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Supplementary Information 

 

Methods for 1-mm Isotropic Resolution Data 

Data acquisition 

For two subjects, T1-weighted images at 1-mm isotropic resolution were also acquired using the 

MEMPRAGE sequence for comparing to surface reconstruction results from 0.6-mm isotropic resolution 

data. The acquisition parameter values were: TR = 2,530 ms, TE = 1.64/3.50/5.36/7.22 ms, TI = 1,200 ms, 

FA = 7°, 176 sagittal slices, slice thickness = 1 mm, FOV = 256 mm × 256 mm, matrix size = 256 × 256, 

resolution = 1 mm isotropic, echo spacing = 10.3 ms, bandwidth = 651 Hz/pixel, GRAPPA factor = 3, 

acquisition time = 4.5 minutes. 

 

Image processing 

Spatially varying intensity bias was removed using the unified segmentation routine1 implementation of the 

SPM software. For each subject, the 1-mm isotropic resolution image volume was nonlinearly co-registered 

to the 6-repetition averaged image volume at 0.6-mm isotropic resolution using NiftyReg's “reg_aladin” 

function (default parameters, spline interpolation), which was initialized with an affine transformation 

derived from NiftyReg's “reg_f3d” function (default parameters). The non-linear co-registration slightly 

adjusted the image alignment locally to account for the subtle non-linear shifts of tissue in the images. 

 

Surface reconstruction 

Cortical surface reconstruction at 1-mm isotropic resolution was performed using the standard FreeSurfer 

(version v6.0) reconstruction pipeline (“recon-all” function with default parameters). 

 

Surface accuracy comparison 

For comparing gray–white and gray–CSF surfaces reconstructed from 1-mm and 0.6-mm isotropic 

resolution data, the triangular surface meshes generated from 1-mm isotropic resolution data were 
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resampled onto the corresponding triangular surface meshes generated from the 6-repetition averaged 0.6-

mm isotropic resolution data to establish vertex correspondence following the previous study2. The vertex-

wise displacement of the gray–white and gray–CSF surfaces and the difference of the cortical thickness 

estimates were then calculated. The FreeSurfer longitudinal pipeline cannot be used for this comparison 

because the number of vertices of triangular surface meshes generated from 1-mm and 0.6-mm isotropic 

resolution data is substantially different (~0.5 million vs. ~1 million). 
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Supplementary Figures and Tables 

 
Supplementary Figure 1. Intensity bias correction. A representative coronal image slice from the raw data acquired 
using a slab-selective oblique-axial acquisition (a) and the same image slice corrected for the spatially varying 
intensity bias induced by the B1 field inhomogeneity (b). 
 
 

 
Supplementary Figure 2. Sampling surfaces. Cross-sections of the gray–white surface (red) and the surfaces at 0.6 
mm below (blue) and above (green) the gray–white surface for sampling the white matter and gray matter image 
intensities (blue and green dots) to calculate the gray–white contrast. The surfaces are from the 6-repetition averaged 
data of a representative subject. 
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Supplementary Figure 3. Noise estimation. A representative axial image slice from the single-repetition data (a, i), 
the 6-repetition averaged data (a, ii), and the single-repetition data denoised by DnCNN (a, iii), BM4D (a, iv) and 
AONLM (a, v), and their residuals (i.e., estimated noise) compared to the image from the single-repetition data (rows 
a, i). 
 
 

 
Supplementary Figure 4. Averaged gray–white contrast. Left-hemispheric vertex-wise contrast between the gray 
matter and white matter image intensity (expressed as [white − gray]/[white + gray]⋅100%) from the 6-repetition 
averaged data (column i), single-repetition data (column ii), single-repetition data denoised by DnCNN (column iii), 
BM4D (column iv) and AONLM (column v) averaged across 30 image volumes from the 5 evaluation subjects, 
displayed on inflated surface representations. Different cortical regions from the FreeSurfer cortical parcellation (i.e., 
aparc.annot) are depicted as colored outlines. 
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Supplementary Figure 5. Averaged cortical surface smoothness. Left-hemispheric vertex-wise mean curvature of 
the reconstructed gray–white surfaces (a–c) and gray–CSF surfaces (d–f) from the 6-repetition averaged data (column 
i), single-repetition data (column ii), single-repetition data denoised by DnCNN (column iii), BM4D (column iv) and 
AONLM (column v) averaged across 30 image volumes from the 5 evaluation subjects, displayed on inflated surface 
representations. Different cortical regions from the FreeSurfer cortical parcellation (i.e., aparc.annot) are depicted as 
colored outlines. 
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Supplementary Figure 6. Positioning and thickness accuracy. Left-hemispheric vertex-wise 
displacement/difference of the gray–white surfaces (rows a–e, column i–iii) and gray–CSF surfaces (rows a–e, column 
iv–vi) and cortical thickness estimates (rows f–j, column i–iii) from the single-repetition data (rows a, f) and the single-
repetition data denoised by DnCNN (rows b, g), BM4D (rows c, h) and AONLM (rows d, i) at 0.6-mm isotropic 
resolution, and the single-repetition data at 1-mm isotropic resolution (rows e, j) compared to the surfaces estimated 
from the 6-repetition averaged data of a representative subject, displayed on inflated surface representations. Different 
cortical regions from the FreeSurfer cortical parcellation (i.e., aparc.annot) are depicted as colored outlines. 
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Supplementary Figure 7. Positioning and thickness precision. Left-hemispheric vertex-wise 
displacement/difference of the gray–white surfaces (rows a–c) and gray–CSF surfaces (rows d–f) and cortical 
thickness estimates (rows g–i) from two consecutively acquired single-repetition data denoised by DnCNN (rows a, 
d, g), BM4D (rows b, e, h) and AONLM (rows c, f, i) of a representative subject, displayed on inflated surface 
representations. Different cortical regions from the FreeSurfer cortical parcellation (i.e., aparc.annot) are depicted as 
colored outlines. 
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Supplementary Table 1. Gray–white surface displacement. The group mean and standard deviation of the mean 
absolute displacement of the gray–white surface estimated from the images from the single-repetition data, 2- to 5-
repetition averaged data and the single-repetition data denoised by DnCNN, BM4D and AONLM compared to the 
images from the 6-repetition averaged data across 30 image volumes from the 5 evaluation subjects, calculated for 34 
cortical parcels (left and right hemispheres combined) from the Desikan-Killiany Atlas provided by FreeSurfer and 
for the whole brain. 
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Supplementary Table 2. Gray–CSF surface displacement. The group mean and standard deviation of the mean 
absolute displacement of the gray–CSF surface estimated from the images from the single-repetition data, 2- to 5-
repetition averaged data and the single-repetition data denoised by DnCNN, BM4D and AONLM compared to the 
images from the 6-repetition averaged data across 30 image volumes from the 5 evaluation subjects, calculated for 34 
cortical parcels (left and right hemispheres combined) from the Desikan-Killiany Atlas provided by FreeSurfer and 
for the whole brain. 
 

 



11 / 12 

 
Supplementary Table 3. Cortical thickness difference. The group mean and standard deviation of the mean absolute 
difference of the cortical thickness estimated from the images from the single-repetition data, 2- to 5-repetition 
averaged data and the single-repetition data denoised by DnCNN, BM4D and AONLM compared to the images from 
the 6-repetition averaged data across 30 image volumes from the 5 evaluation subjects, calculated for 34 cortical 
parcels (left and right hemispheres combined) from the Desikan-Killiany Atlas provided by FreeSurfer and for the 
whole brain. 
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Supplementary Table 4. Scan-rescan precision. The group mean and standard deviation of the mean absolute 
displacement/difference of the gray–white surface, gray–CSF surface and cortical thickness estimated from two 
consecutively acquired 1-repetition data denoised by DnCNN, BM4D and AONLM across 25 image volumes from 
the 5 evaluation subjects, calculated for 34 cortical parcels (left and right hemispheres combined) from the Desikan-
Killiany Atlas provided by FreeSurfer and for the whole brain. 
 


