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SUMMARY 

Bone fractures due to tissue pathologies (i.e. osteoporosis) are 

a major health issue. Nowadays principal diagnostic tools are 

manly based on densitometry. However, using only the bone 

mineral density to identify individuals who will suffer a 

fracture is not always reliable. An in-vitro study is here 

presented for the identification of the trabecular broken region 

and the investigation of its morphometry in comparison with 

the whole trabecular structure.  

 

Twenty trabecular bone specimens were analysed. All the 

specimens were acquired by means of a micro-CT, 

mechanically tested and acquired again. The full 3D broken 

region was identified in every specimen by means of an 

automatic procedure and its morphometry was analysed. 

BV/TV, Tb.Th*, off-axis angle, BS/TV, SMI and other 

morphometrical parameters were measured. The broken 

volume was found to be the 10% of the whole volume, despite 

the 50% suggested in literature. BV/TV was found not 

statistically different between broken region and whole 

volume (p=0.40), while several other parameters, including 

off-axis angle (p<0.05) were found statistically different.  

 

The present study point out the broken region to be a limited 

part of the whole trabecular volume, with peculiar 

morphology, suggesting the possibility to predict the broken 

region studying its local morphology. 

 

INTRODUCTION 

Trabecular bone fracture due to tissue disease is a major health 

issue. The correct identification of bone fracture risk is a 

mandatory issue for the prevention of the traumatic event and 

the reduction of medical efforts. The standard analysis for the 

evaluation of bone fracture risk is the analysis of Bone 

Mineral Density (BMD) [1, 2] measured by means of Dual-

energy X-ray. However, using only BMD to predict bone 

fracture risk was demonstrated to be not reliable [3]. This is 

probably due to the role of morphology in bone mechanical 

structure, which is not taken into consideration by BMD. The 

increasing use of local analysis for the in-vitro study of 

trabecular mechanical behavior [4-6] suggests the importance 

of local morphometric characteristics of the tissue on the 

global mechanical behavior. Identification of the broken 

region can permit to isolate and study the broken region itself 

and its mechanical behavior, but an extensive approach was 

always avoided due to the time consuming nature of a manual 

procedure [4, 5] 

  

In the present study an automatic procedure for the 3D 

identification of trabecular fracture [7] was applied. Aim of 

the study was to analyze the morphometric characteristics of 

the broken region of trabecular bone and compare it to the 

standard analysis procedure. 

 

METHODS 
Twenty cylindrical trabecular specimens were extracted from 

the lower limb of two donors without skeletal disorders during 

the LHDL (IST-2004-026932) European Project. All the 

specimens were acquired by means of a micro-CT (model 

Skyscan 1072, Skyscan, Kontich, Belgium) and mechanically 

tested following a previously published protocol [5, 6, 8]. 

After the mechanical compression every specimen was 

acquired again in micro-CT obtaining for every specimen two 

datasets: before and after compression. An automatic 

procedure for the identification of the full 3D broken region 

was applied [7]. During the procedure an automatic 

registration of the two datasets was performed and the broken 

region was identified in the before compression datasets. A 

volume of interest (VOI) was automatically plotted around the 

identified broken region. A global VOI was also identified 

with the whole dimension of every specimen. For both the 

VOIs of every specimen the following morphometrical 

parameters were determined (software “CT-Analyzer”, 

Skyscan, Kontich, Belgium): bone volume fraction (BV/TV), 

bone surface to volume ratio (BS/BV), bone surface density 

(BS/TV), direct trabecular thickness (Tb.Th*), structure model 

index (SMI), connectivity density (CD), the normalized 

eigenvalues (H1, H2, H3) of the fabric tensor. The degree of 

anisotropy (DA) was also computed as the ratio between H1 

and H3. The off-axis angle of the structure was computed as 

the difference between the main trabecular direction (MTD) 

and the principal axes of the specimen. All the parameters 

were compared between the broken region and the whole 

specimen by a paired statistical analysis (Wilcoxon non 

parametric test. Significance level set at p<0.05). 

 

RESULTS AND DISCUSSION 

Full 3D broken region was automatically identified in all the 

specimens as shown in Figure 1. Morphometric parameters 

were computed using both whole and full 3D analysis. Results 

were compared by means of Wilcoxon non parametric test. All 

results were shown in Table 1. The broken region was found 

to be around 10% of the whole volume (median value 10.0%), 

well below the dimension of 50% suggested in literature [4, 5, 



9]. Eight out of 11 of the studied parameters were found 

statistically significantly different. BS/BV and BS/TV were 

bigger in the broken region than in the whole specimen 

suggesting and increased fenestration of the structure. 

 

 

Figure 1: After and before compression datasets are shown. 

Full 3D broken region is highlighted in red on the before 

compression dataset. 

 

This result is supported by the increased value of the SMI 

suggesting a more rod-like trabecular framework. Tb.Th* was 

also smaller in the broken region than in the whole specimen. 

Normalized eigenvalues were also found different suggesting 

the broken region to be more oriented along the principal 

direction. However, the probably most interesting result is 

about the off-axis angle. This highlight a different orientation 

of the broken region, compared with the whole specimen. This 

parameter was already pointed out in literature as tightly 

bounded to the mechanical behaviour of trabecular specimens 

[5, 6, 8] and it could be the driven parameter for the 

development of the fracture. On the other hand BV/TV was 

found not statistically different between the two presented 

approaches. This result is somehow surprising since BV/TV 

was always pointed out as the main parameter describing the 

mechanical behaviour of trabecular bone [1, 10].  

 

CONCLUSIONS 

The presented study underlines the morphometrical variability 

of the trabecular structure. The trabecular broken region was 

found to be a very small part of the whole specimen, and with 

statistically significantly different morphology. The present 

study therefore point out the broken region to be a very limited 

part of the whole trabecular volume, with peculiar 

morphology, suggesting the future possibility to predict the 

broken region studying its local morphology. 
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Table 1: Median values of morphometric parameter are reported for both whole and full 3D analysis. P values of the Wilcoxon 

non parametric test are also reported. * p<0.05 

  Morphometric parameters 

  
BV/TV 

[%] 

BS/BV 

[1/mm] 

BS/TV 

[1/mm] 

Tb.Th* 

[µm] 
SMI 

CD 

[1/mm3] 
H1 H2 H3 DA 

off-axis 

angle 

[degree] 

Whole  10.4 23.0 2.38 162.5 1.46 4.68 0.544 0.286 0.148 4.14 9.00 

Full 3D 11.2 24.8 2.82 153.2 1.92 5.00 0.721 0.185 0.096 3.79 19.14 

p value 0.179 <0.001* <0.001* 0.005* <0.001* 0.955 0.037* 0.019* 0.025* 0.263 0.006* 

 


