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The main function of the respiratory system is gas exchange. Since many disease or injury conditions can cause biomechanical or material property changes that can alter lung function, there is a great interest in measuring regional lung function and mechanics.
Various efforts have been made to assess lung function. Invasive methods, such as percutaneously or surgically implanted parenchymal markers or inhaled fluorescent microspheres, are not possible for translation to humans. Nuclear medicine imaging such as positron emission tomography and single photon emission CT can provide an assessment of lung function, but its application is constrained by low spatial resolution in pulmonary imaging when images are acquired across several respiratory cycles. Standard CT, on the other hand, has been the main diagnostic modality for evaluation of lung diseases and can provide high-resolution images but it is largely static and does not provide ventilation assessment. Hyperpolarized noble gas MR imaging has been developed for functional imaging of pulmonary ventilation. Another method for the assessment of regional ventilation by MRI is the use of oxygen for signal enhancement. Although MR imaging avoids the concern about ionizing radiation, there is insufficient signal from airway walls to visualize anything but the largest airways. The other imaging modality to directly assess lung function is the xenon-enhanced CT (Xe-CT) which measures regional ventilation by observing the gas wash-in and wash-out rate on serial CT images. Marcucci et al. used the Xe-CT ventilation method to investigate the distribution of regional lung ventilation and air content in healthy, anesthetized, mechanically ventilated dogs in the prone and supine postures. Tajik et al. implemented single-breath and/or dynamic multibreath wash-in and washout protocols with respiratory- and cardiac-gated image acquisition. Fuld et al. studied the correlation between the CT-measured regional specific volume change and regional ventilation by Xe-CT in supine sheep. Guerrero et al. have used optical-flow registration to compute lung ventilation from 4D CT. Gee et al. have used non-rigid registration to study pulmonary kinematics using magnetic resonance imaging. Christensen et al. used image registration to match images across cine-CT sequences and estimate rates of local tissue expansion and contraction  and their measurements matched well with spirometry data. Ehrhardt et al. proposed a method to compute a 4D statistical model of respiratory lung motion which consists of a 3D shape atlas, a 4D mean motion model and a 4D motion variability model. 
The ability technique to estimate regional lung mechanics and function as a surrogate of the Xe-CT ventilation imaging for the entire lung from quickly and easily obtained respiratory-gated images, is a significant contribution to functional lung imaging because of the potential increase in resolution, and large reductions in imaging time, radiation, and contrast agent exposure. One may be useful to detect and follow the progression of lung disease such as COPD, may be useful as a planning tool during RT planning, may be useful for tracking the progression of toxicity to nearby normal tissue during RT, and can be used to evaluate the effectiveness of a treatment post-therapy.

