IOP SClence jopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Reply to Comment on ‘A new method to measure electron density and effective atomic

number using dual-energy CT images’

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 Phys. Med. Biol. 61 6266
(http://iopscience.iop.org/0031-9155/61/16/6266)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 159.237.12.65
This content was downloaded on 29/12/2016 at 15:41

Please note that terms and conditions apply.

You may also be interested in:

Comment on ‘A new method to measure electron density and effective atomic number using dual-energy
CT images’
Hugo Bouchard

A new method to measure electron density and effective atomic number using dual-energy CT images
Luis Isaac Ramos Garcia, José Fernando Pérez Azorin and Julio F Almansa

A general method to derive tissue parameters for Monte Carlo dose calculation with multi-energy CT
Arthur Lalonde and Hugo Bouchard

Range prediction for tissue mixtures based on dual-energy CT
Christian Mohler, Patrick Wohlfahrt, Christian Richter et al.

Comprehensive analysis of proton range uncertainties related to patient stopping-power-ratio
estimation using the stoichiometric calibration
Ming Yang, X Ronald Zhu, Peter C Park et al.

Dual-energy CT imaging for measuring proton stopping ratios
M Yang, G Virshup, J Clayton et al.

Quantitative imaging of electron density and effective atomic number
Zhihua Qi, Joseph Zambelli, Nicholas Bevins et al.

MRI QA for Dia

Simulation, Gati ﬂw \



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0031-9155/61/16
http://iopscience.iop.org/0031-9155
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1088/0031-9155/61/16/6264
http://iopscience.iop.org/article/10.1088/0031-9155/61/16/6264
http://iopscience.iop.org/article/10.1088/0031-9155/61/1/265
http://iopscience.iop.org/article/10.1088/0031-9155/61/22/8044
http://iopscience.iop.org/article/10.1088/0031-9155/61/11/N268
http://iopscience.iop.org/article/10.1088/0031-9155/57/13/4095
http://iopscience.iop.org/article/10.1088/0031-9155/57/13/4095
http://iopscience.iop.org/article/10.1088/0031-9155/55/5/006
http://iopscience.iop.org/article/10.1088/0031-9155/55/9/016
http://oas.iop.org/5c/iopscience.iop.org/905314132/Middle/IOPP/IOPs-Mid-PMB-pdf/IOPs-Mid-PMB-pdf.jpg/1?

IOP Publishing | Institute of Physics and Engineering in Medicine Physics in Medicine & Biology

Phys. Med. Biol. 61 (2016) 6266—-6268 doi:10.1088/0031-9155/61/16/6266

Reply

Reply to Comment on ‘A new method to
measure electron density and effective
atomic number using dual-energy

CT images’

Luis Isaac Ramos-Garcia', José Fernando Pérez-Azorin?
and Julio F Almansa’

! Department of Oncology, Clinica Universidad de Navarra, University of Navarra,
Av. Pio XII s/n, Pamplona, Navarra, Spain

2 Medical Physics Departament, Hospital Universitario de Cruces, Plz. Cruzes,
Brakaldo, Bizkaia, Spain

3 Medical Physics Departament, Hospital Universitario Virgen de la Nieves,

Av. De las Fuerzas Armadas, Granada, Spain

E-mail: liramos @unav.es

Received 18 April 2016, revised 24 May 2016
Accepted for publication 7 July 2016 @
Published 3 August 2016

CrossMark
Abstract
In this note, we would like to respond to the comments made by Professor
Bouchard on our recent published work and clarify some aspects of it.

Keywords: tissue characterization, dual-energy CT, electron density,
effective atomic number

(Some figures may appear in colour only in the online journal)

First of all, it is worth mentioning that the method proposed by Bourque et al (2014) and our
method are non-parametrical in the sense that both do not assume any predefined functional
form of the attenuation coefficients. Bourque’s method uses a polynomial expansion which it
was originally proposed by Midgley (2004) as they expose in the last paragraph of page 2061
of their paper.

Although the definition of dual energy ratio in equation (24) of our paper is slightly
different from the Bourque’s definition; we have to note that we use Bourque’s definition
(i.e. Cé = Cgl = —1000) for estimate the calibration curve Z.¢(I") in our implementation of
Bourque’s method.
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Figure 1. Z. calculated using different definitions versus the Z calculated using
equation (23) of our paper.
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Figure 2. Calibration curves used for the implementation of the Bourque’s method. The
uncertainties were used in the fitting processes. The uncertainties of [ were calculated
using the standard formula for the propagation of the imprecision and were taken into
account using the effective variance method (Orear 1982).

It is true that in our work, the quotient of the reduced Hounsfield units and the electron den-
sity was fitted as a function of Zg, but this should be equivalent to the HU(p tissuez o) fit if the
uncertainties are properly taken into account in the process (Bevington and Robinson 1969).

As professor Bourque kindly exposes, our definition of Zg is different to the definition pro-
posed in the Bourque’s paper. Our definition of Z is explicitly stated in equation (23) of our
paper and, although different, is very closely related to the definition used by Bourque ez al.
In figure 1, we show the relationship between our Z.g, the Zs proposed by Bourque et al and
the Z.g calculated using the Mayenor definition.

Finally, polynomials of degree 2 are used for the calibration curves of

Zt¢(I). Figure 2 shows the calibration curves.
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