
Image Registration-based Lung Mechanics 

Image registration or image matching is the task of finding spatial relationship between 

two images. In this study, we used image registration as a method by which inspiratory and 

expiratory images were overlaid voxel for voxel. Using image registration, the deformation of 

points from the inspiration image to the corresponding biological points in the expiration image 

can be estimated. The full inspiration (TLC) and end expiration (FRC) scans were registered for 

each subject. A lung mass-preserving registration method was used to capture volume changes 

between the two phases of respiration.(1) A sum of squared tissue volume difference (SSTVD) 

method was used as a similarity metric. This method has been shown previously to be effective 

in lung image registration protocols.(2, 3) The transformation matrix from the registration 

process was used to derive regional tissue expansion and contraction measures between TLC and 

FRC volumes. In this study, we used the Jacobian determinant metric to represent regional 

deformation patterns in COPD patients. The Jacobian determinant of the deformation matrix then 

provides valuable information on the point-wise tissue expansion and contraction measures and 

provides an estimate of the local volume change within a 1 cmm volume and estimates the 

pointwise expansion and contraction during deformation of the lung from TLC to FRC. This 

results in a deformation map that has values ranging from 0 to infinity. A Jacobian determinant 

value greater than 1 indicates local expansion whereas less than 1 indicates local contraction. A 

Jacobian determinant value equal to 1 indicates neither local expansion nor contraction. We used 

the mean of the Jacobian deformation map as a lung mechanical measure for each subject 

representing local deformation patterns between TLC and FRC volumes. The derivation of 

Jacobian is shown in Supplemental Figure 1.  



COPDGene is a large multicenter study and CT scans were acquired on different 

scanners at 21 different centers. In this study, scans were acquired on Siemens scanners  in 293 

participants and non-Siemens (GE and Philips) in 197 participants). To minimize the influence of 

scanner type on the results, we standardized scanner protocols across centers as well as adjusted 

for scanner type in the multivariable analyses by categorizing scanner as Siemens and non-

Siemens scanners. 

 

  



Supplemental Figure 1: Derivation of the Jacobian Determinant 

 

 

 

 

 

 

 

 



Supplemental Figure 2: Distribution of Respiratory Morbidity Indices 

 

The figure shows scatter plots of Jacobian determinant and the indices of respiratory morbidity: 

(A) St George’s Respiratory Questionnaire (SGRQ), (B) Six-minute walk distance (6MWD) and 

(C) the BODE Index (Body-mass index, airflow Obstruction, Dyspnea and Exercise capacity).  

COPD = Chronic obstructive pulmonary disease. GOLD = Global Initiative for Chronic Obstructive Lung Disease.  
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