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Measurements for g-ratio quantification
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g-ratio: model vs reality

daxon

Dfiber

Idealized axon

g-ratio =
Dfiber

daxon

Real axon

daxon = ? Dfiber = ?



g-ratio: measurement options
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Circle Ellipse

diameter = 10 µm 

Bertrand’s Paradox (Probability)

Not all g-ratio measures are equal

Equal angles

lineavg = 6.32 µm 

Equal arcs

lineavg = 6.77 µm 



g-ratio: less circular → greater variation

Equal-area circles

Equal arcs

Equal angles

g-ratio: 
 

 dimensionless-measure of myelin ?

    or

indicator for optimal signal conductivity ?

For equivalent measured g-ratios, do these geometries produce equivalent conductivity?



Working group for the myelin g-ratio consortium

Group consensus manuscript in development

Delphi survey

Topics for open consensus

•  Suitable microscopy modalities

•  Recommended practices for:

•  manual measurements

•  automated tools

•  Handling artefacts, oblique sections

•  Quality assurance, reporting
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Histology defines the g-ratio

But are aggregate g-ratio measures

reproducible and accurate?



On validation and reproducibility of qMRI measures

Controlled implementationsIndependent implementations



T1 challenge: validating accuracy (phantom)

rrsg2020.dashboards.neurolibre.org

NIST phantom

→ known T1 (ground truth)

Healthy brain T1 range at 3T

 → 700 ms to 1500 ms

Measured vs. reference

→ Removes biological variability

→ Tests accuracy, not spread

https://rrsg2020.dashboards.neurolibre.org/


T1 challenge: testing reproducibility (in vivo)

rrsg2020.dashboards.neurolibre.org

Real brains 

→ No ground truth 

→ Tests reproducibility

Independent vs. coordinated sites

→ Inter-sites: 2x variability

A paper is not enough

→ Matched protocol files (per vendor)

→ Vendor-neutral sequences (across vendors)

https://rrsg2020.dashboards.neurolibre.org/


6 participants

2019 2022

10 time points

3T
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CNeuroMod: single-scanner longitudinal design



CNeuroMod: pushing reproducibility to its limit (myelin)

T1
MP2RAGE

: reproducible and sensitive

MTsat: reproducible and sensitive

MTR:    reproducible but not



CNeuroMod: pushing reproducibility to its limit (axon)

FA, MD, RD: all reproducible

All sensitive: detectable subject 

variability

→ axon biomarkers: longitudinally stable



Concluding remarks

Quantitative MRI: can be reproducible and accurate

Aggregate g-ratio validation needs histology

→ but no consensus yet on how to measure it



hMRI

Open-source tools

MRI Histology

MyelTracer
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