
Add an image

1. Click on the icon in the center of 
the image area

2. Select an image. Note: Use a 
landscape image

3. Click ‘Insert’ and the image will 
be placed

Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Crop an image

1. Click on the placed image and 
then select the tab ‘Image 
Format’

2. Click on the ‘Crop’ button 

3. You can now fit the image in 
two ways:

a. Drag the photo in such a way 
that the part that should be 
visible in the image plane is 
correct

b. With the white dots you can 
make the image larger or 
smaller in such a way that the 
part that should be visible in 
the image plane is correct
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Introduction: Motivation
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• Conventional MRI in brain
• Detect, characterize, monitor 

neurological diseases

• Signal Intensity
• Intrinsic tissue parameters
• PD (proton-density)
• T1 (longitudinal relaxation)
• T2 (transversal relaxation)

• Extrinsic parameters
• Scanner hardware
• Acquisition settings (TR, TE, TI, FA)

• Limitations
• Objective biomarkers
• Longitudinal analyses
• Data-driven image analysis models
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• Quantitative MRI (qMRI)
• Specialized sequences
• Reconstruct quantitative intrinsic 

properties (PD, T1, and T2)

• Absolute Interpretation
• Comparisons across subjects, time, 

etc.

• Help to develop interpretable 
biomarkers
• Diagnosis, disease characterization, 

and treatment-response monitoring 
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qMRI 
catch-22

Not 
broadly 

available

• Specialized sequences
• Additional scan time

Not 
adopted 
in clinic

Hampers 
investigations 

biomarkers
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Physical 
signal 
model

Self-
consistency 

loss

Deep learning

Large-scale 
real-world 

clinical dataset
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• 4,000+ scan 
sessions

• 1,750+ subjects

• 6-year period

• Conventional MRI: 
T1w, T2w, FLAIR

• Range of acquisition 
settings
• TR, TE, TI, FA

• Different 3T scanner 
hardware

• Diverse pathologies
• Oncology
• Neurodegenerative
• Epilepsy
• Vascular

Large-scale real-world clinically heterogenous dataset
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𝑆T1w GRE = 𝑃𝐷 ⋅ sin 𝐹𝐴 ⋅
1 − exp −𝑇𝑅/𝑇1

1 − cos 𝐹𝐴 ⋅ exp −𝑇𝑅/𝑇1
⋅ exp −𝑇𝐸/𝑇2

𝑆T2w TSE = 𝑃𝐷 ⋅ 1 − exp −𝑇𝑅/𝑇1 ⋅ exp −𝑇𝐸/𝑇2

𝑆FLAIR = 𝑃𝐷 ⋅ 1 − 2 exp −𝑇𝐼/𝑇1 + exp −𝑇𝑅/𝑇1 ⋅ exp −𝑇𝐸/𝑇2

Established Bloch-based signal models

Quantitative parameters
PD: Proton-density
T1: longitudinal relaxation time
T2: Transversal relaxation time

Acquisition settings
FA: Flip angle
TR: Repetition time
TE: Echo time
TI: Inversion time
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(A) Multiple sclerosis (MS)

(B) Cerebral cavernous venous malformation 

(C) Meningioma

(D) Glioblastoma

(E) High-grade glioma progression

(F) Oligodendroglioma

(G) Multifocal high-grade glioma

 



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Physics-guided reconstruction of quantitative MRI from conventional contrasts by self-supervised deep learning – j.vanlune@umcutrecht.nl  

Add an image

1. Click on the icon in the center of 
the image area

2. Select an image. Note: Use a 
landscape image

3. Click ‘Insert’ and the image will 
be placed

Crop an image

1. Click on the placed image and 
then select the tab ‘Image 
Format’

2. Click on the ‘Crop’ button 

3. You can now fit the image in 
two ways:

a. Drag the photo in such a way 
that the part that should be 
visible in the image plane is 
correct

b. With the white dots you can 
make the image larger or 
smaller in such a way that the 
part that should be visible in 
the image plane is correct

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Results: Clinical test set (603 scan sessions)

12



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Physics-guided reconstruction of quantitative MRI from conventional contrasts by self-supervised deep learning – j.vanlune@umcutrecht.nl  

Add an image

1. Click on the icon in the center of 
the image area

2. Select an image. Note: Use a 
landscape image

3. Click ‘Insert’ and the image will 
be placed

Crop an image

1. Click on the placed image and 
then select the tab ‘Image 
Format’

2. Click on the ‘Crop’ button 

3. You can now fit the image in 
two ways:

a. Drag the photo in such a way 
that the part that should be 
visible in the image plane is 
correct

b. With the white dots you can 
make the image larger or 
smaller in such a way that the 
part that should be visible in 
the image plane is correct

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Results: Clinical test set (603 scan sessions)

13



Reset slide

Under the tab 'Home', at the top 
left of the new slide button, there 
is a 'Reset' button. If this button is 
pressed, the slide will reset 
everything to correct the house 
style (colors, font sizes, image 
placement, etc.)

Physics-guided reconstruction of quantitative MRI from conventional contrasts by self-supervised deep learning – j.vanlune@umcutrecht.nl  

Add an image

1. Click on the icon in the center of 
the image area

2. Select an image. Note: Use a 
landscape image

3. Click ‘Insert’ and the image will 
be placed

Crop an image

1. Click on the placed image and 
then select the tab ‘Image 
Format’

2. Click on the ‘Crop’ button 

3. You can now fit the image in 
two ways:

a. Drag the photo in such a way 
that the part that should be 
visible in the image plane is 
correct

b. With the white dots you can 
make the image larger or 
smaller in such a way that the 
part that should be visible in 
the image plane is correct

Create heading, 
sub-heading or bullets

1. Via ‘Home’ > ‘Paragraph’ you can 
turn the text into a heading, sub-
heading or bullets in the correct 
corporate identity 

2. Stand in front of the text you 
want to change

3. With the arrow to the left, you 
decrease the level. With the 
arrow to the right, you increase 
the level

Results: Clinical test set (603 scan sessions)

14

Quantitative maps invariant to
 scanner system

Inter-group CV:
• T1

• 0.57 % (WM) and 0.68 % (GM) 
• T2

• 0.22 % (WM) and 1.07 % (GM) 
• PD

• 0.54 % (WM) and 0.78 % (GM) 
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Quantitative maps invariant to 
sequence parameters

Inter-group CV:
• T1

• 1.08% (WM) and 0.82 % (GM) 
• T2

• 0.31 % (WM) and 1.07 % (GM) 
• PD

• 0.84 % (WM) and 0.72 % (GM) 
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Patient scanned twice within three months
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Mean diff. 11.3 % 3.9 % 7.8 %
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Volunteer scanned twice with different acquisition settings
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Results: Prospective reproducibility
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Mean diff. 6.9 % 2.9 % 5.1 %
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arrow to the right, you increase 
the level

Discussion: Summary

22

• Retrospectively transform widely available 
conventional MRI into qMRI

• Uses routine acquisitions (T1w, T2w, FLAIR) with 
no added scan time.

• Invariant to:
• Scanner hardware
• Acquisition settings

• Excellent voxel-wise reproducibility
• Retrospective
• Prospective

• Physics-guided self-supervised deep 
learning framework
• For quantitative mapping from 

conventional MRI

Limitation: Only 
homogeneous 

sequence types

Limitation: Analysis 
only in WM and GM
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Discussion: Outlook
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• Opens the door to large-scale 
quantitative biomarker 
investigations

• Harmonizes data across scanner 
hardware and sequence 
parameters
• Improve generalizability of 

downstream deep learning 
models

• Adaptable beyond the brain (e.g. 
prostate)
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   S  T1w GRE = P D ⋅   sin ⁡   (  F A ) ⋅   1 −   exp ⁡   (  − T R / T 1 )  1 −   cos ⁡   (  F A ) ⋅   exp ⁡   (  − T R / T 1 ) ⋅   exp ⁡   (  − T E / T 2 )


   S  T2w TSE = P D ⋅  (  1 −   exp ⁡   (  − T R / T 1 ) ) ⋅   exp ⁡   (  − T E / T 2 )


   S  FLAIR =  |  P D ⋅  (  1 − 2   exp ⁡   (  − T I / T 1 ) +   exp ⁡   (  − T R / T 1 ) ) ⋅   exp ⁡   (  − T E / T 2 ) |

