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In vivo micro-computed tomography (micro-CT) imaging 

of small animals provides three dimensional anatomical 

maps of the subjects that can be used to study and analyze 

skeletal bone structures, formation, and diseases. 

Extracting the bones from raw micro-CT images is a key 

step in enabling such studies and analyses. While micro-

CT images provide contrast between bone and soft tissue 

components, detecting the bone voxels in a micro-CT 

volume is challenging considering noise and partial 

volume effects which result in low voxel density in thin 

bones such as the pelvis. Furthermore, automated 

separation of individual bones contained fully or partially 

in the micro-CT image volume is necessary for performing 

analysis on different bones and the corresponding cortical 

and trabecular compartments when manual segmentation is 

impractical. In this work, a fully automated optimized 

framework is presented for robust detection, segmentation, 

and analysis of bones from raw micro-CT images. The 

imaging platforms used in this work consist of stand-alone 

Quantum® FX and Quantum® GX micro-CT systems (both 

by PerkinElmer, Inc.). Small animal data are acquired at 

different fields of view (5 mm, 10 mm, 24 mm, and 30 

mm) and voxel resolutions of 10, 20, 46, and 58 microns 

for mice and rats in vivo and postmortem. The micro-CT 

data are converted to Hounsfield units prior to processing 

and analysis. 

A fully automated framework is presented for workflows in 

bone analysis and orthopedic studies using micro-CT 

imaging. The widely used morphometric ASBMR analysis 

of cortical and trabecular components can be carried out 

without user interaction or guidance using this framework. 

The challenging steps of bone detection and separation are 

overcome by the edge detection and splitting filter 

approaches which produce automated robust results even at 

low resolutions. The splitting filters bring unprecedented 

accuracy to bone separation as they are capable of splitting 

thin joints such as joints between the vertebrae. More 

importantly, the task of separating the bone metaphysis 

from epiphysis can be automatically carried out by 

adjusting the splitting filter strength.  
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For bone detection, a hybrid thresholding algorithm is used 

which combines the benefits of fixed and histogram-based 

global thresholding with local thresholding (Waarsing, et. 

al.) and offers significant improvements over existing auto-

thresholding techniques, as shown in the results of Fig 1. 

This algorithms starts by identifying a region with high 

likelihood of bone voxels using hysteresis thersholding at 

appropriate factors of histogram-based thresholding 

techniques as shown in Figure 2. After the grayscale data is 

masked by this region of interest, it undergoes edge 

detection and local thresholding where voxel values on 

edges are extrapolated to non-edge voxels in a Gaussian 

extrapolation fashion. This provides a local threshold map 

which is applied to grayscale data to produce a binary bone 

mask.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The task of automated bone separation or segmentation of 

individual bones is challenging especially for lower 

resolutions (voxels sizes of 40 um and higher). Also, 

automated separation bones such as femur-pelvis or 

vertebrae are considerably difficult given the thin joint or 

cartilage areas. Existing approaches, including watershed 

of the binary mask distance transform, fail to accurately 

separate bones at lower resolutions as they are biased 

towards splitting at morphological discontinuities or thin 

binary connections. In order to overcome the challenges of 

bone separation in lower resolutions,  splitting filters were 

designed based on second-derivate that can accurately 

locate the joint areas between the bones. As shown in after 

splitting the binary bone mask using splitting filters, 

connected component analysis is performed on the split 

bone mask, and the results are used in marker-controlled 

watershed as seeds to produce the final segmentation map. 
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Fig. 2. Hybrid thresholding combines histogram-based hysteresis thresholding 

with edge detection and local thresholding. This ensures robust detection of 

voxels of thin bone sections such as pelvic girdle which are strongly affected 

by partial volume effects.   

Fig. 1. Hybrid thresholding bone detection results for datasets with 46, 58, 

and 116 um voxel resolution from left to right, respectively. The hybrid 

detection can accurately localize bone voxels at low resolutions and is 

unaffected by partial volume effects.  

Once individual bones are segmented accurately, the 

trabecular and cortical components of each bone need to be 

separated for ASBMR morphometric analysis. This 

separation is carried out using morphological filling and 

masking operations. As shown in Figure 4, the interior 

region of the bone is filled, and then the filler, which 

constitutes a binary component, goes through closing and 

filling operations to absorb the porous trabecular bone 

structures. Then the filler is masked by the original bone 

mask to produce a binary component representing the 

trabecular component (Buie, et al).   

Fig. 4. Trabecular separation in the mouse tibia imaged at 10 um and 20 um 

voxel resolutions. 

Fig. 3. Automated bone separation for lower limbs of mouse imaged at 10 um, 

20 um, and 46 um voxel resolutions. Note that by adjusting the splitting filter 

strength, the epiphysis of femur and tibia can also be separated from the 

metaphysis. 

The principal axes and ASBMR morphometric analysis 

associated with cortical and trabecular components of each 

individual bone can be automatically computed and 

visualized, as shown in Fig 5. 

Fig. 5.  Principal axes and cortical thickness distribution of a mouse tibia, and 

the cortical thickness distribution of the pelvic girdle and femur of a mouse. 


