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From ultrahigh to extreme field magnetic resonance: where physics, biology and medicine meet

The development of ultrahigh-field magnetic resonance (UHF-MR) is moving forward at an amazing speed that is breaking through technical barriers almost as fast as they appear. UHF-MR has become an engine for innovation in experimental and clinical research [START_REF] Ugurbil | The road to functional imaging and ultrahigh fields[END_REF][START_REF] Moser | 7-T MR-from research to clinical applications?[END_REF][START_REF] Niendorf | Progress and promises of human cardiac magnetic reso-nance at ultrahigh fields: a physics perspective[END_REF][START_REF] Ugurbil | Magnetic resonance imaging at ultrahigh fields[END_REF][START_REF] Kraff | MRI at 7 Tesla and above: demonstrated and potential capabili-ties[END_REF][START_REF] Sinnecker | Ultrahigh field MRI in clinical neuroimmunol-ogy: a potential contribution to improved diagnostics and per-sonalised disease management[END_REF][START_REF] Trattnig | Clinical applications at ultrahigh field (7 T). Where does it make the difference[END_REF][START_REF] Niendorf | W(h)ither human cardiac and body mag-netic resonance at ultrahigh fields? Technical advances, practi-cal considerations, applications, and clinical opportunities[END_REF][START_REF] Van Der Kolk | Clinical applications of 7 T MRI in the brain[END_REF][START_REF] Webb | The technological future of 7 T MRI hardware[END_REF][START_REF] Benjamin | 7 Tesla MRI in cerebral small vessel disease[END_REF]. With more than 35,000 MR examinations already performed at 7.0 Tesla, the reasons for moving UHF-MR into clinical applications are more compelling than ever. The value of high-field MR has already proven itself many times over at lower field strengths; now 7.0 T has opened a window on tissues, organs and (patho)physiological processes that have been largely inaccessible in the past. Images from these instruments have revealed new aspects of the anatomy, functions and physiometabolic characteristics of the brain, heart, joints, kidneys, liver, eye and other organs/tissues, at an unparalleled quality. The number 35,000 sounds large, but in fact we have barely cracked open the door and have yet to truly assess what lies on the other side.

That makes this a perfect moment for a highly topi-cal special issue of MAGMA: those of us who work in UHF-MR can see a clear route forward for resolving tech-nological issues and can outline some of the new opportunities that will accompany even higher field strengths. The issue provides an overview of the state of the art and discusses the clinical relevance of what we have already observed and can clearly foresee. Articles are devoted to development of novel methodology [START_REF] Huettner | Radiofrequency pulse design with numerical optimization in the Fourier domain[END_REF][START_REF] Yarach | Correction of B 0-induced geometric distor-tion variations in prospective motion correction for 7T MRI[END_REF][START_REF] Desmond | Volumetric imaging with homoge-nised excitation and static field at 9.4 T[END_REF][START_REF] Eggenschwiler | 3D T 2-weighted imaging at 7T using dynamic kT-points on single-transmit MRI systems[END_REF][START_REF] Larson | Ultrashort echo time and zero echo time MRI at 7T[END_REF], safety topics [START_REF] Weidemann | Measurements of RF power reflected and radiated by multichannel transmit MR coils at 7T[END_REF][START_REF] Fatahi | Subjective percep-tion of safety in healthy individuals working with 7 T MRI scan-ners: a retrospective multicenter survey[END_REF][START_REF] Chen | Cranial fixation plates in cerebral magnetic resonance imaging: a 3 and 7 Tesla in vivo image qual-ity study[END_REF] early multicenter trials [START_REF] Voelker | The traveling heads: multicenter brain imaging at 7 Tesla[END_REF], frontier human stud-ies [START_REF] De Boer | 7 T renal MRI: challenges and promises[END_REF][START_REF] Cardoso | Improving the clinical potential of ultra-high field fMRI using a model-free analysis method based on response consistency[END_REF][START_REF] Bianciardi | In vivo functional connectome of human brainstem nuclei of the ascend-ing arousal, autonomic, and motor systems by high spatial reso-lution 7-Tesla fMRI[END_REF][START_REF] Zimmer | Pulsed arterial spin labelling at ultra-high field with a B 1+ -optimised adiabatic labelling pulse[END_REF][START_REF] Marrakchi-Kacem | Robust imaging of hippocampal inner structure at 7T: in vivo acquisition protocol and methodological choices[END_REF][START_REF] Donadieu | Evidencing different neurochemical profiles between thalamic nuclei using high resolution 2D-PRESS semi-LASER 1H-MRSI at 7 T[END_REF][START_REF] Kraff | 7 Tesla quantitative hip MRI: a comparison between TESS and CPMG for T2 mapping[END_REF][START_REF] Schreiner | Reproducibility and regional varia-tions of an improved gagCEST protocol for the in vivo evalua-tion of knee cartilage at 7 T[END_REF], breakthrough clinical applications [START_REF] Li | Evaluating metabolites in patients with major depressive disorder who received mindfulness-based cognitive therapy and healthy controls using short echo MRSI at 7 Tesla[END_REF][START_REF] Schumacher | Neuromyelitis optica does not impact periventricular venous density versus healthy controls: a 7.0 Tesla MRI clinical study[END_REF][START_REF] Cronin | A comparison of phase imaging and quantitative susceptibility mapping in the imag-ing of multiple sclerosis lesions at ultrahigh field[END_REF][START_REF] Zhu | High resolution imaging of the intracranial vessel wall at 3 and 7 T using 3D fast spin echo MRI[END_REF][START_REF] Beenakker | Clinical evalua-tion of ultra-high-field MRI for three-dimensional visualisation of tumour size in uveal melanoma patients, with direct relevance to treatment planning[END_REF][START_REF] Mirkes | 31P CSI of the human brain in healthy subjects and tumor patients at 9.4 T with a three-layered multi-nuclear coil: initial results[END_REF][START_REF] Compter | Technical feasibility of integrating 7 T anatomical MRI in image-guided radiotherapy of glioblas-toma: a preparatory study[END_REF][START_REF] Grouiller | Presurgical brain mapping in epilepsy using simultaneous EEG and functional MRI at ultra-high field: feasibility and first results[END_REF] and future directions of UHF-MR [START_REF] Budinger | Toward 20 tesla magnetic resonance for human brain studies: opportunities fordiscovery and neuroscience rationale[END_REF][START_REF] Winter | Electrodynamics and radiofre-quency antenna concepts for human magnetic resonance at 23.5 T (1 GHz) and beyond[END_REF]. At the moment some of these new concepts and clinical applications are merely of proof-ofprinciple nature and visions, but they are compelling enough to drive the field forward. We hope to engage the interest of clinicians, basic scientists, engineers, translational researchers and applied scientists from many areas, and particularly to attract young scientists and new entrants into the field. In doing so, we hope to con-vince the MR imaging and spectroscopy communities to throw their weight into the task of solving technical prob-lems and conceiving new clinical applications. UHF MR has a staggering number of potential uses in neuroscience, neurology, radiology, cardiology, internal medicine, oncol-ogy, nephrology, ophthalmology and other related clinical fields. As they are developed, we will push the boundaries of MR physics, biomedical engineering and biomedical sci-ences in many other ways.

Another reason this special issue is timely is because physicists, engineers and pioneers from related disciplines have already taken an even further step into the future, in their minds, with something they are calling Extreme Field MR (EF-MR). This envisions human MR at 20 T [START_REF] Budinger | Toward 20 tesla magnetic resonance for human brain studies: opportunities fordiscovery and neuroscience rationale[END_REF][START_REF] Winter | Electrodynamics and radiofre-quency antenna concepts for human magnetic resonance at 23.5 T (1 GHz) and beyond[END_REF], and it is an important leap of the imagination because it aims to fill a crucial "resolution gap" in our understand-ing of human biology [START_REF] Polenova | Ultrahigh field NMR and MRI: Science at a crossroads[END_REF][START_REF] Winter | Thermal magnetic resonance: physics considerations and electromagnetic field simulations up to 23.5 Tesla (1 GHz)[END_REF]. While discoveries are pour-ing in on the molecular and cellular level every day, it is extremely difficult to integrate these findings into a coher-ent picture of the functions of tissues and pathological pro-cesses at a mesoscopic level above that of the cell. There is a wide gap between the view of biologists and clinicians that is begging to be filled. Extreme field MR is probably an ideal technology that will reach between these levels in vivo by bridging a crucial gap in resolution in space and time.

Achieving this goal will certainly require extra resources-and the will to go there. While the first 20 T class MR instruments will likely be devoted to discovery and to proof of principle, the findings will be crucial guides to making the best use of lower-resolution imaging tech-niques. The only thing that could keep the dream of human MR at 20 T from becoming reality would be a failure to fol-low the path and see what develops. Will the clinic even-tually be able to follow us to even higher fields? It always does, if a whole community of experts devotes their crea-tive efforts to the task. Currently we have only the roughest sense of what we will find. But even that glimpse has made some of us believers. We hope that this issue will convey the seeds of this vision and inspire you-as it has us-to become pioneers in these amazingly promising new areas of biomedical research: ultrahigh field and extreme field MR.
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