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Background

MRI has been used to understand the impact of prematurity on brain development in the last 30 years. Diffusion tensor
imaging (DTI) allows the characterization of brain microstructure. However, most studies have focused primarily on
major fiber bundles. Yet, evidence showed very preterm infants at term equivalent age had risk of having reduced deep
gray matter volumes compared to term controls (Boardman et al., 2006). Diffusion basis spectrum imaging (DBSI)
model allows for a more comprehensive understanding of microstructural development in the brain by decomposing
diffusion signals into fiber fraction, hindered diffusivity (extracellular ), restricted diffusivity (intracellular) and water
fraction. It has been applied on neonatal white matter injury (Isaacs et al., 2021) but not yet on neonatal deep gray
matter.

Objective

Our goal is to characterize deep gray matter integrity in preterm infants by using DBSI to gain a deeper understanding
of the complex processes that occur in the developing brain following prematurity. More specifically to: 1) Detect
intracellular and extracellular fraction in preterm deep gray matter; 2) Assess potential differences with term controls.

Design/Methods

Two groups of infants were scanned on a 3T GE MRI scanner. Preterms born at 32.00 ± 1.49 weeks, scanned at
34.14 ± 1.19 weeks (G1, n = 15) and at 40.18 ± 0.90 weeks (G2, n = 11); Five term control infants scanned at
39.51 ± 1.38 weeks (G3). Data was acquired with resolution 2 × 2 × 2mm3, 2 b0 and an array of 25 b values
(0 < b ≤ 800s/mm2).

Data was processed by denoising, TOPUP distortion correction. The diffusion volumes were registered to the T2-
weighted map (first b0 to T2w, then diffusion volumes to b0) nonlinearly. DTI metrics were then obtained by DIPY-DTI
and fraction maps were extracted by the DBSI package (Garyfallidis et al., 2014; Wang et al., 2011). Also, templates for
both 34 weeks and 40 weeks were built using DTI-TK. Regions of interest (ROI) were placed on the caudate nucleus,
lentiform nucleus and thalamus using the color-coded FA template maps generated from DTI-TK (Zhang et al., 2006).
ROIs were transformed back to original data space to mask interested metrics values combined with DTI and DBSI
derivatives maps.

Statistics: comparisons (G1 vs G2, G2 vs G3) were done in each ROI by using masked metrics from DBSI and DTI.
Mann-whiteney test (p < 0.05) was used for the statistics.
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Results

Preterm at term vs Term controls:
The caudate nucleus was the only structure to retain differences in preterms at term equivalent age with higher axial
diffusivity (2.87% higher, p = 0.01) compared to term controls.

Preterm at 34 weeks vs Preterm at term equivalent age:
Diffusivity values (AD, RD, MD) extracted from DTI showed significant decrease (more than 11%) in all three ROIs
with most significant changes in the caudate nucleus. DBSI model showed that water fraction in all three regions were
dramatically decreasing (−82.78% (p = 0.01), −66.65% (p = 0.004) and −72.69% (p = 0.003) in caudate, lentiform
and thalamus respectively). In the lentiform nucleus, extracellular diffusion fraction decreased significantly (+219.4%,
p = 0.003) and intracellular diffusion fraction decreased (−15, 73%, p = 0.004) significantly. This probably reveals
that the lentiform nucleus experienced cell enlargement more than volume increase.

Conclusion

Our data revealed an increased vulnerability of the microstructural maturation of the caudate nucleus in a rather healthy
preterm born at 32 weeks of gestational age. This resonates with data in preterm children born under 32 weeks of
gestation found to have smaller caudate and putamen volumes when scanned at term equivalent age (Loh et al., 2017).
These changes may have a profound impact as when persisting at age 7, a strong correlation was found with IQ
Abernethy et al. (2004).

2



References
Laurence J Abernethy, Richard W I Cooke, and Lynda Foulder-Hughes. Caudate and hippocampal volumes, intelligence,

and motor impairment in 7-year-old children who were born preterm. Pediatr. Res., 55(5):884–893, May 2004.
James P Boardman, Serena J Counsell, Daniel Rueckert, Olga Kapellou, Kanwal K Bhatia, Paul Aljabar, Jo Hajnal,

Joanna M Allsop, Mary A Rutherford, and A David Edwards. Abnormal deep grey matter development following
preterm birth detected using deformation-based morphometry. Neuroimage, 32(1):70–78, August 2006.

Eleftherios Garyfallidis, Matthew Brett, Bagrat Amirbekian, Ariel Rokem, Stefan van der Walt, Maxime Descoteaux,
Ian Nimmo-Smith, and Dipy Contributors. Dipy, a library for the analysis of diffusion MRI data. Front. Neuroinform.,
8:8, February 2014.

Albert M Isaacs, Jeffrey J Neil, James P McAllister, Sonika Dahiya, Leandro Castaneyra-Ruiz, Harri Merisaari, Haley E
Botteron, Dimitrios Alexopoulous, Ajit George, Sun Peng, Diego M Morales, Joshua Shimony, Jennifer Strahle, Yan
Yan, Sheng-Kwei Song, David D Limbrick, and Christopher Smyser. Microstructural periventricular white matter
injury in Post-Hemorrhagic ventricular dilatation. Neurology, 98(4):e364–75, November 2021.

Wai Yen Loh, Peter J Anderson, Jeanie L Y Cheong, Alicia J Spittle, Jian Chen, Katherine J Lee, Charlotte Molesworth,
Terrie E Inder, A Connelly, Lex W Doyle, and Deanne K Thompson. Neonatal basal ganglia and thalamic volumes:
very preterm birth and 7-year neurodevelopmental outcomes. Pediatr. Res., 82(6):970–978, December 2017.

Yong Wang, Qing Wang, Justin P Haldar, Fang-Cheng Yeh, Mingqiang Xie, Peng Sun, Tsang-Wei Tu, Kathryn Trinkaus,
Robyn S Klein, Anne H Cross, and Sheng-Kwei Song. Quantification of increased cellularity during inflammatory
demyelination. Brain, 134(Pt 12):3590–3601, December 2011.

Hui Zhang, Paul A Yushkevich, Daniel C Alexander, and James C Gee. Deformable registration of diffusion tensor MR
images with explicit orientation optimization. Med. Image Anal., 10(5):764–785, October 2006.



Figures

Figure 1: Bar plot of diffusion metric of two groups of preterm infant and term control. First row: DTI metrics; Second row: DBSI metrics. Group 1 (G1): 15 preterm
infants born at 32.00± 1.49 weeks, scanned at 34.14± 1.19 weeks; Group 2 (G2): 11 preterm infants born at 32.30± 1.40 weeks, scanned at 40.18± 0.90 weeks;
Group 3 (G3): 5 term control infants (born at 39.11± 1.09 weeks, scanned at 39.51± 1.38 weeks). For the p values and changes, values were aligned as: G2 vs G1

G3 vs G2. Mann-Whitney tests with test strength p < 0.05 were used for statistics (red color for p < 0.05, pink color for p ≥ 0.05). Abbreviation: DBSI=Diffusion
basis spectrum imaging, DTI = Diffusion tensor imaging, AD=Axial diffusivity, RD=Radial diffusivity, MD=mean diffusivity.


