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Multi-echo Ultrashort Echo-Time (UTE) to image tissues with short T2*, 

those were invisible in routine Fast-Spin-Echo (FSE) clinical images.

Deep Learning Denoising Reconstruction (DLR) to shorten the existing 

FSE clinical protocol up to 2X without compromising image quality.

+

= Comprehensive MSK MRI (FSE + multi-echo UTE)

without an increase in total scan time.

Purposes
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3D Center-out Radial Trajectories – Ultrashort Echo Time (UTE)

Minimum TE (TE1) = 96µs
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Multi-echo UTE



TE1 TE2 TE3 TE4 T2* map 

TE1-TE2 TE1-TE3 SAG Acquired AX MPR COR MPR

4-echo UTE – 0.8mm3 3D isotropic – 4:46 min @3Tesla



Shortening the clinical protocol 
using DLR
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DLR

Deep Learning Denoising Reconstruction (DLR)

Alleviating the fundamental tradeoffs …
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How well DLR performs?
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Subtractions
wDLR - w/oDLR



Knee Data
Bone Marrow 

SNR

% 

Increase 

with DLR
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% 
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Bone Marrow to 

Muscle CNR

% 

Increase with 

DLR

5-min 1NAQ w/ 

DLR
9.91 ± 2.37 15.69 ± 5.64 11.99 ± 9.52

5-min 1NAQ w/o 

DLR
7.07 ± 2.22 40.20% 10.20 ± 3.24 53.77% 7.53 ± 5.77 59.34%

10-min 2NAQ 8.93 ± 2.36 10.94% 14.60 ± 5.75 7.47% 11.87 ± 10.06 1.06%

√(𝟐) = 𝟏. 𝟒
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Discussions

Limitations

• Healthy volunteers with a small sample size

Future research directions

• Prospective clinical evaluation

• Using CS and DLR to shorten the scan time and/or increase the 

resolution of the UTE sequence



Summary
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[1]. https://news.harvard.edu/gazette/story/2019/04/harvard-scientists-lead-team-revealing-black-hole/

“See the Unseeable1”
The first-ever image of a black hole.

(@M87 Galaxy)

Thank you!


