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Euclidean distance transformation 
and then check deletability of the 
points in sequence that the 
Euclidean distance is small.  
Using this algorithm the middle 
lines were correctly calculated 
without changing the topology of 
the airways even if the original 
images were shifted and rotated 
from the vertical direction. 
 Using these middle lines we 
calculated the average diameter D 
and average length L as a 
function of the Weibel’s airway 
generation Z ranging from 8 to 16 
in Fig. 4.  The average diameter 
and length decreased by an exponential function like Weibel data and 
was fitted to the Eq. (1) and (2). 

Ζ−⋅= 1777.021104.1)(ZD    (1) 
Ζ⋅= -0.0851e1.7015)(ZL    (2) 

The average diameter ratio (daughter diameter / parent diameter) in 
small airways was 0.89 and the average ratio length to diameter (L/D) 
was 2.26 ranging from 2.02 to 2.63. 

 The branching angle α and gravity angle β were approximately 
constant at 133.3 ± 23.8º and 63.9 ± 13.2º over the generations studied 
It is well known that the airways branch asymmetrically and therefore 
the asymmetry of the bifurcation As was defined as follows. 

) 2 1,( 21/  As ααααα ⊆=    (3) 
α2 was defined as the pair branching angle of α1, and α1 was major 
and α2 was minor (α1>α2).  As decreased with Z, consistent with the 
geometry data presented by Phalen et al. [2].  And As proportionally 
decreased with α2 and was linearly fitted to the Eq. (4).   

2.8791   0.0131-  +⋅= 2As α    (4) 
Eq. (3) indicated that one branching angle (α1) decided the other pair 
branching angle (α2) and in the case of the symmetric bifurcation (α1 
= α2) the branching angle was approximately 140º.   
 This method does not require dehydration and fixation to 
visualize small airways in detail in “near” physiological conditions, 
and so we visualized the same airways in various lung volumes (Fig. 
4).  Fig. 5 shows the diameter increment as a function of the default 
diameter at FRC (functional residual capacity).  The diameter of small 
airways expanded about 1.1 ~1.7 times at tidal volume and 1.2 ~ 2.5 
times at TLC (total lung capacity) in comparison with at FRC.  For 
many years the lung compliance has been evaluated from the 

macroscopic viewpoint and described particularly in terms of the 
pressure – volume curve; however using this method compliance can 
be investigated at the microscopic local level of small airways and 
alveoli.  Furthermore this morphometry change during respiration will 
open the way to new research of the pulmonary dynamics.  
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Fig. 2  The superimposed 
three-dimensional structure
and its skeleton. (Black lines)
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Fig. 3  The average diameter D (square) and average length 
L (triangle) as a function of the airway generation Z. 
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Fig. 5  The diameter increment at tidal volume and 
TLC as a function of the default diameter at FRC 

Fig. 4  The micro-CT images of the same airways in 
various lung volumes.  (A: 3ml (FRC), B: 5ml, C: 7ml, 

D: 9ml, and E: 11ml (TLC), Bar: 500 µµµµm) 


