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Supplementary materials

MRI acquisition and analysis in mice

MRI was performed under isoflurane anesthesia as previously describe using a 7T small-bore animal
scanner (BioSpec®; Bruker, Ettlingen, Germany) running ParaVision 6.01 with a quadrature 1H
CryoProbe™ (Bruker, Ettlingen, Germany) surface coil. For /H-MRS two actively decoupled radio
frequency (RF) coils were used: a volume coil of 7.2 cm diameter used as the transmitter and a surface
coil as the receiver

DTI acquisition: echo-planar imaging sequences were acquired (TR/TE=7000/32msec, resolution
125x125um?; FOV 1.5%1.5¢m?; acquisition matrix 120%120), slice thickness 0.3mm). Diffusion encoding
b factors of 800 mm?/s were applied along 19 isotropic directions and two B0 unweighted images for
each repetition. Analysis: the diffusion tensor was computed using FSL software. A group mean full
tensor template was first created with a population-based DTI atlas construction algorithm that uses a
tensor-based registration procedure embedded in the DTI-TK software as previously described'. The
mean value of each DTI metric for each mouse was calculated through a region of interest (ROI) analysis.
ROIs were initially drawn on a template and subsequently inspected at the single-subject level by a
trained operator to ensure accuracy.

Anatomical images. Anatomical images were acquired using 3D fast low-angle shot magnetic resonance
imaging (FLASH) sequence (TR/TE 250/3ms; Flip angle 15°; image resolution 100x100x100um?*; FOV
3x0.8x1.1cm?; acquisition matrix 300x80x110). After the creation of an in-house set of mouse brain
atlases as previously described!, a multi-atlas segmentation approach was adopted, using
the antsJointLabelFusion.sh script embedded in the ANTSs software library.

TH-MRS. A short echo times was performed using a Point Resolved Spectroscopy Sequence as previously
described (repetition time TR/TE =2500/10ms, 512 scans, spectral width 20ppm, 8192 points). Each
measurement was carried out in a single voxel of 2.2x1.5%x2mm positioned in the ipsilateral thalamus.
Water suppression was performed with VAPOR and first and second order shims were adjusted using
FASTMAP (Fast, Automatic Shimming technique by Mapping Along Projections). '"H-MRS spectra
were quantified using TARQUIN 4.2.1. The amplitudes of the metabolites signals obtained by the fit that
had a Cramer-Raolower bound higher than 35% were excluded from the results. Relative metabolites
levels were then derived by scaling the fitted amplitudes by the amplitude of the total Creatine (tCr: Cr
+phospho Cr). 'H-MRS spectra were quantified using TARQUIN 4.2.1 for the estimation of metabolites
levels®. Each spectrum was pre-processed by applying automated zero-order phasing and referencing,
and by performing residual water line removal with the HSVD method. The processed signal was fit to
a linear combination of selected metabolites. The reliability and quality of the fitting procedure was
assessed both by visual inspection and by checking the quality parameter Q retrieved by TARQUIN. The
mean value of Q was included between 1.15 and 1.3, indicating a very high fit quality (Q=1 corresponds
to a perfect fit).

Histology acquisition and quantification in mice

Two FFPE brain sagittal sections were analyzed per marker and animal at 20x with an Olympus BX-61-
V'S microscope (Olympus, Tokyo, Japan) with 10% overlap for stitching, z-axis Sum (step size 1um) or
60x with Nikon A1 confocal scan unit managed by the NIS elements software with 10% overlap for
stitching, z-axis 8um (step size 0.6pm).

Pixel thresholder was set to a downsampling rate of 2.00, smoothing sigma 0, and threshold ranging from
0.25-0.35. Minimum object size was set to 40um to eliminate background noise. Following an automated
phase, objects were manually pruned to include only cells with an identifiable soma. The cell count
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obtained through this process was then expressed as number of cells per 100°000um? to normalize for
variations in ROI size.

MRI structural and functional preprocessing in patients

Skull stripping of structural T1w data was performed using the ANTs (v2.5.3)* antsBrainExtraction
workflow with OASIS30ANTS as the target template. Brain tissue segmentation into grey matter (GM),
white matter (WM), and cerebrospinal fluid (CSF) was performed on the skull-stripped T1w reference
using FSL FAST*. T1w images were non-linearly registered to the MNI152NLin2009cAsym standard
template (ICBM 152 Nonlinear Asymmetrical version 2009¢) using TemplateFlow v24.2.0° at 2 mm
isotropic resolution using antsRegistration. Susceptibility distortion correction (SDC) was performed
using fMRIPrep’s fieldmap-less approach for all subjects. A deformation field was estimated by co-
registering the EPI reference to the same-subject T1w with inverted intensity contrast®’, using ANTSs
SyN registration constrained to the phase-encoding direction and modulated with an average fieldmap
template®.

One non-steady-state volume was identified in the fMRI data and discarded prior to further processing.
Slice timing correction was applied to account for the sequential acquisition of slices across each TR.
Head motion parameters (six rotation and translation parameters) were estimated using FSL MCFLIRT?
before any spatiotemporal filtering. The BOLD reference was co-registered to the T1w reference using
mri_coreg (FreeSurfer) followed by FSL FLIRT(8) with boundary-based registration (six degrees of
freedom)!®. WM and CSF nuisance signals were estimated from MNI-space template probability masks
(MNI152NLin2009cAsym, 2 mm; TemplateFlow)’ to provide a consistent mask definition across
subjects and acquisition sites. The MNI WM mask was thresholded at a probability of >0.90 and eroded
by two iterations to reduce partial-volume contamination from adjacent GM, while the CSF mask was
thresholded at >0.90 and eroded by one iteration. In TBI patients, voxels within the eroded WM mask
were additionally excluded if the corresponding fMRIPrep CSF probability map exceeded 0.50, thereby
removing lesion cavities that were classified as WM in template space but identified as non-WM tissue
in the subject-specific segmentation. This lesion-aware WM mask was used to minimise contamination
of the WM nuisance regressor by signal arising from lesioned tissue. In healthy controls, this step
removed zero voxels by design.

Motion-contaminated volumes were identified using a scrubbing approach!?. Volumes exceeding a
framewise displacement (FD) threshold of 0.5 mm or a standardised DVARS threshold of 1.5 were
flagged for censoring. Flagged volumes were then physically removed from the BOLD timeseries before
functional connectivity extraction, and nuisance regressors, including motion parameters, were aligned
to the retained volumes to preserve temporal alignment. The discrete cosine transform high-pass basis
was recomputed for each subject’s censored timeseries length. Subjects with fewer than 96 clean volumes
remaining after censoring (approximately four minutes at the study TR) were excluded from all
analyses'>. BOLD images were resampled to MNI152NLin2009cAsym 2 mm space using a single
interpolation step composing all transforms (motion correction, SDC, and co-registration to anatomical
and output spaces), implemented with cubic B-spline interpolation via nitransforms. fMRIPrep outputs
included per-volume framewise displacement (FD) and standardised DVARS timeseries, which were
used for subsequent motion quality control. Mean FD was retained as a covariate in all group-level
statistical models to account for residual between-subject variation in head motion.

Image Quality Control. For each subject, the following metrics were computed: T1w-to-MNI cross-
correlation (ANTs MeasurelmageSimilarity); BOLDref-to-Tlw and BOLDref-to-MNI mutual
information; and edge-correlation metrics between T1w, BOLDref, and MNI template edge images. In
severe TBI, focal lesions and haemorrhage produce legitimate deviations from the MNI template that



would cause spurious failures on edge-correlation and segmentation entropy metrics when evaluated
against healthy brain priors. These metrics were therefore treated as informational, and active exclusion
decisions were based on registration similarity metrics (T1w—MNI cross-correlation; BOLDretf—T1w
and BOLDref—MNI mutual information) and WM nuisance mask adequacy. Outliers were identified
using robust z-scores (z =[x — median] / [1.4826 x MAD)], threshold |z| > 3.5), computed pooled across
all subjects, within diagnostic group (patients vs controls), and within scanner vendor
(GE/Philips/Siemens) separately; a subject was flagged if any layer exceeded the threshold. Additionally,
subjects for whom fewer than 200 WM voxels remained after erosion and lesion exclusion were flagged,
as the WM nuisance regressor would otherwise be estimated from an insufficient sample.
Thalamus-specific registration quality was additionally assessed by computing, within the projected
thalamic atlas mask in MNI space: edge correlation between the subject’s MNI-normalised T1w and the
MNI template; Dice overlap between the binarised T1w image and the atlas mask; voxel count within
the mask; and mean T1w signal intensity within the mask. The same three-layer robust z-score outlier
detection procedure was applied. This thalamus-focused QC step directly validated registration quality
in the primary region, i.e., thalamic nuclei for all downstream connectivity analyses.

Motion quality control and sample derivation. Head motion differed significantly across groups (one-
way ANOVA: F=10.18, p<0.001). Mean FD was numerically higher in TBI (0.208+0.144 mm) and
PTE+ (0.462+0.570 mm) relative to HC (0.151£0.077 mm), though pairwise comparisons did not reach
significance (TBI vs HC: p=0.100; PTE+ vs HC: p=0.087; Mann-Whitney U). Subjects were not
excluded based on motion alone to avoid systematic sampling bias toward less severely injured patients;
mean FD was instead included as a nuisance covariate in all subsequent analyses. Importantly, no
significant correlation was observed between any motion metric and mean thalamocortical FC following
denoising in any of the 16 thalamic seeds (all FDR ¢>0.13, max r=0.26), indicating that group differences
in FC were not attributable to group differences in motion.

Multi-site harmonisation validation. To validate NeuroCombat harmonisation, Kruskal-Wallis tests were
conducted on each thalamocortical FC feature (1600 features; 16 seeds % 100 parcels) and within-
thalamus FC connection pair (120 pairs) before and after harmonisation, across 12 acquisition sites (one
site with n=1 excluded). FDR correction was applied using the Benjamini-Hochberg procedure14 across
features within each FC type. Before harmonisation, significant site differences were observed in 36/120
within-thalamus connection pairs (FDR q<0.05) and 255/1600 thalamocortical features (FDR q<0.05),
confirming the need for site correction in this multi-centre dataset. Following NeuroCombat
harmonisation, site differences were eliminated in both FC types (0/120 within-thalamus and 0/1600
thalamocortical), demonstrating effective removal of site-related variance without requiring exclusion of
any acquisition site. Full validation results are provided in Suppl. Table 4.



Supplementary Tables

Suppl. Table 1. Demographic and clinical characteristics of human MRI cohort

Demographics
Number

Age (range)

% Male

TBI data

Days from injury to MRI
(range)
GCS Motor Score (Range)

Marshall Score

AN DN AW N -

Missing

Pupil reactivity

Both reactive
One reactive

Both unreactive

MRI: magnetic resonance imaging; TBI: traumatic brain injury; TBI; PTE: post traumatic epilepsy.

PTE(-)

124
44 (29-56)
60

184 (177-195)

6 (1-6)

52 (42)
48 (39)
2(2)
0 (0)
0 (0)
17 (14)
5(4)

118 (95)
2(2)
4(3)

PTE(+)

10
39 (24-55)
69

200 (185-212)

4 (1-6)

3 (30)
2 (20)
0 (0)
0 (0)
0 (0)
4 (40)
1(10)

10 (100)
0 (0)
0 (0)



Suppl. Table 2. Participant Demographics (Full Cohort pre-QC)

(IQR)

Ctlr (n=75) | PTE(-) (n=32) | PTE(+) (n=14) | p-value
Age (mean = SD) 417117 | 425+18.1 434+ 17.1 0.902 a
Sex (M/F) 44M/31F | 25M/7F 11M/ 3F 0.087 b
Days since injury, median 174.0 (19.8— 1 204.0 (185.2-

(IQR) N/A 201.5) 218.8) 0.013 ¢
GG X5 IERBING, TECLE | oo 4.0 (3.0-7.0) 9.0 (42-13.5) | 0.006 ¢

Ctlr: Healthy Controls; TBI: traumatic brain injury; PTE: post-traumatic epilepsy; IQR: interquartile

range; GCS: Glasgow Coma Scale.

a One-way ANOVA (all three groups);, b Chi-squared test (all three groups); ¢ Mann-Whitney U test

(PTE vs TBI only).

Suppl. Table 3. Participant Demographics (Days since injury-Matched Sample post-QC)

(IQR)

_ TBI, PTE- TBI, PTE+
Ctrl (n=65) (n=14) (n=7) p-value

Age (mean = SD) 4154115 [ 3794140 483 +17.3 0.198 a

Sex (M/F) 37M / 28F 10M / 4F 6M / 1F 0.235 b

Days  since  injury, 196.0 (184.8— | 210.0 (193.5—

median (IQR) Al 214.5) 236.0) ARt

GCS at baseline, median | | 5.0 (3.0-7.0) 9.0 (4.5-13.5) | 0.080c

Ctlr: Healthy Controls; TBI: traumatic brain injury; PTE: post traumatic epilepsy; IQR: interquartile

range; GCS: Glasgow Coma Scale.
a One-way ANOVA; b Chi-squared test; c Mann-Whitney U test (PTE vs TBI only).




Suppl. Table 4. ComBat Harmonisation Validation

Kruskal-Wallis H statistics across 12 acquisition sites before and after NeuroCombat harmonisation. H
is the Kruskal-Wallis test statistic (larger values indicate greater between-site variation). FDR
correction by Benjamini-Hochberg. Bold values indicate FDR-significant effects (@ < 0.05). ~ =
nominally significant (p<0.05, not FDR-corrected); v'= FDR-significant (q<0.05). One site (n=1) was
excluded from Kruskal-Wallis (requires >2 observations per site).

ROI / Connection

Pre-ComBat Post-ComBat

Part A: Thalamocortical FC (16 ROIs) | 5/16 nominally significant pre-ComBat
(r<0.05); 0/16 FDR-significant. Post-ComBat: 0/16 significant.

R-Pulvinar 27.05 | 0.005 | 0.072 | ~ | 2.764 | 0.994 | >0.999
R-mDorsal 23.38 | 0.016 | 0.086 | ~ | 3.011 | 0.991 |>0.999
L-Anterior 23.28 | 0.016 | 0.086 | ~ | 2.068 | 0.998 |>0.999
R-Thalamus 20.82 | 0.035 | 0.135 | ~ | 1.224 | >0.999 | >0.999
L-mDorsal 19.72 | 0.049 | 0.135 | ~ | 1.090 | >0.999 | >0.999
R-Anterior 19.22 | 0.057 | 0.135 1.625 | 0.999 | >0.999
L-Central 19.11 | 0.059 | 0.135 2.193 | 0.998 | >0.999
L-Pulvinar 16.82 | 0.113 | 0.207 1.868 | 0.999 | >0.999
L-Thalamus 16.72 | 0.116 | 0.207 0.620 | >0.999 | >0.999
R-vAnterior 15.59 | 0.157 | 0.252 5.160 | 0.923 | >0.999
R-vlVentral 13.49 | 0.262 | 0.382 2.608 | 0.995 | >0.999
R-Central 12.41 | 0.333 | 0.411 3.004 | 0.991 |>0.999
L-vlVentral 12.40 | 0.334 | 0.411 2.134 | 0.998 | >0.999
L-vlDorsal 11.91 | 0.371 | 0.423 1.322 | >0.999 | >0.999




R-vlDorsal

8.32

0.684

0.730

4.581

0.950

>(0.999

L-vAnterior

5.76

0.889

0.889

2.018

0.998

>(0.999

Part B: Within-Thalamus FC (120 pairs) | 36/120 FDR-significant pre-ComBat.
Post-ComBat: 0/120 significant.

FDR-significant pairs (36/120), sorted by q:

R-Pulvinar < R-

vlVentral 2689 1 <0001 0.0
R-Anterior <> R- 34.50 | <0.001! 0.013
vlVentral

L-VIYentral < R- 34.06 | <0.001| 0.013
Pulvinar

L-mDorsal < R- 33.61 | <0.001!| 0.013
vlDorsal

L-Anterior <> R- 31.70 | 0.001 | 0.016
vlVentral

R-Anterior <> R- 31.44 | 0.001 | 0.016
vlDorsal

R-Anterior <> L- 3195 | 0.001 | 0.016
Thalamus

L-Anterior <> L- 30.76 | 0.001 | 0.018
vlDorsal

L-Anterior <> R- 30.32 | 0.001 | 0.019
Thalamus

R-Antquor — R- 2062 | 0.002 | 0.020
vAnterior

L-Pulvinar <> R- 29086 | 0.002 | 0.020

Anterior




L-vlDorsal <> R-

! 29.02 | 0.002 | 0.021 >0.05 | >0.05
Anterior

L-Anterior & R- | ¢ 69 | 0.003 | 0.021 >0.05 | >0.05
Pulvinar

R-Anterior & R-— | 5g 64 | 0.003 | 0.021 >0.05 | >0.05
Thalamus

R-mDorsal &R 59 16 | 0.002 | 0.021 >0.05 | >0.05
vlDorsal

LvAnterior & R- | 9527 | 0.003 | 0.022 >0.05 | >0.05
Anterior

R-Central & R 1 5506 | 0.003 | 0.022 >0.05 | >0.05
vlVentral

L-nterior & L= 57 67 1 0.003 | 0.022 >0.05 | >0.05
mDorsal

Lrnterior & L) 57 26 | 0,004 | 0.022 >0.05 | >0.05
Thalamus

L-Anterior & L1 57 58 | 0.004 | 0.023 >0.05 | >0.05
Central

LCentral & R 1 2760 | 0.005 | 0.024 >0.05 | >0.05
vIDorsal

LemDorsal &L= 1 57 19 | 0.004 | 0.024 >0.05 | >0.05
vIDorsal

LviDorsal & L= 56 99 | 0,005 | 0.024 >0.05 | >0.05
Thalamus

L-Anterior = L 56 62 | 0.005 | 0.026 >0.05 | >0.05
vAnterior

ReviDorsal &L= 9610 | 0.006 | 0.030 >0.05 | >0.05
Thalamus

L-Central & R- 1 9590 | 0.007 | 0.031 >0.05 | >0.05

Anterior




L-Anterior < R-

2581 | 0.007 | 0031 | v | — | =005 | =005
vlDorsal
L-vIVentral & R- | 5537 | 9008 | 0035 | v | — | =005 | ~0.05
Anterior
L-mDorsal &R~ | 5554 | 9009 | 0035 | v | | =005 | >0.05
Anterior
R-viVentral & R- | 5 60 | 0010 | 0038 | v | | =005 | >0.05

Thalamus

L-vlVentral <> R-

2449 | 0.011 | 0042 | v | — | =0.05 | >0.05
Central
R-Pulvinar & R- | 08 | 0.012 | 0045 | v | | =005 | =005
vlDorsal
L-Anterior > R-—} 5007 | 0012 | 0045 | v | | =005 | 0.05
Central
L'mDorsal > L= 5374 | 0014 | 0049 | v | — | ~005 | =005
vAnterior
ReviDorsal > R- 1 )3 65 | 0.014 | 0049 | v | | =005 | =005
Thalamus
L-vDorsal & R- 1 p354 | 0.015 | 0049 | v | | =005 | =005

mDorsal

Non-significant pairs (84/120): all p>0.05, g>0.05 before and after ComBat - not
shown for brevity.




Suppl. Table 5. Demographic and clinical characteristics of human brain donors

Ctrl PTE(-) PTE(+)
Demographics
Number 13 12 11
Age (SD) 51.0 (8.6) 48.2 (9.5) 48.7 (12.8)
% Male 77 92 82
TBI data
Years post injury -- 10 (10) 22 (14)
Histopathology
% Contusion 0% 17% 55%
% + CTE 0% 33% 27%
% = ADRC intermediate 0% 0% 0%
% + LBD 0% 17% 0%
% + TDP-43 0% 0% 18%

Ctrl: Healthy Controls; PTE: post traumatic epilepsy; CTE: chronic traumatic encephalopathy; LBD:
Lewy Body Deposition; PTE: post traumatic epilepsy; SD: standard deviation; TBI: traumatic brain
injury; TDP-43: TAR DNA-binding protein 43



Suppl. Table 6. Within-thalamus functional connectivity: full results

Fisher-z-transformed Pearson correlations modelled using linear mixed models (FC ~ group X
hemisphere + age + sex + mean_FD + GCS baseline + (I|subject)). Cohen's d computed from per-
hemisphere pairwise contrasts (positive = higher FC in TBl(all)/PTE(+) group). FDR correction by
Benjamini-Hochberg. q = FDR-corrected p-value for main group effect. Bold values indicate FDR-
significant effects (q < 0.05). GroupxHemisphere interaction g-values are reported inline where

applicable. ns = not significant; — = not applicable (interhemispheric pairs have a single d value).
Connection pair Ctrl vs TBI(all) PTE(-) vs PTE(+)
d Left | dRight |q d Left | d Right | q

Pulvinar: hypothesis-driven (restricted FDR, 3 pairs)

Pulvinar<sAnterior -0.484 | -0.591 0.003 |0.039 |-0.122 |0.177
Pulvinar<>mDorsal -0.473 | -0.644 0.020 |-0.266 |-0.009 |0.031
Pulvinar<Central -0.070 | 0.059 0.118 |-0.755 |-0.599 |0.023

Pulvinar: exploratory (separate FDR, 5 pairs + interhemispheric)

Pulvinar< Anterior -0.484 | -0.591 0.008 |0.039 |-0.122 |0.177
PulvinaremDorsal -0.473 | -0.644 0.030 |-0.266 |-0.009 | 0.029
Pulvinar«<>Central -0.070 | 0.059 0.138 | -0.755 |-0.599 |0.020
Pulvinar«<>vlDorsal -0.006 | -0.148 0.087 |-0.542 | 0.152 0.023
Pulvinar<-vIVentral -0.139 | -0.429 0.023 |-0.147 |-0.024 |0.120
Pulvinar«<>vAnterior 0.211 -0.494 0.442 | -1.010 | 0.166 0.020
Group xHemisphere q=0.014 | - - -

E‘igﬁifn‘_l’s 1; ‘llllevr‘:g;‘r 0315 0.138 -1.020 0.005

Other nuclei: hypothesis-driven (restricted FDR, 3 pairs)

mDorsal<> Anterior -0.461 -0.516 0.359 -0.049 | -0.961 0.753




mDorsal«—Central -0.241 | -0.203 0.450 |-0.358 |-0.282 |0.502
Anterior«>Central 0.115 0.074 0.450 |0.091 |-0.239 |0.753
Other nuclei: exploratory (separate FDR, 15 pairs)

mDorsal«< Anterior -0.461 | -0.516 0.313 |-0.049 |-0.961 |0.753
mDorsal«—Central -0.241 | -0.203 0.514 |-0.358 |-0.282 |0.314
Anterior<>Central 0.115 0.074 0.563 |0.091 |-0.239 |0.753
mDorsal<vlDorsal -0.414 | -0.691 0313 |-1.254 |0.238 0.032
mDorsalvlVentral -0.183 | -0.369 0.313 |0.169 |0.123 0.753
mDorsal«<>vAnterior -0.266 | -0.757 0.570 | -1.071 |-0.452 |0.212
Anterior<>vIDorsal -0.412 | -0.383 0.313 | 0.146 |0.417 0.753
Anterior>vIVentral 0.066 0.126 0.520 |0.210 |-0.387 |[0.753
Anterior<>vAnterior -0.355 | -0.298 0.313 |0.154 |-0.399 |[0.753
Central>vlDorsal 0.053 0.226 0.313 |-0.748 | 0.093 0.032
Central>vlVentral 0.058 0.353 0.313 |-0.568 |-0.173 |0.212
Central>vAnterior 0.231 0.297 0.832 |-0.963 |-0.226 |0.212
vlDorsal«<>vIVentral 0.035 -0.076 0.313 | 0.044 |0.167 0.398
vlDorsal«<>vAnterior -0.087 | -0.046 0.514 |-0.970 |-0.402 |0.051
vlVentral<>vAnterior 0.172 -0.002 0.677 |-0.629 |-0.406 |0.241




Suppl. Table 7. Thalamocortical functional connectivity - full results

Fisher-z-transformed Pearson correlations modelled using linear mixed models (FC ~ group X
hemisphere + age + sex + mean_FD + GCS baseline + (I|subject)). Cohen's d computed from per-
hemisphere pairwise contrasts (positive = higher FC in TBl(all)/PTE(+) group). FDR correction by
Benjamini—Hochberg (restricted FDR within each seed set for hypothesis-driven analyses, separate FDR
across all parcels for exploratory analyses). ¢ = FDR-corrected p-value for main group effect. Bold
values indicate FDR-significant effects (q < 0.05). — = not tested in this contrast. CC: anterior cingulate
cortex; MTL: medial temporal lobe; PostParietal: posterior parietal cortex; Vis = Visual network;
Default = Default Mode Network; Temp: temporal cortex network;, pCunPCC: precuneus/posterior

cingulate cortex network.

Seed ROI HC vs TBI(all) PTE(-) vs PTE(+)

d Left | d Right | q d Left | d Right |q
Pulvinar seeds x hypothesis-driven ROIs (restricted FDR, 6 pairs)
L-Pulvinar | MTL -0.035 | -0.241 0.187 | -0.631 |0.221 0.398
L-Pulvinar | ACC -0.335 | -0.405 0.175 1 0.077 | 0.792 0.740
L-Pulvinar | PostParietal -0.345 |-0.326 0.120 | -0.236 | 0.243 0.645
R-Pulvinar | MTL -0.446 | -0.370 0.120 | 0.042 | -0.022 0.795
R-Pulvinar | ACC -0.487 | -0.574 0.120 | 0.512 | 0.663 0.645
R-Pulvinar | PostParietal -0.748 | -0.560 0.068 | 0.598 |0.183 0.645
Other nuclei x hypothesis-driven ROIs (restricted FDR, 18 pairs)
L-mDorsal | MTL -0.124 | -0.114 0.914 | 0.063 | -0.068 0.780
L-mDorsal | ACC -0.268 | -0.402 0914 |1 0.363 | 0.729 0.510
L-mDorsal | PostParietal -0.365 | -0.273 0.914 | 0.341 0.138 0.693
R-mDorsal | MTL -0.613 | -0.711 0.914 | -0.034 | 0.008 0.780
R-mDorsal | ACC -0.700 | -0.750 0.914 |1 0.679 | -0.054 0.510
R-mDorsal | PostParietal -0.626 | -0.697 0.914 | 0.226 | -0.047 0.693
L-Anterior | MTL 0.073 | -0.080 0.940 | 0.317 | 0.195 0.693




L-Anterior | ACC -0.211 | -0.346 0.940 | 0.464 | 0.511 0.510
L-Anterior | PostParietal -0.085 |0.023 0914 {0459 |0.515 0.693
R-Anterior | MTL 0.029 | -0.161 0.940 | 0.088 | -0.001 0.693
R-Anterior | ACC -0.240 | -0.319 0914 | 0.216 | 0.044 0.693
R-Anterior | PostParietal -0.124 | -0.061 0914 1 0.232 | 0.274 0.693
L-Central MTL 0.135 | 0.204 0.940 | -0.507 |0.100 0.693
L-Central ACC -0.012 | -0.186 0.940 | 0.394 | 0.826 0.510
L-Central PostParietal -0.129 | -0.062 0.914 | 0.121 0.457 0.693
R-Central | MTL 0.350 | 0.140 0.940 | 0.009 | 0.090 0.693
R-Central | ACC 0.181 -0.023 0.940 | 0.243 | 0.378 0.693
R-Central | PostParietal -0.012 | 0.001 0.914 | 0.188 | 0.256 0.693
L-Pulvinar % all cortical parcels: PTE(—) vs PTE(+): FDR-significant parcels (HC vs
TBI(all): all null)

L-Pulvinar | Vis 1 — — — -1.103 | -1.481 0.027
L-Pulvinar | Vis 2 — — — -0.808 | -0.981 0.045
L-Pulvinar | Vis 3 — — — -1.487 | -1.307 0.007
L-Pulvinar | Vis 4 — — — -1.341 | -1.210 0.018
L-Pulvinar | Vis_5 — — — -1.018 | -1.140 0.007
L-Pulvinar | Vis_7 — — — -1.284 | -1.435 0.006
L-Pulvinar | Vis_8 — — — -1.226 | -0.252 0.045
L-Pulvinar | Default Temp 2 — — — -0.803 | -0.109 0.045
L-Pulvinar | Default pCunPCC 1 | — — — -1.617 | -0.904 0.006




All other seeds * all cortical parcels: exploratory (all null)

L/R-Pulvinar (Ctrl vs TBl(all)), L/R-mDorsal, L/R-Anterior, L/R-Central, R-Pulvinar PTE(-)
vs PTE(+): no parcels survived FDR correction in any contrast. R-Central HC vs TBI(all):
parcels with p<0.10 shown in supplementary figure but none FDR-significant (q all >0.50).

Suppl. Table 8. Corticocortical functional connectivity: full results

Fisher-z-transformed Pearson correlations modelled using linear mixed models (FC ~ group %
hemisphere + age + sex + mean_FD + GCS baseline + (I|subject)). Three composite ROI pairs
tested. Cohen's d computed from per-hemisphere pairwise contrasts (positive = higher FC in
TBI(all)/PTE+ group). FDR correction by Benjamini—Hochberg. ¢ = FDR-corrected p-value for main
group effect; q (inter.) = FDR-corrected p-value for Group xHemisphere interaction. No pairs survived
FDR correction in either contrast.

ROI pair HC vs TBI(all) TBI, PTE- vs TBIL, PTE+
. q . q
d Left | d Right | q i) d Left | d Right | q i)
MTL—ACC 0.185 |-0.174 |0.907 |0.369 |-0.015 |0.320 0.816 | 0.847

MTL«PostParietal | -0.395 | 0.155 0.498 |0.093 |-0.063 |-0.063 |0.816 |0.987

ACC«PostParietal | -0.187 | 0.042 0.907 | 0.377 |-0.069 |0.197 0.816 | 0.847




Supplementary Figures
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Suppl. Fig 1. Experimental design. (A) Schematic representation of the study design for the chronic experiment; (B)
Schematic representation of the study design for the acute experiment. TBI was induced by CCI on the left parieto-temporal
cortex in anesthetized CD1 mice. (C) Schematic representation of electrode placement in respect to injury site (large pink dot
and dotted line).

'"HMRS: one-proton magnetic resonance spectroscopy; Biochem: biochemistry; DTI: diffusion tensor imaging; ECoG:
Electrocorticography; GND: ground; REF: reference; T2WI: T2 weighted imaging; TBI: traumatic brain injury; w: week; m:
month.

Tmm
AG: anterior group (AD, AV, AM)
LG: lateral group (CL, LP)
ILG: intralaminar group (PF, SPFp)
MG: medial group (PCN, MD)
VG: ventral group (VAL, VM, VPM, VPMpc)

Suppl. Fig. 2. Definition of thalamic nuclei. Overview panel illustrates the mediolaterality analyzed. The inset (20x
magnification) highlights the thalamic regions examined, with major thalamic groups outlined, and region of interest
quantified coloured in purple . All thalamic groups indicated were included in the immunohistochemical analyses.

AG: anterior group, AD: anterior dorsal nucleus, AM: anterior medial nucleus, AV: anterior ventral nucleus, CL: central
lateral nucleus, ILG: intralaminar group, LG: lateral group, LP: lateral posterior nucleus, MD: mediodorsal nucleus, MG:
medial group, PCN: paracentral nucleus, PF: parafascicular nucleus, SPFp: suparafascicular nucleus - parvicellar part, VAL:
ventral anterior lateral complex, VG: ventral group, VM: ventromedial nucleus, VPM: ventroposterior medial nucleus,
VPMpec: ventroposterior medial nucleus - parvicellar part.
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Suppl. Fig. 3. Structural MRI. (A-C) Volumetric analyses of the (A) cl-ctx, (B) cl-thal, (C) il-str and cl-str 4 months after
TBI. Data are mean £ SEM. ***p<0.001, **p<0.01, *p<0.05 One-way ANOVA, Tukey post-hoc test.
cl: contralateral; ctx: cortex; il: ipsilateral; NoSRS: no spontaneous recurrent seizures; PTE: post-traumatic epilepsy; str:

striatum; TBI: traumatic brain injury; thal: thalamus.
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Suppl. Fig 4. PTE mice display widespread white matter damage at 4m but not 3w post TBI. (A-J) Longitudinal evaluation
of white matter FA at 3w and 4m in Cohort 1. Data are mean + SEM. #PTE vs sham, §NoSRS vs sham, *PTE vs NoSRS.
Mixed Effects Model, Tukey post-hoc test. (K-T) Assessment of white matter FA at 4m in Cohort 1 (dots) and 2 (squares)
indicating more widespread white matter damge in PTE vs sham mice. Data are mean + SEM. ***p<(.001, **p<0.01, *p<0.05
One-way ANOVA, Tukey post-hoc test.

cl: contralateral; CC: corpus callosum; EC: external capsule; FA: fractional anisotropy; FI: fimbria; IC: internal capsule; il:
ipsilateral; NoSRS: no spontaneous recurrent seizures; OT: optic tract; PTE: post-traumatic epilepsy.
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Suppl. Fig 5. PTE mice display changes in gray matter microstructure compatible with ongoing gliosis. (A-B) FA and AD
measures in the (A) cl-ctx and (B) cl-thal 4m after TBI. Data are mean + SEM. ***p<0.001, **p<0.01, *p<0.05 One-way
ANOVA, Tukey post-hoc test.

AD: axial diffusivity; cl: contralateral; ctx: cortex; FA: fractional anisotropy; NoSRS: no spontaneous recurrent seizures;
PTE: post-traumatic epilepsy; TBI: traumatic brain injury; thal: thalamus.
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Suppl. Fig 6. 'HMRS reveals alterations in thalamic neuron-astrocyte integrity in PTE mice. Quantification of (A) Lac and
(B) Tau levels by in vivo IHMRS at 3w and 3m post injury. (C) Correlation matrices of metabolites in PTE (above) and
NoSRS (below) mice and (D) scatterplots of significant correlations identified in each group. Data are mean + SEM. #p<0.05
NoSRS vs sham, *p<0.05 PTE vs NoSRS; Mixed model effect, Tukey post-hoc test.

IHMRS: one-proton magnetic resonance spectroscopy; AUC: area under the curve; Cr: creatinine; Glx: glutamate+glutamine;
il: ipsilateral; m: months; mIns: myo-Inositol; mm: millimeters; NAA: N-acetyl aspartate; NoSRS: no spontaneous recurrent
seizures; PTE: post-traumatic epilepsy; TBI: traumatic brain injury; thal: thalamus; w: weeks.
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Suppl. Fig. 7. Microglial reactivity in the cortex and thalamus of PTE mice. (A-B) Representative images and quantification
of IBA-1 stained area and IBA-1+ cell count in the il-ctx and il-thal Sm post-injury. Data are mean + SEM. One-way ANOVA.
ctx: cortex; il: ipsilateral; NoSRS: no spontaneous recurrent seizures; PTE: post-traumatic epilepsy; TBI: traumatic brain

injury; thal: thalamus.
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Suppl. Fig. 8. Directional coherence of GFAP positive astrocytes . (A) representative image of GFAP staining astrocyte in
the il-thal. (B) Quantification of the goodness of orientation of GFAP positive cell. Blue mesh represents values with good
coherence, indicating higher directional coherence of astrocytes resulting in anisotropic tissue properties. Data are mean +

SEM.

il: ipsilateral; PTE: post-traumatic epilepsy; TBI: traumatic brain injury; thal: thalamus.
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Suppl. Fig. 9. Changes in human microglial staining are not associated with post-traumatic epilepsy. Representative images
for IBA-1 immunostains across control, traumatic brain injury without epilepsy (PTE-) and traumatic brain injury with post-
traumatic epilepsy (PTE+) conditions in both the OFC and Thal along with quantification of the percent area of staining (for
OFC: p = 0.0239, one-way ANOVA and *p=0.0496 and **p=0.0091, post hoc test controlling for the false discovery rate;
for Thal: p = 0.8076, one-way ANOVA).

OFC: orbitofrontal cortex; PTE: post-traumatic epilepsy; TBI: traumatic brain injury; thal: thalamus.
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Suppl. Fig. 10. Insoluble GFAP levels. (A) Representative image of JESS lane stained with anti-GFAP Ab and in the il-ctx
of high and low risk mice and correlation with spike count at 7d post TBI. (B) Representative image of JESS lane stained
with anti-GFAP Ab in the il-thal of high and low risk mice and correlation with spike count at 7d post TBI.
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