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General Information

The following information refers to the Adolescent Brain Cognitive Development® (ABCD)
Study Data Release 3.0 available from https://nda.nih.gov/abcd. An overview of the ABCD
Study® is at https://abcdstudy.org and detailed descriptions of elements of the study are listed in
https://abcdstudy.org/scientists/protocols.

This document describes the contents of various instruments available for download. To
understand the context of this information, see Release Notes ABCD README FIRST and
Release Notes ABCD Imaging Instruments.

e Image types
¢ field maps: non-diffusion weighted images with opposite phase encode polarity
e multi-b-value, multi-direction diffusion weighted images
e Image processing
e eddy current distortion correction with a nonlinear estimation using diffusion gradient
orientations and amplitudes to predict the pattern of distortions (Zhuang, et al., 2006)
e head motion corrected by registering to images synthesized from tensor fit (Hagler,
et al., 2009)
¢ diffusion gradients adjusted for head rotation (Hagler, et al., 2009; Leemans and
Jones, 2009)
e robust diffusion tensor estimation (Chang, et al., 2005) used to identify and replace
dark slices caused by abrupt head motion
e By distortions were corrected using the reversing gradient method with FSL’s TOPUP
(Andersson et al., 2003, Smith et al., 2004)
gradient nonlinearity distortion correction (Jovicich, et al., 2006)
T.-weighted b=0 images to T1w structural images using mutual information (Wells, et
al., 1996)
e resampled into a standard orientation with 1.7 mm isotropic resolution
e Diffusion tensor imaging (DTI) analysis
e conventional DTl methods (Basser, et al., 1994; Le Bihan, et al., 2001; Pierpaoli, et
al., 1996)
e two modeling approaches
e DTl inner shell (DTlis): b values > 1000 excluded from tensor fitting to avoid
need for nonlinear estimation; metric prefix is “dti”
e DTl full shell (DTIgs): all b values used in the tensor fitting; metric prefix is
“dti_full”
e measures of microstructural tissue properties
e fractional anisotropy (FA)
e mean diffusivity (MD)
e longitudinal (or axial) diffusivity (LD)
e transverse (or radial) diffusivity (TD)
e Restriction Spectrum Imaging (RSI)
e linear estimation approach allowing for mixtures of “restricted” and “hindered”
diffusion pools within individual voxels (White, et al., 2013a; White, et al., 2014;
White, et al., 2013b)
e takes advantage of multiple b-value acquisition
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e two volume fractions modeled as fiber orientation density (FOD) functions
e longitudinal diffusivity constant for both fractions, with a value of 1x10° mm?/s
e restricted fraction (e.g. intracellular): transverse diffusivity modelled as 0
e hindered fraction (e.g. extracellular): transverse diffusivity modelled as 0.9 x
1x10° mm?/s
e primary measures derived from the RSI model fit
e restricted normalized isotropic (NO)
e square of the Oth order spherical harmonic coefficient of the restricted
fraction divided by the sum of squares of all model coefficients
e restricted normalized directional or "neurite density" (ND)
e sum of squared 2nd and 4th order spherical harmonic coefficients of
the restricted fraction divided by the norm of the model coefficients
e hindered normalized isotropic (NO_s2)
e square of the Oth order spherical harmonic coefficient of the hindered
fraction divided by the sum of squares of all model coefficients
e hindered normalized directional (ND_s2)
e sum of squared 2nd and 4th order spherical harmonic coefficients of
the hindered fraction divided by the norm of the model coefficients
e Regions of interest (ROIs)
e subcortical structures labeled with atlas-based segmentation (Fischl, et al., 2002)
e cortical regions labeled with the Desikan atlas-based classification (Desikan, et al.,
2006)
e cortical regions labeled with the Destrieux atlas-based classification (Destrieux, et
al., 2010)
e white and gray matter values sampled near gray/white boundary (Elman, et
al., 2017)
e major white matter tracts labelled using AtlasTrack (Hagler, et al., 2009)
e voxels containing primarily gray matter or cerebral spinal fluid excluded from
analysis

References

Andersson, J. L., Skare, S., & Ashburner, J. (2003). How to correct susceptibility distortions in
spin-echo echo-planar images: application to diffusion tensor imaging. Neurolmage, 20(2), 870—
888. https://doi.org/10.1016/S1053-8119(03)00336-7.

Basser, P.J., Mattiello, J., LeBihan, D. (1994) MR diffusion tensor spectroscopy and imaging.
Biophys J, 66:259-67.

Chang, L.C., Jones, D.K., Pierpaoli, C. (2005) RESTORE: robust estimation of tensors by outlier
rejection. Magn Reson Med, 53:1088-95.

Desikan, R.S., Segonne, F., Fischl, B., Quinn, B.T., Dickerson, B.C., Blacker, D., Buckner, R.L.,
Dale, A.M., Maguire, R.P., Hyman, B.T., Albert, M.S., Killiany, R.J. (2006) An automated
labeling system for subdividing the human cerebral cortex on MRI scans into gyral based
regions of interest. Neuroimage, 31:968-80.



Release Notes: Adolescent Brain Cognitive DevelopmentS™M (ABCD) Study

Destrieux C, Fischl B, Dale A, Halgren E. (2010) Automatic parcellation of human cortical gyri
and sulci using standard anatomical nomenclature. Neuroimage. 2010 Oct 15;53(1):1-15.

Elman, J.A., Panizzon, M.S., Hagler, D.J., Jr., Fennema-Notestine, C., Eyler, L.T., Gillespie,
N.A., Neale, M.C., Lyons, M.J., Franz, C.E., McEvoy, L.K., Dale, A.M., Kremen, W.S. (2017)
Genetic and environmental influences on cortical mean diffusivity. Neuroimage, 146:90-99.

Fischl, B., Salat, D.H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C., van der Kouwe, A.,
Killiany, R., Kennedy, D., Klaveness, S., Montillo, A., Makris, N., Rosen, B., Dale, A.M. (2002)
Whole brain segmentation: automated labeling of neuroanatomical structures in the human
brain. Neuron, 33:341-55.

Hagler, D.J., Jr., Ahmadi, M.E., Kuperman, J., Holland, D., McDonald, C.R., Halgren, E., Dale,
A.M. (2009) Automated white-matter tractography using a probabilistic diffusion tensor atlas:
Application to temporal lobe epilepsy. Hum Brain Mapp, 30:1535-47.

Holland, D., Kuperman, J.M., Dale, A.M. (2010) Efficient correction of inhomogeneous static
magnetic field-induced distortion in Echo Planar Imaging. Neuroimage, 50:175-83.

Jovicich, J., Czanner, S., Greve, D., Haley, E., van der Kouwe, A., Gollub, R., Kennedy, D.,
Schmitt, F., Brown, G., Macfall, J., Fischl, B., Dale, A. (2006) Reliability in multi-site structural
MRI studies: effects of gradient non-linearity correction on phantom and human data.
Neuroimage, 30:436-43.

Le Bihan, D., Mangin, J.F., Poupon, C., Clark, C.A., Pappata, S., Molko, N., Chabriat, H. (2001)
Diffusion tensor imaging: concepts and applications. J Magn Reson Imaging, 13:534-46.

Leemans, A., Jones, D.K. (2009) The B-matrix must be rotated when correcting for subject
motion in DTI data. Magn Reson Med, 61:1336-49.

Pierpaoli, C., Jezzard, P., Basser, P.J., Barnett, A., Di Chiro, G. (1996) Diffusion tensor MR
imaging of the human brain. Radiology, 201:637-48.

Smith, S. M., Jenkinson, M., Woolrich, M. W., Beckmann, C. F., Behrens, T. E., Johansen-Berg,
H., Bannister, P. R., De Luca, M., Drobnjak, I., Flitney, D. E., Niazy, R. K., Saunders, J.,
Vickers, J., Zhang, Y., De Stefano, N., Brady, J. M., & Matthews, P. M. (2004). Advances in
functional and structural MR image analysis and implementation as FSL. Neurolmage, 23 Suppl
1, S208-S219. https://doi.org/10.1016/j.neuroimage.2004.07.051.

Wells, W.M., 3rd, Viola, P., Atsumi, H., Nakajima, S., Kikinis, R. (1996) Multi-modal volume
registration by maximization of mutual information. Med Image Anal, 1:35-51.

White, N.S., Leergaard, T.B., D'Arceuil, H., Bjaalie, J.G., Dale, A.M. (2013a) Probing tissue
microstructure with restriction spectrum imaging: Histological and theoretical validation. Hum
Brain Mapp, 34:327-46.

White, N.S., McDonald, C., Farid, N., Kuperman, J., Karow, D., Schenker-Ahmed, N.M.,
Bartsch, H., Rakow-Penner, R., Holland, D., Shabaik, A., Bjornerud, A., Hope, T., Hattangadi-
Gluth, J., Liss, M., Parsons, J.K., Chen, C.C., Raman, S., Margolis, D., Reiter, R.E., Marks, L.,
Kesari, S., Mundt, A.J., Kane, C.J., Carter, B.S., Bradley, W.G., Dale, A.M. (2014) Diffusion-
weighted imaging in cancer: physical foundations and applications of restriction spectrum
imaging. Cancer Res, 74:4638-52.



Release Notes: Adolescent Brain Cognitive DevelopmentS™M (ABCD) Study

White, N.S., McDonald, C.R., Farid, N., Kuperman, J.M., Kesari, S., Dale, A.M. (2013b)
Improved conspicuity and delineation of high-grade primary and metastatic brain tumors using
"restriction spectrum imaging": quantitative comparison with high B-value DWI and ADC. AJNR
Am J Neuroradiol, 34:958-64, S1.

Zhuang, J., Hrabe, J., Kangarlu, A., Xu, D., Bansal, R., Branch, C.A., Peterson, B.S. (2006)
Correction of eddy-current distortions in diffusion tensor images using the known directions and
strengths of diffusion gradients. J Magn Reson Imaging, 24:1188-93.

ABCD Study®, Teen Brains. Today’s Science. Brighter Future®. and the ABCD Study Logo are
registered marks of the U.S. Department of Health & Human Services (HHS). Adolescent Brain

Cognitive Development* Study is a service mark of the U.S. Department of Health & Human
Services (HHS).



