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Abstract

Purpose: The purpose of this study was to introduce a new algorithm for automated measurement
of the modulation transfer function (MTF)using an edge of a readily available phantom and to
evaluate the effect of reconstruction filter and field of view (FOV) on the spatial resolution in the CT
images. Methods: Our automated MTF measurement consisted of several steps. The center of the
image was established and an appropriate region of interest (ROI) designated. The edge spread
function (ESF)was determined, and a suitably interpolated ESF curve was differentiated to obtain the
line spread function (LSF). The LSF was Fourier transformed to obtain the MTF. All these steps were
accomplished automatically without user intervention. The results of the automated MTF from the
edge phantom were validated by comparing them with a point image, and the results of the
automated calculation were validated by the standard fitting method. The automated MTF
calculation was then applied to the images of two polymethyl methacrylate ( PMMA ) phantoms and a
wire phantom which had been scanned by a Toshiba Alexion 4-slice CT scanner and reconstructed
with various filter types and FOVs. Results: The difference in the 50% MTF values obtained from the
edge and point phantoms were within +4%. The values from the automated and fitted methods
agreed to within +2%, indicating that the automated MTF calculation was accurate. The automated
MTF calculation was able to differentiate MTF curves for various filters. The spatial resolution values
were 0.37+0.00, 0.71+0.01, and 0.78+0.01 cycles/mm for FC13, FC30 and FC52 filters, respectively. The
spatial resolution of the images decrease linearly (R 2 >0.98) with increasing FOVs. Conclusion: An
automated MTF method was successfully developed using an edge phantom,the PMMA phantom.
The method is easy to implement in a clinical environment and is not influenced by user experience.
© 2018 The Authors. Journal of Applied Clinical Medical Physics published by Wiley Periodicals, Inc. on
behalf of American Association of Physicists in Medicine.
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Abstract

Purpose: The aim of this study was to evaluate the utility of merged balanced
steady-state free precession (bSSFP) magnetic resonance cisternography images.
Materials and Methods: Twenty ears of 10 healthy volunteers (six men, four
women; mean age + standard deviation, 26.7 + 1.6 yr) and 10 patients (two men,
eight women; mean age, 46.3 + 10.9 yr) with neoplasm around the sella turcica
were included. Two different devices (A and B) were used to confirm the versatility
of our method for MR devices with different local magnetic field homogeneity.
Images with different central frequencies (10, 20, +30, +40, and +50 Hz) were
merged with the maximum magnitude of corresponding pixels from the images
acquired using both devices. Two neuroradiologists visually graded the image quality
of 11 sites in the inner ear and three sites around the sella turcica (scale: 0-2) and
compared the quality with that of the corresponding basic image (0 Hz).

Results: The image quality was better in merged images of the vestibule, superior
semicircular canal (SCC), posterior SCC, and horizontal SCC (P = 0.005 to 0.020
mainly at +40 and +50 Hz on devices A and B), as well as in merged images of the
sella turcica and right cavernous sinus (x50 Hz, P = 0.003 and 0.020 on device B,
respectively), than it was in the corresponding basic images.

Conclusions: The maximum magnitude merging of images with different central fre-
quencies makes it possible to reduce banding artifacts on bSSFP images without the

need for special pulse sequences and image processing programs.

PACS
87.61.Tg
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balanced steady-state free precession, banding artifacts, merged images, off resonance

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
© 2018 Chiba University Hospital.

234 I wileyonlinelibrary.com/journal/jacmp

J Appl Clin Med Phys 2018; 19:6:234-243

So[onIE $8000Y uadQ) 10§ 1daoxs ‘paptuiiad Jou AOLS SI UOHNQLISIP PUE asn-3y “[1202/01/LZ] U0 -(JNdV'V) SUIDIPIIAL UI SISIDISAY JO UOHBIDOSSY UBdLIOWY Ag] w0 Ad[im Areiqraurjuo-widee//:sdpy woiy papeorumod ‘61 ‘8107 F16697S1



Received: 22 February 2018 | Revised: 3 June 2018

Accepted: 28 June 2018

DOI: 10.1002/acm2.12423

MEDICAL IMAGING

WILEY

Impact of a novel exponential weighted 4DCT
reconstruction algorithm

Eric D. Morris®? | Joshua P. Kim! | Paul Klahr® | Carri K. Glide-Hurst?

1Department of Radiation Oncology, Henry
Ford Cancer Institute, Detroit, MI, USA

2Department of Radiation Oncology,
Karmanos Cancer Center, Karmanos Cancer
Center, Wayne State University School of
Medicine, Detroit, MI, USA

3Computed Tomography and Advanced
Molecular Imaging Business Unit, Philips
Healthcare, Cleveland, Ohio, USA

Author to whom correspondence should be
addressed. C. K. Glide-Hurst.
Email: churst2@hfhs.org.

Funding Information
Philips Medical Systems; National Cancer

Institute of the National Institutes of Health,

Grant/Award Number: RO1CA204189;
Henry Ford Health System

Abstract

Purpose: This work characterizes a novel exponential 4DCT reconstruction
algorithm (EXPQO), in phantom and patient, to determine its impact on
image quality as compared to the standard cosine-squared weighted 4DCT
reconstruction.

Methods: A motion platform translated objects in the superior—inferior (S-l) direc-
tion at varied breathing rates (8-20 bpm) and couch pitches (0.06-0.1) to evaluate
interplay between parameters. Ten-phase 4DCTs were acquired and data were
reconstructed with cosine squared and EXPO weighting. To quantify the magnitude
of image blur, objects were translated in the anterior—posterior (A-P) and S-1 direc-
tions for full-width half maximum (FWHM) analysis between both 4DCT algorithms
and a static case. 4DCT sinogram data for 10 patients were retrospectively recon-
structed using both weighting factors. Image subtractions elucidated intensity and
boundary differences. Subjective image quality grading (presence of image artifacts,
noise, spatial resolution (i.e., lung/liver boundary sharpness), and overall image qual-
ity) was conducted yielding 200 evaluations.

Results: After taking static object size into account, the FWHM of EXPO recon-
structions in the A-P direction was 3.3 + 1.7 mm (range: 0-4.9) as compared to
cosine squared 9.8 + 4.0 mm (range: 2.6-14.4). The FWHM of objects translated in
the S-l direction reconstructed with EXPO agreed better with the static FWHM
than the cosine-squared reconstructions. Slower breathing periods, faster couch
pitches, and intermediate 4DCT phases had the largest reductions of blurring with
EXPO. 18 of 60 comparisons of artifacts were improved with EXPO reconstruction,
whereas no appreciable changes were observed in image quality scores. In 18 of 20
cases, EXPO provided sharper images although the reduced projections also
increased baseline noise.

Conclusion: Exponential weighted 4DCT offers potential for reducing image blur
(i.e., improving image sharpness) in 4DCT with a tendency to reduce artifacts.
Future work will involve evaluating the impact on treatment planning including

delineation ability and dose calculation.
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