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Historical Evolution of MRI Technology
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The evolution of magnetic resonance imaging (MRI) technology has been closely linked to the continuous increase of
the main magnetic field strength. Higher field strengths have led to increased Larmor frequencies, improved signal-to-
noise ratios (SNR), and altered tissue contrast, deriving corresponding advances in radiofrequency (RF) coil technology.
Breakthroughs in high-field magnet design, including active shielding and zero-boil-off helium systems, have enabled
the widespread clinical adoption of high-field MRI.

Another major direction of MRI development has been the expansion of imaging techniques based on diverse contrast
mechanisms and physiological parameters. From the early use of T1- and T2-weighted imaging, with or without contrast
agents, MRI has evolved to include chemical shift imaging and in vivo localized spectroscopy, MR angiography,
diffusion, perfusion, blood oxygenation level-dependent (BOLD) functional MRI. These advances have established MRI
as a unique diagnostic modality capable of providing comprehensive structural, functional, and metabolic information.
Gradient coil technology has also played a pivotal role by enabling spatial encoding, thereby transforming nuclear
magnetic resonance (NMR) into MRI. The development of self-shielded gradient coils substantially reduced eddy
currents induced during rapid gradient switching, making high-speed imaging techniques clinically practical.

Another major milestone has been the reduction of image acquisition time. Fast imaging techniques—including echo-
planar imaging (EPI), spiral imaging, fast spin echo (FSE), HASTE, FLASH, FISP, parallel imaging methods such as
SMASH and SENSE, and more recently compressed sensing—have dramatically shortened scan times while maintaining
diagnostic image quality.

Most recently, artificial intelligence (Al) has emerged as a transformative technology in MRI, enabling accelerated image
acquisition, improved SNR, adaptive contrast optimization, and multiparametric quantitative analysis. These advances

are expected to further enhance the diagnostic performance and clinical impact of MRI in the coming years.
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