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ABSTRACT 

This study aimed to refine the method for spatial digital analysis of bone density. The experiment included 

spiral computed tomography (CT) scans of the facial skeleton of 20 patients aged 10 to 22 years with 

maxillofacial pathologies. The CT imaging was performed with slices aligned parallel to either the Frankfurt 

horizontal plane or the occlusal plane. The proposed method enables visualization and segmentation of bone 

tissue based on density levels within each scan, allowing for the precise identification of areas with the lowest 

and highest bone density. By isolating specific bone layers with defined density ranges, the technique facilitates 

their reconstruction and boundary tracing within a 3D volumetric model. This approach holds significant 

potential for applications in implantology, maxillofacial surgery, orthodontics, and periodontics aiding in the 

assessment of jawbone conditions and the planning of appropriate therapeutic interventions.  
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Introduction 
 

When formulating treatment plans for orthodontic and 

surgical interventions in bone pathologies of the dental 

system, several factors are considered, including 

patient age, underlying systemic conditions, the 

condition of the bone tissue in the affected region, and 

the location of the pathological process. The latter 

plays a critical role in determining the type and extent 

of surgical procedures required [1-4].   

Current X-ray imaging techniques allow for the 

assessment of the facial skeleton using both two-

dimensional projections (radiography) and three-

dimensional imaging (spiral computed tomography) [5, 

6]. Spiral CT provides high-resolution images of bone 

structures in frontal, axial, and sagittal planes, along 

with volumetric SSD computer reconstructions. This 

enables precise identification of the location and extent 

of pathological changes in bone tissue while also 

allowing differentiation based on density [7-9].   

Modern software tools support color mapping of bone 

tissue on axial sections according to density gradients, 

but this analysis remains confined to the axial plane. 

This limitation prevents a comprehensive stereoscopic 
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spatial visualization of bone structure and, in some 

cases, may lead to misinterpretation of density zones 

due to variations in the scanning plane's inclination [10, 

11]. While standardizing axial plane positioning during 

scanning can mitigate this issue, achieving an accurate 

three-dimensional representation of bone density 

distribution necessitates the development of enhanced 

analytical techniques [10-12].   

The objective of this study was to refine and optimize 

the methodology for spatial digital analysis of bone 

density. 

Materials and Methods  

This study involved the analysis of archived spiral 

computed tomography (CT) data from 20 patients 

between the ages of 10 and 22 who presented with 

maxillofacial pathology. Spiral CT imaging of the 

facial skeleton was conducted to aid in diagnosis and 

treatment planning. The imaging procedure was 

standardized by ensuring that the CT scan slices were 

aligned either parallel to the Frankfurt horizontal plane 

or the occlusal plane (Figure 1). 

 

 
Figure 1. The layout of the axial slice plane during 

scanning 

 

The computed tomography protocol for identifying 

bone tissue was developed based on previous research 

[13]. The Gantry tilt angle was set at 0°, and the 

reconstruction algorithm was configured for “bone” or 

“high-resolution” imaging. The matrix resolution was 

512 × 512, with a slice thickness of 1 mm, a rotation 

step of 1 mm, and a reconstruction step of 1 mm. All 

archived data were saved in DICOM format and 

analyzed using the MATLAB R2006a software 

package and DICOM Works 1.3.5. Over 300 CT slices 

were examined and processed using specialized 

software, which involved isolating bone tissue by 

darkening soft tissues and applying specific markings 

(Figure 2). 

 

 
Figure 2. Image of axial section of jaw bone tissue. 

 

Each bone density range was represented by a distinct 

color. The highest-density bone tissue, including teeth, 

was designated in black, whereas the lowest-density 

areas appeared in yellow. Intermediate densities were 

color-coded progressively from color green to blue, 

following the classification system outlined in the 

guidelines for the diagnostic management of incidental 

solitary bone lesions on CT and MRI [14]. 

To visualize the spatial distribution of bone density 

zones, a mathematical algorithm was developed using 

the MATLAB software platform. This algorithm, 

based on image matrix darkening with defined upper 

and lower thresholds, enabled the selective isolation of 

bone tissue within specific density ranges. This 

approach allowed for independent computer 

reconstruction of each density category. The resulting 

model was a solid-state 3D reconstruction with ring-

marked zones representing four distinct levels of bone 

density. 

Further analysis was conducted using DICOM Works 

1.3.5, where the densitometric evaluation of the axial 

slice series was performed. This process assigned 

Hounsfield Unit (HU) values to the corresponding 

color spectra, ensuring precise density differentiation. 

Results and Discussion 

To establish the correlation between bone density and 

specific color indicators, the axial section of bone 

tissue was analyzed using the HSV color spectrum. In 

the initial series of axial slices, regions with the lowest 

bone density, falling within the range of 400-162 HU, 

were identified and represented in yellow and its 

varying shades (Figure 3a). 
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a) 

 
b) 

Figure 3. Axial sections encoded in HSV color 

format: with a bone density range of 400-162 HU (a), 

with a bone density range of 678-469 HU (b). 

 

In the second set of axial slices, applying matrix 

dimming within the range of 50 to 100 units in HSV 

mode allowed for the identification of bone tissue with 

a density between 678 and 469 HU. This region was 

distinctly visualized in varying shades of green (Figure 

3b). 

For the third series of axial sections, adjusting the 

matrix dimming parameters to a lower threshold of 100 

units and an upper limit of 190 units in HSV mode 

resulted in the segmentation of bone tissue with 

densities spanning from 1176 to 775 HU. These 

regions were rendered in blue and their gradient 

variations (Figure 4a). 

In contrast, the final set of axial slices posed a 

challenge when using the HSV color format, as the red-

marked bone tissue blended with the background, 

complicating visual analysis and making quantitative 

computations unreliable (Figure 4b). To overcome this 

issue, the RGB (jet) color format was implemented. By 

defining matrix dimming limits between 190 and 280 

units in RGB mode and applying median and adaptive 

filtering, bone structures were successfully 

differentiated and displayed in red with their tonal 

variations (Figure 5). 

To construct a three-dimensional, color-coded 

visualization of bone tissue, SSD reconstruction was 

performed for each color component, corresponding to 

specific density values (Figure 6a). The integration of 

these reconstructions produced a volumetric model of 

the facial skeleton, where the highest-density bone 

tissue (2107-1369 HU) appeared in red, while lower-

density areas (400-162 HU) were represented in yellow 

(Figure 6b). 

 

 
a) 

 
b) 

Figure 4. Axial sections encoded in HSV format: 

with a bone density range of 1176-775 HU a), with 

a bone density range of 2107-1369 HU b) 

 

 
Figure 5. Axial slice encoded in RGB (jet) format 

with a bone density range of 2107-1369 HU 
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a) 

 
b) 

Figure 6. Computer SSD reconstruction of the jaw 

bone: with a density range of 2107-1369 HU a); with 

a bone density range of 2107-1369 and 400-162 HU 

b) 

 

Upon examining the generated image, it is evident that 

the bone density within the skull exhibits significant 

variation. Specifically, bone tissue with a density range 

of 2107-1369 HU is predominantly found in the frontal 

region of the upper jaw's alveolar process. The 

zygomatic-alveolar ridge contributes to the cortical 

layer in the angle, chin of the lower jaw, and the body. 

This area is also responsible for the marking of cement 

and dentin in the teeth [14]. These zones are distinctly 

visualized, with their borders easily identifiable in the 

resulting 3D reconstruction of the facial bones [15]. 

The analysis of computed tomography (CT) data 

further supports the consistency between the 

densitometric measurements and the images of the 

axial slices when decomposed into color spectra [16-

19]. In other words, each color is directly associated 

with a specific bone density range, as demonstrated by 

the correlation between digital density values and their 

corresponding color spectra. 

Conclusion 

The method outlined in this study enables the 

visualization and categorization of bone tissue based 

on density, assigning each region to a specific color 

spectrum. This approach enhances the ability to 

identify areas of both high and low bone density. The 

ability to isolate and reconstruct individual bone layers 

according to their density range facilitates precise 

boundary tracing in a 3D computer model. This 

technique holds significant potential for application in 

fields such as periodontology, maxillofacial surgery, 

orthodontics, and implantology, providing valuable 

insights into the condition of the jawbone and aiding in 

the planning of targeted treatments. 
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