
surgery were studied. The effects of the two 
particle sizes proposed by the industry (250-1000 
mm and 1000-2000 mm) on the three-dimensional 
microstructure were also studied. 

Vijaykumar V et al [7] presented an 
algorithm for filtering the Gaussian noise, then 
replace the center pixel by the mean of the sum of 
the surrounding pixels based on a threshold value. 

Generally the DICOM images are corrupted by the 
salt and pepper noise. 

Tomazevic et al [8] proposed a manual 
and semi-automatic method for interactive 
segmentation of bone tissue. They used a 
threshold-based segmentation method to detect 
bone tissue in CT images. 

 
               Al-Khaffaf H et al [9], proposed an 
extension of the K-fill algorithm to remove salt 
and pepper noise based on the number of black or 
white pixels in a 3 × 3 window Assuming that the 
image is contaminated by noise, which is modeled 
as the sum of two random processes: Poisson and 
Gaussian, this method jointly estimates the scale 
parameter of the Poisson component and the mean 
and variance of the Gaussian component. 

In their work, Xiaoli Zhang et al [10] 
proposed a new thresholding algorithm based on 
Otsu 3D and multi-scale image representation. The 
whole segmentation algorithm is designed as an 
iterative process. In each iteration, the image is 
segmented using an efficient 3D Otsu, and then 
fast local Laplace filtering is used to obtain a 
smooth image that is fed into the next iteration. 
Finally, the segmentation results are combined and 
the final segmentation result is obtained by 
majority vote. 

Sweedy et al [11] presented a 
segmentation method to isolate the three phases 
present in the explanted ceramic bone substitute 
scaffolds, i.e. bone, ceramic remnants, and soft 
tissue. For that purpose, a contour-based method 
combined with a compaction algorithm specifically 
treating the fuzzy grey-intensity transitions often 
found between phases were used to yield more 
accurate results than those of currently existing 
global thresholding methods. Then aligning pre- 
and post-implantation micro CT datasets, hence 
allowing the extraction of the grey intensity value 
distribution of each phase. 

M.C. Jobin Christ et al [12] proposed a 
methodology that combine KMeans clustering 
with marker marker controlled watershed 
segmentation algorithm and also combine Fuzzy 
CMeans clustering with marker controlled 
watershed segmentation algorithm separately for 
medical image segmentation. 

 
Anu T C, Mallikarjunaswamy M.S et al 

[13] developed an image processing based on 
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preprocessing segmentation, edge detection and 
feature extraction methods. The processed images 
are further classified into the fractured and non-
fractured bone. 

 
Javier Cardona et al [14] proposed in their 

study an image analysis framework that combines 
standard image processing steps, as median filter 
in order to remove noise and laplacian for edge 
detection, object closing and filling, removal of 
object on frame boundary and filtering the objects 
of small sizes, with an additional focus evaluation. 

 
Ezzahmouly et al [15] presented a method 

based on mathematical morphological operations, 
to determine the microstructure, the morphological 
characteristics and classes of pores of the prepared 
hydroxyapatite bioceramic. It compute successive 
openings operation with structuring element 
increasing in diameter to close the holes 
progressively. The difference between the image 
before and after an opening corresponds to the 
total volume of the hole being closed. 

 
Siyao shao et al [16] presented a hybrid 

bubble hologram processing approach for 
measuring the size and 3D distribution of bubbles 
over a wide range of size and shape. The proposed 
method consists of five major steps, including 
image enhancement, digital reconstruction, small 
bubble segmentation, large bubble/cluster. 
Segmentation, and post-processing. 

 
In her paper, Samantha J. Polak [17] 

presents an automated micro computed 
tomography (microCT) image segmentation 
algorithm that segments bone, calcium phosphate 
(CaP) bone scaffolds, and soft tissue. The authors 
used micro tomography to characterize bone 
growth in CaP scaffolds in a large, non-destructive 
dataset, accurately and at high throughput (more 
than 100 samples). The method involves 
identifying soft tissue that resembles the 
background of the samples and using the Fournier 
transform to filter the images and determine the 
orientation of the scaffold rods in each image. 
Based on the orientation of the identified rods and 
the periodicity of the network, they were able to 
distinguish the scaffold from the bone in each 
image. Finally, the segmentation of the three 
materials was refined using stress edge detection. 

 
3. MATERIALS AND METHODS  

3.1 Biomaterials Fabrication  

     Work is carried out on bovine sponges 
generally containing mineral and organic phases. A 
first treatment consists in eliminating the organic 
part which poses a problem of conservation of the 
bones. Decreasing of the bones was carried out in 
solvent baths which are alcohols (C2H5OH), 
oxidants (H2O2) and bases (KOH).  
  The study used nano-biological composite 
particles of calcium phosphate. The biological 
material was obtained by the method described by 
Elouahli [18]. The polymer (chitosan)/nano-apatite 
is suspended in the gel bath with a syringe and 
dried at 37 degrees.  
 
 Figure 1 shows the spherical view of the particles, 
and the SEM image shows that the particles are 
about 10 nm in size. Compared to existing 
biomaterials Nanocrystalline biological composites 
must be prepared to improve biological properties. 
These particles have good size and structural 
stability and can be treated without damage. 
 

 

 
 

Figure 1: Photography of spongy bone with induced    
cavity and Photography of cavity with granules 

3.2 X-Ray Scanning 

Today, three-dimensional (3D) imaging is one 
of the successful clinical applications. It has many 
advantages compared to the two-dimensional (2D) 
X-ray imaging used as an important tool to 
accurately determine the structure of bone defects 
and correct the position of implants. [4], [19]. 

This imaging technique, generally used by the 
clinician to achieve successful implementation. 
Tomographic imaging consists of directing X-rays 
at an object from multiple orientations and 
measuring the decrease in intensity along a series 
of linear paths. This decrease is characterized by 



 
Journal of Theoretical and Applied Information Technology 

30th September 2022. Vol.100. No 18 
© 2022 Little Lion Scientific  

 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
5451 

 

Beer’s Law, which describes intensity reduction 
as a function of X-ray energy, path length, and 
material linear attenuation coefficient. 

 

          
 
    
Figure 2: X-Ray Tomography Principles 
 
    Beer-Lambert's law thus relates the absorption of 
light to the material that passes through it. 
Similarly, the absorption of X-rays is related to the 
material through which the light beam passes, 
according to the following equation (Jackson & 
Hawkes, 1980)      

                        I=I0 exp(-µt) (1) 

Where I = intensity of transmitted X-rays  

o I0 = intensity of incident X-rays  

o μ = linear attenuation coefficient of the 
material  

o t = thickness of material through which X-
rays have traveled [20, 21] 

    A special algorithm is then used to reconstruct 
the distribution of X-ray attenuation in the image 
volume. Image reconstruction is the step where 
the digitized data set is processed to produce an 
image. The image is digitized and consists of a 
matrix of pixels. Filtered back-projection is an 
image processing algorithm used in computed 
tomography to create or "reconstruct" images. 
Figure 3 illustrates the principle of the image 
reconstruction process. The final step is the 
conversion of the digital image into a visible and 
viewable analog image (shades of gray) [22, 23]. 

    Thus, tomography allows access to the core of 
the biomaterial and to study the microstructure of 
the implant and the bone-implant contact zone 
through the changes in X-ray absorption. This 
technique also allows to see the shape and volume 

of the desired filling as well as the integration of 
the implant in the bone. 

    This study was carried out at IBN ROCHD 
hospital in Casablanca, using a sixteen-bar X-ray 
scanner correctly adjusted to provide a better 
resolution. The device used is third generation 
scanner; there is not a single detector, but several 
detectors in action during a rotation of the x-ray 
tube around the patient, this scanner takes less 
than 0.4 s to perform a round. The acquisition 
time of the image is fast and we obtain very high 
resolution imagery. [24] 

 

 

   Figure 3: Slices of Bone Cavity Filled with 
Biomaterials Granules 

 

3.3 Proposed Imaging Method 

In order to calculate the number of granules 
filled in the induced defect and also the granular 
size we have first extract the biomaterials from 
bone, but it is difficult since biomaterial and bone 
have the same level grey. To surpass this problem 
we have used an adaptive method that combine 
several methods of segmentation. The method aims 
specially to separate biomaterial from bone. 

 First we proceed by the pre-processing step 
where we used the median filter, it is is a non-
linear digital filtering method used to eliminate salt 
and pepper noise. Then we classified the images 
using K-means in order to separate the bone from 
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the background. After that we segment the results 
using a combination of several methods as 
thresholding, erosion, and watershed. Finally, we 
save the new volume and calculate the different 
measurement as number of granules and their size.  

In the first step, we apply the preprocessing. 
Noise can be defined as unwanted image pixels 
that affect image quality. We write (x, y) = g (x, y) 
+ n (x, y) where f is the noisy image, g is the 
original image and n is the noise present in the 
image. Different types of noise could be presented 
in the image such as Gaussian noise, Salt and 
pepper noise etc. The Salt and pepper is one of the 
noise mostly presented in x- ray images. This 
usually caused by detecting or transmitting errors 
that appear as light and black dots in the image. It 
can be removed by applying mathematical 
transformations on the images, preserving edges 
while suppressing noise. Median filter is a non-
linear digital filtering method used to eliminate 
salt and pepper noise. [25]  

To separate the foreground (bone filled) from 
the background (Air) we use K-Means method. 
Classification is a step in data analysis to examine 
the dataset and it classifies them into several 
categories. Each class has its own characteristics 
and the data that belong to such class have the 
same properties of this class. Many practical 
problems are easy to solve. K- Mean is best suited 
for biomedical image segmentation.  

Steps of the K-Means algorithm: 

 

o Choose k cluster centers to coincide with 
k randomly chosen patterns inside the 
hyper volume containing the pattern 
set.(C) 

o Assign each pattern to the closest cluster 
center. (Ci, i = 1,2,. C) 

o Recompute the cluster centers using the 
current cluster memberships.(U): 

 

 

o for each k /= i 

o If a convergence criterion is not met, 
go to step 2 with new cluster centers 
by the following equation, i.e., minimal 
decrease in squared error: 

 

                         

  Where, Gi  is the size of Gi  
 

                             

After that we calculate the mean of centers, 
then we apply threshold method which converts a 
gray-scale image into a binary image where the 
two levels are assigned to pixels that are below 
or above the calculated mean. 

To erode away the finer element we proceed by 
the erosion operation which is a mathematical 
morphology. This is one of the two most 
important morphological operations (the other is 
dilation) and all other morphological operations 
are based on. Erosion operations generally use 
structural elements to recognize and reduce the 
shapes contained in the input image. It can be 
written as:  

 

    In order to obtain the mask of biomaterials, 
we label in first the eroded image after that we 
choose the good labels we are interest in and 
then apply the dilation operation which usually 
uses a structuring element for probing and 
expanding the shapes contained in the input 
image and it can be written      as:  

 

                      

    After this process we obtain the final mask of 
biomaterials filled in the induced defect. Then we 
apply the mask on the original image, we 
threshold the result and we apply another erosion 
operation in order to eliminate unwanted pixels. 

We repeat the whole process until the 
biomaterials are segmented definitely from the 
bone. Then we apply the watershed method in 
order to separate the connected granules from 
each other. Steps of the watershed algorithm are:  

o A set of tags, pixels that start a 
flood, are selected. 

o The adjacent pixels for each 
selected area are inserted into the 
priority queue and their priority 
level corresponds to the pixel 
gradient. 
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o Pixels with the highest priority are 
extracted from the priority queue. If 
the neighbor of the selected pixel 
has the same label, the pixel is 
marked as its label. All unidentified 
neighbors who are not yet in the 
priority queue are placed in the 
priority queue. 

o Repeat step 3 until the priority 
queue is empty. 

Finally, we save the new volume and calculate 
the size and  distribution of these granules. 

 
 
 
 

Figure 4: Flowchart of the method  
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4. RESULTS AND DISCUSSION 

In this study, we used a spongy bone sample 
from bovine. The induced cavity was filled with a 
spherical particle consisting of a medium-sized 
nanobiological calcium phosphate.  

We used radiography to describe and quantify 
the defective bone. The images have been 
analyzed using the method described in the 
previous section, which we have segmented the 
granules and calculate their size distribution. 

       The following figures present results of our 
proposed method, which we could visualize that 
biomaterials were separated from the bone and 
then we could calculate the hole volume and size 
of each granular. This study will help us to detect 
the biomaterials from the image in order to follow-
up their regeneration in the in –vivo study. 

 

 

Figure 5: Segmentation of the Biomaterial from Bone 
(first iteration) 

 

 

Figure 6: Segmentation of the Biomaterial from Bone 

 (Second iteration) 

 

 

Figure 7: Segmentation of the Biomaterial from Bone 

(Third iteration) 
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Table 1 summarizes the results of the 
processing applied on scanner images of the 
unfilled bone. It allowed us to calculate the 
volume of the induced defect (373 mm3).We 
have been determined the distribution of number 
and size of granules in (Table 2). 

Table 1: Size of the Induced Defect 

Number 
of Pixel 

Volume of 
Voxel 
(mm3) 

Volume of 
Hole 

(mm3) 
16954 0.022 373 

        

        Table 2 summarizes the results of our 
proposed method on images of bone defect filled 
with granules, the method allowed us first to 
calculate for each granular it size. We observe that 
number of granules between 0.8 and 1.0 mm is 
300 and the number of granules between 1.0 and 
1.6 is 22 and the number of granules between 1.6 
and 2.1 is 39, these results show good 
compatibility with the real distribution. 

   Table 2: Granules Size Distribution 

Granular Size 
(mm) 

Number of 
Granules 

Less than 0.8 0 

0.8-1.0 300 

1.0-1.6 22 

1.6-2.1 39 

Greater than 2.1 0 

 
       The results show that the calculated values of 
the defective bone volume and the extracted 
granules volume are very close. Thus, the proposed 
method allows accurate control of cavity filling. 
The automated method presented in this paper can 
be advantageously used in medical imaging, 
especially in the field of bone tissue engineering. It 
can be used to highlight the geometry of bone 
defects and to design and control prefabricated 3D 
structures. After surgery, the proposed method can 
also be used to monitor the integration of the 
implant and the regenerated bone. 
 
       The method offers the advantages of a 
thresholding method in terms of speed and 
simplicity, by first eliminating background noise 
and improving the contrast of tomographic images. 

After applying the segmentation methods, we 
extract geometric information from the images.  
 
   To evaluate our method, the induced bone defect 
was filled by a biomaterial in the form of granules. 
Location of the implant in the bone defect has been 
evaluated using the x-ray scanner technique. The 
perfect integration of biomaterials into the defect 
has been observed. The proposed method allowed 
us to calculate different morphological parameters, 
segmented, isolate and extracted the implant and 
calculate its volume.  
 
   The distribution of particles shows a medium size 
centered between 0.8 and 1 mm. The image results 
are consistent with the real values, thus validating 
the chain of processing the images that have been 
used. The volume of the empty defect calculated by 
our method allows, in the clinical case, to prepare 
the filling determining the form and the volume 
before carrying out the filling process. The results 
obtained after filling determine the quality of filling 
and allow the follow-up of filling in in vivo cases. 
 
5. CONCLUSION AND PERSPECTIVES 

We analyzed the microstructure of calcium 
phosphate particles in a defective bone using a 
medical X-ray scanner and evaluated these 
images using our novel image processing 
method. The information obtained is useful for 
both patients and bio-material manufacturers. In 
fact, the image processing allows: 

o Observe the shape of the bone 
cavity and the condition of its 
surroundings. 

o Calculate the volume of cavities 
which need to be re- paired 

o Predict the volume and the shape 
of the Bio-material before the 
filling act 

o Evaluate the distribution of granules 
in the bone defect 

o Follow-up of the integration and 
the evolution of the implant in the 
bone matrix. 

   As the perspective of this work, we aim to 
calculate the volume contact of granules and 
establish the relation between their size and the 
volume of the porosity. We are interested also to 
test other forms of biomaterials and follow, by 
scanner medical, the filling of the defect bone in 
vivo and the developing new image processing 
methods. 
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