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Ultra-short echo time (UTE) MRI is a rapidly advancing imaging technique that offers significant advantages in visualizing tissues
with extremely short T2 relaxation times. This review focuses on the principles and clinical applications of UTE MRI, particularly in
the imaging of joints, bones, lungs, and brain. UTE MRI utilizes specialized sequences that allow for the acquisition of high-quality
images from tissues that are traditionally challenging to visualize with conventional MRI, such as cortical bone, tendons, and lung
parenchyma. In musculoskeletal imaging, UTE sequences provide detailed images of joint cartilage, menisci, and ligamentous
structures, aiding in the assessment of degenerative diseases and traumatic injuries. For bone imaging, UTE MRI enhances the
evaluation of bone marrow, cortical bone abnormalities, and osteonecrosis. In pulmonary imaging, UTE techniques facilitate improved
visualization of the lung parenchyma and airways, offering valuable insights into diseases such as emphysema, fibrosis, and interstitial
lung diseases. Additionally, UTE MRI has shown promise in brain imaging, where it can capture tissue characteristics of white matter,
gray matter, and pathological changes associated with neurodegenerative diseases. This review highlights the principles of UTE MRI,
the technological advancements that have made it feasible for clinical use, and its evolving role in the diagnosis and monitoring of
various pathologies. We also discuss the challenges and future directions of UTE MRI, including its integration with other imaging
modalities and the need for further standardization in clinical practice.
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Table I. T2* values in various tissues, including those with rapid
relaxation components, obtained using ultra-short echo time (UTE)

techniques.
Tissue Long T2* Short T2 Ref
component component
Bone 2~3 ms <0.5 ms [23]
Cartilage 35 ms 0.5 ms [11,17]
Knee 19 ms 2 ms [37]
Tendon 8~20 ms 1< ms [35]
Skull 1~3 ms [40]
Lung 0.5~0.85 ms [25]
White matter 0.42 ms [22]
Carotid plaque 0.31 to 3.87 ms [31]
Bound water <1 ms [17]
Free water >7 ms [13]
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Fig. 1. UTE imaging of the articular cartilage of the knee in a 24-year-old healthy volunteer. Two echos with varying TE were acquired. a First
echo, obtained at a minimum TE (= 60 pus), and b second echo, obtained at longer TE (= 3.92 ms). The second echo image was then digitally
subtracted (c) from the first one to suppress signal from the long T2 tissue components, improving visualisation of the deep layer of cartilage. UTE
subtraction image shows distinct high-intensity linear signal near the osteochondral junction at the patella and trochlea (small arrows). Also note
bright signal at the cortical margins (large arrows), extensor apparatus (arrowheads), and posterior cruciate ligament.
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Fig. 2. (Color online) Example of morphological and quantitative UTE imaging of cranial bones. Skull, segmented from UTE (A) and CT (B)
acquisition, and 3D rendering of whole skull of an adult subject with remaining frontal suture (sutura frontalis persistens, indicated by white
arrows) segmented from T2* map (C) and difference image (D) of double echo UTE acquisition, respectively. [38].
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Fig. 3. (Color online) 3D-UTE MRI using a coronal reformation in a 32-year-old man with CF. A, Solid arrows show areas of advanced
emphysema, and open arrows show normal lung parenchyma areas. B, The volume of hyposignal intensities can be automatically quantified by a

curve-fitting method.
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