
28 April 2024

ISTITUTO NAZIONALE DI RICERCA METROLOGICA
Repository Istituzionale

Repeatability and reproducibility uncertainty assessment in magnetic resonance-based electric properties
tomography of a homogeneous phantom / Arduino, Alessandro; Pennecchi, FRANCESCA ROMANA;
Katscher, Ulrich; Cox, Maurice; Zilberti, Luca. - (2023), pp. 38-39. (Intervento presentato al  convegno
ENBIS and EMN Mathmet Joint Workshop Mathematical and Statistical Methods for Metrology tenutosi a
Torino nel 30-31 May 2023).

Original

Repeatability and reproducibility uncertainty assessment in magnetic resonance-based
electric properties tomography of a homogeneous phantom

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the corresponding bibliographic
description in the repository

Availability:
This version is available at: 11696/76800 since: 2023-06-01T07:54:14Z

This is the author's accepted version of the contribution published as:



Repeatability and Reproducibility Uncertainty
Assessment in Magnetic Resonance-based
Electric Properties Tomography of a
Homogeneous Phantom

Alessandro Arduino1, Francesca Pennecchi1, Ulrich Katscher2, Maurice Cox3 and
Luca Zilberti1

Key words: electric properties tomography, magnetic resonance imaging, phan-
toms, quantitative imaging, uncertainty

Magnetic resonance-based electric properties tomography (MR-EPT) is a quantita-
tive imaging technique that non-invasively estimates the electric property values
inside a human body [Leijsen (2021)]. Some early clinical applications of MR-
EPT have been presented in the literature and most of them rely on the MR-EPT
implementation called Helmholtz-EPT, in particular its phase-based approxima-
tion [Shin (2015), Kim (2016), Tha (2018, 2021)]. Helmholtz-EPT suffers a large
sensitivity to input noise and the presence of systematic errors at tissue boundaries.
Recognizing this issue, this contribution presents a repeatability and reproducibil-
ity uncertainty assessment in the electric conductivity of a homogeneous phantom
estimated by phase-based Helmholtz-EPT.

A homogeneous cylindrical phantom of a known solution of NaCl in distilled
water was acquired with a 3 T Ingenia TX scanner (Philips Healthcare, Best, The
Netherlands) with a body coil in transmission and a 32-channel head coil in recep-
tion using a steady-state free precession (SSFP) sequence with nominal flip-angle of
30◦ and isotropic resolution of 2 mm. The measured phase of the acquired complex-
valued image is a good estimate of the transceive phase from which the electric
conductivity is estimated. Repeatability conditions are obtained by acquiring 25
images with the phantom centered at the scanner isocenter. Reproducibility con-
ditions are obtained with 8 additional images acquired by moving the phantom at
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Fig. 1 Estimated maps under
repeatability (a) and repro-
ducibility (b) conditions,
with kernels of various sizes
n. Statistical distribution of
the estimated conductivity
under repeatability (c) and
reproducibility (d) conditions,
compared with the spatial
dispersion and the median
uncertainty.

a distance of about 6 cm from the isocenter between the scans (see Fig. 1b). The
covariance matrices of the means of the phase and conductivity maps are evaluated
according to the James–Stein shrinkage estimator [Schäfer (2005)] and the law of
propagation of uncertainty. The EPTlib implementation of phase-based Helmholtz-
EPT [Arduino (2021)] and the code for uncertainty propagation published in [Ar-
duino (2020)] were used.

The conductivity maps estimated under repeatability conditions show spatial
noise, corresponding to a spatial dispersion of the estimated conductivity, larger
than the median standard uncertainty associated with each voxel. Hence, averaging
multiple repeated acquisitions does not correct for this, apparently random, spatial
noise. On the other hand, the conductivity maps estimated under reproducibility
conditions show that the repositioning of the phantom changes the distribution of
the repeatable noise, making it random from a practical point of view. Indeed, we
observed that the spatial dispersion of the conductivity values estimated under repro-
ducibility conditions is comparable with the median standard uncertainty associated
with each voxel (see Fig. 1).
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