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MRI: medical vs measurement 

applications



Quantitative MRI

Adapting the MRI machine to 

behave as scientific measurement 

device



MRI Quantitative Imaging 

Biomarkers
MRI Parameter Units Example Applications

T1 (signal recovery 

time)

ms Aging, myocarditis, tumors

T2 (signal decay time) ms Demyelination (MS), ACL injuries

Diffusion coefficients s·mm2 Stroke, ALS, emphysema

Flow cm·s-1 Aortic dissection, vascular stenosis

Perfusion mL/100 g /min Acute stroke, predicting hemorrhages

Magnetization transfer

& Chemical exchange

Pool Size Ratio F  unitless

Exchange rates kf & kr  s-1

Macromolecules / demyelination 

(MS), Acute stroke, tumors

Magnetic 

Susceptibility

ppm Iron (MS, Alzheimer's, microvascular 

disease)

Conductivity & 

permittivity

Conductivity  S·m-1

(S: “Siemens”   kg−1⋅m−2⋅s3⋅Amperes2)

Permittivity  F·m-1

(F: “Farads”   kg-1·m-3·s4·Amperes2)

Tumors, thermal ablation planning, 

MR safety

Temperature ℃ Thermal ablation planning



MRI Field Properties

Electromagnetic field Units Example 

Applications

B0 (main magnetic field) Tesla (T), Hz, ppm 

Shimming

Quantitative Susceptibility 

Mapping

RF pulse offset (e.g., 

Magnetization transfer & chemical 

exchange)

B1
+ (transmit RF field 

amplitude)

µT, Volts ·m-1, normalized units

RF flip angle correction

Magnetization transfer RF pulse 

power correction

SAR mapping (MR safety)



Quantitative MRI: Road to 

Standardization





Karakuzu et al., (2020), qMRLab: Quantitative MRI analysis, under 

one umbrella. Journal of Open Source Software, 5(53), 2343, 

https://doi.org/10.21105/joss.02343

Cabana et al., (2015), Quantitative magnetization transfer imaging 

made easy with qMTLab: Software for data simulation, analysis, and 

visualization. Concepts Magn. Reson., 44A: 263-277. https://doi.org/1
0.1002/cmr.a.21357

Major Publications

https://doi.org/10.1002/cmr.a.21357
https://doi.org/10.1002/cmr.a.21357












Quantitative MRI Books



Quantitative 
MRI

mOOC
(mini-Open Online Course)
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Download
the qMRLab software



qMRLab.or
g
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Installing
the qMRLab software



qmrlab.readthedocs.io/en/master/install.html

Offical Documentation
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qmrlab.org/jekyll/2024/04/17/qmrlab-sop.html

Blog post: SOP for installation
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Overview
of the qMRLab interface 









How to…
simulate and fit
a single “voxel” of data 
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Other options:
view and edit protocol











How to…
download a demo dataset   











How to…
visualize loaded datasets





How to…
verify the fit of a single voxel





















How to…
fit an entire dataset



















Other options:
command line interface (CLI)
scripting and batch demos



qmt_spgr_batch.m



Recent work using qMRLab:

ISMRM T1 Reproducibility Challenge

https://doi.org/10.1002/mrm.30111

https://doi.org/10.1002/mrm.30111


Dashboard

https://rrsg2020.db.neurolibre.org

https://rrsg2020.db.neurolibre.org/


NeuroLibre Interactive Preprint
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NeuroLibre Interactive Preprint



What is MRM Highlights?
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Three Pillars of Highlights
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Monthly Interviews Annual 

Magazine

ISMRM Afterparty
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Q&A Interviews https://blog.ismrm.org/category/highlights/
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Reproducible Research Insights
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