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Supplementary Materials and Methods 

Defining the Lateral Geniculate Nucleus (LGN) region of interest 
(ROI) for tractography 

In this study, we did not acquire high-resolution proton density (PD)-weighted images for 

visualizing the LGN 1,2 because the acquisition of high-resolution PD-weighted images 

requires a longer acquisition time, which is difficult to apply for patient experiments. 

Nevertheless, an accurate definition of the LGN at the single voxel level is not necessary 

for the purpose of this study, as the goal is to define the approximate position of the LGN 

for tractography, rather than a detailed analysis of the LGN per se.  

 

Instead of directly visualizing the LGN, we used the method described in a previous study 
3. In brief, we first performed deterministic tractography using the optic chiasm as seed 

voxels. We then inspected T1-weighted images to determine the location of the 

endpoints of the streamlines from the optic chiasm. We then defined the LGN ROI by 

placing a 4-mm radius sphere covering the endpoints of the streamlines. The size of the 

ROI is sufficiently large to cover the LGN of healthy and glaucomatous subjects 4, and 

comparable to the LGN volume reported in previous works 5,6. Moreover, a previous 

study 3 demonstrated that the location of the LGN identified by this method is consistent 

with that in histological data 7. Therefore, the precision of the LGN ROI defined in this 

study is sufficiently accurate for tractography of the optic tract (OT) and optic radiation 

(OR).  

 

Tract identification: OT 

We used ConTrack 8, which is a part of the vistasoft software 

(https://github.com/vistalab/vistasoft), to identify OT from the dMRI data. We generated 

5,000 candidate streamlines connecting the optic chiasm identified by FreeSurfer 9 and 

the LGN ROI identified by the above procedure (angle threshold, 90°; step size, 1 mm; 

maximum streamline length, 80 mm) in both hemispheres. Tracking was performed 

separately for the two runs of the dMRI data. The OT streamlines were refined by the 

subsequent steps of outlier removal. We first excluded biologically implausible OT 

streamlines that pass through the white matter inferior to the hippocampus, corpus 

callosum or fornix by manually drawing exclusion ROIs in these regions. We then 
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removed streamlines passing through voxels where the mean diffusivity exceeded 1 

µm2/msec to exclude streamlines interfacing with the cortico-spinal fluid (CSF). In 

addition, using the Automatic Fiber Quantification (AFQ) MATLAB toolbox 

(https://github.com/yeatmanlab/AFQ) 10, we excluded streamlines that met the following 

criteria: (1) streamline length ≥ 3 S.D. longer than the median streamline length in the 

tract, (2) streamline position ≥ 3 S.D. away from the median position of the tract. Finally, 

we further removed streamlines whose median distance to the tract core among all the 

nodes was larger than the distance threshold (1.5 mm) 3.  

 

Tract identification: OR 

The OR was also identified using ConTrack 8, which is a dedicated software to identify 

the OR from the dMRI data 11. We generated 100,000 candidate streamlines connecting 

the LGN and V1 ROIs identified using the Brodmann atlas in FreeSurfer (angle threshold, 

90°; step size, 1 mm; maximum streamline length, 240 mm). We refined the OR 

streamlines by following the outlier rejection steps. Tracking was performed separately 

for the two runs of the dMRI data. First, we selected 30,000 streamlines with the highest 

scores in the ConTrack scoring process 8. Second, we removed streamlines passing 

through voxels where the mean diffusivity exceeded 1 µm2/msec to exclude streamlines 

interfacing with lateral ventricles. Third, we excluded biologically implausible OR 

streamlines traversing the white matter inferior to the hippocampus or passing through 

the corpus callosum using manually drawn exclusion ROIs. Finally, we further excluded 

streamlines that met the following criteria: (1) streamline length ≥ 4 S.D. longer than the 

median streamline length in the tract, (2) streamline position ≥ 4 S.D. away from the 

median position of the tract, using the AFQ MATLAB toolbox 10.  
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Supplementary Figures 

 

Supplementary Figure 1. Tissue properties along the OT after using linear regression to control for inter-

subject variability in age (see Materials and Methods). The vertical axis depicts the residual of each metric 

(qT1, ICVF, ODI, and IsoV), which describes the inter-subject variance not explained by age variability. 

Other conventions are identical to those in Figure 3. 
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Supplementary Figure 2. Tissue properties along the OR after using linear regression to control for inter-

subject variability in age (see Materials and Methods). Other conventions are identical to those in 

Supplementary Figure 1.  
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Supplementary Figure 3. Comparison of MRI measurements and results of the visual field test. A. 

Correlation between white matter tissue properties (ODI along the OT) and the visual field test results in 

patients with glaucoma. B. Correlation between white matter tissue properties controlled for patient age (ODI 

along the OT) and the visual field test results. 
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Supplementary Figure 4. Tissue properties along the OT evaluated by other types of MRI-based metrics 

(FA, MD, AD, RD, and MTV). Conventions are identical to those in Figure 3.  
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Supplementary Figure 5. Tissue properties along the OR evaluated by other types of MRI-based metrics 

(FA, MD, AD, RD, and MTV). Conventions are identical to those in Figure 4.  
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Supplementary Figure 6. T1w/T2w ratio measurements in patients with glaucoma. Left panel: OT. 

Right panel: OR. The vertical axis of each plot represents the extent to which individual patients with 

glaucoma (color bars; Glc001-017) deviated from the control mean (N = 25). Conventions are identical to 

those used in Figure 6. 
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Supplementary Table 1. Correlations between metrics along the OT in healthy controls.  
 

ICVF ODI IsoV 

qT1 R = 0.10 R = 0.33 R = 0.15 

ICVF 
 

R = 0.30 R = 0.43 

ODI 
  

R = -0.07 

 

Supplementary Table 2. Correlations between metrics along the OR in healthy controls.  
 

ICVF ODI IsoV 

qT1 R = -0.56 R = -0.27 R = 0.16 

ICVF 
 

R = 0.48 R = -0.11 

ODI 
  

R = -0.29 

 

Supplementary Table 3. Correlations between metrics along the OT in patients with glaucoma.  
 

FA MD RD AD 

ICVF R = 0.52 R = -0.64 R = -0.86 R = -0.20 

ODI R = -0.90 R = -0.46 R = -0.10 R = -0.88 

IsoV R = 0.70 R = 0.05 R = -0.45 R = 0.37 

 

Supplementary Table 4. Correlations between metrics along the OR in patients with glaucoma.  
 

FA MD RD AD 

ICVF R = 0.53 R = -0.95 R = -0.88 R = -0.77 

ODI R = -0.53 R = -0.43 R = -0.03 R = -0.85 

IsoV R = -0.30 R = 0.38 R = 0.40 R = 0.24 
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