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TARGET AUDIENCE: Researchers studying brain microstructure and relationship between axon and myelin concentration. 

PURPOSE: Understanding the normal and diseased human brain crucially depends on reliable knowledge of its anatomical 
microstructure as it evolves during life. During the last decade quantitative MRI (qMRI) has facilitated the observation of 
microstructural changes in-vivo 1. Although conventional qMRI techniques such as diffusion tensor imaging are sensitive to 
microstructural changes, they are unspecific to the underlying tissue compartments, e.g. they can detect microstructural changes in 
multiple sclerosis but not distinguish demyelination from remyelination 2. Thus, they are less suitable as MRI-based biomarkers. 
One approach to improving the specificity relies on advanced biophysical models that relate the MRI signal to the underlying 
microstructural characteristics. An important microstructural property is the g-ratio of fiber pathways 3, i.e. the ratio between inner 
and outer fiber diameter, since it has been shown that the g-ratio is related to conductance velocity, can change due to functional 
stimulation 4 and more specifically reflects the integrity of nerve fibers than standard qMRI 5. Yet, the g-ratio distribution in 
humans has been investigated only in few healthy volunteers and there is little known about its variation within the population. We 
determine in-vivo the spatial distribution of the g-ratio across the whole brain within a group of healthy volunteers and compare it 
to ex-vivo histology literature values 5. 

METHODS: 19 healthy volunteers were scanned at 3T using an 800μm multi-parameter mapping (MPM) protocol 6,7 and a 2.3 
mm standard high-angular-resolution diffusion imaging (HARDI) protocol 8. The calculation of the aggregate g-ratio was based on 
Stikov et al.’s 3 model that relates the g-ratio to the ratio of myelin (MVF, derived from MPM data) and fiber (FVF, derived from 
HARDI data) volume fraction within a given volume. As compared to recent approaches 3,5 we introduced three innovations 
ensuring a faster and more robust acquisition of the g-ratio maps: (a) MVF was estimated by a magnetization transfer (MT) map 
from the MPM protocol, which uses multi-echo Fast Low-Angle Shot (FLASH) acquisitions with high SNR and image quality 
6,9,10, (b) FVF was calculated using the Tensor Fiber Density (TFD) of Reisert et al. 11, which unlike higher-order diffusion models 
can be directly estimated from a comparatively small standard HARDI dataset, (c) we corrected for susceptibility-related 
distortions in the HARDI data to improve alignment between HARDI and MT data using the HySCO-ACID toolbox 12. The 
resulting expression for the g-ratio was: g = 1−MVF

FVF = 1−α MT
TFD

, where the same α = 0.04 was used for all subjects and it 

was determined by normalizing to a literature value of 
g = 0.8 for the splenium. To transform individual g-
ratio maps into a common group space we used 
DARTEL in SPM8 13,14. We calculated the voxel-wise 
mean and standard deviation of the g-ratio across 
volunteers. The group mean in-vivo g-ratio was 
compared to ex-vivo histology5 measures of the g-ratio. 

RESULTS AND DISCUSSION: The in-vivo g-ratio 
across a group of healthy volunteers followed the 
observations from ex-vivo histology of the corpus 
callosum 5: it was highest in the genu, midbody and splenium of the corpus callosum (Fig. 2). Furthermore, the g-ratio was highest 
along the cortico-spinal tracts (Fig. 1a, arrows), which is populated by axons that have the largest diameter 15 within the whole 
brain in keeping with the general histological finding of larger fibers having larger g-ratio. The inter-individual variation of the g-
ratio was highest in the splenium and the cortico-spinal tracts towards the motor cortex (Fig. 1b, arrows). We note potential 
limitations of MRI-based g-ratio measures: (a) there are different approaches to estimate the FVF 5,11 and MVF 3 and there is no 
conclusive answer to which method works best, (b) the assumption that it represents the aggregate g-ratio might be violated in 
some regions because the percentage of 
unmyelinated fibers is not constant over 
the brain 16, (c) our comparison with ex-
vivo histology is of a qualitative nature 
only, because the ex-vivo g-ratio was 
measured in a macaque 5. 

CONCLUSIONS: This is the first 
study that demonstrates inter-individual 
variation of the in-vivo g-ratio in white 
matter using standard acquisition methods. We found qualitative agreement between the in-vivo and ex-vivo g-ratio. The in-vivo 
g-ratio measure holds promise as a biomarker in neuroimaging, clinical research and diagnosis.  
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Fig. 1: Group g-ratio maps. 
Mean (a) and standard deviation 
(b). (a) The g-ratio is highest in the 
genu, midbody and splenium of 
the corpus callosum and within the 
cortico-spinal tracts (arrows). (b) 
Inter-individual variation is 
particularly high in the left part of 
the splenium and cortico-spinal 
tracts near the cortex (arrows). 

Fig. 2: (a) Comparison between in-vivo (black) 
and ex-vivo (red) g-ratio measures in the 
corpus callosum. (b) Following the dissection 
of the corpus callosum by Stikov et al. 4 for ex-
vivo histology (top row), we calculated the 
standard deviation and the mean of the g-ratio 
in 8 different region of interests (ROI, bottom 
row). Our g-ratio measure followed the trend 
of the ex-vivo measurements (a). 
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