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Diffusion MRI (dMRI) provides a unique non-invasive means of characterizing white matter (WM) or-

ganization and structural connectivity during early brain development. However, conventional dMRI

pipelines were developed primarily for adult populations and may not adequately account for the dis-

tinct tissue composition of the neonatal brain. Incomplete myelination, immature microstructural orga-

nization, and reduced tissue packing contribute to elevated free-water content, which can decrease tissue

specificity and compromise the reliability of downstream fiber-orientation modeling and tractometry.

Free-water elimination (FWE) may address these limitations by separating isotropic free-water signal from

anisotropic tissue signal.

This descriptive proof-of-concept study evaluated the effect of FWE on neonatal tractometry us-

ing babyFWE, an FWE-based pipeline adapted for neonatal dMRI. BabyFWE was benchmarked against

an otherwise matched conventional pipeline in 3 neonates from the Developing Human Connectome

Project. Split-half reliability was evaluated for fiber-orientation distribution functions (fODFs), tract

delineation, and tract profiles. Voxelwise fODF reliability was quantified using Pearson’s r2 between cor-

responding split-half fODFs, tract-delineation reliability was assessed using weighted Dice coefficients

between tract-density maps, and tract-profile reliability was measured using ICC(2,1) for DKI-FA, DKI-

MD, DKI-MK, and DKI-AWF. Tract yield was evaluated separately using whole-brain, non-split tractog-

raphy.



BabyFWE generally improved reliability relative to conventional processing, although the effect

differed among outcome measures. Voxelwise fODF reliability showed modest, spatially heterogeneous

improvements, with participant-level mean and median changes averaging 8.0% and 7.3%, respectively.

Weighted Dice coefficients increased for all 14 tracts, with an average increase of 71.1% (SD = 58.7%),

indicating more consistent tract delineation. Tract yield increased for 7 of the 14 tracts, with no tract

showing a negative mean difference. Tract-profile reliability also exhibited modest overall improvements,

with variability among tracts and tissue properties.

These findings provide preliminary evidence that FWE can improve multiple dimensions of

neonatal tractometry reliability, with particularly consistent benefits for tract delineation and tract yield.

Further validation in larger, independent cohorts is needed to establish generalizability and determine

whether these reliability improvements also increase the biological and clinical validity of neonatal dMRI

measurements.
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1 Introduction

1.1 Background

Early life neurodevelopment is characterized by profound structural transformation occurring at rates

unmatched throughout the human lifespan, with total brain volume more than doubling within the first

year alone (Knickmeyer et al., 2008). During this period, major white matter (WM) pathways, largely

established by birth (Gilmore et al., 2018), undergo spatially non-uniform maturation (Matsuzawa et al.,

2001). This includes critical microstructural changes such as myelination (Ouyang et al., 2019), which

shape lifelong sensorimotor, cognitive, and behavioral function (Lebel and Deoni, 2018).

The need to understand these developmental processes has become increasingly recognized. Re-

cent advances in neuroscience have implicated atypical WM organization in a range of psychiatric and

neurological conditions (Forkel et al., 2022), including neurodevelopmental disorders (Zhao et al., 2022).

These disorders, which are thought to originate from atypical processes during early brain development

(Gilmore et al., 2018; Doi et al., 2022), have become increasingly recognized and diagnosed (Olusanya

et al., 2023; Francés et al., 2022). Despite this growing clinical relevance, fundamental gaps remain in

our understanding of the brain’s organization, connectivity, and developmental trajectories during this

critical period.

Exploring infant neural development presents both exceptional challenges and opportunities.

Major neuroimaging initiatives have recently begun assembling and releasing large-scale MRI datasets that

collectively span the prenatal period through early childhood (Howell et al., 2019; Edwards et al., 2022).

These datasets enable investigation of this critical developmental window in a historically understudied

population (Nelson et al., 2024). Simultaneously, advances in computational neuroimaging methods

now enable in vivo investigation of brain structure and connectivity at the scale required for population-

level analysis (Bastiani et al., 2019).

Currently, diffusion MRI (dMRI) provides the only available method for non-invasively charac-

terizing WM structural connectivity (Schilling et al., 2019). This technique measures the movement of
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water molecules and leverages a fundamental biophysical property: within WM, water diffuses preferen-

tially along axonal fibers, with cellular barriers restricting perpendicular motion (Beaulieu, 2002). These

directional constraints produce diffusion patterns that reflect the underlying organization of WM fiber

bundles. Computational dMRI pipelines decode these patterns and transform them into quantitative

representations of WM organization and structural connectivity (Zhang et al., 2022).

Transforming local diffusion measurements into quantitative models of WM organization

involves three primary stages: reconstruction, tractography, and tractometry. During reconstruction,

the diffusion signal within each voxel is mathematically transformed into a fiber orientation distribu-

tion function (fODF), which estimates the orientations and relative prominence of local fiber bundles

(Tournier et al., 2007). Tractography algorithms propagate through these voxel-wise orientation es-

timates to generate streamlines representing candidate WM trajectories (Jeurissen et al., 2019), which

are subsequently delineated into anatomically defined pathways (Yeatman et al., 2012). Tractometry

quantifies microstructural tissue properties along each delineated pathway, enabling characterization

of regional variation within individual tracts (Kruper et al., 2021). These biologically interpretable

tract profiles can then serve as inputs for statistical analyses and clinically relevant neurodevelopmental

inference (Yeatman et al., 2012; Kruper et al., 2021).

1.2 Scientific Rationale

While these methods provide a powerful framework for quantifying WM organization, their application

to infant dMRI presents substantial methodological challenges. Conventional dMRI pipelines, devel-

oped and validated primarily in adult populations, struggle to reliably characterize infant WM due to

the distinct anatomical and biophysical properties of the developing brain. These properties, including

incomplete WM myelination, high brain-water content, and rapidly changing tissue organization, alter

tissue contrast and diffusion properties, complicating the separation and interpretation of tissue-specific

signals (Dubois et al., 2014; Ouyang et al., 2019).

During infancy, WM undergoing active myelination and cellular maturation contains compar-

atively fewer structural barriers to diffusion, resulting in less directionally constrained water motion
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(Barkovich et al., 2019; Dubois et al., 2014; Ouyang et al., 2019). Consequently, a greater isotropic water

contribution may be present in the measured diffusion signal, reducing the relative contribution of

directional information arising from WM tissue. Free-water elimination (FWE) addresses this potential

source of signal contamination using a two-compartment biophysical model that separates the measured

diffusion signal into isotropic free-water and anisotropic tissue compartments (Pasternak et al., 2009). By

explicitly modeling the isotropic free-water contribution, FWE provides a more tissue-specific estimate

that may improve the reliability of downstream fiber-orientation modeling and tract-based analyses.

Recently, an FWE-based tractometry framework improved reliability in fiber-orientation estima-

tion, tract delineation, and tract-profile measurements in an aging population in which increased WM

free water can compromise diffusion measurements (Chang et al., 2025). However, the biological basis

of elevated free water differs between these populations: in aging and neurodegeneration, it may reflect

tissue loss and other pathological changes, whereas in infancy, it reflects immature tissue composition,

active myelination, and ongoing tissue development (Gullett et al., 2020; Dubois et al., 2014; Ouyang

et al., 2019). Despite these distinct biological contexts, the isotropic signal contribution presents a shared

methodological challenge.

1.3 Study Objectives

Motivated by this prior work, the present study evaluated whether an FWE-based neonatal tractometry

pipeline, hereafter referred to as babyFWE, improved the reliability of neonatal dMRI analysis. To test

this, we adapted the FWE tractometry framework developed by Chang et al. (Chang et al., 2025) for

application to neonatal dMRI and benchmarked babyFWE against a conventional pipeline without free-

water correction. Analyses were conducted in a cohort of neonates (n = 3) from the Developing Human

Connectome Project (dHCP), a large, publicly available multimodal neuroimaging initiative designed to

characterize early human brain development (Fitzgibbon et al., 2020; Edwards et al., 2022). This proof-of-

concept evaluation provided preliminary evidence supporting the feasibility of applying FWE to neonatal

dMRI analysis and motivating further optimization and validation in larger, independent datasets.
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2 Methods

2.1 Participants

MRI data from 3 neonates enrolled in the Developing Human Connectome Project (dHCP) were lever-

aged in this analysis. The dHCP is a multimodal neuroimaging study of fetal, term-born, preterm-born,

and at-risk infants spanning approximately 20 to 45 weeks postmenstrual age. The project was established

to map typical and atypical patterns of brain structure, function, and connectivity during the perinatal

period. The study protocol was approved by the United Kingdom Health Research Authority, and writ-

ten parental consent was obtained for all participating families (Fitzgibbon et al., 2020; Edwards et al.,

2022).

Participants were selected as practical starting candidates for pipeline development and bench-

marking based on a combination of recommendations from collaborators with prior experience process-

ing dHCP data using babyAFQ (Grotheer et al., 2022, 2023) and consideration of postmenstrual age.

Selection therefore prioritized demonstrated processing feasibility and technical suitability rather than

systematic or representative sampling of the full dHCP cohort. Complete subject-level demographic and

clinical metadata were not available for the present analysis; participant and session identifiers are pro-

vided in Appendix A.

2.2 MRI Acquisition

Imaging was performed at the Evelina Newborn Imaging Centre, Centre for the Developing Brain, King’s

College London, United Kingdom, using a dedicated neonatal imaging system. Data were acquired on

a 3 T Philips Achieva magnetic resonance imaging (MRI) scanner equipped with a dedicated 32-channel

neonatal head coil and customized positioning cradle (Hughes et al., 2017). The acquisition protocol

was optimized for neonatal brain tissue properties and motion tolerance (Hughes et al., 2017; Cordero-

Grande et al., 2018, 2020; Hutter et al., 2018a). Participants were fed, swaddled, and scanned primarily

during natural sleep (Edwards et al., 2022). The present analysis leveraged the T1-weighted (T1w) and
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T2-weighted (T2w) structural images and multishell diffusion-weighted imaging (DWI) data acquired

from each participant.

2.2.1 Diffusion-Weighted Imaging

DWI data were acquired using a neonatal-optimized multishell echo-planar imaging sequence (Tournier

et al., 2020). The acquisition comprised 300 volumes, including 20 volumes at b = 0 s/mm2 and three

nonzero diffusion-weighting shells: 64 directions at b = 400 s/mm2, 88 directions at b = 1,000 s/mm2,

and 128 directions at b = 2,600 s/mm2. Measurements within each shell were distributed across anterior-

to-posterior, posterior-to-anterior, right-to-left, and left-to-right phase-encoding directions (Hutter et al.,

2018b).

Images were acquired with a multiband factor of 4, a SENSE acceleration factor of 1.2, and a

partial-Fourier factor of 0.86. The acquired spatial resolution was 1.5 × 1.5 mm2 in plane, with a slice

thickness of 3 mm and 1.5 mm of overlap between adjacent slices. The TR was 3,800 ms, and the TE was

90 ms (Edwards et al., 2022). Image reconstruction was performed using a dedicated SENSE reconstruc-

tion algorithm (Hennel et al., 2016; Zhu et al., 2016; Cordero-Grande et al., 2018).

2.3 Preprocessing

2.3.1 dHCP Preprocessing

Preprocessed multishell DWI data were obtained from the dHCP second data release (Edwards et al.,

2022) and processed using the dHCP neonatal FSL EDDY-based diffusion pipeline (Bastiani et al., 2019).

The resulting preprocessed DWI, corresponding b-values and b-vectors, and diffusion-space brain mask

were used directly in subsequent processing steps.

2.3.2 Resolution Resampling

DWI data were resampled from their native anisotropic resolution (1.172×1.172×1.5mm) to 1.5mm

isotropic resolution using the reslice function in DIPY (Garyfallidis et al., 2014). Isotropic voxel di-

mensions were used to facilitate subsequent tractography (McMaster et al., 2025). Linear interpolation

(order=1) was applied to the DWI data, whereas nearest-neighbor interpolation (order=0) was applied

to the corresponding brain mask to preserve discrete mask labels. The resampled mask was thresholded
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(> 0.5) to guarantee binary output. The corresponding b-values and b-vectors were retained without

modification, as resampling altered only the image grid.

2.4 Reconstruction

2.4.1 Free-Water Elimination

To reduce the contribution of free water to the diffusion signal, a multishell free-water diffusion tensor

imaging (FWDTI) model was fitted to the DWI data. The model represents the signal in each voxel as a

volume-fraction-weighted mixture of two compartments (Pierpaoli and Jones, 2004): a tissue compart-

ment described by a diffusion tensor, allowing for anisotropic diffusion, and a free-water compartment

described by a fixed isotropic diffusivity representing approximately unrestricted water diffusion. This

two-compartment model can be expressed as:

S(θ, b) = S0

[
(1− f) exp

(
−bθTQθ

)
+ f exp (−bDiso)

]
(2.1)

where S(θ, b) is the diffusion-weighted signal measured for gradient direction θ at diffusion weighting

b, S0 is the non-diffusion-weighted signal, Q is the symmetric tissue diffusion tensor, f is the estimated

free-water volume fraction, andDiso is the fixed diffusivity of free water at body temperature, set to 3.0×

10−3 mm2/s.

The FWDTI model is particularly well suited to multishell diffusion data, as measurements ac-

quired across multiple diffusion-weighting values permit joint estimation of the tissue diffusion tensor

and free-water volume fraction using nonlinear least-squares optimization (Hoy et al., 2014). Model pa-

rameters were estimated using the FWDTI implementation described by Henriques et al. (2017) via the

free-water-elimination (FWE) software developed by Chang et al. (2025).

Once fitted, the model estimated the tissue diffusion tensor (Q) and free-water volume fraction

(f ), effectively decomposing the measured diffusion signal into tissue and free-water contributions. The

estimated free-water contribution was then subtracted from the measured diffusion signal to produce the

FWE signal:

SFWE(θ, b) = S(θ, b)− S0f exp (−bDiso) . (2.2)
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where SFWE(θ, b) denotes the resulting free-water-corrected DWI signal. Despite modeling the tissue

compartment (Q) as a single diffusion tensor, the free-water correction removes only the isotropic free-

water contribution, preserving the directional information in the measured signal. Q therefore serves

only to isolate the free-water fraction rather than to constrain the underlying fiber geometry, so the an-

gular information needed to resolve crossing fiber populations is retained for subsequent reconstruction

(Rokem et al., 2015).

2.4.2 Constrained Spherical Deconvolution

A WM response function was estimated from the original, uncorrected diffusion-weighted signal

with DIPY’s auto_response_ssst procedure. Estimation was performed using the lowest nonzero

diffusion-weighting shell in the dHCP acquisition (b = 400 s/mm2), a region-of-interest radius of 10

voxels, and a fractional-anisotropy threshold of 0.7. This response function was subsequently used to fit

constrained spherical deconvolution (CSD) models to both the original and FWE-corrected diffusion-

weighted signals within the participant-specific WM mask, with identical fitting parameters applied

across conditions (Tournier et al., 2007; Garyfallidis et al., 2014). The maximum spherical-harmonic

order was set to 8, and the resulting fiber-orientation distribution functions (fODFs) were evaluated on

DIPY’s symmetric362 sphere (Chang et al., 2025).

2.5 Tractography

Tractography was performed using pyAFQ version 2.1.0 (Kruper et al., 2021, 2025). The conventional

pipeline used the original dMRI data as input to pyAFQ, whereas the babyFWE pipeline used the

corresponding FWE-corrected data. Within pyAFQ, fODFs were internally estimated from all diffusion-

weighting shells using constrained spherical deconvolution (CSD) with the manually estimated response

function described in Section 2.4.2 (Tournier et al., 2007). Whole-brain tractography used DIPY’s

local probabilistic tracking algorithm, with streamline direction sampled at each step from the fiber-

orientation distribution function (Garyfallidis et al., 2014). Seeding and stopping were governed by

an FA threshold of 0.2, with seeds placed within the thresholded mask at a density of two per voxel

along each dimension, corresponding to eight seeds per voxel, and streamlines terminated when FA fell
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below the threshold. Identical tractography parameters were applied to the conventional and babyFWE

pipelines.

2.5.1 Bundle Segmentation

The resulting whole-brain streamlines were segmented into anatomically defined WM pathways

using the babyAFQ framework, which adapts pyAFQ’s automated fiber quantification methods

for the developing brain and defines pathways specific to the neonatal WM (Grotheer et al., 2022,

2023). Each participant was registered to the UNC neonatal template distributed with babyAFQ

(UNCNeo-withCerebellum-for-babyAFQ), using the mean non-diffusion-weighted (b0) image as

the registration image. Bundle-specific inclusion and exclusion regions of interest, defined in template

space and back-transformed into each participant’s native space, were used to classify candidate stream-

lines according to babyAFQ’s neonatal pathway definitions. Streamlines were then resampled to 100

points, and candidate bundles were refined using pyAFQ’s default bundle-cleaning procedure, which

iteratively removes streamlines that deviate substantially from a tract’s mean trajectory (Yeatman et al.,

2012).

The retained pathways included the forceps major and forceps minor, together with the following

12 bilateral pathways: anterior thalamic radiation, arcuate fasciculus, cingulum cingulate, corticospinal

tract, inferior fronto-occipital fasciculus, inferior longitudinal fasciculus, middle longitudinal fascicu-

lus, optic radiation, posterior arcuate fasciculus, superior longitudinal fasciculus, uncinate fasciculus,

and vertical occipital fasciculus, for 26 pathways in total. The same registration, pathway-definition, and

bundle-cleaning procedures were applied to both the conventional and babyFWE pipelines.

2.6 Tractometry

Tractometry was performed using pyAFQ version 2.1.0 (Kruper et al., 2021, 2025).

2.6.1 Tract Profiles

For each delineated pathway, tissue properties were sampled at the 100 nodes established during bundle

segmentation, providing anatomically corresponding positions from one tract endpoint to the other.

Diffusion metrics at each node were computed as weighted averages across the pathway’s constituent
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streamlines, with streamlines nearer the tract’s central trajectory contributing more heavily than those

farther from it (Yeatman et al., 2012; Kruper et al., 2021).

Tissue properties were derived from the diffusion kurtosis imaging (DKI) model (Jensen et al.,

2005), using the DIPY software library (Garyfallidis et al., 2014; Henriques et al., 2021). This model cap-

tures tissue microstructural complexity by quantifying diffusion features that reflect barriers, restrictions,

and heterogeneity within the tissue microenvironment. Derived measures included fractional anisotropy

(DKI-FA) and mean diffusivity (DKI-MD), which describe the directionality and magnitude of diffusion,

respectively, as well as mean kurtosis (DKI-MK), which quantifies the degree of non-Gaussian diffusion

and increases with tissue microstructural complexity. Axonal water fraction (DKI-AWF) was addition-

ally estimated using the biophysically motivated White Matter Tract Integrity (WMTI) model (Fieremans

et al., 2011), reflecting the proportion of tissue water residing within axons and providing a measure related

to axonal density and WM maturation.

For both the conventional and babyFWE pipelines, tissue properties were estimated from the

original, uncorrected diffusion signal to avoid introducing dependence on the FWDTI model fit (Correia

et al., 2024; Golub et al., 2021); the FWE-corrected signal was used exclusively for tractography and bundle

segmentation, following Chang et al. (2025).

2.7 Analysis

To evaluate whether free-water elimination improves the reliability and yield of infant tractometry, two

complementary analyses were conducted. Split-half reliability analysis assessed the reproducibility of

pipeline outputs across three stages of processing, while tract-yield analysis evaluated whether free-water

elimination increased the rate of successful tract reconstruction. Given the preliminary nature of the

study and the small sample size (n = 3), the analyses were designed to characterize descriptive patterns

rather than test formal statistical hypotheses; accordingly, no inferential statistical tests were performed.

2.7.1 Reliability Analysis

Split-half reliability was evaluated at three stages of the tractometry workflow: fODF reconstruction,

tract delineation, and tract-profile estimation. At each stage, reliability was calculated separately for the
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conventional and babyFWE pipelines using the two split-half datasets, after which the resulting between-

pipeline differences were summarized.

For the tract-based analyses reported below, left- and right-hemisphere values were averaged

within each participant, collapsing the 26 WM tracts into 14 categories: 12 bilateral pairs, the forceps

major, and the forceps minor.

2.7.1.1 Split-Half Dataset Generation

Within-participant split-half datasets were generated from the resampled multishell diffusion MRI data.

Volumes were partitioned evenly within each b-value shell according to acquisition order, with the first

half of the volumes assigned to one split and the second half assigned to the other; this chronological par-

titioning strategy was used in place of random assignment, which produced visually implausible bundle

reconstructions in the split-half data for this infant cohort. The resulting splits were non-overlapping

and contained equal numbers of measurements: each split included 10 non-diffusion-weighted measure-

ments at b = 0 s/mm2, together with 32, 44, and 64 diffusion-weighted measurements at b = 400,

1,000, and 2,600 s/mm2, respectively. Reconstruction, tractography, tract delineation, and tractometry

were then performed independently for each split.

2.7.1.2 Fiber-Orientation Distribution Functions (fODFs)

The voxelwise reliability of fODF reconstruction was quantified within each participant’s WM mask.

For each pipeline, the two split-half fODF estimates were sampled at 362 directions, and explained vari-

ance was calculated as the squared Pearson correlation coefficient (r2) between the estimates, producing a

three-dimensional r2 map for each participant and pipeline. The effect of babyFWE on fODF reliability

was evaluated by calculating the symmetric percent change between the babyFWE and conventional r2

maps at each WM voxel:

∆r2v (%) =
r2v,babyFWE − r2v,conventional

1
2

(
r2v,babyFWE + r2v,conventional

) × 100. (2.3)

where ∆r2v denotes the voxelwise symmetric percent difference in explained variance, and r2v,babyFWE

and r2v,conventional denote the voxelwise explained variance for the babyFWE and conventional pipelines,
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respectively.

For each participant, the voxelwise symmetric-percent-change map was summarized by its mean

and median. For∆r2v and its per-participant mean and median, positive values indicated greater split-half

reliability for the babyFWE pipeline, whereas negative values indicated greater reliability for the conven-

tional pipeline.

2.7.1.3 Tract Delineation

The spatial consistency of tract delineation was evaluated using the weighted Dice coefficient (Cousineau

et al., 2017). For each pathway, streamline-density maps were generated separately from the two split-

half tractograms by counting the number of streamlines passing through each voxel in the resampled

diffusion-image space. The weighted Dice coefficient was then calculated as:

Weighted Dice =
2
∑

v min (dA,v, dB,v)∑
v dA,v +

∑
v dB,v

. (2.4)

where dA,v and dB,v denote the streamline-density values at voxel v in the two split-halves. Values range

from 0 to 1, with higher values indicating greater agreement in both the spatial distribution and relative

streamline density of the pathway. When a pathway was reconstructed in only one split-half, or was absent

from both split-halves, it was omitted from analysis. Symmetric percent change in weighted Dice was then

calculated between the conventional and babyFWE pipelines for each participant and pathway as:

%∆D =
DbabyFWE −Dconventional

1
2

(
DbabyFWE +Dconventional

) × 100, (2.5)

where positive values indicate greater spatial consistency of tract delineation following babyFWE, and

negative values indicate greater consistency for the conventional pipeline.

2.7.1.4 Tissue Profiles

Split-half reliability of the tract profiles was quantified using ICC(2,1), a two-way random-effects, single-

measurement, absolute-agreement intraclass correlation coefficient, reported as ICC2 (“Single random

raters”) by Pingouin (Vallat, 2018). For each participant, pathway, and tissue property, the 100 tract-profile

nodes were treated as measurement targets, and the two split-halves were treated as raters. ICCs were cal-
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culated separately for DKI-FA, DKI-MD, DKI-MK, and DKI-AWF. When a pathway was present in only

one split-half, or was absent from both split-halves, it was omitted from analysis. The raw difference in

ICC was then calculated between the conventional and babyFWE pipelines for each participant, pathway,

and tissue property as:

∆ICC = ICCbabyFWE − ICCconventional (2.6)

where positive values indicate higher reliability following babyFWE.

2.7.2 Tract Yield

Tract yield was assessed for each participant using whole-brain, non-split tractography by comparing

whether each of the 26 pathways was successfully reconstructed by the conventional and babyFWE

pipelines. A pathway was considered successfully reconstructed if it contained at least 10 streamlines

(Chang et al., 2025). For each pathway, tract yield was represented as a binary outcome for each pipeline,

and the difference between pipelines was calculated as:

∆Yield = YieldbabyFWE − Yieldconventional (2.7)

Values of +1, 0, and −1 indicated that a pathway was gained, unchanged, or lost with babyFWE, respec-

tively. For bilateral pathways, the per-hemisphere ∆Yield values were averaged across the left and right

hemispheres and expressed as a percentage (%), such that 100% indicated a bilateral change (both hemi-

spheres gained or lost the pathway), 50% indicated a unilateral change (one hemisphere only), and 0%

indicated no change in either hemisphere.
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3 Results

3.1 Split-Half Reliability

Reliability was assessed across split-half datasets to evaluate the effect of babyFWE at each stage of the

tractometry pipeline. All reported differences are expressed relative to the conventional pipeline, such

that positive values favor babyFWE and negative values favor the conventional pipeline.

3.1.1 Fiber-Orientation Distribution Functions (r2)

fODF reliability was quantified voxelwise within the WM mask as the explained variance (Pearson’s r2)

between the split-half fODFs, each evaluated at 362 points on the sphere. For the representative partici-

pant (C2; Table B.1), the voxelwise percent-change map (Fig. 3.1a) exhibited local increases and decreases

interspersed throughout the WM mask without an obvious anatomically clustered pattern.

The corresponding voxelwise distribution (Fig. 3.1b) was right-skewed: most voxels exhibited rel-

atively modest changes clustered near 0%, while a smaller subset showed substantially larger reliability

gains. Consequently, this participant’s mean percent change (9.6%) was nearly twice its median change

(5.6%; Table B.1), indicating that the overall improvement was largely driven by relatively few voxels ex-

hibiting large increases in reliability rather than by a uniform shift within the WM mask.

Of the 3 participants, 2 showed higher split-half fODF reliability following babyFWE according

to both the mean and median voxelwise summaries (Fig. 3.1c; Table B.1). For the other participant, both

summaries indicated lower reliability following babyFWE. Among participants, the average voxelwise

mean percent change was 8.0% (SD = 15.4%), while the average voxelwise median percent change was

7.3% (SD = 10.9%).

3.1.2 Tract Delineation (Dice)

Tract delineation reliability was quantified using the weighted Dice coefficient between tract-density

maps reconstructed from the split-half datasets. Averaged across tracts, weighted Dice coefficients were

higher following babyFWE (0.58, SD = 0.17) than for the conventional pipeline (0.38, SD = 0.24);

tract-specific values are reported in Table C.1.
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Figure 3.1: Voxelwise and participant-level changes in fODF split-half reliability following babyFWE. (a)
Spatial map of voxelwise percent change in explained variance (∆r2) within the WM mask for represen-
tative participant C2∗; blue/red indicate higher/lower reliability, respectively, following babyFWE. (b)
Corresponding voxelwise distribution, colored on the same scale as (a); teal markers show this partici-
pant’s mean and median. (c) Mean (solid) and median (dashed) ∆r2 per participant, with participant
colors and line styles defined in the adjacent key.
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Weighted Dice coefficients increased for 13 of 14 tracts following babyFWE; the remaining tract

could not be evaluated because it was not reconstructed by the conventional pipeline (Fig. 3.2). The

magnitude of improvement varied substantially across tracts, ranging from 10.5% for the optic radiation

to 200.0% for the vertical occipital fasciculus. Large improvements were also observed for the uncinate

(152.0%) and posterior arcuate (140.1%). Averaged across tracts, babyFWE increased the weighted Dice

coefficient by 71.1% (SD = 58.7%).
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Figure 3.2: Change in weighted Dice coefficient following babyFWE. Bars represent the mean percent
change for each tract, with points indicating participant-level values. For bilateral tracts, bar halves and
semicircle markers represent left- and right-hemisphere values, while bar height represents the bilateral
average. Unilateral tracts are represented by solid bars and filled-circle markers.

3.1.3 Tract Profiles (ICC)

Tract-profile reliability was assessed using ICC(2,1) between corresponding profiles reconstructed from

the split-half datasets. ICCs were calculated separately for DKI-FA, DKI-MD, DKI-MK, and DKI-AWF.

The effect of babyFWE was quantified as the raw ICC difference (FWE − DWI) for each participant

and tract (Fig. 3.3a–d).
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Figure 3.3: Change in tract-profile reliability following babyFWE: (a) DKI-FA, (b) DKI-MD, (c) DKI-
MK, and (d) DKI-AWF. Bars represent the mean raw ICC difference for each tract, with points indicating
participant-level values. For bilateral tracts, bar halves and semicircle markers represent left- and right-
hemisphere values, while bar height represents the bilateral average. Unilateral tracts are represented by
solid bars and filled-circle markers.



17

Vertic
al Occip

ital

Uncin
ate

Superior Longitudinal

Optic 
Radiation

Poste
rior A

rcu
ate

Force
ps M

inor
Arcu

ate

Middle Longitudinal

Anterior Thalamic

Cortic
ospinal

Cingulum Cingulate

Inferior Longitudinal

Force
ps M

ajor

Inferior Fronto-Occip
ital

−2

−1

0

1

2

Δ 
IC

C 
—

 D
KI

-M
K

(c)

Vertic
al Occip

ital

Uncin
ate

Cingulum Cingulate

Middle Longitudinal

Poste
rior A

rcu
ate

Force
ps M

inor

Superior Longitudinal

Arcu
ate

Force
ps M

ajor

Anterior Thalamic

Optic 
Radiation

Cortic
ospinal

Inferior Longitudinal

Inferior Fronto-Occip
ital

−2

−1

0

1

2

Δ 
IC

C 
—

 D
KI

-A
W

F

(d)

When averaged across tracts with paired estimates, ICC increased following babyFWE for all four

tissue properties. The mean raw difference was 0.19 for DKI-FA (SD = 0.20), 0.19 for DKI-MD (SD

= 0.20), 0.24 for DKI-MK (SD = 0.20), and 0.22 for DKI-AWF (SD = 0.17). Complete participant-

and tract-level values are reported in Tables D.1, E.1, F.1, and G.1.
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3.2 Tract Yield

Tract yield was assessed using whole-brain, non-split tractography. Averaged across the 14 tracts, yield

was higher following babyFWE (100.0%, SD = 0.0%) than for the conventional pipeline (69.0%, SD

= 37.5%). The corresponding mean yield difference was 31.0% (SD = 37.5%); tract-specific values are

reported in Table H.1.

Yield increased for 7 of the 14 tracts, with no tract exhibiting a negative mean yield difference

(Fig. 3.4). The largest improvement was observed for the vertical occipital fasciculus (100.0%, SD =

0.0%), followed by the inferior fronto-occipital fasciculus (83.3%, SD = 28.9%), posterior arcuate

(83.3%, SD = 28.9%), and uncinate fasciculus (66.7%, SD = 57.7%). The remaining seven tracts

showed no change in yield because they were successfully reconstructed by both pipelines.
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Figure 3.4: Change in tract yield following babyFWE. Bars represent the mean percentage-point differ-
ence for each tract, with points indicating participant-level values.
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4 Discussion

4.1 Principal Findings

This study evaluated the effect of free-water elimination on neonatal tractometry by benchmarking its

impact across multiple stages of the tractometry pipeline, including fiber-orientation distribution func-

tions (fODFs), tract delineation, tract-profile reliability, and tract yield. Collectively, babyFWE generally

improved the stability of tract-based analyses relative to the conventional pipeline, although the magni-

tude of improvement differed among outcome measures.

The most consistent improvements were observed for tract delineation and tract yield. Weighted

Dice coefficients increased for all evaluated tracts, while tract yield improved for half of the evaluated

tracts without any reduction in yield. Voxelwise fODF reliability also generally improved, although the

magnitude of change was modest and spatially heterogeneous. Similarly, tract-profile reliability also im-

proved, although the effect was modest and differed among tissue properties and tracts. These findings

suggest that free-water elimination can improve the reliability of neonatal tractometry throughout the

processing pipeline.

4.2 Interpretation

The improvements observed throughout this study are consistent with the underlying biological char-

acteristics of the developing brain. Compared with adults, neonatal WM contains substantially more

free water due to its immature microstructural organization, including incomplete myelination and re-

duced tissue packing (Dubois et al., 2014; Ouyang et al., 2019). This elevated free-water content increases

susceptibility to partial-volume contamination from cerebrospinal fluid (CSF) and extracellular water.

Consequently, diffusion measurements within individual voxels represent a mixture of anisotropic WM

diffusion and isotropically diffusing free water, reducing the specificity of tissue-derived measurements

and the reliability of subsequent tract-based analyses.

FWE is designed to address this source of measurement uncertainty by modeling the diffusion
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signal as separate isotropic free-water and anisotropic tissue compartments (Pasternak et al., 2009). By

reducing the contribution of isotropically diffusing free water, the remaining signal is expected to better

reflect the underlying WM microstructure. The improvements in reliability observed throughout this

study are consistent with this proposed mechanism, suggesting that reducing free-water contamination

can produce more reproducible measurements of developing WM.

Although reliability generally improved following babyFWE, the pattern of improvement dif-

fered among outcome measures. This variation is consistent with prior tractometry research showing

that spatial bundle agreement and tract-profile reliability capture related but non-equivalent properties

of the analysis (Kruper et al., 2021). The pronounced improvements in tract delineation and yield may re-

flect the capacity of FWE to preserve directional diffusion information that could otherwise be obscured

by isotropic free-water contamination, consistent with prior evidence that FWE can support streamline

continuity and more complete pathway reconstruction in regions with elevated free water (Chang et al.,

2025).

However, the pattern of improvement observed in neonates differed from that reported in aging

brains, where elevated free water is often associated with localized pathological tissue changes (Chang

et al., 2025). In contrast, elevated free water in neonatal WM is more broadly distributed throughout

the developing brain, reflecting immature tissue composition, incomplete myelination, and ongoing mi-

crostructural development (Gullett et al., 2020; Dubois et al., 2014; Ouyang et al., 2019). FWE may there-

fore act on a more widely distributed source of isotropic signal throughtout neonatal WM rather than

primarily within discrete regions of elevated free water. This difference may contribute to the more het-

erogeneous effects observed in the present study, with the magnitude and direction of change varying

across voxels, tracts, and outcome measures.

These findings support further investigation of FWE as a preprocessing strategy for neonatal trac-

tometry. Improved reliability may reduce non-biological variability and increase sensitivity to develop-

mental differences in both cross-sectional and longitudinal studies. As large-scale infant neuroimaging

datasets continue to expand, robust tractometry pipelines will be increasingly important for characteriz-

ing early WM development and identifying alterations associated with neurodevelopmental conditions.
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4.3 Limitations

The primary limitation of this study is the small sample size. Although the split-half design enabled re-

liability to be evaluated within each participant, the study included only 3 neonates. Therefore, the es-

timated effects should be interpreted cautiously and cannot yet be assumed to generalize to the broader

neonatal population. Nevertheless, the improvements observed across multiple components of the trac-

tometry pipeline provide a basis for further investigation of FWE in larger cohorts.

The study was also limited to a single cohort from one publicly available dataset. Differences

in developmental stage, clinical characteristics, scanner hardware, and diffusion acquisition protocols

may influence both free-water estimation and its effects on tractometry. Validation across independent

datasets and more diverse neonatal populations will therefore be necessary to establish the generalizability

of these findings.

In addition, the results are specific to the models and processing procedures implemented in the

present pipeline. The effects of FWE may differ when paired with alternative reconstruction methods,

tractography algorithms, bundle-segmentation approaches, or tissue-property models. Accordingly, the

present findings should not be interpreted as evidence that FWE will produce equivalent improvements

across all neonatal dMRI pipelines.

Finally, this study evaluated measurement reliability rather than biological accuracy. More repro-

ducible estimates are not necessarily more accurate representations of the underlying WM microstructure

or anatomical connectivity. Independent validation using simulations, physical phantoms (Farrher et al.,

2020), anatomical reference data, or established developmental associations will be needed to determine

whether the observed reliability improvements also correspond to greater biological validity.

4.4 Future Directions

The immediate priority for future work is to extend this proof-of-concept evaluation to a larger and

more diverse neonatal cohort within the Developing Human Connectome Project (Edwards et al., 2022)

through a Preregistered Research Report (PRR). This larger evaluation will provide a more rigorous as-

sessment of the reliability improvements observed in the present study. Subsequent validation across
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independent datasets, scanners, acquisition protocols, and developmental stages will be necessary to de-

termine the broader generalizability of babyFWE. Large-scale longitudinal resources, including the Baby

Connectome Project and HEALthy Brain and Child Development Study, provide opportunities to eval-

uate babyFWE across early development and determine whether the effects of FWE vary with age, tissue

maturation, or acquisition characteristics (Howell et al., 2019; Nelson et al., 2024).

Future studies should also move beyond reliability to evaluate biological and clinical validity.

Downstream analyses could determine whether babyFWE-derived measurements improve sensitivity to

established developmental differences, prediction of chronological age (Sun et al., 2024), or discrimina-

tion between infants born preterm and at term (Pecheva et al., 2017). Longitudinal analyses could further

assess whether improved tractometry reliability strengthens the characterization of individual develop-

mental trajectories or improves prediction of later neurodevelopmental outcomes.

A broader objective is to incorporate babyFWE into a modular, open-source software ecosystem

for neonatal dMRI. Within this framework, FWE could be integrated with complementary methods

for asymmetric fiber-orientation modeling (Bastiani et al., 2017), anatomically constrained tractography

(Smith et al., 2012), and tract-profile analysis. These tools could be implemented independently accord-

ing to the requirements of a particular dataset or combined to address multiple sources of measurement

uncertainty within a unified tract-based analysis framework. Standardized validation benchmarks, doc-

umented implementation guidelines, and interoperable software would support reproducibility and fa-

cilitate adoption across the infant neuroimaging community.

Ultimately, improved neonatal tractometry may contribute to earlier and more precise character-

ization of atypical WM development. dMRI and tractography have shown promise for relating WM

organization to motor function and cerebral palsy, particularly through characterization of the corti-

cospinal and somatosensory pathways (Mailleux et al., 2020). Diffusion abnormalities in the neonatal

corticospinal tract have also been associated with later motor outcomes following perinatal brain injury

(Kirton et al., 2007). Future work should therefore examine whether more reliable tractometry can im-

prove prognostic models, identify infants who may benefit from earlier intervention, and provide quan-

titative markers for monitoring developmental or rehabilitative outcomes.
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Advances in large-scale infant neuroimaging datasets create both an opportunity and a method-

ological challenge. These resources have the potential to transform understanding of early brain devel-

opment, but realizing that potential will require computational tools that are reliable, transparent, and

adapted to the developing brain. Continued development of babyFWE and the broader software ecosys-

tem may help bridge this gap by providing a validated foundation for reproducible neonatal tractometry.

4.5 Conclusions

This study benchmarked the effect of FWE across multiple components of a neonatal tractometry

pipeline. babyFWE generally improved reliability relative to conventional processing, with particu-

larly consistent gains in tract delineation and tract yield and more variable improvements in voxelwise

fODF and tract-profile reliability. These findings provide preliminary evidence that reducing isotropic

free-water contamination can improve the reliability of tract-based measurements in the developing

brain.

Although further validation is needed, these findings establish a promising foundation for inte-

grating FWE into neonatal dMRI pipelines. By improving the reliability with which early WM develop-

ment can be measured, methods such as babyFWE may ultimately support more sensitive developmental

research, earlier identification of infants at risk for adverse outcomes, and more informed evaluation of

interventions intended to improve lifelong neurological health.
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A Participant Summary

Table A.1: Participant codes, identifiers, and colors used throughout the analysis.

Color Code ID Participant ID Session ID

• C1 sub-CC00720XX11 ses-211101
• C2 sub-CC00549XX22 ses-157600
• C3 sub-CC00339XX18 ses-107200
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B Fiber-Orientation Distribution Function
Reliability (r2)

Table B.1: fODF split-half reliability (r2) and symmetric percent change for the conventional and
babyFWE pipelines. For each participant, reliability was summarized as the mean and median of the
voxelwise r2 values within WM (n = 3; see Methods, Results, and Figure 3.1).

Color ID
Mean Voxelwise r2 Median Voxelwise r2

DWI FWE ∆ (%) DWI FWE ∆ (%)

• C1 0.36 (0.15) 0.34 (0.16) −8.2 (23.9) 0.35 (0.20) 0.33 (0.22) −2.7 (13.8)• C2* 0.06 (0.13) 0.07 (0.14) 9.6 (63.5) 0.02 (0.05) 0.02 (0.06) 5.6 (35.8)• C3 0.06 (0.12) 0.07 (0.14) 22.5 (70.8) 0.01 (0.04) 0.01 (0.06) 19.0 (50.8)• G 0.16 (0.17) 0.16 (0.16) 8.0 (15.4) 0.12 (0.19) 0.12 (0.18) 7.3 (10.9)

Note. Participant rows report the mean or median of each participant’s voxelwise WM distribution, with
SD or IQR, respectively; G reports the group mean (SD). The asterisk identifies the representative par-
ticipant featured in Figure 3.1.
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C Tract Delineation Reliability (Dice)

Table C.1: Weighted Dice coefficients for the conventional and babyFWE pipelines, with symmetric per-
cent change, for each participant and tract (n = 3; see Methods and Results, Figure 3.2).

Tract Laterality Color ID
Dice

DWI FWE ∆ (%)

Anterior Thalamic • C1 0.51 0.69 29.0• C2 0.48 0.60 22.7• C3 0.16 0.73 128.4• G 0.38 (0.19) 0.67 (0.07) 60.0 (59.3)• C1 – 0.34 –• C2 0.58 0.64 10.1• C3 – 0.22 –• G 0.58 0.40 (0.22) 10.1• C1 0.51 0.51 29.0• C2 0.53 0.62 16.4• C3 0.16 0.48 128.4• G 0.40 (0.21) 0.54 (0.08) 57.9 (61.4)

Arcuate • C1 0.49 0.67 31.1• C2 0.45 0.72 46.3• C3 0.24 0.62 89.4• G 0.39 (0.14) 0.67 (0.05) 55.6 (30.2)• C1 0.27 0.53 64.9• C2 0.45 0.53 16.6• C3 0.03 0.34 162.8• G 0.25 (0.21) 0.47 (0.11) 81.4 (74.5)• C1 0.38 0.60 48.0• C2 0.45 0.62 31.5• C3 0.14 0.48 126.1• G 0.32 (0.16) 0.57 (0.08) 68.5 (50.5)

Cingulum Cingulate • C1 0.31 0.66 71.1• C2 0.67 0.43 −42.5• C3 0.70 0.70 −0.0• G 0.56 (0.21) 0.60 (0.14) 9.5 (57.4)• C1 0.08 0.50 147.2• C2 0.16 0.22 31.7• C3 0.04 0.21 133.3• G 0.09 (0.06) 0.31 (0.17) 104.1 (63.1)• C1 0.20 0.58 109.2• C2 0.41 0.32 −5.4• C3 0.37 0.45 66.6• G 0.33 (0.12) 0.45 (0.13) 56.8 (57.9)

continued on next page
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Table C.1: Tract Delineation (Dice) Summary — continued from previous page

Tract Laterality Color ID
Dice

DWI FWE ∆ (%)

Corticospinal • C1 0.90 0.87 −2.6• C2 0.84 0.86 2.7• C3 0.74 0.84 11.7• G 0.83 (0.08) 0.86 (0.02) 3.9 (7.2)• C1 0.84 0.82 −1.9• C2 0.86 0.89 3.8• C3 0.36 0.72 66.7• G 0.68 (0.28) 0.81 (0.09) 22.9 (38.1)• C1 0.87 0.85 −2.2• C2 0.85 0.88 3.2• C3 0.55 0.78 39.2• G 0.76 (0.18) 0.83 (0.05) 13.4 (22.5)

Forceps Major • C1 0.84 0.92 9.3• C2 0.09 0.61 148.7• C3 0.62 0.79 24.1• G 0.52 (0.39) 0.78 (0.16) 60.7 (76.6)

Forceps Minor • C1 0.54 0.91 50.6• C2 0.84 0.86 1.5• C3 – 0.10 –• G 0.69 (0.21) 0.62 (0.45) 26.1 (34.7)

Inferior Fronto-Occipital • C1 – 0.26 –• C2 – 0.34 –• C3 – 0.27 –• G – 0.29 (0.05) –• C1 – 0.35 –• C2 – 0.29 –• C3 – 0.05 –• G – 0.23 (0.16) –• C1 – 0.30 –• C2 – 0.31 –• C3 – 0.16 –• G – 0.26 (0.08) –
continued on next page
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Table C.1: Tract Delineation (Dice) Summary — continued from previous page

Tract Laterality Color ID
Dice

DWI FWE ∆ (%)

Inferior Longitudinal • C1 0.69 0.88 24.3• C2 0.79 0.88 11.2• C3 0.47 0.86 58.7• G 0.65 (0.16) 0.88 (0.01) 31.4 (24.5)• C1 0.54 0.83 41.6• C2 0.68 0.88 25.6• C3 0.67 0.69 3.9• G 0.63 (0.08) 0.80 (0.10) 23.7 (18.9)• C1 0.62 0.86 33.0• C2 0.74 0.88 18.4• C3 0.57 0.78 31.3• G 0.64 (0.09) 0.84 (0.05) 27.6 (8.0)

Middle Longitudinal • C1 0.28 0.47 50.6• C2 0.48 0.83 54.3• C3 0.14 0.76 137.5• G 0.30 (0.17) 0.69 (0.19) 80.8 (49.1)• C1 – 0.65 –• C2 0.25 0.51 68.1• C3 – 0.18 –• G 0.25 0.45 (0.24) 68.1• C1 0.28 0.56 50.6• C2 0.36 0.67 61.2• C3 0.14 0.47 137.5• G 0.26 (0.11) 0.57 (0.10) 83.1 (47.4)

Optic Radiation • C1 0.65 0.75 13.5• C2 0.20 0.33 50.7• C3 0.27 0.34 23.7• G 0.37 (0.25) 0.47 (0.24) 29.3 (19.3)• C1 0.38 0.52 30.2• C2 0.13 0.28 72.2• C3 0.27 0.06 −127.4• G 0.26 (0.13) 0.28 (0.23) −8.3 (105.2)• C1 0.52 0.63 21.8• C2 0.16 0.30 61.4• C3 0.27 0.20 −51.8• G 0.32 (0.18) 0.38 (0.23) 10.5 (57.5)

continued on next page
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Table C.1: Tract Delineation (Dice) Summary — continued from previous page

Tract Laterality Color ID
Dice

DWI FWE ∆ (%)

Posterior Arcuate • C1 0.14 0.63 127.7• C2 0.17 0.58 109.8• C3 0.01 0.74 192.3• G 0.11 (0.08) 0.65 (0.09) 143.3 (43.4)• C1 0.03 0.52 180.9• C2 0.11 0.45 123.9• C3 0.15 0.48 105.8• G 0.09 (0.06) 0.49 (0.03) 136.8 (39.2)• C1 0.08 0.57 154.3• C2 0.14 0.51 116.8• C3 0.08 0.61 149.1• G 0.10 (0.03) 0.57 (0.05) 140.1 (20.3)

Superior Longitudinal • C1 0.61 0.91 40.2• C2 0.69 0.80 14.6• C3 0.49 0.84 52.1• G 0.60 (0.10) 0.85 (0.06) 35.6 (19.2)• C1 0.81 0.90 10.8• C2 0.44 0.59 30.4• C3 0.35 0.42 17.6• G 0.53 (0.24) 0.64 (0.24) 19.6 (10.0)• C1 0.71 0.91 25.5• C2 0.56 0.70 22.5• C3 0.42 0.63 34.9• G 0.56 (0.14) 0.74 (0.14) 27.6 (6.4)

Uncinate • C1 – 0.65 –• C2 0.09 0.48 134.7• C3 – 0.49 –• G 0.09 0.54 (0.10) 134.7• C1 – 0.71 –• C2 0.10 0.59 141.5• C3 0.04 0.40 165.8• G 0.07 (0.04) 0.57 (0.16) 153.7 (17.2)• C1 – 0.68 –• C2 0.10 0.53 138.1• C3 0.04 0.44 165.8• G 0.07 (0.04) 0.55 (0.12) 152.0 (19.6)

continued on next page
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Table C.1: Tract Delineation (Dice) Summary — continued from previous page

Tract Laterality Color ID
Dice

DWI FWE ∆ (%)

Vertical Occipital • C1 – 0.49 –• C2 0.00 0.40 200.0• C3 0.00 0.77 200.0• G 0.00 (0.00) 0.55 (0.19) 200.0 (0.0)• C1 – 0.45 –• C2 – 0.06 –• C3 – 0.27 –• G – 0.26 (0.19) –• C1 – 0.47 –• C2 0.00 0.23 200.0• C3 0.00 0.52 200.0• G 0.00 (0.00) 0.41 (0.15) 200.0 (0.0)

All Tracts • G 0.38 (0.24) 0.58 (0.17) 71.1 (58.7)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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D Tract-Profile Reliability (ICC) — DKI-FA

Table D.1: Intraclass correlation coefficient (ICC(2,1)) for the conventional and babyFWE pipelines, with
raw difference (FWE−DWI), for each participant and tract (n = 3; see Methods and Results, Figure 3.3),
for DKI-FA.

Tract Laterality Color ID
ICC

DWI FWE ∆

Anterior Thalamic • C1 0.89 0.86 −0.03• C2 0.93 0.96 0.03• C3 0.66 0.92 0.26• G 0.83 (0.15) 0.91 (0.05) 0.09 (0.16)• C1 – 0.87 –• C2 0.75 0.74 −0.01• C3 – 0.61 –• G 0.75 0.74 (0.13) −0.01• C1 0.89 0.86 −0.03• C2 0.84 0.85 0.01• C3 0.66 0.76 0.26• G 0.80 (0.12) 0.83 (0.05) 0.08 (0.16)

Arcuate • C1 0.65 0.77 0.12• C2 0.66 0.89 0.23• C3 0.39 0.66 0.27• G 0.56 (0.15) 0.77 (0.12) 0.21 (0.08)• C1 0.23 0.86 0.63• C2 0.71 0.48 −0.23• C3 0.60 0.40 −0.20• G 0.52 (0.25) 0.58 (0.25) 0.07 (0.49)• C1 0.44 0.81 0.37• C2 0.68 0.69 0.00• C3 0.50 0.53 0.03• G 0.54 (0.13) 0.68 (0.14) 0.14 (0.20)

continued on next page
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Table D.1: Tract Profile (ICC) Summary – DKI-FA — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Cingulum Cingulate • C1 0.69 0.76 0.07• C2 0.82 0.37 −0.45• C3 0.77 0.59 −0.18• G 0.76 (0.06) 0.58 (0.20) −0.19 (0.26)• C1 0.35 0.65 0.29• C2 0.10 0.42 0.33• C3 0.07 0.53 0.46• G 0.17 (0.16) 0.53 (0.11) 0.36 (0.09)• C1 0.52 0.71 0.18• C2 0.46 0.40 −0.06• C3 0.42 0.56 0.14• G 0.47 (0.05) 0.55 (0.15) 0.09 (0.13)

Corticospinal • C1 0.90 0.86 −0.04• C2 0.90 0.55 −0.34• C3 0.95 0.42 −0.53• G 0.92 (0.03) 0.61 (0.23) −0.31 (0.25)• C1 0.75 0.91 0.16• C2 0.90 0.91 0.01• C3 0.71 0.93 0.22• G 0.78 (0.10) 0.91 (0.01) 0.13 (0.11)• C1 0.82 0.88 0.06• C2 0.90 0.73 −0.17• C3 0.83 0.67 −0.15• G 0.85 (0.04) 0.76 (0.11) −0.09 (0.13)

Forceps Major • C1 0.98 0.66 −0.32• C2 0.07 0.53 0.46• C3 0.98 0.98 0.00• G 0.68 (0.52) 0.72 (0.23) 0.05 (0.39)

Forceps Minor • C1 0.79 0.90 0.11• C2 0.96 0.98 0.03• C3 – 0.00 –• G 0.87 (0.12) 0.63 (0.54) 0.07 (0.06)

continued on next page



39

Table D.1: Tract Profile (ICC) Summary – DKI-FA — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Inferior Fronto-Occipital • C1 – 0.75 –• C2 – 0.80 –• C3 – 0.88 –• G – 0.81 (0.07) –• C1 – 0.76 –• C2 – 0.82 –• C3 – 0.23 –• G – 0.60 (0.32) –• C1 – 0.75 –• C2 – 0.81 –• C3 – 0.56 –• G – 0.71 (0.13) –

Inferior Longitudinal • C1 0.58 0.81 0.23• C2 0.66 0.88 0.22• C3 0.63 0.91 0.28• G 0.63 (0.04) 0.87 (0.05) 0.24 (0.03)• C1 0.86 0.90 0.04• C2 0.79 0.64 −0.15• C3 0.63 0.81 0.18• G 0.76 (0.12) 0.78 (0.13) 0.02 (0.17)• C1 0.72 0.85 0.13• C2 0.73 0.76 0.04• C3 0.63 0.86 0.23• G 0.69 (0.05) 0.83 (0.05) 0.13 (0.10)

Middle Longitudinal • C1 0.72 0.79 0.07• C2 0.83 0.92 0.08• C3 0.81 0.94 0.13• G 0.79 (0.06) 0.88 (0.08) 0.10 (0.03)• C1 – 0.87 –• C2 0.31 0.78 0.47• C3 – 0.81 –• G 0.31 0.82 (0.05) 0.47• C1 0.72 0.83 0.07• C2 0.57 0.85 0.28• C3 0.81 0.88 0.13• G 0.70 (0.12) 0.85 (0.02) 0.16 (0.11)

continued on next page
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Table D.1: Tract Profile (ICC) Summary – DKI-FA — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Optic Radiation • C1 0.73 0.95 0.23• C2 0.27 0.24 −0.04• C3 0.60 0.82 0.21• G 0.54 (0.24) 0.67 (0.38) 0.13 (0.15)• C1 0.80 0.78 −0.02• C2 0.23 0.88 0.64• C3 0.49 0.63 0.14• G 0.51 (0.28) 0.76 (0.12) 0.25 (0.35)• C1 0.76 0.87 0.10• C2 0.25 0.56 0.30• C3 0.55 0.72 0.18• G 0.52 (0.26) 0.72 (0.16) 0.19 (0.10)

Posterior Arcuate • C1 0.28 0.86 0.58• C2 0.53 0.73 0.20• C3 0.51 0.71 0.20• G 0.44 (0.14) 0.77 (0.08) 0.33 (0.22)• C1 −0.42 0.85 1.27• C2 0.80 0.56 −0.24• C3 0.44 0.85 0.40• G 0.27 (0.62) 0.75 (0.17) 0.48 (0.76)• C1 −0.07 0.86 0.92• C2 0.66 0.64 −0.02• C3 0.48 0.78 0.30• G 0.36 (0.38) 0.76 (0.11) 0.40 (0.48)

Superior Longitudinal • C1 0.71 0.96 0.25• C2 0.90 0.95 0.06• C3 0.67 0.96 0.29• G 0.76 (0.12) 0.96 (0.00) 0.20 (0.13)• C1 0.83 0.98 0.15• C2 0.77 0.88 0.11• C3 0.74 0.77 0.03• G 0.78 (0.05) 0.88 (0.11) 0.10 (0.06)• C1 0.77 0.97 0.20• C2 0.84 0.92 0.08• C3 0.70 0.86 0.16• G 0.77 (0.07) 0.92 (0.05) 0.15 (0.06)

continued on next page
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Table D.1: Tract Profile (ICC) Summary – DKI-FA — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Uncinate • C1 – 0.88 –• C2 0.50 0.71 0.21• C3 – 0.70 –• G 0.50 0.77 (0.10) 0.21• C1 – 0.96 –• C2 0.33 0.66 0.33• C3 −0.01 0.60 0.61• G 0.16 (0.24) 0.74 (0.19) 0.47 (0.20)• C1 – 0.92 –• C2 0.41 0.68 0.27• C3 −0.01 0.65 0.61• G 0.20 (0.30) 0.75 (0.15) 0.44 (0.24)

Vertical Occipital • C1 – 0.70 –• C2 0.00 0.84 0.84• C3 0.13 0.68 0.55• G 0.07 (0.09) 0.74 (0.09) 0.69 (0.21)• C1 – 0.67 –• C2 – 0.62 –• C3 – 0.84 –• G – 0.71 (0.12) –• C1 – 0.69 –• C2 0.00 0.73 0.84• C3 0.13 0.76 0.55• G 0.07 (0.09) 0.72 (0.04) 0.69 (0.21)

All Tracts • G 0.58 (0.25) 0.74 (0.09) 0.19 (0.20)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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E Tract-Profile Reliability (ICC) — DKI-MD

Table E.1: Intraclass correlation coefficient (ICC(2,1)) for the conventional and babyFWE pipelines, with
raw difference (FWE−DWI), for each participant and tract (n = 3; see Methods and Results, Figure 3.3),
for DKI-MD.

Tract Laterality Color ID
ICC

DWI FWE ∆

Anterior Thalamic • C1 0.74 0.89 0.15• C2 0.86 0.86 −0.00• C3 −0.14 0.85 0.99• G 0.49 (0.55) 0.86 (0.02) 0.38 (0.53)• C1 – 0.81 –• C2 0.25 0.10 −0.16• C3 – 0.59 –• G 0.25 0.50 (0.37) −0.16• C1 0.74 0.85 0.15• C2 0.56 0.48 −0.08• C3 −0.14 0.72 0.99• G 0.38 (0.47) 0.68 (0.19) 0.35 (0.56)

Arcuate • C1 0.77 0.80 0.03• C2 0.38 0.84 0.46• C3 0.04 0.30 0.26• G 0.40 (0.36) 0.65 (0.30) 0.25 (0.22)• C1 0.02 0.96 0.95• C2 0.34 0.01 −0.33• C3 0.01 0.38 0.37• G 0.12 (0.19) 0.45 (0.48) 0.33 (0.64)• C1 0.39 0.88 0.49• C2 0.36 0.43 0.06• C3 0.03 0.34 0.32• G 0.26 (0.20) 0.55 (0.29) 0.29 (0.21)

continued on next page
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Table E.1: Tract Profile (ICC) Summary – DKI-MD — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Cingulum Cingulate • C1 0.28 0.23 −0.05• C2 0.12 −0.16 −0.28• C3 0.65 0.40 −0.24• G 0.35 (0.27) 0.16 (0.29) −0.19 (0.13)• C1 0.03 0.49 0.46• C2 0.59 −0.11 −0.70• C3 −0.02 0.07 0.08• G 0.20 (0.34) 0.15 (0.31) −0.05 (0.59)• C1 0.16 0.36 0.20• C2 0.35 −0.13 −0.49• C3 0.31 0.23 −0.08• G 0.27 (0.11) 0.15 (0.26) −0.12 (0.35)

Corticospinal • C1 0.59 0.95 0.36• C2 0.41 0.77 0.36• C3 0.25 0.71 0.46• G 0.42 (0.17) 0.81 (0.13) 0.39 (0.06)• C1 0.93 0.94 0.00• C2 0.57 0.91 0.34• C3 0.58 0.80 0.22• G 0.69 (0.21) 0.88 (0.07) 0.19 (0.17)• C1 0.76 0.94 0.18• C2 0.49 0.84 0.35• C3 0.41 0.75 0.34• G 0.56 (0.18) 0.85 (0.09) 0.29 (0.09)

Forceps Major • C1 0.87 0.58 −0.29• C2 −0.13 0.28 0.40• C3 0.89 0.86 −0.02• G 0.54 (0.58) 0.57 (0.29) 0.03 (0.35)

Forceps Minor • C1 0.49 0.84 0.34• C2 0.26 0.83 0.57• C3 – −0.17 –• G 0.38 (0.16) 0.50 (0.58) 0.46 (0.16)

continued on next page
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Table E.1: Tract Profile (ICC) Summary – DKI-MD — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Inferior Fronto-Occipital • C1 – 0.47 –• C2 – 0.64 –• C3 – 0.75 –• G – 0.62 (0.14) –• C1 – 0.49 –• C2 – 0.27 –• C3 – 0.46 –• G – 0.40 (0.12) –• C1 – 0.48 –• C2 – 0.45 –• C3 – 0.61 –• G – 0.51 (0.08) –

Inferior Longitudinal • C1 0.44 0.67 0.23• C2 0.73 0.88 0.15• C3 0.91 0.73 −0.17• G 0.69 (0.24) 0.76 (0.11) 0.07 (0.22)• C1 0.34 0.57 0.23• C2 0.71 0.70 −0.01• C3 0.53 0.30 −0.22• G 0.53 (0.18) 0.53 (0.20) −0.00 (0.23)• C1 0.39 0.62 0.23• C2 0.72 0.79 0.07• C3 0.72 0.52 −0.20• G 0.61 (0.19) 0.64 (0.14) 0.04 (0.22)

Middle Longitudinal • C1 0.08 0.51 0.42• C2 0.70 0.55 −0.15• C3 0.74 0.81 0.07• G 0.51 (0.37) 0.62 (0.17) 0.12 (0.29)• C1 – 0.78 –• C2 0.29 −0.01 −0.31• C3 – 0.79 –• G 0.29 0.52 (0.46) −0.31• C1 0.08 0.64 0.42• C2 0.49 0.27 −0.23• C3 0.74 0.80 0.07• G 0.44 (0.33) 0.57 (0.27) 0.09 (0.32)

continued on next page
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Table E.1: Tract Profile (ICC) Summary – DKI-MD — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Optic Radiation • C1 0.91 0.95 0.04• C2 0.87 0.37 −0.50• C3 0.95 0.82 −0.13• G 0.91 (0.04) 0.71 (0.30) −0.20 (0.27)• C1 0.85 0.76 −0.09• C2 0.63 0.74 0.10• C3 0.88 0.50 −0.38• G 0.79 (0.13) 0.67 (0.15) −0.12 (0.24)• C1 0.88 0.86 −0.02• C2 0.75 0.55 −0.20• C3 0.91 0.66 −0.26• G 0.85 (0.09) 0.69 (0.15) −0.16 (0.12)

Posterior Arcuate • C1 0.42 0.78 0.35• C2 −0.08 0.20 0.28• C3 0.09 0.85 0.77• G 0.14 (0.26) 0.61 (0.36) 0.47 (0.26)• C1 −0.02 0.25 0.27• C2 0.46 0.24 −0.22• C3 0.09 0.40 0.32• G 0.17 (0.25) 0.30 (0.09) 0.12 (0.29)• C1 0.20 0.51 0.31• C2 0.19 0.22 0.03• C3 0.09 0.63 0.54• G 0.16 (0.06) 0.45 (0.21) 0.29 (0.26)

Superior Longitudinal • C1 0.27 0.95 0.68• C2 0.52 0.05 −0.46• C3 0.73 0.88 0.15• G 0.51 (0.23) 0.63 (0.50) 0.12 (0.57)• C1 0.87 0.89 0.03• C2 0.46 0.45 −0.01• C3 −0.02 0.49 0.51• G 0.43 (0.44) 0.61 (0.24) 0.17 (0.29)• C1 0.57 0.92 0.35• C2 0.49 0.25 −0.24• C3 0.35 0.68 0.33• G 0.47 (0.11) 0.62 (0.34) 0.15 (0.33)

continued on next page
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Table E.1: Tract Profile (ICC) Summary – DKI-MD — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Uncinate • C1 – 0.84 –• C2 −0.02 0.63 0.66• C3 – 0.78 –• G −0.02 0.75 (0.10) 0.66• C1 – 0.87 –• C2 0.39 0.70 0.31• C3 −0.13 0.20 0.34• G 0.13 (0.37) 0.59 (0.34) 0.32 (0.02)• C1 – 0.85 –• C2 0.18 0.67 0.48• C3 −0.13 0.49 0.34• G 0.02 (0.22) 0.67 (0.18) 0.41 (0.10)

Vertical Occipital • C1 – 0.74 –• C2 0.01 −0.05 −0.05• C3 0.11 0.81 0.71• G 0.06 (0.07) 0.50 (0.48) 0.33 (0.54)• C1 – 0.69 –• C2 – −0.02 –• C3 – 0.25 –• G – 0.31 (0.36) –• C1 – 0.71 –• C2 0.01 −0.03 −0.05• C3 0.11 0.53 0.71• G 0.06 (0.07) 0.40 (0.39) 0.33 (0.54)

All Tracts • G 0.38 (0.23) 0.56 (0.16) 0.19 (0.20)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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F Tract-Profile Reliability (ICC) — DKI-MK

Table F.1: Intraclass correlation coefficient (ICC(2,1)) for the conventional and babyFWE pipelines, with
raw difference (FWE−DWI), for each participant and tract (n = 3; see Methods and Results, Figure 3.3),
for DKI-MK.

Tract Laterality Color ID
ICC

DWI FWE ∆

Anterior Thalamic • C1 0.40 0.57 0.17• C2 0.52 0.40 −0.12• C3 0.54 0.93 0.39• G 0.49 (0.07) 0.64 (0.27) 0.15 (0.25)• C1 – 0.26 –• C2 0.71 0.58 −0.13• C3 – −0.35 –• G 0.71 0.16 (0.47) −0.13• C1 0.40 0.42 0.17• C2 0.61 0.49 −0.12• C3 0.54 0.29 0.39• G 0.52 (0.11) 0.40 (0.10) 0.14 (0.26)

Arcuate • C1 0.21 0.49 0.28• C2 0.44 0.44 0.00• C3 0.03 0.02 −0.00• G 0.22 (0.21) 0.32 (0.26) 0.09 (0.16)• C1 0.29 0.95 0.65• C2 −0.18 0.04 0.21• C3 0.15 0.55 0.40• G 0.09 (0.24) 0.51 (0.46) 0.42 (0.22)• C1 0.25 0.72 0.47• C2 0.13 0.24 0.11• C3 0.09 0.29 0.20• G 0.16 (0.08) 0.42 (0.26) 0.26 (0.19)

continued on next page
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Table F.1: Tract Profile (ICC) Summary – DKI-MK — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Cingulum Cingulate • C1 0.53 0.49 −0.04• C2 0.33 0.35 0.02• C3 0.57 0.39 −0.18• G 0.48 (0.13) 0.41 (0.07) −0.07 (0.10)• C1 −0.13 −0.02 0.11• C2 0.25 −0.11 −0.36• C3 −0.65 0.23 0.88• G −0.18 (0.45) 0.03 (0.18) 0.21 (0.63)• C1 0.20 0.23 0.03• C2 0.29 0.12 −0.17• C3 −0.04 0.31 0.35• G 0.15 (0.17) 0.22 (0.09) 0.07 (0.26)

Corticospinal • C1 0.57 0.89 0.32• C2 0.77 0.84 0.07• C3 0.88 0.81 −0.07• G 0.74 (0.16) 0.85 (0.04) 0.11 (0.20)• C1 0.29 0.52 0.23• C2 0.70 0.83 0.13• C3 0.82 0.91 0.09• G 0.60 (0.28) 0.75 (0.21) 0.15 (0.07)• C1 0.43 0.70 0.27• C2 0.73 0.83 0.10• C3 0.85 0.86 0.01• G 0.67 (0.22) 0.80 (0.08) 0.13 (0.13)

Forceps Major • C1 0.90 0.60 −0.30• C2 −0.06 −0.05 0.01• C3 0.66 0.73 0.07• G 0.50 (0.50) 0.42 (0.42) −0.07 (0.20)

Forceps Minor • C1 0.68 0.85 0.17• C2 0.40 0.83 0.42• C3 – −0.06 –• G 0.54 (0.19) 0.54 (0.52) 0.30 (0.18)

continued on next page
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Table F.1: Tract Profile (ICC) Summary – DKI-MK — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Inferior Fronto-Occipital • C1 – 0.61 –• C2 – 0.43 –• C3 – 0.57 –• G – 0.54 (0.09) –• C1 – 0.65 –• C2 – 0.23 –• C3 – −0.04 –• G – 0.28 (0.35) –• C1 – 0.63 –• C2 – 0.33 –• C3 – 0.27 –• G – 0.41 (0.19) –

Inferior Longitudinal • C1 0.33 0.60 0.27• C2 0.93 0.93 0.00• C3 0.76 0.88 0.12• G 0.67 (0.31) 0.80 (0.18) 0.13 (0.13)• C1 0.75 0.82 0.07• C2 0.74 0.63 −0.11• C3 0.55 0.06 −0.49• G 0.68 (0.11) 0.50 (0.40) −0.18 (0.29)• C1 0.54 0.71 0.17• C2 0.84 0.78 −0.06• C3 0.66 0.47 −0.19• G 0.68 (0.15) 0.65 (0.16) −0.02 (0.18)

Middle Longitudinal • C1 0.10 0.32 0.22• C2 0.51 0.82 0.31• C3 0.62 0.67 0.06• G 0.41 (0.27) 0.60 (0.25) 0.20 (0.13)• C1 – 0.92 –• C2 0.81 0.81 0.00• C3 – 0.44 –• G 0.81 0.72 (0.25) 0.00• C1 0.10 0.62 0.22• C2 0.66 0.81 0.16• C3 0.62 0.56 0.06• G 0.46 (0.31) 0.66 (0.13) 0.15 (0.08)

continued on next page
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Table F.1: Tract Profile (ICC) Summary – DKI-MK — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Optic Radiation • C1 0.18 0.84 0.66• C2 0.73 0.75 0.02• C3 0.69 0.91 0.22• G 0.53 (0.31) 0.83 (0.08) 0.30 (0.33)• C1 0.17 0.81 0.64• C2 0.05 0.64 0.59• C3 0.50 0.47 −0.04• G 0.24 (0.23) 0.64 (0.17) 0.40 (0.37)• C1 0.17 0.82 0.65• C2 0.39 0.69 0.30• C3 0.60 0.69 0.09• G 0.39 (0.21) 0.74 (0.08) 0.35 (0.28)

Posterior Arcuate • C1 −0.03 0.75 0.79• C2 0.12 0.42 0.30• C3 0.33 0.68 0.35• G 0.14 (0.18) 0.62 (0.18) 0.48 (0.27)• C1 0.09 0.61 0.53• C2 0.45 0.51 0.06• C3 0.56 0.62 0.06• G 0.37 (0.25) 0.58 (0.06) 0.21 (0.27)• C1 0.03 0.68 0.66• C2 0.29 0.47 0.18• C3 0.45 0.65 0.20• G 0.25 (0.21) 0.60 (0.12) 0.35 (0.27)

Superior Longitudinal • C1 0.48 0.83 0.35• C2 0.04 0.51 0.48• C3 −0.27 0.55 0.82• G 0.08 (0.38) 0.63 (0.18) 0.55 (0.24)• C1 0.74 0.82 0.08• C2 0.46 0.21 −0.26• C3 −0.32 0.55 0.86• G 0.30 (0.55) 0.53 (0.31) 0.23 (0.57)• C1 0.61 0.83 0.22• C2 0.25 0.36 0.11• C3 −0.29 0.55 0.84• G 0.19 (0.46) 0.58 (0.23) 0.39 (0.40)

continued on next page
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Table F.1: Tract Profile (ICC) Summary – DKI-MK — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Uncinate • C1 – 0.89 –• C2 0.01 0.22 0.21• C3 – 0.11 –• G 0.01 0.41 (0.42) 0.21• C1 – 0.93 –• C2 −0.24 0.74 0.97• C3 0.21 0.65 0.44• G −0.01 (0.32) 0.77 (0.15) 0.71 (0.38)• C1 – 0.91 –• C2 −0.11 0.48 0.59• C3 0.21 0.38 0.44• G 0.05 (0.23) 0.59 (0.28) 0.52 (0.11)

Vertical Occipital • C1 – 0.46 –• C2 0.04 0.61 0.58• C3 −0.12 0.49 0.61• G −0.04 (0.11) 0.52 (0.08) 0.59 (0.02)• C1 – 0.29 –• C2 – 0.57 –• C3 – 0.89 –• G – 0.58 (0.30) –• C1 – 0.37 –• C2 0.04 0.59 0.58• C3 −0.12 0.69 0.61• G −0.04 (0.11) 0.55 (0.16) 0.59 (0.02)

All Tracts • G 0.35 (0.24) 0.54 (0.15) 0.24 (0.20)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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G Tract-Profile Reliability (ICC) — DKI-AWF

Table G.1: Intraclass correlation coefficient (ICC(2,1)) for the conventional and babyFWE pipelines, with
raw difference (FWE−DWI), for each participant and tract (n = 3; see Methods and Results, Figure 3.3),
for DKI-AWF.

Tract Laterality Color ID
ICC

DWI FWE ∆

Anterior Thalamic • C1 0.55 0.76 0.21• C2 0.52 0.64 0.12• C3 0.81 0.97 0.17• G 0.62 (0.16) 0.79 (0.17) 0.16 (0.05)• C1 – 0.80 –• C2 0.86 0.88 0.02• C3 – 0.54 –• G 0.86 0.74 (0.18) 0.02• C1 0.55 0.78 0.21• C2 0.69 0.76 0.07• C3 0.81 0.76 0.17• G 0.68 (0.13) 0.77 (0.01) 0.15 (0.07)

Arcuate • C1 0.36 0.41 0.05• C2 0.01 0.41 0.39• C3 0.04 0.32 0.28• G 0.14 (0.19) 0.38 (0.05) 0.24 (0.17)• C1 0.61 0.92 0.31• C2 0.05 0.38 0.34• C3 0.25 0.08 −0.17• G 0.30 (0.29) 0.46 (0.42) 0.16 (0.28)• C1 0.48 0.66 0.18• C2 0.03 0.39 0.36• C3 0.15 0.20 0.06• G 0.22 (0.24) 0.42 (0.23) 0.20 (0.15)

continued on next page
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Table G.1: Tract Profile (ICC) Summary – DKI-AWF — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Cingulum Cingulate • C1 0.51 0.54 0.03• C2 0.75 0.76 0.01• C3 0.40 0.68 0.27• G 0.55 (0.18) 0.66 (0.11) 0.10 (0.15)• C1 0.48 0.62 0.14• C2 0.24 0.66 0.41• C3 −0.39 0.40 0.79• G 0.11 (0.45) 0.56 (0.14) 0.45 (0.33)• C1 0.49 0.58 0.08• C2 0.50 0.71 0.21• C3 0.01 0.54 0.53• G 0.33 (0.28) 0.61 (0.09) 0.27 (0.23)

Corticospinal • C1 0.85 0.96 0.10• C2 0.81 0.79 −0.02• C3 0.78 0.74 −0.03• G 0.81 (0.04) 0.83 (0.11) 0.02 (0.07)• C1 0.56 0.59 0.04• C2 0.95 0.92 −0.04• C3 0.70 0.95 0.25• G 0.74 (0.20) 0.82 (0.20) 0.08 (0.15)• C1 0.71 0.77 0.07• C2 0.88 0.85 −0.03• C3 0.74 0.85 0.11• G 0.77 (0.09) 0.83 (0.04) 0.05 (0.07)

Forceps Major • C1 0.74 0.76 0.02• C2 −0.00 0.23 0.23• C3 0.64 0.86 0.23• G 0.46 (0.40) 0.62 (0.34) 0.16 (0.12)

Forceps Minor • C1 0.52 0.88 0.36• C2 0.93 0.98 0.05• C3 – 0.12 –• G 0.72 (0.28) 0.66 (0.47) 0.21 (0.22)

continued on next page
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Table G.1: Tract Profile (ICC) Summary – DKI-AWF — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Inferior Fronto-Occipital • C1 – 0.10 –• C2 – 0.07 –• C3 – 0.61 –• G – 0.26 (0.31) –• C1 – 0.68 –• C2 – 0.18 –• C3 – 0.22 –• G – 0.36 (0.28) –• C1 – 0.39 –• C2 – 0.12 –• C3 – 0.42 –• G – 0.31 (0.16) –

Inferior Longitudinal • C1 0.62 0.64 0.02• C2 0.88 0.93 0.05• C3 0.63 0.84 0.21• G 0.71 (0.15) 0.80 (0.15) 0.09 (0.10)• C1 0.67 0.85 0.18• C2 0.66 0.63 −0.03• C3 0.36 0.14 −0.21• G 0.56 (0.18) 0.54 (0.36) −0.02 (0.20)• C1 0.64 0.74 0.10• C2 0.77 0.78 0.01• C3 0.49 0.49 −0.00• G 0.63 (0.14) 0.67 (0.16) 0.04 (0.06)

Middle Longitudinal • C1 0.08 0.61 0.53• C2 0.61 0.89 0.28• C3 0.59 0.76 0.17• G 0.43 (0.30) 0.75 (0.14) 0.33 (0.19)• C1 – 0.83 –• C2 0.93 0.86 −0.07• C3 – 0.65 –• G 0.93 0.78 (0.11) −0.07• C1 0.08 0.72 0.53• C2 0.77 0.87 0.10• C3 0.59 0.71 0.17• G 0.48 (0.36) 0.77 (0.09) 0.27 (0.23)

continued on next page
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Table G.1: Tract Profile (ICC) Summary – DKI-AWF — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Optic Radiation • C1 0.46 0.64 0.18• C2 0.67 0.50 −0.17• C3 0.36 0.43 0.06• G 0.50 (0.15) 0.52 (0.11) 0.03 (0.18)• C1 0.47 0.80 0.33• C2 −0.12 0.57 0.68• C3 0.90 0.20 −0.69• G 0.42 (0.51) 0.52 (0.30) 0.11 (0.71)• C1 0.46 0.72 0.26• C2 0.28 0.53 0.26• C3 0.63 0.32 −0.32• G 0.46 (0.18) 0.52 (0.20) 0.07 (0.33)

Posterior Arcuate • C1 −0.17 0.59 0.76• C2 0.72 0.68 −0.04• C3 0.64 0.59 −0.06• G 0.40 (0.49) 0.62 (0.05) 0.22 (0.47)• C1 −0.19 0.49 0.68• C2 0.65 0.65 0.00• C3 0.47 0.68 0.22• G 0.31 (0.44) 0.61 (0.11) 0.30 (0.34)• C1 −0.18 0.54 0.72• C2 0.68 0.66 −0.02• C3 0.56 0.64 0.08• G 0.35 (0.46) 0.61 (0.06) 0.26 (0.40)

Superior Longitudinal • C1 0.86 0.91 0.04• C2 0.49 0.59 0.10• C3 0.17 0.57 0.40• G 0.51 (0.35) 0.69 (0.19) 0.18 (0.19)• C1 0.92 0.73 −0.19• C2 0.76 0.64 −0.13• C3 −0.25 0.73 0.98• G 0.48 (0.63) 0.70 (0.05) 0.22 (0.66)• C1 0.89 0.82 −0.07• C2 0.63 0.61 −0.01• C3 −0.04 0.65 0.69• G 0.49 (0.48) 0.69 (0.11) 0.20 (0.42)

continued on next page
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Table G.1: Tract Profile (ICC) Summary – DKI-AWF — continued from previous page

Tract Laterality Color ID
ICC

DWI FWE ∆

Uncinate • C1 – 0.79 –• C2 0.30 0.01 −0.30• C3 – −0.19 –• G 0.30 0.20 (0.52) −0.30• C1 – 0.84 –• C2 0.14 0.48 0.34• C3 0.08 0.72 0.63• G 0.11 (0.04) 0.68 (0.18) 0.49 (0.21)• C1 – 0.81 –• C2 0.22 0.24 0.02• C3 0.08 0.26 0.63• G 0.15 (0.10) 0.44 (0.32) 0.33 (0.43)

Vertical Occipital • C1 – 0.27 –• C2 0.15 0.60 0.45• C3 −0.26 0.68 0.94• G −0.06 (0.29) 0.52 (0.22) 0.70 (0.35)• C1 – 0.24 –• C2 – 0.66 –• C3 – 0.81 –• G – 0.57 (0.29) –• C1 – 0.26 –• C2 0.15 0.63 0.45• C3 −0.26 0.75 0.94• G −0.06 (0.29) 0.54 (0.25) 0.70 (0.35)

All Tracts • G 0.44 (0.24) 0.60 (0.15) 0.22 (0.17)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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H Tract Yield Summary

Table H.1: Tract yield and raw percentage-point differences (FWE − DWI) for the conventional and
babyFWE pipelines, reported for each participant and tract (n = 3; see Methods and Results, Figure 3.4).

Tract Laterality Color ID
Yield

DWI FWE ∆ (%)

Anterior Thalamic • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 50 100 50• C2 100 100 0• C3 50 100 50• G 66.7 (28.9) 100.0 (0.0) 33.3 (28.9)

Arcuate • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

Cingulum Cingulate • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

continued on next page
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Table H.1: Tract Yield Summary — continued from previous page

Tract Laterality Color ID
Yield

DWI FWE ∆ (%)

Corticospinal • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

Forceps Major • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

Forceps Minor • C1 100 100 0• C2 100 100 0• C3 0 100 100• G 66.7 (57.7) 100.0 (0.0) 33.3 (57.7)

Inferior Fronto-Occipital • C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 0 100 100• C2 0 100 100• C3 0 100 100• G 0.0 (0.0) 100.0 (0.0) 100.0 (0.0)• C1 0 100 100• C2 50 100 50• C3 0 100 100• G 16.7 (28.9) 100.0 (0.0) 83.3 (28.9)

continued on next page
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Table H.1: Tract Yield Summary — continued from previous page

Tract Laterality Color ID
Yield

DWI FWE ∆ (%)

Inferior Longitudinal • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

Middle Longitudinal • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 50 100 50• C2 100 100 0• C3 50 100 50• G 66.7 (28.9) 100.0 (0.0) 33.3 (28.9)

Optic Radiation • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

continued on next page
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Table H.1: Tract Yield Summary — continued from previous page

Tract Laterality Color ID
Yield

DWI FWE ∆ (%)

Posterior Arcuate • C1 0 100 100• C2 0 100 100• C3 0 100 100• G 0.0 (0.0) 100.0 (0.0) 100.0 (0.0)• C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 0 100 100• C2 50 100 50• C3 0 100 100• G 16.7 (28.9) 100.0 (0.0) 83.3 (28.9)

Superior Longitudinal • C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)• C1 100 100 0• C2 100 100 0• C3 100 100 0• G 100.0 (0.0) 100.0 (0.0) 0.0 (0.0)

Uncinate • C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)• C1 0 100 100• C2 100 100 0• C3 0 100 100• G 33.3 (57.7) 100.0 (0.0) 66.7 (57.7)

continued on next page
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Table H.1: Tract Yield Summary — continued from previous page

Tract Laterality Color ID
Yield

DWI FWE ∆ (%)

Vertical Occipital • C1 0 100 100• C2 0 100 100• C3 0 100 100• G 0.0 (0.0) 100.0 (0.0) 100.0 (0.0)• C1 0 100 100• C2 0 100 100• C3 0 100 100• G 0.0 (0.0) 100.0 (0.0) 100.0 (0.0)• C1 0 100 100• C2 0 100 100• C3 0 100 100• G 0.0 (0.0) 100.0 (0.0) 100.0 (0.0)

All Tracts • G 69.0 (37.5) 100.0 (0.0) 31.0 (37.5)

Note. Participant rows report individual values; G rows report mean (SD) for available participants. For
bilateral tracts, left-hemisphere ( ), right-hemisphere ( ), and bilateral-average ( ) values are reported;
unilateral tracts ( ) are reported as individual values. The All Tracts row reports the mean (SD) of the 14
tract-specific group means.
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