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Introduction 
Asthma is a chronic lung disease with features 
of airway inflammation and remodelling, 
causing wheezing, chest tightness, coughing, 
shortness of breath, and bronchial 
hyperresponsivness. The pathophysiological 
mechanisms are currently not fully understood. 
X-ray micro-computed tomography (μCT) is 
an imaging technique that allows non-
destructive 3D imaging of samples, typically 
achieving spatial resolutions down to 1 µm. 
Common algorithms for processing branching 
structures are tracing or thinning algorithms, 
which reduce an object to a set of connected 
strings, called the skeleton. Thinning 
algorithms struggle with structures with rough 
surfaces and noise. We present a tracing 
algorithm based on sphere inflation and ray 
tracing that is able to segment 3D images of 
murine lung structures into individual 
branches, which is relatively insensitive to 
surface roughness and imaging noise. 

 
Methods 
The lungs of terminally anesthetized wild-type 
mice, inflated with Microfill to a constant total 
volume and fixed in 4% Paraformaldehyde 
were imaged in a custom 225 kV Nikon/Metris 
HMX ST scanner (HMX) at 115 keV. 
Resulting voxel size was ~10microns, 
depending on sample size. The images were 
converted to 8 bit, cropped, median filtered 
and binarised using a uniform threshold set to 
the highest peak in the intensity histogram. 
They were then eroded and dilated to reduce 
noise. A sphere-growth tracing method based 
on [Carrilo et al., 2005] was used to find cross-
sectional centres and airway axes, and a radial 
ray casting method used to detect branches. To 
reduce false positives due to noise, the tracer 
was instructed to stop at structures with radius 
less than 10 voxels. 
 
Results 
Figure 1A shows a clean skeleton within the 
lung, as produced by the algorithm. The 
algorithm was run 5 additional times on missed 
portions of the lung. Figure 1B shows the 

simplicity of the result compared with a 
skeletonization algorithm in the Fiji ImageJ 
Package, based on a decision tree 
implementation of binary thinning [Lee et al., 
1994]. 
 

 
Figure 1A (left). Trace of a lung volume.  1B 
(right). Cropped result of thinning skeletonization 
(red) and tracing (green) 
 
Additionally, the tracer produces a tree. Each 
node in the tree stores data for a branch: 
length, lumen width and angle. 
In terms of computational expense, four 2000 
x 2000 x 2000 voxel datasets can be traced in a 
day using a standard desktop computer, 
including additional executions for missed 
sections. The algorithm can be left to run 
unattended once an initial seeding point has 
been provided, and does not rely on precisely 
tuned initial parameters, further saving time. 

 
Discussion 
Here, we demonstrate an algorithm for 
spatially resolved morphology assessment of 
murine lungs. Comparison with pre-measured 
μCT data, which has been compared against 
histology, and also to custom lung 3D models 
will be undertaken to validate the accuracy in 
all stages of the tool. After such validation we 
will further apply this algorithm in the future 
to assess changes in lung morphology due to 
overexpression of an asthma gene, ADAM33.  
Additionally, this algorithm may be applied 
generically to any branching structure, 
including biological systems such as kidneys, 
blood vessels or plant roots. 
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