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We read with interest the article by Castillo et al (2010) on comparison of ventilation
calculations from 4D-CT images between density and Jacobian methods. In this work,
the authors performed ventilation calculations from 4D-CT images using three published
methods and compared the results with 99mTc-labeled aerosol single photon emission computed
tomography (SPECT) for seven patients who had 4D-CT and SPECT images taken on the
same day. The SPECT images were considered the gold standard for comparison. The three
methods included in their comparison are (1) density-based specific ventilation (Guerrero
et al 2006), (2) Jacobian-based specific ventilation (Reinhardt et al 2008), referred to as
analytic implementation of the Jacobian method in Castillo et al and (3) geometry-based
specific ventilation (Zhang et al 2009), referred to as Jacobian-based specific ventilation:
geometric implementation in Castillo et al. The authors concluded that all the methods
correlated well with global measurements of the resting tidal volume. The Dice similarity test
performed in their study showed similar coefficients between the SPECT percentile ventilation
and all three methods, with slightly higher correlation between SPECT and the density-based
method.

We appreciate the inclusion of our method in their study and their demonstration of the
validity of our approach. However, we also noted that the authors used our method in the
study but without referencing to our work, and the paper is vague regarding the origin of this
method. This may be an oversight as our paper was published in the proceedings of World
Congress on Medical Physics and Biomedical Engineering and may not be readily accessible.

We also believe that the authors were slightly in error, as the original Jacobian-based
method, called ‘analytic Jacobian’ in this paper, uses the Jacobian of the transformation that
maps image I0 to image I1 to estimate the local volume change (Reinhardt et al 2008). First-
order partial derivatives of the vector displacement function are the elements in the Jacobian

0031-9155/11/113445+02$33.00 © 2011 Institute of Physics and Engineering in Medicine Printed in the UK 3445

http://dx.doi.org/10.1088/0031-9155/56/11/N03
mailto:geoffrey.zhang@moffitt.org
http://stacks.iop.org/PMB/56/3445


3446 Comments And Replies

matrix. As our method does not use the derivative of the transformation matrix, our method is
not a Jacobian method. Our method is a brute force geometric calculation method. The volume
calculation is basically the sum of six tetrahedrons which are originally defined by eight voxel
vertex positions in expiration and then deformed in inspiration. For each tetrahedron, volume
V = (b – a) · [(c – a) × (d – a)]/6, where a, b, c, d are the vertices as vectors, which is simple
and easy to derive. A Jacobian is a mathematically well-defined term, and does not need
the adjective such as analytic or geometric. There is only one Jacobian and clearly having
two types of Jacobian methods does not make sense. The authors of the paper used a matrix
derivation and the logic: if A ≈ B and B = C, then A = C, to show that our method is a
Jacobian method. We believe that this derivation is farfetched and irrelevant to the topic of
the paper. It may confuse readers. We agree that the calculations by the Jacobian method and
our geometric method are close to each other. But it is common sense that different methods
may arrive at the same result.
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