thresholding (using the Foreground masking BRAINS module'*) and the two masks were
multiplied (logical AND) to obtain a final overlapping mask. Next an automatic rigid (6 DOF)
registration was performed using samples within the mask. This mask was crucial to ensure that
the registration does not converge into a local minimum as a result of tissue deformations
(especially present at the back of the neck). Finally, an affine (12 DOF) image registration was
also performed automatically, after applying the rigid transformation. In both automatic
registrations (rigid and affine) the mean squared error (MSE) was selected as the cost metric
rather than Mattes Mutual Information (the default setting)'”. Following registration, all sCT
datasets were resampled to the same output settings (origin, FOV and resolution) as the planning
CT using the transform matrix. Additionally, a second set of CT and sCT datasets were created
using the “Crop Volume” module'® to reduce the FOV and exclude the neck region where non-
rigid tissue deformations tend to occur. To assess the accuracy of the sCT, the mean absolute
error (MAE) between the CT and sCT was calculated for both classification techniques (SCTgerker
and sCTgcmMmi), both types of registrations (rigid and affine) and with and without including the
neck (yielding 2x2x2=8 MAEs per subject).

6.3.2.4 Correlation between Bone CT Number and dyrtg

To investigate a possible correlation between the bone CT number and the dyrz signal, the dyre
image of each subject was also coregistered and resampled using the same rigid (6 DOF) and
affine (12 DOF) image transforms. Joint histograms of dyrg and CT were then plotted in
MATLAB using 200 bins in the range of [0 2] for dyrz and [0 2000] for CT. For each patient, 10
samples were manually selected along the center of mass of each joint histogram distribution
(clusters), and all the samples were pooled across the 12 patients (120 points in total). (Manual
selection avoided the difficulty of pre-conditioning the samples to achieve a stable fit). A
quadratic fit (y=ax’+bx+c) of the data with y=CT and x=dyzz was calculated in Excel. This
quadratic model for mapping dyrg into bone CT was used to further refine the pipeline shown in
Figure 6.3(c), by assigning continuous-valued CT numbers within the bone mask. These final

sCT images were denoted as sSCTrcmz.

' See https://www.slicer.org/wiki/Documentation/4.6/Modules/ForegroundMasking.
1% See refer to https://www.slicer.org/wiki/Documentation/4.6/Modules/BRAINSFit.
1 See https://www.slicer.org/wiki/Documentation/Nightly/Modules/CropVolume.
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Figure 7.2: Parametric maps of patient (a) in Figure 7.1 before treatment and 4 months later, following

rigid 6 DOF registration.
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Figure 7.3: Parametric maps of patient (b) in Figure 7.1 before treatment and 4 months later, following

affine and deformable B-spline registration.
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7.3.2.3 Conclusion

At this point, it is too early to conclude whether the changes in relaxometry and anatomical
displacements observed in both patients point toward a tumor regression, progression or pseudo-
progression. What we can conclude, however, is that these techniques (without the use of
contrast agent) seem sufficiently sensitive to pick out significant changes in anatomy and
relaxometry between the scans before and four months after the treatment. Future research and
work beyond the completion of this study will be needed to fully assess the potential benefits of

MPM in clinical oncology.

7.4 Final Closing Remarks
In this concluding chapter, the major findings of this dissertation were highlighted, as well as
some limitations. An application of MPM on primary brain tumors was presented with some
preliminary results on two patients before and three months after radiation therapy. While it was
too early to fully assess the usefulness of MPM in comparison to the standard clinical practice of
using contrast-enhanced T;-weighted images, we could nevertheless conclude that significant
changes in relaxometry (>100%) and anatomical shifts (>2.5 mm) were detectable within and
around the tumor, potentially providing useful diagnostic information for clinical oncology. The
clinical trial will have to be completed and the data thoroughly analyzed before definite findings

and conclusions can be reported.

221



[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

Bibliography
“Statistics about Radiation Therapy.” [Online]. Available:

http://www.rtanswers.org/statistics/aboutradiationtherapy/.

“Equipment, Workload and Staffing for Radiotherapy in the UK 1997-2002,” R. Coll.
Radiol., no. 5, p. 3, 2005.

T. Stanescu, J. Hans-sonke, P. Stavrev, and B. G. Fallone, “3T MR-based treatment
planning for radiotherapy of brain lesions,” Radiol. Oncol., vol. 40, no. 2, pp. 125-132,
2006.

T. Stanescu, H.-S. Jans, N. Pervez, P. Stavrev, and B. G. Fallone, “A study on the
magnetic resonance imaging (MRI)-based radiation treatment planning of intracranial

lesions.,” Phys. Med. Biol., vol. 53, no. 13, pp. 3579-93, Jul. 2008.

T. Stanescu, H. S. Jans, K. Wachowicz, and B. G. Fallone, “Investigation of a 3D system
distortion correction method for MR images.,” J. Appl. Clin. Med. Phys., vol. 11, no. 1, p.
2961, Jan. 2010.

H. Wang, J. Balter, and Y. Cao, “Patient-induced susceptibility effect on geometric
distortion of clinical brain MRI for radiation treatment planning on a 3T scanner.,” Phys.

Med. Biol., vol. 58, no. 3, pp. 46577, Mar. 2013.

B. Zhang, D. MacFadden, a Z. Damyanovich, M. Rieker, J. Stainsby, M. Bernstein, D. a
Jaffray, D. Mikulis, and C. Ménard, “Development of a geometrically accurate imaging
protocol at 3 Tesla MRI for stereotactic radiosurgery treatment planning.,” Phys. Med.
Biol., vol. 55, no. 22, pp. 6601-15, Nov. 2010.

S. P. M. Crijns, C. J. G. Bakker, P. R. Seevinck, H. de Leeuw, J. J. W. Lagendijk, and B.
W. Raaymakers, “Towards inherently distortion-free MR images for image-guided
radiotherapy on an MRI accelerator.,” Phys. Med. Biol., vol. 57, no. 5, pp. 1349-58, Mar.
2012.

U. Noth, E. Hattingen, O. Béhr, J. Tichy, and R. Deichmann, “Improved visibility of brain
tumors in synthetic MP-RAGE anatomies with pure T 1 weighting,” NMR Biomed., vol.
28, no. April, pp. 818-830, 2015.

222



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

S. C. L. Deoni, S. C. R. Williams, P. Jezzard, J. Suckling, D. G. M. Murphy, and D. K.
Jones, “Standardized structural magnetic resonance imaging in multicentre studies using
quantitative T1 and T2 imaging at 1.5 T.,” Neuroimage, vol. 40, no. 2, pp. 662-71, Apr.
2008.

N. Weiskopf, J. Suckling, G. Williams, M. M. Correia, B. Inkster, R. Tait, C. Ooi, E. T.
Bullmore, and A. Lutti, “Quantitative multi-parameter mapping of R1, PD*, MT, and R2*
at 3T: A multi-center validation,” Front. Neurosci., vol. 7, no. 7 JUN, pp. 1-11, 2013.

D. Ma, V. Gulani, N. Seiberlich, K. Liu, J. L. Sunshine, J. L. Duerk, and M. A. Griswold,
“Magnetic resonance fingerprinting.,” Nature, vol. 495, no. 7440, pp. 187-92, 2013.

R. Damadian, “Tumor detection by nuclear magnetic resonance,” Science (80-. )., vol.

171, no. 3976, pp. 1151-1153, 1971.

L. Kjaer, C. Tomsen, F. Gjerris, B. Mosdal, and O. Henriksen, “Tissue characterization of
intracranial tumors by MR imaging. In vivo evaluation of T1- and T2-relaxation behavior

at 1.5 T,” Acta Radiol., vol. 32, no. 6, pp. 498-504, 1991.

P. Sanghera, J. Perry, A. Sahgal, S. Symons, R. Aviv, M. Morrison, K. Lam, P. Davey,
and M. N. Tsao, “Pseudoprogression Following Chemoradiotherapy for Glioblastoma

Multiforme,” Can. J. Neurol. Sci., vol. 37, no. 1, pp. 3642, 2010.

J.-D. Jutras, “Efficient Data Acquisition, Transmission and Post-Processing for Quality

Spiral Magnetic Resonance Imaging,” University of Alberta, 2011.

J.-D. Jutras, K. Wachowicz, G. Gilbert, and N. De Zanche, “SNR Efficiency of Combined
Bipolar Gradient Echoes: Comparison of 3D FLASH, MPRAGE, and Multi-Parameter
Mapping with VFA-FLASH and MP2RAGE,” Magn. Reson. Med., vol. In Press, no.
January, 2016.

Y. Berker, J. Franke, A. Salomon, M. Palmowski, H. C. W. Donker, Y. Temur, F. M.
Mottaghy, C. Kuhl, D. Izquierdo-Garcia, Z. a Fayad, F. Kiessling, and V. Schulz, “MRI-
based attenuation correction for hybrid PET/MRI systems: a 4-class tissue segmentation

technique using a combined ultrashort-echo-time/Dixon MRI sequence.,” J. Nucl. Med.,

vol. 53, no. 5, pp. 796804, May 2012.

223



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

N. Bloembergen, E. M. Purcell, and R. V. Pound, “Relaxation Effects in Nuclear in
Nuclear Magnetic Resonance Absorption,” Phys. Rev., vol. 73, no. 7, pp. 679-712, 1948.

R. Damadian, M. Goldsmith, and L. Minkoff, “NMR in Cancer: XVI. FONAR Image of
the Live Human Body,” Physiol. Chem. & Phys., vol. 9, pp. 97-109, 1977.

P. C. Lauterbur, “Image Formation by Induced Local Interactions: Examples Employing

Nuclear Magnetic Resonance,” Nature, vol. 242, no. 5394. pp. 190-191, 1973.

P. Mansfield and P. K. Grannell, “NMR ‘diffraction’ in solids?,” J. Phys. C Solid State
Phys., vol. 6, no. 22, pp. L422-1.426, 1973.

Z.-P. Liang and P. C. Lauterbur, Principles of Magnetic Resonance Imaging: A Signal
Processing Perspective. New York: IEEE Press, 2000.

J. V Hajnal, D. L. Hill, and D. J. Hawkes, Eds., Medical Image Registration. Boca Raton:
CRC Press, 2001.

J. P. Mugler, S. Bao, R. V. Mulkern, C. R. Guttmann, R. L. Robertson, F. A. Jolesz, and J.
R. Brookeman, “Optimized single-slab three-dimensional spin-echo MR imaging of the

brain,” Radiology, vol. 216, no. 3, pp. 891-899, 2000.

H. Lee, E.-Y. Kim, K.-S. Yang, and J. Park, “Susceptibility-resistant variable-flip-angle
turbo spin echo imaging for reliable estimation of cortical thickness: a feasibility study.,”

Neuroimage, vol. 59, no. 1, pp. 377-88, Jan. 2012.

J. Hennig, “Multiecho Imaging Sequences with Low Refocusing Flip Angles,” J. Magn.
Reson., vol. 78, pp. 397407, 1988.

J. Park, J. P. Mugler, W. Horger, and B. Kiefer, “Optimized T1-weighted contrast for
single-slab 3D turbo spin-echo imaging with long echo trains: Application to whole-brain

imaging,” Magn. Reson. Med., vol. 58, no. 5, pp. 982-992, 2007.

M. A. Bernstein, K. F. King, and X. J. Zhou, Handbook of MRI Pulse Sequences, vol. 32,

no. 5. Burlington: Elsevier Academic Press, 2004.

T. E. Yankeelov, D. R. Pickens, and R. R. Price, Quantitative MRI in Cancer. Boca
Raton: CRC Press, 2012.

224



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Y. P. Du, Z. Jin, Y. Hu, and J. Tanabe, “Multi-echo acquisition of MR angiography and
venography of the brain at 3 Tesla.,” J. Magn. Reson. Imaging, vol. 30, no. 2, pp. 449—
454, 2009.

K. Sekihara, “Steady-state magnetizations in rapid NMR imaging using small flip angles
and short repetition intervals.,” IEEE Trans. Med. Imaging, vol. 6, no. 2, pp. 157-164,
1987.

V. L. Yarnykh, “Optimal radiofrequency and gradient spoiling for improved accuracy of
T1 and B1 measurements using fast steady-state techniques.,” Magn. Reson. Med., vol. 63,

no. 6, pp. 1610-26, Jun. 2010.

Y. Zur, M. L. Wood, and L. J. Neuringer, “Spoiling of transverse magnetization in steady-

state sequences.,” Magn. Reson. Med., vol. 21, no. 2, pp. 251-63, Oct. 1991.

C. Preibisch and R. Deichmann, “Influence of RF spoiling on the stability and accuracy of
T1 mapping based on spoiled FLASH with varying flip angles.,” Magn. Reson. Med., vol.
61, no. 1, pp. 125-35, Jan. 2009.

C. Lenz, M. Klarhofer, and K. Scheffler, “Limitations of rapid myelin water quantification
using 3D bSSFP,” Magn. Reson. Mater. Physics, Biol. Med., vol. 23, no. 3, pp. 139-151,
2010.

O. Bieri, “An analytical description of balanced steady-state free precession with finite

radio-frequency excitation,” Magn. Reson. Med., vol. 65, no. 2, pp. 422-431, 2011.

Q. S. Xiang and M. N. Hoff, “Banding artifact removal for bSSFP imaging with an
elliptical signal model,” Magn. Reson. Med., vol. 71, no. 3, pp. 927-933, 2014.

J. P. Mugler and J. R. Brookeman, “Three-dimensional magnetization-prepared rapid
gradient-echo imaging (3D MP RAGE).,” Magn. Reson. Med., vol. 15, no. 1, pp. 152-7,
Jul. 1990.

C. Lin and M. A. Bernstein, “3D magnetization prepared elliptical centric fast gradient

echo imaging.,” Magn. Reson. Med., vol. 59, no. 2, pp. 434-9, Feb. 2008.

T. Stocker and N. J. Shah, “MP-SAGE: A new MP-RAGE sequence with enhanced SNR

225



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

and CNR for brain imaging utilizing square-spiral phase encoding and variable flip

angles,” Magn. Reson. Med., vol. 56, no. 4, pp. 824-834, 2006.

J. R. B. Mugler, John P, Frederick H. Epstein, “Imaging Using Variable Flip Angles *,”
Magn. Reson. Med., vol. 28, pp. 165—185, 1992.

R. Deichmann, C. D. Good, O. Josephs, J. Ashburner, and R. Turner, “Optimization of 3-
D MP-RAGE sequences for structural brain imaging.,” Neuroimage, vol. 12, no. 1, pp.

112-27, Jul. 2000.

J. P. Marques, T. Kober, G. Krueger, W. van der Zwaag, P.-F. Van de Moortele, and R.
Gruetter, “MP2RAGE, a self bias-field corrected sequence for improved segmentation and

T1-mapping at high field.,” Neuroimage, vol. 49, no. 2, pp. 1271-81, Jan. 2010.

G. Okubo, T. Okada, A. Yamamoto, M. Kanagaki, Y. Fushimi, T. Okada, K. Murata, and
K. Togashi, “MP2RAGE for deep gray matter measurement of the brain: A comparative
study with MPRAGE,” J. Magn. Reson. Imaging, vol. 43, no. 1, pp. 55-62, 2016.

J. G. Sled and G. B. Pike, “Quantitative imaging of magnetization transfer exchange and
relaxation properties in vivo using MRI,” Magn Reson Med, vol. 46, no. 5, pp. 923-931,
2001.

M. Gloor, K. Scheffler, and O. Bieri, “Quantitative magnetization transfer imaging using

balanced SSFP.,” Magn. Reson. Med., vol. 60, no. 3, pp. 691-700, Sep. 2008.

G. Helms, H. Dathe, K. Kallenberg, and P. Dechent, “High-resolution maps of
magnetization transfer with inherent correction for RF inhomogeneity and T1 relaxation
obtained from 3D FLASH MRI,” Magn. Reson. Med., vol. 60, no. 6, pp. 1396-1407,
2008.

G. Helms, H. Dathe, and P. Dechent, “Modeling the influence of TR and excitation flip
angle on the Magnetization Transfer Ratio (MTR) in human brain Obtained from 3D
spoiled gradient echo MRI,” Magn. Reson. Med., vol. 64, no. 1, pp. 177-185, 2010.

K. Johansson and K. Lagerstrand, “Optimization of uTE scan protocol for human lung

MR imaging,” Gothenburg, 2011.

226



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

S. Nielles-Vallespin, M. A. Weber, M. Bock, A. Bongers, P. Speier, S. E. Combs, J.
Wéohrle, F. Lehmann-Horn, M. Essig, and L. R. Schad, “3D radial projection technique
with ultrashort echo times for sodium MRI: Clinical applications in human brain and

skeletal muscle,” Magn. Reson. Med., vol. 57, no. 1, pp. 74-81, 2007.

K. P. Pruessmann, M. Weiger, M. B. Scheidegger, and P. Boesiger, “SENSE: Sensitivity
encoding for fast MRI,” Magn. Reson. Med., vol. 42, no. 5, pp. 952-962, 1999.

M. A. Griswold, P. M. Jakob, R. M. Heidemann, M. Nittka, V. Jellus, J. Wang, B. Kiefer,
and A. Haase, “Generalized Autocalibrating Partially Parallel Acquisitions (GRAPPA),”
Magn. Reson. Med., vol. 47, no. 6, pp. 1202—-1210, 2002.

F.-H. Lin, K. K. Kwong, J. W. Belliveau, and L. L. Wald, “Parallel imaging
reconstruction using automatic regularization.,” Magn. Reson. Med., vol. 51, no. 3, pp.

55967, Mar. 2004.

M. Weiger, K. P. Pruessmann, and P. Boesiger, “2D SENSE for faster 3D MRI,” Magn.
Reson. Mater. Physics, Biol. Med., vol. 14, no. 1, pp. 10-19, 2002.

J. X.Ji,J. B. Son, and S. D. Rane, “PULSAR: A MATLAB Toolbox for Parallel Magnetic
Resonance Imaging Using Array Coils and Multiple Channel Receivers,” Concepts Magn.

Reson. Part B Magn. Reson. Eng., vol. 31B, no. 1, pp. 24-36, 2007.

I. N. Bankman, Handbook of medical image processing and analysis, 2nd ed. Amsterdam:

Elsevier Academic Press, 2009.

J. F. Barrett and N. Keat, “Artifacts in CT: recognition and avoidance,” Radiographics,

vol. 24, no. 6, pp. 1679-1691, 2004.

J. G. Sled and G. B. Pike, “Standing-wave and RF penetration artifacts caused by elliptic
geometry: an electrodynamic analysis of MRI.,” IEEE Trans. Med. Imaging, vol. 17, no.
4, pp. 653-62, Aug. 1998.

D. I. Hoult, “Sensitivity and power deposition in a high-field imaging experiment.,” J.

Magn. Reson. Imaging, vol. 12, no. 1, pp. 46—67, 2000.

D. I. Hoult, “The principle of reciprocity in signal strength calculations—A mathematical

227



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

guide,” Concepts Magn. Reson., vol. 12, no. 4, pp. 173-187, 2000.

C. H. Cunningham, J. M. Pauly, and K. S. Nayak, “Saturated double-angle method for
rapid B1+ mapping.,” Magn. Reson. Med., vol. 55, no. 6, pp. 1326-33, Jun. 2006.

V. L. Yarnykh, “Actual flip-angle imaging in the pulsed steady state: a method for rapid
three-dimensional mapping of the transmitted radiofrequency field.,” Magn. Reson. Med.,

vol. 57, no. 1, pp. 192-200, Jan. 2007.

N. J. Tustison, B. B. Avants, P. a Cook, Y. Zheng, A. Egan, P. a Yushkevich, and J. C.
Gee, “N4ITK: improved N3 bias correction.,” I[EEE Trans. Med. Imaging, vol. 29, no. 6,
pp. 1310-20, Jun. 2010.

R. G. Boyes, J. L. Gunter, C. Frost, A. L. Janke, T. Yeatman, D. L. G. Hill, M. a
Bernstein, P. M. Thompson, M. W. Weiner, N. Schuff, G. E. Alexander, R. J. Killiany, C.
DeCarli, C. R. Jack, and N. C. Fox, “Intensity non-uniformity correction using N3 on 3-T
scanners with multichannel phased array coils.,” Neuroimage, vol. 39, no. 4, pp. 1752-62,

Feb. 2008.

I. Uwano, K. Kudo, F. Yamashita, J. Goodwin, S. Higuchi, K. Ito, T. Harada, A. Ogawa,
and M. Sasaki, “Intensity inhomogeneity correction for magnetic resonance imaging of

human brain at 7T.,” Med. Phys., vol. 41, no. 2, p. 22302, Feb. 2014.

P. Perona and J. Malik, “Scale-space and edge detection using anisotropic diffusion.,”

IEEE Trans. Pattern Anal. Mach. Intell., vol. 12, no. 7, pp. 629—639, 1990.

M. N. Ahmed, S. M. Yamany, N. Mohamed, A. A. Farag, and T. Moriarty, “A modified
fuzzy C-means algorithm for bias field estimation and segmentation of MRI data,” IEEE

Trans. Med. Imaging, vol. 21, no. 3, pp. 193-199, 2002.

G. Helms and P. Dechent, “Increased SNR and reduced distortions by averaging multiple
gradient echo signals in 3D FLASH imaging of the human brain at 3T.,” J. Magn. Reson.
Imaging, vol. 29, no. 1, pp. 198-204, Jan. 2009.

L. N. Baldwin, K. Wachowicz, S. D. Thomas, R. Rivest, and B. G. Fallone,
“Characterization, prediction, and correction of geometric distortion in 3 T MR images,”

Med. Phys., vol. 34, no. 2, p. 388, 2007.

228



[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

A. Haase, J. Frahm, D. Matthaei, W. Hanicke, and K. D. Merboldt, “FLASH imaging.
Rapid NMR imaging using low flip-angle pulses,” J. Magn. Reson., vol. 67, no. 2, pp.
258-266, 1986.

B. Fischl, D. H. Salat, A. J. W. van der Kouwe, N. Makris, F. Ségonne, B. T. Quinn, and
A. M. Dale, “Sequence-independent segmentation of magnetic resonance images.,”

Neuroimage, vol. 23 Suppl 1, pp. S69-84, Jan. 2004.

A.J. W. Van Der Kouwe, T. Benner, D. H. Salat, and B. Fischl, “Brain morphometry with
multiecho MPRAGE.,” Neuroimage, vol. 40, no. 2, pp. 559—69, Apr. 2008.

H. Z. Wang, S. J. Riederer, and J. N. Lee, “Optimizing the precision in T1 relaxation
estimation using limited flip angles.,” Magn. Reson. Med., vol. 5, no. 5, pp. 399-416,
1987.

W. Lin, R. P. Paczynski, R. Venkatesan, Y. Y. He, W. J. Powers, C. Y. Hsu, and E. M.
Haacke, “Quantitative regional brain water measurement with magnetic resonance
imaging in a focal ischemia model,” Magn. Reson. Med., vol. 38, no. 2, pp. 303-310,
1997.

R. Venkatesan, W. Lin, and E. M. Haacke, “Accurate determination of spin-density and
T1 in the presence of RF- field inhomogeneities and flip-angle miscalibration,” Magn.

Reson. Med., vol. 40, no. 4, pp. 592-602, 1998.

S. C. L. Deoni, B. K. Rutt, and T. M. Peters, “Synthetic T1-weighted brain image
generation with incorporated coil intensity correction using DESPOTI.,” Magn. Reson.

Imaging, vol. 24, no. 9, pp. 1241-8, Nov. 2006.

R. Metere, E. H. Moller, G. Kruger, T. Kober, and A. Schafer, “Simultaneous Quantitative
Mapping of T1 , T2*, and Magnetic Susceptibility with Multi-Echo MP2RAGE at 7 T,” in
International Society of Magnetic Resonance in Medicine, 2015, vol. 23, p. 439.

O. Ocali and E. Atalar, “Ultimate intrinsic signal-to-noise ratio in MRI.,” Magn. Reson.

Med., vol. 39, no. 3, pp. 462—73, Mar. 1998.

S. Vinitski, R. Griffey, M. Fuka, N. Matwiyoff, and R. Prost, “Effect of the sampling rate

on magnetic resonance imaging.,” Magn. Reson. Med., vol. 5, no. 3, pp. 278-85, Sep.

229



[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

1987.

L. Fleysher, R. Fleysher, S. Liu, W. Zaaraoui, and O. Gonen, “Optimizing the precision-
per-unit-time of quantitative MR metrics: examples for T1, T2, and DTI.,” Magn. Reson.

Med., vol. 57, no. 2, pp. 380—7, Feb. 2007.

J. Rahmer, P. Bornert, J. Groen, and C. Bos, “Three-dimensional radial ultrashort echo-
time imaging with T2 adapted sampling.,” Magn. Reson. Med., vol. 55, no. 5, pp. 1075—
82, May 2006.

A. Cardenas-Blanco, C. Tejos, P. Irarrazaval, and I. Cameron, “Noise in Magnitude
Magnetic Resonance Images,” Concepts Magn. Reson. Part A, vol. 32A, no. 6, pp. 409—
416, 2008.

S. C. L. Deoni, T. M. Peters, and B. K. Rutt, “High-resolution T1 and T2 mapping of the
brain in a clinically acceptable time with DESPOT1 and DESPOT?2.,” Magn. Reson. Med.,
vol. 53, no. 1, pp. 237-41, Jan. 2005.

C. Preibisch and R. Deichmann, “T1 mapping using spoiled FLASH-EPI hybrid
sequences and varying flip angles.,” Magn. Reson. Med., vol. 62, no. 1, pp. 240-6, Jul.
20009.

H.-L. M. Cheng and G. A. Wright, “Rapid high-resolution T1 mapping by variable flip
angles: accurate and precise measurements in the presence of radiofrequency field

inhomogeneity.,” Magn. Reson. Med., vol. 55, no. 3, pp. 56674, Mar. 2006.

A. Manuel, W. Li, V. Jellus, T. Hughes, and P. V Prasad, “Variable flip angle-based fast
three-dimensional T1 mapping for delayed gadolinium-enhanced MRI of cartilage of the
knee: need for Bl correction.,” Magn. Reson. Med., vol. 65, no. 5, pp. 1377-83, May
2011.

S. C. L. Deoni, B. K. Rutt, and T. M. Peters, “Rapid combined T1 and T2 mapping using
gradient recalled acquisition in the steady state.,” Magn. Reson. Med., vol. 49, no. 3, pp.
515-26, Mar. 2003.

M. C. Schabel and G. R. Morrell, “Uncertainty in T1 mapping using the variable flip angle
method with two flip angles.,” Phys. Med. Biol., vol. 54, no. 1, pp. N1-8, Jan. 2009.

230



[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

M. Sabati and A. A. Maudsley, “Fast and high-resolution quantitative mapping of tissue
water content with full brain coverage for clinically-driven studies.,” Magn. Reson.

Imaging, vol. 31, no. 10, pp. 1752-9, Dec. 2013.

P. B. Roemer, W. a Edelstein, C. E. Hayes, S. P. Souza, and O. M. Mueller, “The NMR
phased array.,” Magn. Reson. Med., vol. 16, no. 2, pp. 192-225, Nov. 1990.

N. Weiskopf, A. Lutti, G. Helms, M. Novak, J. Ashburner, and C. Hutton, “Unified
segmentation based correction of R1 brain maps for RF transmit field inhomogeneities

(UNICORT).,” Neuroimage, vol. 54, no. 3, pp. 2116-24, Feb. 2011.

S. Volz, U. Néth, and R. Deichmann, “Correction of systematic errors in quantitative

proton density mapping.,” Magn. Reson. Med., vol. 68, no. 1, pp. 74-85, Jul. 2012.

N. Weiskopf, M. F. Callaghan, O. Josephs, A. Lutti, and S. Mohammadi, “Estimating the
apparent transverse relaxation time (R2*) from images with different contrasts
(ESTATICS) reduces motion artifacts,” Front. Neurosci., vol. 8, no. September, pp. 1-10,
2014.

P. A. Hardy and A. H. Andersen, “Calculating T2 in images from a phased array
receiver.,” Magn. Reson. Med., vol. 61, no. 4, pp. 962-9, Apr. 2009.

National Electric Manufacturers Association, “Determination of Signal-to-Noise Ratio
(SNR) in Diagnostic Magnetic Resonance Imaging, NEMA Standards Publication MS1-
2008,” 2008.

C. Howarth, C. Hutton, and R. Deichmann, “Improvement of the image quality of T1-
weighted anatomical brain scans.,” Neuroimage, vol. 29, no. 3, pp. 930-7, Feb. 2006.

J. O. Christoffersson, L. E. Olsson, and S. Sjoberg, “Nickel-doped agarose gel phantoms
in MR imaging.,” Acta Radiol., vol. 32, no. 5, pp. 426-31, Sep. 1991.

S. Nekolla, T. Gneiting, J. Syha, R. Deichmann, and A. Haase, “T1 maps by K-space
reduced snapshot-FLASH MRI.,” J. Comput. Assist. Tomogr., vol. 16, no. 2, pp. 327-32,
1992.

[100] H. Kato, K. Yoshimura, M. Kuroda, A. Yoshida, K. Hanamoto, S. Kawasaki, K. Shibuya,

231



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Y. Yamamoto, M. Tsunoda, M. Takemoto, and Y. Hiraki, “Development of a phantom
compatible for MRI and hyperthermia using carrageenan gel-relationship between T1 and
T2 values and NaCl concentration.,” Int. J. Hyperthermia, vol. 20, no. 8, pp. 803-814,
2004.

A. Fedorov, R. Beichel, J. Kalpathy-Cramer, J. Finet, J.-C. Fillion-Robin, S. Pujol, C.
Bauer, D. Jennings, F. Fennessy, M. Sonka, J. Buatti, S. Aylward, J. V Miller, S. Pieper,
and R. Kikinis, “3D Slicer as an image computing platform for the Quantitative Imaging

Network.,” Magn. Reson. Imaging, vol. 30, no. 9, pp. 1323-41, Nov. 2012.

S. Volz, U. No6th, A. Jurcoane, U. Ziemann, E. Hattingen, and R. Deichmann,
“Quantitative proton density mapping: correcting the receiver sensitivity bias via pseudo

proton densities.,” Neuroimage, vol. 63, no. 1, pp. 540-52, Oct. 2012.

H. Neeb, K. Zilles, and N. J. Shah, “A new method for fast quantitative mapping of

absolute water content in vivo.,” Neuroimage, vol. 31, no. 3, pp. 115668, Jul. 2006.

J. Li, S. Chang, T. Liu, H. Jiang, F. Dong, M. Pei, Q. Wang, and Y. Wang, “Phase-
corrected bipolar gradients in multi-echo gradient-echo sequences for quantitative
susceptibility mapping,” Magn. Reson. Mater. Physics, Biol. Med., vol. 28, no. 4, pp. 347—
355, 2015.

D. Hwang, D.-H. Kim, and Y. P. Du, “In vivo multi-slice mapping of myelin water

content using T2* decay.,” Neuroimage, vol. 52, no. 1, pp. 198-204, Aug. 2010.

A. M. Oros-Peusquens, M. Laurila, and N. J. Shah, “Magnetic field dependence of the
distribution of NMR relaxation times in the living human brain.,” MAGMA, vol. 21, no. 1—-
2, pp. 131-47, Mar. 2008.

N. Gelman, J. R. Ewing, J. M. Gorell, E. M. Spickler, and E. G. Solomon, “Interregional
variation of longitudinal relaxation rates in human brain at 3.0 T: Relation to estimated

iron and water contents,” Magn. Reson. Med., vol. 45, no. 1, pp. 71-79, 2001.

J. P. Wansapura, S. K. Holland, R. S. Dunn, and W. S. Ball, “NMR relaxation times in the
human brain at 3.0 tesla.,” J. Magn. Reson. Imaging, vol. 9, no. 4, pp. 531-8, Apr. 1999.

G. Helms, H. Dathe, and P. Dechent, “Quantitative FLASH MRI at 3T using a rational

232



approximation of the Ernst equation.,” Magn. Reson. Med., vol. 59, no. 3, pp. 66772,
Mar. 2008.

[110] H. Neeb, V. Ermer, T. Stocker, and N. J. Shah, “Fast quantitative mapping of absolute
water content with full brain coverage,” Neuroimage, vol. 42, no. 3, pp. 1094-1109, 2008.

[111] Z. Abbas, V. Gras, K. Méllenhoff, A.-M. Oros-Peusquens, and N. J. Shah, “Quantitative
water content mapping at clinically relevant field strengths: A comparative study at 1.5T

and 3T.,” Neuroimage, vol. 106, pp. 404-13, 2015.

[112] C. Langkammer, T. Liu, M. Khalil, C. Enzinger, M. Jehna, S. Fuchs, F. Fazekas, Y.
Wang, and S. Ropele, “Quantitative susceptibility mapping in multiple sclerosis.,”

Radiology, vol. 267, no. 2, pp. 551-9, 2013.

[113] J. A. Rioux, I. R. Levesque, and B. K. Rutt, “Biexponential longitudinal relaxation in
white matter: Characterization and impact on T 1 mapping with IR-FSE and MP2RAGE,”
Magn. Reson. Med., vol. 0, p. n/a-n/a, 2015.

[114] G. Diakova, J.-P. Korb, and R. G. Bryant, “The magnetic field dependence of water T1 in
tissues.,” Magn. Reson. Med., vol. 68, no. 1, pp. 272-7, 2012.

[115] B. Keil and L. L. Wald, “Massively parallel MRI detector arrays.,” J. Magn. Reson., vol.
229, pp. 7589, Apr. 2013.

[116] J. R. Taylor, An introduction to error analysis, 2nd ed. Sausalito: University Science

Books, 1997.

[117] Y. D. Deene, R. V. De Walle, E. Achten, and C. D. Wagter, “Mathematical analysis and
experimental investigation of noise in quantitative magnetic resonance imaging applied in

polymer gel dosimetry,” Signal Processing, vol. 70, no. 2, pp. 85-101, Oct. 1998.

[118] J. M. Walker and J. W. M. Bulte, Magnetic Resonance Neuroimaging: Methods and
Protocols. Springer, 2011.

[119] J. Ashburner and K. J. Friston, “Voxel-based morphometry--the methods.,” Neuroimage,
vol. 11, no. 6 Pt 1, pp. 805-21, Jun. 2000.

[120] M. A. van Buchem, J. C. McGowan, and R. I. Grossman, ‘“Magnetization transfer

233



[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

histogram methodology: its clinical and neuropsychological correlates.,” Neurology, vol.

53, no. 5 Suppl 3, pp. S23-S28, 1999.

L. Wang, M. E. Schweitzer, A. Padua, and R. R. Regatte, “Rapid 3D-T1 mapping of
cartilage with variable flip angle and parallel imaging at 3.0T.,” J. Magn. Reson. Imaging,
vol. 27, no. 1, pp. 154-61, Jan. 2008.

S. C. L. Deoni, “High-resolution T1 mapping of the brain at 3T with driven equilibrium
single pulse observation of T1 with high-speed incorporation of RF field inhomogeneities

(DESPOT1-HIFI).,” J. Magn. Reson. Imaging, vol. 26, no. 4, pp. 1106—11, Oct. 2007.

S. C. L. Deoni, H. A. Ward, T. M. Peters, and B. K. Rutt, “Rapid T2 estimation with
phase-cycled variable nutation steady-state free precession.,” Magn. Reson. Med., vol. 52,

no. 2, pp. 435-9, Aug. 2004.

H. J. A. Crooijmans, M. Gloor, O. Bieri, and K. Scheffler, “Influence of MT effects on T2
quantification with 3D balanced steady-state free precession imaging.,” Magn. Reson.

Med., vol. 65, no. 1, pp. 195-201, Jan. 2011.

H. J. A. Crooijmans, K. Scheffler, and O. Bieri, “Finite RF pulse correction on

DESPOT?2.,” Magn. Reson. Med., vol. 65, no. 3, pp. 858-62, Mar. 2011.

B. Aubert-Broche, C. Grova, G. B. Pike, and D. L. Collins, “Clustering of atlas-defined
cortical regions based on relaxation times and proton density.,” Neuroimage, vol. 47, no.

2, pp. 523-32, Aug. 2009.

G. P. Liney, A. J. Knowles, D. J. Manton, L. W. Turnbull, S. J. Blackband, and A.
Horsman, “Comparison of conventional single echo and multi-echo sequences with a fast
spin-echo sequence for quantitative T2 mapping: application to the prostate.,” J. Magn.

Reson. Imaging, vol. 6, no. 4, pp. 603—7, 1996.

S. C. L. Deoni, “Transverse relaxation time (T2) mapping in the brain with off-resonance
correction using phase-cycled steady-state free precession imaging.,” J. Magn. Reson.

Imaging, vol. 30, no. 2, pp. 411-7, Aug. 2009.

T. C. Wood, S. J. Wastling, and G. J. Barker, “Removing SSFP Banding Artifacts from
DESPOT2 Images Using the Geometric Solution,” in Proc Intl Soc Magn Reson Med,

234



[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

2015, vol. 23, p. 1680.

Y. Zur, S. Stokar, and P. Bendel, “An analysis of fast imaging sequences with steady-state
transverse magnetization refocusing.,” Magn. Reson. Med., vol. 6, no. 2, pp. 175-93, Feb.

1988.

Y. Zur, M. L. Wood, and L. J. Neuringer, “Motion-insensitive, steady-state free
precession imaging.,” Magn. Reson. Med., vol. 16, no. 3, pp. 444-59, Dec. 1990.

K.-J. Jung, “Synthesis methods of multiple phase-cycled SSFP images to reduce the band
artifact and noise more reliably.,” Magn. Reson. Imaging, vol. 28, no. 1, pp. 103—18, Jan.
2010.

M. L. Lauzon and R. Frayne, “Analytical characterization of RF phase-cycled balanced
steady-state free precession,” Concepts Magn. Reson. Part A, vol. 34A, no. 3, pp. 133—
143, May 2009.

R. Dharmakumar and G. A. Wright, “Understanding steady-state free precession: A
geometric perspective,” Concepts Magn. Reson. Part A, vol. 26, no. 1, pp. 1-10, 2005.

O. Bieri and K. Scheffler, “On the origin of apparent low tissue signals in balanced

SSFP.,” Magn. Reson. Med., vol. 56, no. 5, pp. 1067—74, Nov. 2006.

O. Bieri and K. Scheffler, “SSFP signal with finite RF pulses.,” Magn. Reson. Med., vol.
62, no. 5, pp. 1232—41, Nov. 2009.

J. Zhang, S. H. Kolind, C. Laule, and A. L. Mackay, “How Does Magnetization Transfer
Influence mcDESPOT Results ?,” Magn. Reson. Med., vol. 74, no. 5, pp. 1327-1335,
2014.

R. M. Lebel and A. H. Wilman, “Transverse relaxometry with reduced echo train lengths
via stimulated echo compensation,” Magn. Reson. Med., vol. 64, no. 5, pp. 1340-1346,
2010.

A. Petrovic, E. Scheurer, and R. Stollberger, “Closed-form solution for T2 mapping with
nonideal refocusing of slice selective CPMG sequences,” Magn. Reson. Med., vol. 73, pp.

818-827, 2015.

235



[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

G. E. Gold, E. Han, J. Stainsby, G. Wright, J. Brittain, and C. Beaulieu, “Musculoskeletal
MRI at 3.0 T : Relaxation Times and Image Contrast,” Am. J. Neuroradiol., vol. 183, no.
November, pp. 1479-1486, 2004.

N. Ben-Eliezer, D. K. Sodickson, and K. T. Block, “Rapid and accurate T2 mapping from
multi-spin-echo data using bloch-simulation-based reconstruction,” Magn. Reson. Med.,

vol. 73, pp. 809-817, 2015.

A. MacKay, K. Whittall, J. Adler, D. Li, D. Paty, and D. Graeb, “In vivo visualization of
myelin water in brain by magnetic resonance,” Magn. Reson. Med., vol. 31, no. 6, pp.

673-677, 1994.

G. J. Stanisz, E. E. Odrobina, J. Pun, M. Escaravage, S. J. Graham, M. J. Bronskill, and R.
M. Henkelman, “T1, T2 relaxation and magnetization transfer in tissue at 3T.,” Magn.

Reson. Med., vol. 54, no. 3, pp. 507-12, Sep. 2005.

K. C. . McPhee and A. H. Wilman, “Comparison of Indirect and Stimulated Echo
Compensated T2 Relaxometry Techniques : Extended Phase Graph vs Shinnar Le Roux

Based Modelling,” in International Society of Magnetic Resonance in Medicine, 2015,
vol. 23, p. 1688.

N. K. Focke, G. Helms, S. Kaspar, C. Diederich, V. T??th, P. Dechent, A. Mohr, and W.
Paulus, “Multi-site voxel-based morphometry - Not quite there yet,” Neuroimage, vol. 56,

no. 3, pp. 1164-1170, 2011.

K. J. Chang and H. Jara, “Application of quantitative T1, T2, and proton density to
diagnosis,” Appl. Radiol., vol. 34, no. 1 SUPPL., pp. 3442, 2005.

G. Bartzokis, J. L. Cummings, C. H. Markham, P. Z. Marmarelis, L. J. Treciokas, T. A.
Tishler, S. R. Marder, and J. Mintz, “MRI evaluation of brain iron in earlier- and later-
onset Parkinson’s disease and normal subjects,” Magn. Reson. Imaging, vol. 17, no. 2, pp.

213-222, 1999.

G. Bartzokis, D. Sultzer, J. Cummings, L. E. Holt, D. B. Hance, V. W. Henderson, and J.
Mintz, “In vivo evaluation of brain iron in Alzheimer disease using magnetic resonance

imaging,” Arch. Gen. Psychiatry, vol. 57, no. 1, pp. 47-53, 2000.

236



[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

J. D. Jutras, K. Wachowicz, and N. De Zanche, “Analytical corrections of banding
artifacts in driven equilibrium single pulse observation of T2 (DESPOT2),” Magn. Reson.
Med., vol. 0, 2015.

N. Stikov, M. Boudreau, I. R. Levesque, C. L. Tardif, J. K. Barral, and G. B. Pike, “On the
accuracy of T1 mapping: Searching for common ground,” Magn. Reson. Med., vol. 73, no.

2, pp. 514-522, 2015.

S. Chavez and G. J. Stanisz, “A novel method for simultaneous 3D B1 and T1 mapping:
the method of slopes (MoS).,” NMR Biomed., vol. 25, no. 9, pp. 1043-55, Sep. 2012.

J.-D. Jutras, K. Wachowicz, G. Gilbert, and N. De Zanche, “SNR Efficiency of Combined
Bipolar Gradient Echoes: Comparison of 3D FLASH, MPRAGE, and Multi-Parameter
Mapping with VFA-FLASH and MP2RAGE,” Magn. Reson. Med., vol. In Press, 2016.

M. Boudreau, C. Dardif, N. Stikov, and G. B. Pike, “A Comparison of B1 Mapping
Methods for T1 Mapping at 3T,” in [lternational Society of Magnetic Resonance in
Medicine, 2014, vol. 22, p. 3207.

J. Wang, W. Mao, M. Qiu, M. B. Smith, and R. T. Constable, “Factors influencing flip
angle mapping in MRI: RF pulse shape, slice-select gradients, off-resonance excitation,

and B0 inhomogeneities.,” Magn. Reson. Med., vol. 56, no. 2, pp. 463—8, Aug. 2006.

S. A. Hurley, V. L. Yarnykh, K. M. Johnson, A. S. Field, A. L. Alexander, and A. A.
Samsonov, “Simultaneous variable flip angle-actual flip angle imaging method for
improved accuracy and precision of three-dimensional T1 and B1 measurements.,” Magn.

Reson. Med., vol. 68, no. 1, pp. 54—64, Jul. 2012.

P. J. Wright, O. E. Mougin, J. J. Totman, A. M. Peters, M. J. Brookes, R. Coxon, P. E.
Morris, M. Clemence, S. T. Francis, R. W. Bowtell, and P. A. Gowland, “Water proton T1
measurements in brain tissue at 7, 3, and 1.5 T using IR-EPI, IR-TSE, and MPRAGE:
results and optimization.,” MAGMA, vol. 21, no. 1-2, pp. 121-30, Mar. 2008.

D. C. Zhu and R. D. Penn, “Full-brain T1 mapping through inversion recovery fast spin
echo imaging with time-efficient slice ordering.,” Magn. Reson. Med., vol. 54, no. 3, pp.

725-31, Sep. 2005.

237



[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

R. D. Newbould, S. T. Skare, M. T. Alley, G. E. Gold, and R. Bammer, “Three-
dimensional T1, T2 and proton density mapping with inversion recovery balanced SSFP.,”

Magn. Reson. Imaging, vol. 28, no. 9, pp. 1374-82, Nov. 2010.

H. Lu, L. M. Nagae-Poetscher, X. Golay, D. Lin, M. Pomper, and P. C. M. van Zijl,
“Routine clinical brain MRI sequences for use at 3.0 Tesla.,” J. Magn. Reson. Imaging,

vol. 22, no. 1, pp. 13-22, Jul. 2005.

J. Wang, M. Qiu, H. Kim, and R. T. Constable, “T1 measurements incorporating flip
angle calibration and correction in vivo.,” J. Magn. Reson., vol. 182, no. 2, pp. 283-292,

2006.

B. Midler, T. Harris, and A. L. Mackay, “3D-Relaxometry - Quantitative T1 and T2 Brain
Mapping at 3T,” in International Society of Magnetic Resonance in Medicine, 2006, vol.
14, p. 958.

T. Ethofer, I. Mader, U. Seeger, G. Helms, M. Erb, W. Grodd, A. Ludolph, and U. Klose,
“Comparison of longitudinal metabolite relaxation times in different regions of the human

brain at 1.5 and 3 Tesla.,” Magn. Reson. Med., vol. 50, no. 6, pp. 1296-301, Dec. 2003.

Y. Jiang, D. Ma, N. Seiberlich, V. Gulani, and M. A. Griswold, “MR fingerprinting using
fast imaging with steady state precession (FISP) with spiral readout,” Magn. Reson. Med.,
vol. 0, pp. 1-11, 2014.

D. Ma, E. Y. Pierre, Y. Jiang, M. D. Schluchter, K. Setsompop, V. Gulani, and M. A.
Griswold, “Music-based magnetic resonance fingerprinting to improve patient comfort

during MRI examinations,” Magn. Reson. Med., vol. 0, no. January, 2015.

K. Hattori, Y. Ikemoto, W. Takao, S. Ohno, T. Harimoto, S. Kanazawa, M. Oita, K.
Shibuya, M. Kuroda, and H. Kato, “Development of MRI phantom equivalent to human
tissues for 3.0-T MRI.,” Med. Phys., vol. 40, no. 3, p. 32303, 2013.

J. K. Barral, E. Gudmundson, N. Stikov, M. Etezadi-Amoli, P. Stoica, and D. G.
Nishimura, “A robust methodology for in vivo T1 mapping,” Magn. Reson. Med., vol. 64,
no. 4, pp. 1057-1067, 2010.

S. M. Smith, “Fast robust automated brain extraction,” Hum. Brain Mapp., vol. 17, no. 3,

238



[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

pp. 143-155, 2002.

V. Keereman, Y. Fierens, T. Broux, Y. De Deene, M. Lonneux, and S. Vandenberghe,
“MRI-based attenuation correction for PET/MRI using ultrashort echo time sequences.,”

J. Nucl. Med., vol. 51, no. 5, pp. 812-8, May 2010.

C. Catana, A. van der Kouwe, T. Benner, C. J. Michel, M. Hamm, M. Fenchel, B. Fischl,
B. Rosen, M. Schmand, and a G. Sorensen, “Toward implementing an MRI-based PET
attenuation-correction method for neurologic studies on the MR-PET brain prototype.,” J.

Nucl. Med.,vol. 51, no. 9, pp. 1431-8, Sep. 2010.

B. K. Navalpakkam, H. Braun, T. Kuwert, and H. H. Quick, “Magnetic resonance-based
attenuation correction for PET/MR hybrid imaging using continuous valued attenuation

maps.,” Invest. Radiol., vol. 48, no. 5, pp. 323-32, May 2013.

A. Johansson, M. Karlsson, and T. Nyholm, “CT substitute derived from MRI sequences
with ultrashort echo time,” Med. Phys., vol. 38, no. 5, p. 2708, 2011.

G. Delso, K. Zeimpekis, M. Carl, F. Wiesinger, M. Hiillner, and P. Veit-haibach, “Cluster-
based segmentation of dual-echo ultra-short echo time images for PET / MR bone

localization,” pp. 1-13, 2014.

S.-H. Hsu, Y. Cao, K. Huang, M. Feng, and J. M. Balter, “Investigation of a method for
generating synthetic CT models from MRI scans of the head and neck for radiation

therapy.,” Phys. Med. Biol., vol. 58, no. 23, pp. 8419-35, Dec. 2013.

F. Wiesinger, L. I. Sacolick, A. Menini, S. S. Kaushik, S. Ahn, P. Veit-Haibach, G. Delso,
and D. D. Shanbhag, “Zero TE MR bone imaging in the head,” Magn. Reson. Med., vol.
114, no. October 2014, pp. 107-114, 2015.

F. Springer, G. Steidle, P. Martirosian, C. D. Claussen, and F. Schick, “Effects of in-pulse
transverse relaxation in 3D ultrashort echo time sequences: analytical derivation,

comparison to numerical simulation and experimental application at 3T.,” J. Magn.

Reson., vol. 206, no. 1, pp. 88-96, Sep. 2010.

R. Cusack and N. Papadakis, “New robust 3-D phase unwrapping algorithms: application

to magnetic field mapping and undistorting echoplanar images.,” Neuroimage, vol. 16, no.

239



[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

3 Pt 1, pp. 754-764, 2002.

A. P. Aitken, D. Giese, C. Tsoumpas, P. Schleyer, S. Kozerke, C. Prieto, and T.
Schaeffter, “Improved UTE-based attenuation correction for cranial PET-MR using

dynamic magnetic field monitoring.,” Med. Phys., vol. 41, no. 1, p. 12302, Jan. 2014.

D. M. Grodzki, P. M. Jakob, and B. Heismann, “Ultrashort echo time imaging using
pointwise encoding time reduction with radial acquisition (PETRA).,” Magn. Reson.

Med., vol. 67, no. 2, pp. 510-8, Feb. 2012.

M. Kapanen and M. Tenhunen, “T1/T2*-weighted MRI provides clinically relevant
pseudo-CT density data for the pelvic bones in MRI-only based radiotherapy treatment
planning.,” Acta Oncol., vol. 52, no. 3, pp. 612-8, Apr. 2013.

A. Torrado-Carvajal, J. L. Herraiz, J. A. Hernandez-Tamames, R. San Jose-Estepar, Y.
Eryaman, Y. Rozenholc, E. Adalsteinsson, L. L. Wald, and N. Malpica, “Multi-atlas and
label fusion approach for patient-specific MRI based skull estimation,” Magn. Reson.

Med., vol. 1807, no. May 2015, pp. 1797-1807, 2015.

S. Renisch, T. Blaffert, J. Tang, and Z. Hu, “Validation of model-based pelvis bone
segmentation from MR images for PET/MR attenuation correction,” SPIE Proc., vol.

8314, no. 4, pp. 1-11, Feb. 2012.

V. Keereman, P. Mollet, Y. Berker, V. Schulz, and S. Vandenberghe, “Challenges and
current methods for attenuation correction in PET/MR.,” MAGMA, vol. 26, no. 1, pp. 81—
98, Feb. 2013.

G. Wagenknecht, H. J. Kaiser, F. M. Mottaghy, and H. Herzog, “MRI for attenuation
correction in PET: Methods and challenges,” Magn. Reson. Mater. Physics, Biol. Med.,
vol. 26, no. 1, pp. 99-113, 2013.

S. Suzuki, O. Sakai, and H. Jara, “Combined volumetric T1, T2 and secular-T2
quantitative MRI of the brain: age-related global changes (preliminary results),” Magn.
Reson. Imaging, vol. 24, no. 7, pp. 877-887, 2006.

C.-H. Chang and J. Ji, “Compressed sensing MRI with multichannel data using multicore

processors.,” Magn. Reson. Med., vol. 64, no. 4, pp. 1135-9, Oct. 2010.

240



[186] M. F. Callaghan, O. Josephs, M. Herbst, M. Zaitsev, N. Todd, and N. Weiskopf, “An
evaluation of prospective motion correction (PMC) for high resolution quantitative MRI,”

Front. Neurosci., vol. 9, no. March, pp. 1-9, 2015.

[187] V. S. Khoo and D. L. Joon, “New developments in MRI for target volume delineation in
radiotherapy,” British Journal of Radiology, vol. 79, no. Spec No 1. pp. S2-S15, 2006.

[188] C. La Fougere, B. Suchorska, P. Bartenstein, F. W. Kreth, and J. C. Tonn, “Molecular
imaging of gliomas with PET: Opportunities and limitations,” Neuro. Oncol., vol. 13, no.

8, pp. 806-819, 2011.

[189] V. Gulani, P. Schmitt, M. A. Griswold, A. G. Webb, and P. M. Jakob, “Towards a Single-
Sequence Neurologic Magnetic,” Invest. Radiol., vol. 39, no. 12, pp. 767-774, 2004.

241



