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Data: 1221 subjects from the Philadelphia Neurodevelopmental Cohort with two 32 
direction dMRI scans each [1].
Reliability Analysis
• Reconstruction fractions
• Within vs. between subject dice scores
Prediction Analysis
Prediction of complex reasoning using features of the reconstructed bundles (volume, 
mean MD and mean FA) with a linear ridge regression model.
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Benchmarking Reconstruction Methods for Bundle Segmentation 
in Single-Shell Diffusion MRI

MethodsIntroduction
High-quality research diffusion MRI (dMRI) scans are time-
and resource-intensive to acquire.

Results

Conclusion
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Reliability Analysis

Prediction Analysis

Robust prediction of complex reasoning from features extracted from clinically 
feasible dMRI scans

Most WM bundles could be reliably reconstructed from 32-direction, single-
shell, clinically feasible dMRI acquisitions.
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Bundle ‘completeness’: GQI: sensitivity ↓, specificity ↑, CSD: sensitivity ↑, specificity ↓, SS3T: tradeoff 
sensitivity vs. specificity

Reconstruction fractions: The majority of bundles was reconstructed
with fractions close to 1.
Dice scores: On average across subjects within-subject dice scores >
between-subjects dice scores for all WM bundles.

Legacy dMRI datasets and anonymized hospital-acquired dMRI
scans with lower angular resolution offer a valuable, cost-efficient
alternative to complement research datasets.

Unclear how reliable metrics extracted from these lower angular
resolution scans are.

Leverage research dataset with two low angular resolution scans
(32 directions) per subject to benchmark reliability of extracted
white matter (WM) bundles.

Aim 1: Assess reliability and ‘completeness’ of reconstructed WM
bundles.
Aim 2: Assess ability of features from extracted WM bundles to
predict phenotypes, here, cognition.
Aim 3: Compare three methods for ODF reconstruction in single
shell low angular resolution data (GQI, CSD and SS3T).

Discriminability: High median 
discriminability (>0.94) across 
WM bundles.

• Discriminability [2]
• Bundle ‘completeness’: Sensitivity vs. 

specificity

GQI value for one scan

median across scansCSD

SS3T

GQI value for one scan

median across scansCSD

SS3T

0.0 0.2 0.4 0.6 0.8
sensitivity

1.00

0.95

0.90

0.85

0.80

1.00

0.95

0.90

0.85

0.80

0.75
0.0 0.2 0.4 0.6 0.8

sensitivity

sp
ec

ifi
ct

y
sp

ec
ifi

ci
ty

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

te
st

 r

p < 0.05*

* *
* *

*

*

run-01
volume+FA+MD

run-01
volume

run-01
FA

run-01
MD

run-02
volume+FA+MD

run-02
volume

run-02
FA

run-02
MD

run, features

Prediction accuracy:
• Stable prediction of complex reasoning (r in 0.15-0.36)
• GQI and SS3T outperform CSD in terms of prediction

accuracy.
• All features > volume only > FA only > MD only.
• Discussion: Comparable to prediction accuracy from

studies using high-quality dMRI data to predict cognition
[3, 4].

SS3T outperformed GQI and CSD, leading to reliable, complete WM bundles 
suited for predicting brain-behavior relationships. 

Bundle segmentation can achieve robust performance even on lower angular 
resolution, single-shell dMRI: enormous research potential for dMRI collected 
in healthcare settings and dMRI legacy datasets.

Raw
DWI
data

Preprocessing PostprocessingODF 
Reconstruction

Bundle 
Reconstruction

QSIPrep:
- Head motion correction 
- Denoising
- Registration
  and normalization

No distortion correction
60 WM bundles
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AutoTrack
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Feature reliability:
• On average, fair reliability of bundle features in terms of

intraclass correlation coefficient (ICC).
• ICC is highest for SS3T for all three features.
• Discussion: Slight decrease compared to ICC for WM

bundles from high-quality dMRI [5], comparable or
better than ICC of the FC [6].

• Feature ICC
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