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Abstract  

 

Assessing the consistency of quantitative MRI measurements is critical for inclusion in 

longitudinal studies and clinical trials. Intraclass coefficient correlation and coefficient of 

variation were used to evaluate the different consistency aspects of diffusion- and myelin-

based MRI measures. Multi-shell diffusion and inhomogeneous magnetization transfer 

datasets were collected from twenty healthy adults at a high-frequency of five MRI 

sessions. The consistency was evaluated across whole bundles and the track-profile along 

the bundles. The impact of the fiber populations on the consistency was also evaluated 

using the number of fiber orientations map. For whole and profile bundles, moderate to 

high reliability of diffusion and myelin measures were observed. We report higher 

reliability of measures for multiple fiber populations than single. The overall portrait of the 

most consistent measurements and bundles drawn from a wide range of MRI techniques 

presented here will be particularly useful for identifying reliable biomarkers capable of 

detecting, monitoring and predicting white matter changes in clinical applications and has 

the potential to inform patient-specific treatment strategies. 
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Key points: 

•! Reliability and variability are excellent to good for DWI measurements, and good 

to moderate for MT measures for whole bundles and along the bundles.  

•! The number of fiber populations affects the reliability and variability of the MRI 

measurements. 

•! The reliability and variability of MRI measurements are also bundle dependent. 
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In recent decades, there has been a growing body of evidence that white matter (WM) plays 

a prominent role in various pathologies. In this context, longitudinal studies of WM have 

become increasingly important. Currently, various magnetic resonance imaging (MRI) 

techniques are used to assess different properties of WM tissues such as axonal density, 

fiber organization, or myelin (Jones et al., 2013). The most common technique is diffusion-

weighted imaging (DWI), which includes single-compartment models such as Diffusion 

Tensor Imaging (DTI, Basser et al., 1994) or more complex models using multi-

compartment fitting such as High Angular Resolution Imaging (HARDI, Dell’Acqua & 

Tournier, 2019; Jeurissen et al., 2013) and Neurite Orientation Density and Dispersion 

Imaging (NODDI, H. Zhang et al., 2012) from multi-shell diffusion MRI. Other techniques 

like magnetization transfer imaging (MTI, M. Kim & Cercignani, 2014; Wolff & Balaban, 

1989) are also increasingly used to examine changes in the myelin content of WM. Key 

measures of WM microstructure derived from these models are sensitive to changes in a 

healthy population (Alexander, 2017; Beck et al., 2021; Boukadi et al., 2019; 

Honnedevasthana Arun et al., 2021; Koshiyama et al., 2020; Munsch et al., 2021; Uddin et 

al., 2019) or in pathological conditions (Beaudoin et al., 2021; Brown et al., 2017; 

Granziera et al., 2021; Laule & Moore, 2018; Lu et al., 2021; Rahmanzadeh et al., s. d.; 

Schneider et al., 2017). In addition, studies have also shown the effect of a treatment or 

therapeutic intervention on WM measures in clinical trials (Arnold et al., 2022; Gurevich 

et al., 2018; Roy et al., 2021; Vavasour et al., 2019). 
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U#>!(H#-+#1('!#:6%>>!10(!5+$'-(>!#>!#!16#:1>;%I;,$1(6(>1!#$#-J>,>!#??6%#:0!l!!"#"$!#H(6#7,$7!

H%8(->!U,10,$!(#:0!X"!5+$'-(P!/%!7%!I+610(6)!10(!:%$>,>1($:J!%I!(#:0!X"!.(#>+6(!U#>!

#->%! (H#-+#1('! #>! #! ?6%I,-(! #-%$7! 10(!5+$'-(!+>,$7! %&'(%)*#%&+, L<%+>,$(#+! (1! #-P)! Z[\]^!

s(#1.#$!(1!#-P)!Z[\ZMP!C,$#--J)!10(!>#.(!#$#-J>(>!U(6(!:#66,('!%+1!5J!>?-,11,$7!(#:0!U0,1(!

.#11(6!5+$'-(!.#>B!#::%6',$7!1%!10(!$+.5(6!%I!I,5(6!%6,($1#1,%$>!+>,$7!10(!T+CS!.#?)!#!

+>(I+-!,$'(8!%I!10(!$+.5(6!%I!I,5(6!?%?+-#1,%$>P!

,

-"! ./%0'(1,

!

"(10%'!#$'!6(>+-1>!#6(!'%:+.($1('!#$'!#H#,-#5-(!#1!011?>mtt0,70;I6(Y+($:J;.6,;'#1#5#>(;

>+??-(.($1#6JP61I'P,%P!!!!

,

ZP\P!R#61,:,?#$1>!

Twenty healthy adults (mean age 36 years, age range 29-46 (SD = 4.7), 3 men and 17 

women) were recruited from the environment of the University of Sherbrooke and the 

Centre Hospitalier Universitaire of Sherbrooke (CHUS). The study was designed with this 

proportion of male and female subjects to match a future MS group. Participants were 

screened for eligibility to undergo MRI, no history of brain disease or injury, left-

handedness and received financial compensation for their participation. The study was 
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approved by the ethics committee of the CHUS (Comité d’éthique de la recherche du 

CIUSSS de l’Estrie) in Sherbrooke, Canada and all participants gave prior informed written 

consent. !

!

ZPZP!"EK!'#1#!#:Y+,>,1,%$!

Whole-brain MRI data were acquired using a clinical 3T MRI scanner (Ingenia, Philips 

Healthcare, Best, Netherlands) using a 32-channel head coil. Each MRI session lasted 

approximately 33 min and was repeated 5 times over 6 months and a 4-week interval (+/- 

1 week). For each participant, images were acquired at approximately the same time of day 

to avoid potential diurnal effects (i.e., a morning participant had all sessions in the morning, 

with a tolerated 2–3-hour variation).!All MRI data acquisitions were aligned on the anterior 

commissure-posterior commissure plan (AC-PC) and included (a) anatomical 3D T1-

weighted, (b) multi-shell diffusion-weighted images (DWI), (c) inhomogeneous 

magnetization transfer (ihMT).!

(a) 3D T1-weighted MPRAGE image was acquired axially at 1.0 mm isotropic 

resolution, repetition time (TR)/echo time (TE)/inversion time (TI)p=p7.9/3.5/950 ms, field-

of-view (FOV)p=p224x224 mm2 yielding 150 slices, flip angle = 8° for an acquisition 

timepofp4 min 20 s. !

(b) Multi-shell DWI images were acquired with a single-shot EPI spin-echo 

sequence at 2.0 mm isotropic resolution, TR/ TE= 4800/92 ms, SENSE factor = 1.9, 

Multiband-SENSE factor = 2, flip angle of 90°, FOV=224x224 mm2, 66 slices for an 

acquisition timepofp9 min 19s. The data comprised of 100 unique directions uniformly 

spread over three shells at b = 300 mm2/s (n=8 directions), b = 1000 mm2/s (n=32 

directions), b = 2000 mm2/s (n=60 directions), with non-diffusion-weighted images b = 0 

mm2/s (n=7), for a total of 107 total diffusion volume (Caruyer et al., 2013). To correct EPI 

distortions, a reversed phase-encoded b = 0 image was acquired right after the DWI 

acquisition, with the same geometry (Andersson et al., 2003).!

(c) Inhnomogeneous MT images were acquired using a 3D segmented-EPI 

gradient-echo sequence with different MT preparation pulses with first TR/TE = 3.6/112 

ms, 2 x 2 mm resolution, flip angle of 15°, FOV=224x224 mm, 65 slices of 2 mm of 

thickness and 3 echoes with echo spacing 6.0 ms for an acquisition time of 6 min 04s. 
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Inhomogeneous MT uses a magnetization preparation (10 Hann pulses of 0.9 ms duration 

with 1.5 ms interval at a frequency offset of +/- 7000 Hz) (Varma et al., 2015). Two 

additional reference images were acquired for each echo without MT preparation, with the 

same parameters as the MT sequence and a second with a higher flip angle (30°) and a 

shorter TR (20 ms) for quantification purposes. 

!

ZPfP!"EK!?6%:(>>,$7!

ZPfP\P! /6#:1%I-%Um!2XK!#$'!/\!?6%:(>>,$7!

After visual quality assessment, for each participant, Tractoflow (Theaud et al., 2020) a 

pipeline developed by SCIL (https://github.com/scilus/tractoflow), was used to process 

DWI and T1w images. This pipeline generates both diffusion measures and tractography 

of WM, from raw DWI, T1w, bvec/bval files and the reversed phase-encoded b=0 and has 

been proved to be highly reproducible in time and immediate test-retest (Theaud et al., 

2020). Briefly, after denoising and correcting the raw DWI images for motion, eddy-

currents, geometric distortions and field inhomogeneity, the fiber orientation distribution 

function (fODF) was generated using constrained spherical deconvolution (Descoteaux et 

al., 2007; Tournier et al., 2007) with a fixed fiber response of [15, 4, 4] x 10-4 s/mm2 for all 

subjects (Pierpaoli & Basser, 1996), as recommended in (Dell’Acqua et al., 2013b), a 

maximal spherical harmonics order of 8 and all b-value DWI data. Four DTI measures 

including Fractional Anisotropy (FA), Mean Diffusivity (MD), Radial Diffusivity (RD) 

and Axial Diffusivity (AD) were computed and HARDI-derived measures including total 

apparent fiber density (AFD total) and the number of fiber orientations (NuFO), were 

extracted from the fODF (see Table 1 for a list of available measures). In parallel, the T1w 

anatomical image was also denoised, corrected, and registered to the b=0 and the FA 

images before tissue segmentation to generate the tracking maps including inclusion, 

exclusion maps and a WM seeding mask (G. Girard et al., 2014). The whole-brain 

ensemble tractogram was generated from an fODF map and tracking masks using both the 

anatomically constrained particle filter tracking algorithm (PFT, G. Girard et al., 2014) and 

local tracking with 5 and 2 seeds per voxel respectively. Except for the number of seeds 

per voxel, all parameters used the default Tractoflow settings (see Theaud et al., 2020 for 

a complete pipeline description). 
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!

ZPfPZP! T(+6,1(!S6,($1#1,%$!2,>?(6>,%$!2($>,1J!K.#7,$7!

NODDI is a multi-shell compartment modelling technique that identifies three types of 

microstructural environments: intracellular, extracellular, and CSF compartments (Zhang 

et al. 2012). NODDI measures were extracted using NODDI flow from SCIL 

(https://github.com/scilus/noddi_flow), which used Accelerated Microstructure Imaging 

via Convex Optimization (AMICO, Daducci et al., 2015) from multi-shell DWI images. 

Complementing, the extracellular volume fraction (ECvf), a measure of the volume 

fraction within a voxel that is not neuronal and assumed to be due to glial cells infiltration, 

was computed as follows ECvf=1-ICvf. Finally, four microstructural maps were generated: 

ECvf, intracellular volume fraction (ICvf), isotropic volume fraction (ISOvf), and 

orientation dispersion (OD).  

!

ZPfPfP! "#7$(1,V#1,%$!/6#$>I(6!K.#7,$7!L"/KM!!

Inhomogeneous MT images were processed using a custom in-house pipeline including 

tools from the FSL, 3'H#$:('!T%6.#-,V#1,%$!/%%->!>%I1U#6(!L3T/>)!3H#$1>!(1!#-P)!Z[\\M!

and SCIL pipeline scripts (https://github.com/scilus/ihmt_flow). For each echo, raw ihMT 

images were firstly co-registered using ANTs linear registration (Avants et al., 2008). Next, 

the reference image was used to perform tissue segmentation with the AtroposN4 command 

from ANTs. Tissue maps from the above T1w processing were concatenated and used as 

brain mask during ihMT processing. Two ihMT images were generated from all 

frequencies and reference images as previously described in Varma et al., 2015: ihMT ratio 

(ihMTR) and ihMT !R1 saturation (ihMTdR1sat) – developed to enhance ihMTR contrast 

by decoupling the ihMTR signal from the T1 longitudinal relaxation rate. Additionally, 

from the positive frequency data and reference images, we also computed two “standard” 

MT images: MT ratio (MTR) and MT saturation (MTsat) – generated as described in Helm 

et al., 2008. However, it should be noted that these MT measures are computed from ihMT 

acquisitions whose saturation frequency of 7000 Hz is outside the range generally used for 

MTR and MTsat (1000-2500 Hz). Finally, the four resulting myelin-sensitive maps were 

registered to the b=0 and the FA images using nonlinear SyN ANTs. Table 1 provides the 

complete list of measures included in the analyses. 
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.(#>+6(>!I%6!10(!-,$(#6!L.+1+#-!,$I%6.#1,%$M!L3H#$1>!(1!#-P)!Z[\\M!L011?>mtt0,70;I6(Y+($:J;

.6,;'#1#5#>(;>+??-(.($1#6JP6(#'10('%:>P,%t($t-#1(>1t?,?(-,$(t:%..%$u>?#:(P01.-MP! /0(!

?6%:(>>('!5[!,.#7(>!6(>#.?-('!#1!\!..!,>%16%?,:!I6%.!-&'(%)./)0!U(6(!+>('!#>!#$!,$?+1!

U,10!I%+6!,1(6#1,%$>!U,10!'(:6(#>,$7!'(76((>!%I!'%U$>#.?-,$7!#$'!>.%%10,$7P!!

3--! subject-specific measures maps and bundles U(6(! #-,7$('! ,$! 10(! :%..%$!',II+>,%$!

>?#:(!+>,$7!10(!6(>+-1,$7!$%$-,$(#6!6(7,>16#1,%$P!C,$#--J)!#H(6#7('!.#?>!U(6(!:%.?+1('!I%6!

(#:0!.(#>+6(!#$'!>0%U$!,$!C,7+6(!Z!#$'!#H#,-#5-(!#1!011?>mtt0,70;I6(Y+($:J;.6,;'#1#5#>(;

>+??-(.($1#6JP6(#'10('%:>P,%t($t-#1(>1t6(>+-1>t#H(6#7(u.#?>P01.-P!!!!

!

ZPdP!<%$>,>1($:J!I%6!U0%-(;5+$'-(!#H(6#7(!#$'!?6%I,-(>!#-%$7!5+$'-(>!

C%6!(#:0!5+$'-()!10(!:%$>,>1($:J!%I!10(!',II(6($1!.(#>+6(.($1>!U#>!(H#-+#1('!I6%.!L\M!10(!

5+$'-(;#H(6#7('! !"#"$! %$(!.(#>+6(! I%6! 10(!U0%-(! 5+$'-(! #$'! LZM! #-%$7! 10(! 5+$'-(! #>! #!

?6%I,-()!#->%!:#--('!16#:B;?6%I,-(!%6!:%$$(:1%.(16J!L<%+>,$(#+!(1!#-P)!Z[\]^!s(#1.#$!(1!#-P)!

Z[\Z^!s(0!(1!#-P)!Z[\dMP!C%6!10(!5+$'-(;#H(6#7(')!10(!'($>,1J!.#?!U#>!+>('!1%!7($(6#1(!#!

5,$#6J!.#>B!%I!(#:0!U0%-(!5+$'-(!,$!10(!:%..%$!>?#:(P!/0($)!1%!.,$,.,V(!10(!(II(:1!%I!

?#61,#-! H%-+.()! (#:0! U0%-(! 5+$'-(! .#>B! U#>! (6%'('! 5J! %$(! H%8(-! 1%! 7($(6#1(! #!

:%$>(6H#1,H(!5+$'-(!.#>B! 10#1!U(!:#--('! 10(! q>#I(!.#>BrP!C%6! 10(! :%$>,>1($:J!?6%I,-(>)!

-&'(%)*#%&+1./)0)! #! ?+5-,:! ?,?(-,$(! '(H(-%?('! 5J! F<KA!

L011?>mtt7,10+5P:%.t>:,-+>t16#:1%.(16JuI-%U)!<%+>,$(#+!(1!#-P)!Z[\]^!s(#1.#$!(1!#-P)!Z[\ZM!!

U#>!#??-,('!1%!(#:0!>+5a(:1;>?(:,I,:!5+$'-(!1%!%51#,$!5,$#6J!.#>B!:%66(>?%$',$7!1%!(#:0!

5+$'-(!>(:1,%$!L(#:0!>(:1,%$!:%66(>?%$',$7!1%!#!>?(:,I,:!-#5(-MP!&#:0!5+$'-(!U#>!6(>#.?-('!

,$1%!\[!(Y+,',>1#$1!>(:1,%$>!#$'!,$1(6>(:1('!U,10!10(!>#I(!.#>BP!!

T(81)! -(I1! #$'! 6,701! .#>B>! U(6(! .(67('! I%6! (#:0! #H(6#7(! #$'! >(:1,%$! 5+$'-(! .#>B!

LF+??-(.($1#6J! C,7+6(! \MP! C,$#--J)! 2/K)! @3E2K)! TS22K! #$'! "/K! .(#>+6(>! U(6(!

(816#:1('!I%6!(#:0!5+$'-(!.#>B!%H(6!>(>>,%$P!

!

ZP]P!K.?#:1!%I!I,5(6!?%?+-#1,%$>!%$!:%$>,>1($:J!

Many studies have reported that voxels containing multiple fiber populations (Jeurissen et 

al., 2013; Volz et al., 2018) affect the microstructural measures (Volz et al., 2018). Here, 
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we evaluate the effect of fiber populations projecting in multiple orientations on the 

consistency of the WM measures. To this end, we used the NuFO maps which are estimated 

from the number of local maxima of the fODF profile in each voxel (Dell’Acqua et al., 

2013b). The intensity of each voxel corresponds to the number of fiber populations, ranging 

from 1 for the single fiber population to 2 and more for the multiple fiber populations 

(Jeurissen et al., 2013). We apply two thresholds of 1 and !2 on the NuFO map to 

compartmentalize the “average” bundle (i.e., whole bundle) into “single” and “multi” fiber 

populations compartments, respectively. For this, each voxel of the whole and section 

masks for each bundle was sorted according to these two thresholds (https://high-

frequency-mri-database-

supplementary.readthedocs.io/en/latest/pipeline/fiber_population.html.)  

3$! %H(6H,(U! %I! %+6! #$#-J>,>! ?,?(-,$(! ,>! ,--+>16#1('! ,$! F+??-(.($1#6J! C,7+6(! Z! #$'!

011?>mtt0,70;I6(Y+($:J;.6,;'#1#5#>(;

>+??-(.($1#6JP6(#'10('%:>P,%t($t-#1(>1t'#1#t%H(6H,(UP01.-v?,?(-,$(;>+..#6JP 

!

ZPbP!O+#-,1J!:%$16%-!

A visual quality assessment procedure was carried out for major steps including raw input 

data, preprocessing, registration steps, bundles segmentation and tract profiles using 

dMRIqc flow! L011?>mtt7,10+5P:%.t>:,-+>t'.6,Y:uI-%UM. G(:#+>(! 6(>#.?-,$7! 10(! 5+$'-(>!

,$H%-H(>!>.#--(6!.#>B!H%-+.(>!#$'!10(6(I%6()!,$16%'+:(>!#!?%1($1,#-!:%$I%+$',$7!I#:1%6)!,1!

,>! ,.?%61#$1! 1%! ($>+6(! 10#1! (#:0! >(:1,%$! %I! 5+$'-(>! :%$1#,$>! ($%+70! H%8(->! 1%! #>>(>>!

:%$>,>1($:J!.(#>+6(.($1>P! C%6! 10,>! ?+6?%>()! U(! (816#:1('! 10(! H%-+.(! %I! (#:0! >(:1,%$!

:%66(>?%$',$7!1%!10(!5+$'-(!?6%I,-(!#$#-J>(>!#$'!10(!I,5(6!?%?+-#1,%$!:%.?#61.($1>!10#1!

7($(6#1(! #! $%H(-! >+5',H,>,%$! %I! 10(! .#>B>! %I! (#:0! >(:1,%$! ,$! >,$7-(;! #$'! .+-1,;

:%.?#61.($1P!/U%!.,$,.+.!106(>0%-'>!%I!\[[[!#$'!k[[!H%8(->!6(>?(:1,H(-J!U(6(!+>('!1%!
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U(6(!(8:-+'('P!
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-%U!H#-+(>!,$!10(!X"!L/#6,Y)!Z[\bM!)!#$'!.#$J!>1+',(>!(.?0#>,V('!10(!?%%6!6(-,#5,-,1J!%I!

10,>!TS22K!?#6#.(1(6! L3$',:#!(1!#-P)!Z[Z[^!<0+$7!(1!#-P)!Z[\d^!A(0.#$$!(1!#-P)!Z[Z\^!
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Figure 1. Representation of the major bundle models used by RecobundlesX as shape priors 

to extract the bundles from the whole tractogram. Bundles of both hemispheres are shown.  

!

fPZP!2,II+>,%$;!#$'!.J(-,$;5#>('!.#?>!,$!',II+>,%$!1(.?-#1(!>?#:(!

/06((!6(?6(>($1#1,H(!#8,#-!>-,:(>!%I!10(!6(>+-1,$7!#H(6#7('!.#?>!,$!:%..%$!',II+>,%$!

>?#:(!#6(!>0%U$!,$!C,7+6(!Z)!10(!5%11%.!6%U!6(?6(>($1>!10(!10,6'!-,$(!U,10!#!:%-%6.#?P!3>!

(8?(:1(')!10(!.#?>!0,70-,701!10(!6(7,%$#-!H#6,#1,%$!%I!.(#>+6(.($1>!:%66(>?%$',$7!1%!(#:0!

.#?)!5%10!,$!76(J!L1%?!6%U>M!#$'!U,10!#!6#$7(!%I!:%-%6>!L5%11%.!6%UMP!/0(!.#?>!#6(!>.%%10!

5+1! >0%U! >0#6?! :%$16#>1>! 5(1U(($! ',II(6($1! 1,>>+(! 1J?(>! >+:0! #>! <FC)! *"! #$'! X"P!

"%6(%H(6)!0,70(6!H#-+(>!#6(!%5>(6H('!,$!6(7,%$>!%I!0,70-J!>16+:1+6('!U0,1(!.#11(6!#>!:#$!

5(!>(($!U,10!C3)!3C2!1%1#-)!T+CS)!K<HI!%6!S2!,$!:%6%$#!6#',#1#!6(7,%$>)!,$1(6$#-!:#?>+-()!

I%6:(?>)!%6!10#-#.,:!6#',#1,%$)!#$'!,$H(6>(-J!I%6!KFSHI!%6!"2P!3>!I%6!10(!%10(6!.#?>)!0,70(6!

Corpus Callosum (CC)

CC 2a

CC 2b

CC 6

CC 5

CC 7

CC 3CC 4

Cortico-

spinal tract 

(CST)

Arcuate 

Fasciculus 

(AF)

Cingulum (CG) Optic 

radiation 

(OR)

Inferior fronto-

orbital fasciculus 

(IFOF)

Uncinate 

Fasciculus 

(UF)

Inferior 

longitudinal 

Fasciculus 

(ILF)

SLF 1

SLF 3

Superior Longitudinal Fasciculus 

(SLF)

SLF 2

Inferior fronto-

occipital 

Fasciculus (IFOF)

.CC-BY-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 1, 2022. ; https://doi.org/10.1101/2022.12.01.518514doi: bioRxiv preprint 

https://doi.org/10.1101/2022.12.01.518514
http://creativecommons.org/licenses/by-nd/4.0/


,0"/E!%6! ,0"/'E\>#1! H#-+(>! #6(! %5>(6H('! ,$! 10(>(! >#.(! 6(7,%$>P!S$(! :#$! #??6(:,#1(!

Y+#-,1#1,H(-J!10(!>,.,-#6,1,(>!5(1U(($!#--!10(!',II(6($1!',II+>,%$!#$'!.J(-,$;5#>('!.(#>+6(>P!

/0(!6(>+-1,$7!#H(6#7('!.#?>!,$!:%..%$!>?#:(!#6(!#->%!#H#,-#5-(!#1!011?>mtt0,70;I6(Y+($:J;

.6,;'#1#5#>(;>+??-(.($1#6JP6(#'10('%:>P,%t($t-#1(>1t6(>+-1>t#H(6#7(u.#?>P01.-P!!

!

 

Figure 2. Microstructural maps, in a) DTI measures including FA (fractional anisotropy), 

AD (axial diffusivity, units = mm2/s), MD (mean diffusivity, units = mm2/s) and RD 

(radial diffusivity, units = mm2/s); b) HARDI measures with AFD total (total apparent 

fiber density) and NuFO (number of fiber orientations); c) NODDI measures including 

ECvf (extracellular volume fraction) and ICvf (intracellular volume fraction) compartment, 

ISOvf (isotropic volume fraction) and OD (orientation distribution) and d) MTI measures 

including ihMTR (inhomogeneous MT ratio), ihMTdR1sat (inhomogeneous MT 

saturation), MTR (MT ratio), MTsat (MT saturation); averaged across participant. All 

contrasts are registered to diffusion space.!
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caution. The results show that the reliability and variability of DWI measures are good 

(ICC > 0.7; CVw and CVb < 15%) across the bundles and especially excellent for most 

DTI measures as well as AFD total and OD index from the HARDI and NODDI models, 

respectively (CVw and CVb < 5%, ICC > 0.75). In addition, the profile consistencies of 

these measures are comparable to the whole bundles, with voxel values well above 

ICCp>p[P] and CVw < 4% along the bundle. In contrast, MTI showed good reliability and 

variability for MT measurements (CV < 8%, ICC ! 0.7) and moderate for ihMT 

measurements (CV < 15%, ICC ! 0.5). We also showed that the number of fiber 

populations affects the consistency of the measurements, with a moderate effect on the DTI 

and HARDI measurements, and a more important effect on the NODDI and MTI 

measurements. Finally, SLF 2-3 and CC 4 to CC 6 bundles showed the most consistent 

MRI measurements followed by AF, CST, CC 7, OR, CC3, IFOF and CG, while CC 2a, 

CC 2b, UF and ILF have more moderate consistency measurements (Figure 10).  

 

 

Figure 10. Classification of bundles and measures into four groups according to ICC values 

and within-variability (CVw). The x-axis represents CVw values (i.e., reproducibility), and 

the y-axis represents ICC values (i.e., reliability). High consistency group represents low 

CVw value < 0.05 (5%) and high ICC value > 0.75 (high reliability); Good consistency - 

ICC: high ICC value > 0.75 but high CVw value > 0.05 (>5%); Good consistency - CVw: 

low CVw value < 0.05 but low ICC value < 0.75 and finally, Moderate consistency: high 

CVw value > 0.05 (>5%) and low ICC value < 0.75. 
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