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Background: 7 Tesla (T) magnetic resonance imaging (MRI) provides more accurate image resolution 
than 3 T MRI due to its higher field strength. This could lead to a significant improvement in diagnostics, 
especially in small anatomical regions like the substructures of the hippocampus and amygdala. However, 
inhomogeneities arise due to higher field strengths, which could reduce this benefit. We compared current 
segmentations between 3 and 7 T in a clinical setup. The aim of this study was to evaluate the feasibility of 
FreeSurfer and FastSurfer at 7 T MRI in comparison to 3 T MRI. Since the hippocampus and amygdala also 
play an important role in epilepsy research, we additionally tested the FreeSurfer hippocampus scripts on 
both the FreeSurfer and FastSurfer segmentations.
Methods: As part of a prospective study, we performed both a 3 T MRI and a 7 T MRI on patients with 
non-lesional epilepsy initially diagnosed on 3 T. FreeSurfer and FastSurfer segmented and volumetrically 
measured both data sets using T1-weighted MPRAGE. We also performed hippocampal subfield volumetry 
and calculated inter-scanner variability.
Results: We found significant differences between FreeSurfer and FastSurfer at both 3 and 7 T, with 
FastSurfer typically producing higher volumetric estimates. We detected significant deviations in FreeSurfer 
in the subsegmentation of the left hippocampus on 7 T caused by inhomogeneities. The hippocampus 
segmentation on 3 T demonstrated overall greater homogeneity.
Conclusions: Both methods and field strengths possess inherent advantages and limitations, resulting in 
differences in segmentation outcomes. Pre-processing can partially mitigate these discrepancies.
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Introduction

Magnetic resonance imaging (MRI) is integral to the 
diagnosis and management of epilepsy, with a primary 
focus on identifying potential epileptogenic lesions. While 
reductions in brain volume play a comparatively minor 
role in diagnosis, they can nonetheless serve as indicators 
of structural abnormalities that may act as both a cause and 
a consequence of epilepsy, which is considered a network 
disorder (1,2).

As evidenced by previous studies, higher magnetic field 
strengths have been shown to enhance lesion detection 
(3,4). Ultra-high field MRI at 7 T offers superior signal-to-
noise ratio and spatial resolution (5), which is expected to 
significantly enhance volumetric analysis compared to 3 T 
MRI. However, higher field strength also brings increased 
B0- and B1-inhomogeneities, altered relaxation behavior for 
both T1-weighted and T2-weighted images, and increased 
specific absorption rates (6,7), resulting in artifacts and 
image inhomogeneities at 7 T. In the latest generation 
of ultrahigh field MRI, efforts to mitigate such artifacts 
include the use of parallel transmission technology (8),  
which was not available at the beginning of our study.

FreeSurfer (9) is a standard tool for volumetric brain 
assessment in imaging research, especially in dementia 
diagnostics (10). FastSurfer (11) is a deep-learning-based 
alternative to FreeSurfer, capable of replacing major 
components of the FreeSurfer pipeline while significantly 
reducing runtime.

The use of toolboxes and frameworks, e.g., unified 
segmentation (12), from external programs like SPM12 is 
often preferred for pre-processing and even recommended 
in the 2015 FreeSurfer documentation (https://surfer.
nmr.mgh.harvard.edu/fswiki/HighFieldRecon). These 
settings can influence volumetric results, making an inbuilt 
standardized process preferable. Since both FastSurfer and 
FreeSurfer have built-in pre-processing pipelines for skull 
stripping and N4 bias correction that are continuously 
optimized, and considering that the recommendations in 
the FreeSurfer documentation are nearly 10 years old, we 
consciously decided to forgo external pre-processing.

Our objective was to evaluate these approaches 
(FreeSurfer vs. FastSurfer across 3 and 7 T) in a routine 
clinical setting, including scans of medium quality. Since 
brain atrophy can often be detected in epilepsy, volumetry 
may provide direct and indirect clues to the origin (13) when 
compared to healthy controls, which are being examined 
in our ongoing studies. For methodological reasons, we 

first focused on assessing the feasibility of FreeSurfer and 
FastSurfer at both 3 and 7 T MRI. Since the hippocampus 
and amygdala also plays an important role in research, we 
additionally tested the FreeSurfer hippocampus scripts on 
the FreeSurfer as well as FastSurfer segmentations.

Figure 1 demonstrates an example of coronary T1-
weighted and T2-weighted images of 3 and 7 T MRI.

Methods

Study design

This study is a retrospective analysis of prospectively 
collected data. The study was ethically approved by the 
institutional review board of the University of Magdeburg 
(Leipziger Str. 44, D-39104 Magdeburg, Germany, 
No. 100/24) and was conducted in accordance with the 
Declaration of Helsinki and its subsequent amendments. 
The institutional review board waived the requirement 
for informed consent because of the retrospective nature 
of the study. Patients had previously consented to a 
secondary evaluation of their MRI data. All methods were 
performed in accordance with relevant guidelines and 
regulations.

Participant population

Seventeen patients with non-lesional epilepsy diagnosed 
via 3 T MRI were included in the study. The patients are a 
subgroup of a prospective study by Kukhlenko et al. (14).

The primary inclusion criterion was the availability of 
3D T1-weighted MPRAGE scans at both 3 and 7 T. The 
exclusion criterion was the failure of segmentation using 
FreeSurfer or FastSurfer on the 3 T or 7 T MPRAGE 
data.

MRI protocol and technical details

We performed protocols optimized by MRI physicists on 
the PRISMA 3 T and MAGNETOM Terra 7 T (Siemens 
Healthineers AG, Werner-von-Siemens-Str. 1, 80333 
Munich, Germany).

The 3D T1-weighted-MPRAGE with an isotropic 
voxel-size of 0.7 mm × 0.7 mm × 0.7 mm was performed on 
3 T (TR 2,000 ms, TE 2.3 ms) and 7 T (TR 2,500 ms, TE 
2 ms). The mean interval between the 3 and 7 T scans was 
11.4±23.2 days (mean ± standard deviation). The acquisition 
times for T1-weighted-MPRAGE were 277 seconds at  

https://surfer.nmr.mgh.harvard.edu/fswiki/HighFieldRecon
https://surfer.nmr.mgh.harvard.edu/fswiki/HighFieldRecon
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Figure 1 Introduction example (FreeSurfer segmented T1-weighted MPRAGE images; ASEG, thalamus and hippocampal subfield 
segmentation). (A,C) 3-Tesla MRI; (B,D) 7-Tesla MRI. (A,B) Coronary and (C,D) sagittal  view of the hippocampal plane.
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3 T and 599 seconds at 7 T. GRAPPA acceleration was used 
for 3 T data only and B1 shimming as well as TR-FOCI for  
7 T data. Additionally, a transition from Tx1/Rx32 coils to 
Tx8/Rx32 coils was implemented during the course of the 
study. Further details regarding the scan parameters can be 
found in Table S1.

We additionally evaluated coronal T2-weighted STIR 
sequences (TR 5,390 ms, TE 25 ms, 0.4 mm × 0.4 mm 
resolution, 1.75 mm slice thickness) on 3 T; and coronal T2-
weighted TSE sequences (TR 7,500 ms, TE 88 ms, 0.4 mm  
× 0.4 mm resolution, 1.75 mm slice thickness) on 7 T.

Standard pre-processing

We did not also use skull stripping because our focus was on 
the hippocampal regions. We initially did not perform any 
external bias correction. We only used the standard N4 bias 

correction (“ANTS N4 bias correction”) of FreeSurfer or 
the slightly modified standard correction of FastSurfer (15).

Additional pre-processing pipeline

Finally, we aimed to assess the extent to which an additional 
N4 bias correction influences the results. To assess the 
isolated effect of our own N4 bias correction, we applied 
it during pre-processing without disabling the standard 
bias correction routines in FreeSurfer and FastSurfer. Our 
method was implemented as follows: Bias field estimation 
was performed using the N4 algorithm (16), which derives 
the bias field directly from the image. The correction was 
applied with a spline order of 3, a control point grid size of 
4×4×4, a full width at half maximum (FWHM) of 0.15, and a 
convergence threshold of 0.00001. Following bias correction, 
skull-stripping was carried out using SynthStrip (17).

https://cdn.amegroups.cn/static/public/QIMS-2025-1263-Supplementary.pdf
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Volumetric assessment

We ran FreeSurfer (Version 7.4.1) as well as FastSurfer 
(Version 2.3.0) on T1-weighted-MPRAGE data of 3 T 
and 7 T MRI, and calculated Automated Segmentation 
(ASEG) (18) and Desikan-Killiany-Tourville (DKT) (19) 
atlas volumes. Additionally, we measured subvolumes of 
hippocampus and amygdala using a dedicated FreeSurfer 
script (20-22) with and without additional T2-weighted 
data. We used the FreeSurfer Version 7.4.1 with additional 
head, body, tail (FS60) parcellation (23). FS60 mimics the 
FreeSurfer 6.0 hippocampal module and therefore allows 
for improved comparability. Additionally, we volumetrically 
assessed the thalamic nuclei and the brain stem with the 
standard FreeSurfer script (24,25).

Quality assessment

We initially checked the FreeSurfer results for failed 
segmentations.

For the comparison of the quality of the eight 
hippocampal segmentations, we conducted a rating of the 
anatomic regions. We used the FreeSurfer segmentation of 
the 3 T T1-weighted-MPRAGE without T2-weighted data 
as the standard for visual comparison and set the quality 
rating to a fixed value of three. Visual assessment was 
performed by a neuroradiologist with 6 years of training and 
a research assistant using the schema in Figure 2 including 
criteria for manual segmentation from Iglesias et al. (20). 
Raters scored on a Likert scale from 1 to 5. Differences 
in a primary criterion were rated either 1 or 5, and in a 
secondary criterion either 2 or 4, depending on whether 
the comparative scan was worse (<3) or better (>3) than 3 T 
T1-weighted MPRAGE.

We compared the hippocampal standard segmentation 
with the three remaining FreeSurfer and four FastSurfer 
segmentations for all patients.

Statistical analysis

We used Python3 (Version 3.9.18, Matplotlib, nibabel) 
for statistical programming (partially), for extracting and 
converting data from FastSurfer and FreeSurfer output files 
into Excel formats as well as the voxel-wise calculation of 
Dice coefficient. Basic statistical analyses were performed 
using R (Version 4.4.2.; Packages: lme4, lmerTest, broom.
mixed, performance, emmeans). We used a mixed linear 
model with patient and region as random effect, setting 

FreeSurfer as reference. Analysis on individual region 
level was performed using separate linear mixed models. 
Additionally, we applied Bonferroni’s correction (26) for 
multiple testing. The significance level was set to 5%, the 
adjusted significance level to 0.1%.

As baseline analysis, we compared 216 regions, including 
ASEG, DKT, Hypothalamic, Amygdalar, and Thalamic 
nuclei segmentations, for both 3 and 7 T acquisition datasets.

Calculation of Dice-coefficients between ASEG+DKT 
segmentation in FastSurfer and FreeSurfer for both 3 T and 
7 T was performed for each region using:

2 A B
DSC

A B
× ∩

=
+

	 [1]

For  the  ana lys i s  o f  var iance  (ANOVA),  the  R 
programming language (R Core Team, version 4.2.2) was 
used together with relevant packages (“stats”) and the 
commands “aov” and “TukeyHSD” for Tukey’s Honestly 
Significant Difference (HSD) post hoc test. We compared 
the four segmentations (3 and 7 T T1-weighted only, 3 and 
7 T T1-weighted plus T2-weighted) of the hippocampus 
with an repeated measures ANOVA using Tukey’s test (27). 
We calculated the intraclass correlation coefficient (ICC) 
and estimated the 95% confidence intervals with R as well 
(packages irr, readxl, lpSolve and psych).

Additionally, we used the coefficient of variation (CV) 
(28,29) and Cohen’s d (30) to assess inter-scanner reliability.

Results

Participants

From the original cohort of 17 patients, we had to exclude 
one patient due to an incomplete MR protocol and an 
additional three patients due to severe artifacts. FreeSurfer 
or FastSurfer segmentation failed in 2 out of the remaining 
13 patients (one for each). In two additional patients, both 
segmentation methods failed. These four patients were 
therefore excluded due to substantial segmentation errors. 
Thus, 9 out of the 13 remaining patients were included in 
the final evaluation. The inclusion flow chart is shown in 
Figure 3.

Figure 4 demonstrates examples of both successful and 
failed FreeSurfer segmentations at 7 T.

The mean age of the finally included nine patients 
w i th  non- le s iona l  ep i l epsy  was  31 .3±8 .3  year s . 
Electroencephalography (EEG) revealed a left temporal 
focus in three patients, a mixed left/right frontal focus with 
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Figure 2 Schema of visual assessment.

Rough Assessment for Failed Segmentations

Segmented Areas do not fit the anatomical structures because: 
•	Hippocampal areas are segmented in the wrong place
•	Hippocampus is segmented significantly too small

Fine Assessment 

Primary criteria
•	Areas are consistent with criteria in Iglesias et al.
•	Segmentation is congruent with anatomical borders: 

mistakes due to
-	 Segmentation of the cerebrospinal fluid (CSF)
-	 Segmentation of blood vessels

•	Interference due to artifacts

Secondary criteria
•	Homogeneity of segmentation

-	 Rugged segmentation with segmentation gaps

•	Interference with other segments

→	Each scan (3T T1WT2W, 7T T1W, 7T T1WT2W) is compared with 3T T1W, where 3T T1W is equivalent to 3 Points on the Likert 
scale  

→	If there is a difference in a primary criterion, the segment is evaluated with either 5 or 1 Point on the Likert scale
→	If there is no difference in primary criteria but in Secondary criteria, the segment is evaluated with either 4 or 2 points

Retention Exclusion

right pronunciation in one patient, a right frontal focus in 
two patients and a right temporal focus in three patients.

Calculation time

The mean calculation time on a standard server (Ubuntu 22, 

Intel Core i7-11700, 8 Cores/16 Threads, 2.5GHz, 64 GB  
RAM, NVIDIA GeForce RTX3090, 10496 CUDA 
cores) of FreeSurfer/FastSurferVINN was 167/31 min  
(196/42 min) on 3 T (7 T). The time for the additional 
scripts ranged from 6 to 20 minutes (3 T: hippocampal 
subfields T1-weighted: 18 min; T1-weighted + T2-
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Figure 4 Example of a failed segmentation of the left temporal lobe on 7 T. Yellow arrows point at small cortical fail segmentations. Orange 
arrows point at the hippocampal region. Green arrows point at the fail segmentation of hippocampal subfields and amygdala.
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Inclusion of patients

Patients (n=17)
Screening, excluded:

•	Incomplete MR protocol (n=1)
•	Severe susceptibility artifacts (n=3) 

Excluded:
•	Only FreeSurfer segmentation failed:  

3T (n=0); 7T (n=1)
•	Only FastSurfer segmentation failed:  

3T (n=0); 7T (n=1)
•	Both FastSurfer and FreeSurfer 

segmentation failed: 3T (n=0); 7T (n=2)

Screening:
•	Eligible patients (n=13)

FreeSurfer/FastSurfer segmentation 
on 3T and 7T available (n=9)

Patients included (n=9)
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weighted: 6 min; brain stem: 6 min; thalamic nuclei:  
11 min; 7 T: hippocampal subfields T1-weighted: 18 min; 
T1-weighted + T2-weighted: 6 min; brain stem: 6 min; 
thalamic nuclei: 11 min). It should be noted that FastSurfer 
leverages GPU acceleration when available, while 
FreeSurfer relies entirely on CPU-based processing.

Both pipelines were executed using their default 
command-line settings for 3 T and with hires flag 
(FreeSurfer) or vox_size =0.7 flag (FastSurfer) for 7 T.

Volumetric analysis

With pre-processing
With additional pre-processing, FastSurfer was able 
to segment 15/17 patients for 3 T and 17/17 for 7 T. 
FreeSurfer was able to segment 14/17 in 3 T and 17/17 
in 7 T. All failed segmentations were due to failed 
3D-normalization in recon-all. For consistency, we only 
used the results of the nine included patients for the 
following results and the Dice-calculation.
Comparison of ASEG and DKT atlas volumes with and 
without pre-processing
For FastSurfer,  the mean difference was 676.75± 
1,722.25 mm3 between volumes calculated with and without 
pre-processing on 7 T. Out of 93 regions, 39 were found to 
be significant different. For FreeSurfer, the mean difference 
was −222.93±783.51 mm3 with 9 regions showing significant 
differences. A detailed overview of significant regions can 
be found in Table 1.

The five most affected regions are displayed in Figure 5.
Comparison of ASEG and DKT atlas volumes between 3 
and 7 T
Comparing 3 and 7 T for FreeSurfer, we found 13 
volumes to be significant different with a mean difference 
of 2,186.77±3,506.65 mm3. For FastSurfer we found 25 
significant differing volumes presenting a mean difference 
of 960.57±1,706.18 mm3.

Comparison of FastSurfer vs. FreeSurfer with pre-
processing on 3 T
In the mixed-effects analysis comparing FastSurfer and 
FreeSurfer (regions n=216 as random effects), we observed 
a mean volume difference of 940.4±238.6 mm3 (P<0.001), 
indicating that FastSurfer consistently yields significantly 
higher volumes than FreeSurfer.

A detailed list of significant structures is provided in 
Table S2, and a boxplot of the most significant differing 
volumes is shown in Figure 6.

FastSurfer vs. FreeSurfer with pre-processing on 7 T
Volumetric comparison between FastSurfer and FreeSurfer 
yielded an average estimate of 407.4±235.7 mm3, with a  
P value of 0.084, indicating no systematic difference but a 
trend toward higher volumes with FastSurfer.

A detailed table can be found in Table S2. A Boxplot of 
the most significant structure can be found in Figure 7.

Inter-scanner reliability

Table 2 reveals the inter-scanner deviations and reliability 
of 3 and 7 T using CV and Cohen’s d. Due to the 
inhomogeneities, we observed higher standard deviations 
on 7 T.

Hippocampal Subfields

Comparison of hippocampal subfield volumes 
calculated with T1-weighted import data and T1- and 
T2-weighted import data
We measured all volumes as described in the methods. 
Table S3 reveals the segmented mean volumes and standard 
deviations.

We could not determine any significant differences in the 
measured volumes between (3 T T1-weighted and 3 T T1-
weighted + T2-weighted) or between (7 T T1-weighted and 
7 T T1-weighted+T2-weighted) using Tukey’s test for the 
left hippocampal region. However, there were significant 
deviations in the volumetry of the right hippocampus at 7 T. 
In contrast, we had to exclude patients based on incorrect 
segmentation of the left hippocampus at 7 T. Table S4 
shows the results of the ANOVA with Tukey’s test for the 
segmented hippocampal regions (FreeSurfer).

Comparison of the hippocampal subfield segmentation 
with visual ratings
We could not detect any significant advantages between 
the eight different segmentations via visual ratings. Some 
regions, like the parasubiculum were subjectively better 
visualized on 7 T, but other regions like the molecular layer 
performed worse on 7 T compared with 3 T.

In particular, the segmentations in the 7 T with 
additional T2-weighted data failed noticeably. It seems that 
additional inhomogeneities or artifacts interfered with the 
script.

Figure 8 reveals the mean results of the visual ratings.
The interrater reliability was moderate with an ICC (2, k) 

=0.67 (confidence interval: 0.42, 0.92).

https://cdn.amegroups.cn/static/public/QIMS-2025-1263-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-2025-1263-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-2025-1263-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-2025-1263-Supplementary.pdf
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Table 1 Bonferroni-adjusted P values for the comparison between additional pre-processing and no additional pre-processing on 7 T T1 
MPRAGE

Region FastSurfer P (adjusted) FreeSurfer P (adjusted)

ASEG

Left-lateral-ventricle 1 0.042723376

Left-inf-lat-vent 0.228810448 1

Left-cerebellum-white-matter 0.026641647 1

Left-cerebellum-cortex 1 0.021661475

Left-thalamus 0.077492443 1

Left-caudate 1 1

Left-putamen 0.617490161 1

Left-pallidum 1 1

Left-hippocampus 0.770121223 0.223063389

Left-amygdala 0.012941901 0.469493166

Left-Accumbens-area 1 0.283840813

Left-VentralDC 0.111056251 1

Left-choroid-plexus 1 1

Right-lateral-ventricle 0.44642086 1

Right-inf-lat-vent 1 1

Right-cerebellum-white-matter 1 1

Right-cerebellum-cortex 1 9.76682E-06

Right-thalamus 0.000228375 1

Right-caudate 0.076544017 1

Right-putamen 1 1

Right-pallidum 0.003122505 1

Right-hippocampus 0.068136152 1

Right-amygdala 0.483481814 1

Right-accumbens-area 0.609640851 1

Right-VentralDC 0.001898902 0.652936975

Right-choroid-plexus 0.208402172 1

WM-hypointensities 1 1

3rd-Ventricle 1 0.170957905

4th-Ventricle 1 1

Brain-stem 1 1

CSF 1 1

DKT

Frontal lobe

ctx-lh-caudalmiddlefrontal 0.131083749 0.997226993

Table 1 (continued)
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Table 1 (continued)

Region FastSurfer P (adjusted) FreeSurfer P (adjusted)

ctx-rh-caudalmiddlefrontal 0.272948157 0.382651565

ctx-lh-rostralmiddlefrontal 0.026907862 0.004389518

ctx-rh-rostralmiddlefrontal 0.994050463 0.195501664

ctx-lh-superiorfrontal 0.000246885 1

ctx-rh-superiorfrontal 0.003260669 1

ctx-lh-lateralorbitofrontal 0.001027397 1

ctx-rh-lateralorbitofrontal 0.012331138 1

ctx-lh-medialorbitofrontal 9.12487E-06 0.786746571

ctx-rh-medialorbitofrontal 0.000270742 1

ctx-lh-parsopercularis 0.275416382 1

ctx-rh-parsopercularis 0.002833774 1

ctx-lh-parsorbitalis 0.002388439 0.142462416

ctx-rh-parsorbitalis 2.74876E-06 0.117912611

ctx-lh-parstriangularis 1 1

ctx-rh-parstriangularis 1 1

Cingulate cortex

ctx-lh-caudalanteriorcingulate 6.25931E-05 1

ctx-rh-caudalanteriorcingulate 1.7791E-05 1

ctx-lh-rostralanteriorcingulate 0.394506963 1

ctx-rh-rostralanteriorcingulate 0.002370194 1

ctx-lh-posteriorcingulate 3.68633E-05 1

ctx-rh-posteriorcingulate 0.003548288 1

ctx-lh-isthmuscingulate 0.000250058 1

ctx-rh-isthmuscingulate 1.14177E-05 1

Sensorimotor cortex

ctx-lh-precentral 1 0.046097486

ctx-rh-precentral 1 0.418035485

ctx-lh-postcentral 1 0.100332481

ctx-rh-postcentral 1 1

ctx-lh-paracentral 1 1

ctx-rh-paracentral 0.131191359 1

Parietal lobe

ctx-lh-inferiorparietal 0.199230307 0.118280481

ctx-rh-inferiorparietal 1 0.181373008

Table 1 (continued)
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Table 1 (continued)

Region FastSurfer P (adjusted) FreeSurfer P (adjusted)

ctx-lh-superiorparietal 1 1

ctx-rh-superiorparietal 1 1

ctx-lh-supramarginal 1 1

ctx-rh-supramarginal 1 1

ctx-lh-precuneus 1 0.256899304

ctx-rh-precuneus 1 1

Temporal lobe

ctx-lh-middletemporal 1.32068E-05 0.013471687

ctx-rh-middletemporal 0.000133857 0.359273796

ctx-lh-superiortemporal 2.39937E-06 0.160534755

ctx-rh-superiortemporal 1.13032E-05 1

ctx-lh-inferiortemporal 0.000311848 0.086296418

ctx-rh-inferiortemporal 1.34519E-05 0.011535485

ctx-lh-fusiform 0.017176305 1

ctx-rh-fusiform 0.00305907 1

ctx-lh-parahippocampal 0.090232003 1

ctx-rh-parahippocampal 1 1

ctx-lh-entorhinal 0.017614183 1

ctx-rh-entorhinal 5.35788E-05 1

ctx-lh-transversetemporal 0.544052131 1

ctx-rh-transversetemporal 0.014705947 1

Occipital lobe

ctx-lh-cuneus 0.449622641 1

ctx-rh-cuneus 0.070867839 0.045459272

ctx-lh-lateraloccipital 1 1

ctx-rh-lateraloccipital 0.119059522 0.002234902

ctx-lh-lingual 0.002226316 1

ctx-rh-lingual 0.010924993 1

ctx-lh-pericalcarine 0.005136744 1

ctx-rh-pericalcarine 0.002747831 1

Insula

ctx-lh-insula 0.00513421 1

ctx-rh-insula 0.000167276 1

ASEG, Automatic Segmentation; CSF, cerebrospinal fluid; DC, Diencephalon; DKT, Desikan-Killiany-Tourville Atlas; lh, left hemisphere; rh, 
right hemisphere.
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Figure 7 The box-plots (mean volumes of the patients in mm3) comparing the most significant volume differences between FastSurfer and 
FreeSurfer at pre-processed 7 T T1-MPRAGE.
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Artifacts
Three of our 17 patients had to be excluded due to severe 
artifacts, primarily due to motion. Another three patients 
showed minor motion artifacts, and one patient had severe 
white-matter inhomogeneities, resulting in failed FastSurfer 
or FreeSurfer segmentation. Other artifacts, like pulsation 
artifacts of the anterior cerebral artery were observed to 
varying extents in both 3 and 7 T scans across all patients. 
However, these artifacts, affecting primarily the right 
hemisphere, did not affect the segmentation. Especially in 
7 T MRI, inhomogeneities were observed in every patient, 
ranging from mild to severe, and could only be partially 
corrected through (n4 bias) pre-processing in FastSurfer 
and FreeSurfer.

Comparison with Dice-coefficient analysis

Out of 99 volumes (ASEG + DKT), the mean Dice score 
exceeded 0.9 in 38 volumes at 3 T and in 11 volumes at 
7 T, indicating excellent overlap between FreeSurfer and 
FastSurfer. In 53 volumes (3 T) and 68 volumes (7 T), the 

mean Dice ranged between 0.8 and 0.9, suggesting good 
agreement. A mean Dice below 0.8 was observed in 8 
volumes at 3 T and 20 volumes at 7 T. Volumes consistently 
showing low overlap (<0.8) across both field strengths 
included the left and right choroid plexus, right inferior 
lateral ventricle, parts of the corpus callosum, and the left 
and right entorhinal cortices. The distribution of Dice 
scores across 3 and 7 T is illustrated in Figure 9.

Discussion

In our study of 17 patients with non-lesional epilepsy, 
we detected more significantly different volumes using 
FastSurfer (n=25) than with FreeSurfer (n=13) when 
comparing 3 to 7 T data. Additional pre-processing had a 
more pronounced impact when using FastSurfer, resulting 
in 39 significantly different regions, compared to only 9 
with FreeSurfer. We also found tendencies of FastSurfer 
measuring greater volumes than FreeSurfer in both 3 and 
7 T. Overall, FreeSurfer still appears to be the more valid 
choice at 7 T, presumably because FastSurfer was trained on 
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Table 2 Inter-scanner reliability between 3 and 7 T for FreeSurfer and FastSurfer both without pre-processing using coefficient of variation and 
Cohen’s d

Brain region
Ratio 3 T:7 T (mean ± SD) Coefficient of variation (%)

P (Free vs. Fast)
 Cohen’s d 

 (Free vs. Fast)FreeSurfer FastSurfer FreeSurfer FastSurfer

ASEG

Hippocampus L 1.07±0.07 1.16±0.07 6.97 10.92 0.53 0.20

Hippocampus R 1.16±0.06 1.11±0.04 10.92 7.89 0.59 −0.17

Amygdala L 1.24±0.11 1.74±0.25 16.64 38.72 0.66 0.14

Amygdala R 1.37±0.18 1.31±0.15 23.46 20.11 0.58 −0.18

Lateral-ventricle L 0.95±0.03 0.94±0.05 4.07 5.81 0.92 0.03

Lateral-ventricle R 0.99±0.03 0.97±0.03 1.77 2.59 0.89 0.05

VentralDC L 1.05±0.10 1.09±0.04 7.7 6.74 0.69 −0.13

VentralDC R 1.00±0.10 1.08±0.02 7.39 5.85 0.67 0.14

Thalamus L 1.18±0.08 1.13±0.03 11.82 8.96 0.60 −0.17

Thalamus R 1.23±0.09 1.14±0.02 15.08 9.52 0.89 −0.05

Caudate L 1.07±0.05 1.05±0.09 4.92 3.4 0.40 −0.27

Caudate R 1.06±0.08 1.00±0.01 6.28 0.99 0.55 −0.19

Putamen L 1.05±0.11 1.06±0.05 7.34 5.04 0.37 −0.29

Putamen R 1.18±0.12 1.08±0.08 11.93 7.21 0.19 −0.42

Pallidum L 0.98±0.21 1.03±0.04 13.78 3.55 0.52 0.21

Pallidum R 0.97±0.17 1.03±0.05 13.89 4.05 0.97 0.01

Accumbens-area L 0.79±0.13 0.99±0.04 16.85 3.05 0.59 0.17

Accumbens-area R 1.22±0.25 1.09±0.02 18.47 7.42 0.43 −0.25

Average 1.09±0.11 1.11±0.06 11.07 8.44 0.61 −0.07

ASEG, Automatic Segmentation; DC, Diencephalon; L, left; R, right; SD, standard deviation.

1.5 and 3 T data (11).

Results with and without external pre-processing

Volumetric analyses at 3 and 7 T including an external pre-
processing were straightforward and reliably performed 
across both software solutions. Using the inbuilt pre-
processing pipelines of FreeSurfer and FastSurfer 
exclusively, we observed a reduced number of patients 
in whom the segmentation produced satisfactory results, 
particularly in the right hemisphere. In patients in whom it 
worked in both 3 and 7 T, we could not detect significant 
differences between 3 and 7 T in the right hemisphere. 
When comparing volumes with and without pre-processing 
in 7 T MRI, we found that FastSurfer is particularly 

affected in regions with complex geometry and low intensity 
contrast, such as the entorhinal, temporal, and orbitofrontal 
cortices, as well as subcortical structures. Additionally, skull 
stripping can also impact segmentation quality (31).

We have observed various artifacts, including those 
caused by motion, pulsation of the cerebral anterior artery, 
and interference at the base of the skull due to air. These 
artifacts were sometimes so severe that FastSurfer and 
FreeSurfer crashed or resulted in segmentation errors 
without an external pre-processing.

It is well-established that 7 T MRI is associated with an 
increased artifact load due to several physical limitations 
compared to 3 T MRI (6,7). Prolonged acquisition times 
can exacerbate motion artifacts (32). Consequently, various 
strategies have been developed to mitigate artifacts in 7 T 
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imaging, including the use of fast pulse sequences, k-space 
filling techniques, and parallel transmission technology 
combined with radiofrequency (RF) shimming (33). 
Additional efforts to reduce artifacts and inhomogeneities 

involve post-processing and co-registration techniques. 
Since our data evaluation was retrospective, we were unable 
to correct artifacts during data acquisition, which would 
have enhanced the comparison between 3 and 7 T MRI.

Volumetric results

FreeSurfer is widely established, and is used in everyday 
clinical practice, especially in dementia more frequently 
than FastSurfer (10). FastSurfer has some of its own pre-
processing procedures and a FastSurferVINN module 
for higher resolution in the 7 T (34). While currently a 
larger number of additional scripts (subscripts) exist for 
FreeSurfer, they are generally compatible with FastSurfer 
outputs, as both tools rely on the same underlying data 
structure and labeling conventions (35).

Overall, we found significant evidence in 3 T and a 
tendency in 7 T for FastSurfer to report greater volumes 
than FreeSurfer.

Asymmetries between hemispheres are widespread 

Figure 8 Detailed mean visual ratings of the two raters and the hippocampal segmentations (FreeSurfer 3 T T1-weighted only as gold 
standard was rated “3”, mean ratings of FreeSurfer: 7 T T1-weighted 2.96; 3 T T1-weighted + T2-weighted 2.92; 7 T T1-weighted + T2-
weighted 2.74; and FastSurfer: 3 T T1-weighted 3.04; 7 T T1-weighted 3.00; 3 T T1-weighted+T2-weighted 2.88 and 7 T T1-weighted + 
T2-weighted 2.77).
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and known to influence segmentation (36). Since artifacts 
were predominantly found in the right hemisphere, their 
influence might explain asymmetries, especially in low-
contrast subcortical areas already known to be affected by 
programmatic limitations (24). Furthermore inhomogenities 
in 7 T, especially in basal regions with air-brain interfaces 
(37,38), can interfere with the segmentation quality.

The differences between FastSurfer and FreeSurfer 
can be attributed due to FastSurfer being a deep learning 
approach, which strongly depends on the quality and 
diversity of the training data (11), whereas FreeSurfer being 
an atlas-based segmentation tool without the integration of 
a deep learning algorithm.

Ultra-high field MRI has also been successful applied in 
psychiatric disorders (39,40). In patients with schizophrenia, 
7 T MRI revealed reduced cerebellar volumes (41) as well 
as aberrant association fibers (42).

Visual assessment

Visual assessment of hippocampal and amygdalar subfields 
in 3 and 7 T MRI using FastSurfer and FreeSurfer 
revealed largely similar segmentation outcomes. Notably, 
the parasubiculum was slightly better segmented at 7 T 
compared to 3 T, while the molecular layer demonstrated 
poorer segmentation performance at 7 T. Co-registration of 
T2-weighted images did not enhance outcomes beyond T1-
weighted image alone.

To the best of our knowledge, there are no standardized 
visual assessment criteria for evaluating segmentation 
results. As it is difficult to compare the segmentation 
of different patients, we decided to use a reference scan 
for each patient. Since 7 T volumetry is relatively new 
compared to 3 T volumetry and 3 T MPRAGE is known 
to have the best test-retest reliability (43), we chose the  
3 T T1-weighted sequence as the standard. We introduced 
primary and secondary criteria to weight different 
segmentation errors, as they have varying impacts on 
volume.

Dice analysis

Comparing Dice scores across ASEG+DKT segmentations 
revealed good overlap for most regions. Eight regions at  
3 T and twenty regions at 7 T exceeded a Dice coefficient 
of 0.8, suggesting increasing divergence between FastSurfer 
and FreeSurfer with higher field strength. In volumetric 
analysis, the mean ICC was lower at 7 T compared to 3 T, 

indicating less consistent measurements across patients. In 
addition to increased artifacts with higher field strength, 
differences in the algorithms may contribute to these 
discrepancies. FastSurfer, which relies on deep learning and 
has been trained predominantly on 1.5 and 3 T data, is also 
a plausible source of variation.

Limitations

A major limitation of our study is the small sample size. 
This is partly due to the rarity of patients with non-lesional 
focal epilepsy at our center, and partly because the manual 
assessment of segmentation quality for a larger number 
of patients would be logistically challenging. Additionally, 
strong motion artifacts, particularly prevalent in 7 T 
imaging due to longer acquisition times, further reduced 
the number of patients included in the study. The visual 
detection of epileptogenic lesions (e.g., focal cortical 
dysplasia), which may be better differentiated due to the 
higher resolution in 7 T, was not part of this study. Nor 
was it intended to detect a reduction in volume due to the 
disease. Thus, a control group was not part of this study. 
Without a known ground truth, the interpretation of the 
results becomes more challenging.

One limitation is the relatively old design of the 7 T 
sequences without parallel transmission, as these techniques 
were not available at the time the study began. Another 
factor worth mentioning is that our scanner parameters 
are not ideal identical. Since 7 T data in our facility are 
designed to be comparable with one another rather than 
necessarily with clinical 3 T scans, there are differences in 
several parameters that could potentially interfere with the 
results, which may affect the comparison between 3 and  
7 T scans. Given that the data were utilized secondarily for 
evaluation and that the number of patients with both 3 and 
7 T scans was limited, we had to accept these differences. 
We intentionally focused on MPRAGE to enable an 
objective comparison between 3 and 7 T and FreeSurfer and 
FastSurfer. For the subfield analysis of hippocampus and 
amygdala, we performed no external pre-processing, as it 
is recommended for MP2RAGE. This external parameter-
dependent pre-processing could most likely influence 
the segmentation by shifting the white-gray contrast and 
influencing the comparison of 3 and 7 T.

An additional limitation lies in the fact that the deep 
learning model used by FastSurfer was not trained on 7 T 
MRI data (11). As a result, it remains unclear whether the 
model can accurately segment images acquired at this field 
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strength. Therefore, we conducted manual quality control 
to verify the results.

Outlook

The image quality in the 7 T is improving slowly, but 
steadily, while the image quality in the 3 T already seems to 
have reached its peak. If the T1-weighted sequences at 7 T 
contain fewer artifacts and become more homogeneous, the 
usage of segmentation algorithms will be more promising.

The usage of MP2RAGE instead of MPRAGE was 
recommended on 7 T (44). MP2RAGE could improve 
the segmentation by providing a higher gray-white matter 
contrast and higher contrast-noise-ratio (45). Despite 
the self-bias correcting properties, we detected even 
more severe inhomogeneities of the frontal and temporal 
skull base in our 7 T-MP2RAGE images (compared with 
MPRAGE), which caused FreeSurfer as well as FastSurfer 
to crash.

In the future, time-resolved frequency offset corrected 
inversion (TR-FOCI) pulses, or advances in parallel 
transmission systems might reduce these artifacts (45). 
While MP2RAGE estimates the T1-mapping from two 
scans, other T1-mapping methods may be more accurate 
(46,47).

Pre-processing procedures can temporarily solve the 
problem, as shown for myelin segmentations (48,49). 
However, intensive pre-/post-processing always carries the 
risk of losing information or artificially generating false 
information.

Conclusions

Our study reveals systematic differences between two widely 
used automatic segmentation tools. FastSurfer consistently 
estimates higher volumes compared to FreeSurfer, 
particularly within cortical regions of the temporal and 
frontal lobes, across both 3 and 7 T field strengths.

The built-in pre-processing pipelines of FastSurfer 
and FreeSurfer seem sufficient to handle 7 T MRI scans 
with moderate quality and artifacts; however, in cases with 
heavily artifact-laden scans where the built-in pipeline fails, 
optimization through external programs becomes necessary. 
Pre-processing of the 7 T data led to a slight improvement 
in the FreeSurfer results, whereas the FastSurfer results 
showed a considerably greater deviation from the 3 T 
results.
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Table S1 T1W-MPRAGE sequence parameters

Parameter 3 T 7 T

Repetition time (ms) 2000 2500

Echo time (ms) 2.26 1.99

Inversion time (ms) 900 1050

Pixel Bandwidth (mm) 200 250

Flip angle 12° 5°

Acquisition time (s) 277 599
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Table S2 Estimate (= mean difference between FastSurfer minus FreeSurfer)±standard error, intraclass correlation coefficient and Bonferroni-adjusted 
p-value with patient as random effect and FreeSurfer as reference

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

ASEG brainsegvol 70906.15±1844.44 0.999 <0.001 4779.84±6040.83 0.986 1

left-lateral-ventricle -177.32±53.40 0.999 1 -60.15±48.38 0.998 1

left-inf-lat-vent -98.63±12.83 0.974 <0.001 -92.53±54.62 0.586 1

left-cerebellum-white-matter -145.01±223.65 0.887 1 -776.37±0.00 0 1

left-cerebellum-cortex 3484.40±336.29 0.972 <0.001 4852.25±569.54 0.924 <0.001

left-thalamus 937.26±72.05 0.956 <0.001 696.19±95.58 0.881 <0.001

left-caudate 159.53±18.34 0.979 <0.001 77.45±23.39 0.96 0.944

left-putamen 314.63±61.48 0.938 0.042 338.74±88.66 0.839 0.322

left-pallidum 228.06±31.07 0.861 0.001 -242.55±49.82 0.685 0.037

left-hippocampus 671.13±96.44 0.836 0.002 771.85±175.69 0.366 0.097

left-amygdala 430.39±23.57 0.929 <0.001 470.19±49.28 0.65 <0.001

left-accumbens-area 7.54±13.08 0.829 1 59.82±15.59 0.781 0.311

left-ventraldc 417.67±33.84 0.949 <0.001 415.94±53.06 0.793 <0.001

left-choroid-plexus -43.26±29.14 0.849 1 105.77±21.54 0.76 0.034

right-lateral-ventricle -75.46±38.57 0.999 1 -159.97±50.74 0.998 1

right-inf-lat-vent -87.83±13.65 0.975 0.005 -35.93±29.00 0.809 1

right-cerebellum-white-matter -109.41±262.97 0.826 1 81.15±677.05 0.103 1

right-cerebellum-cortex 4904.13±338.52 0.971 <0.001 4226.51±459.45 0.933 <0.001

right-thalamus 670.30±68.39 0.958 <0.001 695.47±81.24 0.905 <0.001

right-caudate 150.14±20.35 0.991 0.001 113.14±43.52 0.941 1

right-putamen 266.74±69.41 0.938 0.435 518.62±75.10 0.881 <0.001

right-pallidum 254.50±29.12 0.891 <0.001 -127.33±50.22 0.619 1

right-hippocampus 568.72±20.09 0.989 <0.001 698.56±93.97 0.669 <0.001

right-amygdala 425.87±39.64 0.845 <0.001 525.58±59.15 0.588 <0.001

right-accumbens-area 70.22±13.71 0.912 0.042 123.02±21.89 0.773 0.008

right-ventraldc 362.35±46.87 0.925 <0.001 407.82±65.05 0.748 0.002

right-choroid-plexus -43.72±32.97 0.817 1 44.93±26.17 0.782 1

3rd-ventricle 47.31±10.10 0.997 0.092 37.24±11.41 0.994 1

4th-ventricle 96.21±25.61 0.991 0.513 112.73±55.94 0.916 1

brain-stem 410.36±88.44 0.991 0.099 2696.88±355.90 0.609 <0.001

csf 173.49±19.57 0.965 <0.001 152.44±21.26 0.939 <0.001

DKT Frontal lobe ctx-lh-caudalmiddlefrontal 526.52±228.11 0.595 1 -323.96±213.91 0.7 1

Frontal lobe ctx-rh-caudalmiddlefrontal 815.58±230.06 0.661 0.768 40.93±197.94 0.809 1

Frontal lobe ctx-lh-rostralmiddlefrontal 264.24±476.14 0.726 1 -1943.82±440.22 0.807 0.093

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

Frontal lobe ctx-rh-rostralmiddlefrontal 272.23±305.76 0.864 1 -1891.81±440.61 0.773 0.119

Frontal lobe ctx-lh-superiorfrontal 9294.29±576.21 0.698 <0.001 4977.03±448.38 0.844 <0.001

Frontal lobe ctx-rh-superiorfrontal 12897.91±693.43 0.775 <0.001 8060.79±614.58 0.801 <0.001

Frontal lobe ctx-lh-lateralorbitofrontal 2649.75±275.67 0.574 <0.001 2074.74±202.41 0.851 <0.001

Frontal lobe ctx-rh-lateralorbitofrontal 2774.17±292.09 0.62 <0.001 1530.80±166.85 0.886 <0.001

Frontal lobe ctx-lh-medialorbitofrontal 1279.75±157.53 0.674 <0.001 101.53±172.62 0.504 1

Frontal lobe ctx-rh-medialorbitofrontal 1101.96±169.73 0.622 0.004 -12.92±126.51 0.627 1

Frontal lobe ctx-lh-parsopercularis 1047.03±142.32 0.761 0.001 359.78±125.84 0.771 1

Frontal lobe ctx-rh-parsopercularis 1667.95±157.03 0.642 <0.001 1018.48±126.92 0.751 <0.001

Frontal lobe ctx-lh-parsorbitalis 1424.34±90.37 0.299 <0.001 1043.78±105.49 0.449 <0.001

Frontal lobe ctx-rh-parsorbitalis 1524.26±80.88 0.529 <0.001 1081.65±83.24 0.678 <0.001

Frontal lobe ctx-lh-parstriangularis 1791.20±205.40 0.498 <0.001 983.04±197.29 0.575 0.029

Frontal lobe ctx-rh-parstriangularis 1111.22±169.97 0.584 0.004 413.99±184.11 0.587 1

Cingulate cortex ctx-lh-caudalanteriorcingulate 380.11±79.37 0.887 0.076 -35.11±86.41 0.831 1

Cingulate cortex ctx-rh-caudalanteriorcingulate -532.17±88.88 0.812 0.01 -911.96±90.38 0.801 <0.001

Cingulate cortex ctx-lh-rostralanteriorcingulate 1649.83±238.60 0.378 0.002 712.89±172.55 0.618 0.168

Cingulate cortex ctx-rh-rostralanteriorcingulate 888.06±89.67 0.781 <0.001 178.87±78.14 0.781 1

Cingulate cortex ctx-lh-posteriorcingulate -892.76±109.09 0.84 <0.001 -1147.55±117.88 0.752 <0.001

Cingulate cortex ctx-rh-posteriorcingulate -679.20±138.09 0.625 0.06 -1018.39±134.97 0.663 <0.001

Cingulate cortex ctx-lh-isthmuscingulate -1236.47±106.70 0.706 <0.001 -1412.19±105.01 0.632 <0.001

Cingulate cortex ctx-rh-isthmuscingulate -1064.48±78.88 0.801 <0.001 -1186.58±71.58 0.788 <0.001

Sensorimotor cortex ctx-lh-precentral 677.69±358.31 0.587 1 -1171.23±343.07 0.739 0.761

Sensorimotor cortex ctx-rh-precentral 482.64±330.74 0.785 1 -1317.38±314.96 0.832 0.151

Sensorimotor cortex ctx-lh-postcentral 4466.64±207.61 0.76 <0.001 2433.32±212.97 0.816 <0.001

Sensorimotor cortex ctx-rh-postcentral 3880.79±236.91 0.783 <0.001 1401.79±394.51 0.5 0.567

Sensorimotor cortex ctx-lh-paracentral 699.04±113.50 0.75 0.007 154.50±113.42 0.782 1

Sensorimotor cortex ctx-rh-paracentral -281.57±125.97 0.839 1 -567.37±122.70 0.805 0.06

Parietal lobe ctx-lh-inferiorparietal 2079.42±363.01 0.793 0.015 1202.74±342.09 0.783 0.613

Parietal lobe ctx-rh-inferiorparietal 3191.52±432.17 0.732 0.001 1624.80±455.86 0.716 0.554

Parietal lobe ctx-lh-superiorparietal 191.90±381.37 0.459 1 -1874.53±393.65 0.652 0.045

Parietal lobe ctx-rh-superiorparietal 102.07±441.03 0.669 1 -1723.20±526.56 0.507 1

Parietal lobe ctx-lh-supramarginal 939.73±330.54 0.784 1 -36.56±301.88 0.78 1

Parietal lobe ctx-rh-supramarginal 1001.10±419.83 0.613 1 -791.50±346.43 0.666 1

Parietal lobe ctx-lh-precuneus 703.84±328.77 0.723 1 -128.96±259.87 0.783 1

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

Parietal lobe ctx-rh-precuneus 1162.01±293.46 0.813 0.349 579.76±440.76 0.476 1

Temporal lobe ctx-lh-middletemporal 8953.54±379.85 0.71 <0.001 7630.62±292.40 0.773 <0.001

Temporal lobe ctx-rh-middletemporal 7540.86±350.44 0.732 <0.001 6358.76±437.13 0.631 <0.001

Temporal lobe ctx-lh-superiortemporal 10052.55±360.20 0.731 <0.001 8064.64±317.91 0.762 <0.001

Temporal lobe ctx-rh-superiortemporal 10128.32±322.08 0.702 <0.001 8214.62±439.42 0.63 <0.001

Temporal lobe ctx-lh-inferiortemporal 5350.53±358.26 0.548 <0.001 4356.50±216.36 0.842 <0.001

Temporal lobe ctx-rh-inferiortemporal 6005.28±239.15 0.82 <0.001 4645.17±194.88 0.845 <0.001

Temporal lobe ctx-lh-fusiform 2107.09±288.02 0.524 0.001 1306.47±250.41 0.708 0.018

Temporal lobe ctx-rh-fusiform 2041.17±281.55 0.511 0.001 1317.66±227.54 0.651 0.006

Temporal lobe ctx-lh-parahippocampal 626.00±56.02 0.691 <0.001 271.17±150.21 0.008 1

Temporal lobe ctx-rh-parahippocampal 446.00±74.58 0.517 0.01 309.51±69.50 0.502 0.086

Temporal lobe ctx-lh-entorhinal 1031.29±45.61 0.697 <0.001 674.49±59.63 0.516 <0.001

Temporal lobe ctx-rh-entorhinal 1001.61±52.72 0.713 <0.001 619.37±72.27 0.584 <0.001

Temporal lobe ctx-lh-transversetemporal 353.10±78.29 0.022 0.126 201.16±0.00 0 1

Temporal lobe ctx-rh-transversetemporal 341.41±61.41 0.047 0.02 154.98±40.43 0.363 0.314

Occipital lobe ctx-lh-cuneus 1876.13±173.82 0.459 <0.001 1874.29±175.11 0.222 <0.001

Occipital lobe ctx-rh-cuneus 1452.77±136.39 0.441 <0.001 1581.18±98.67 0.59 <0.001

Occipital lobe ctx-lh-lateraloccipital 1807.01±479.79 0.34 0.504 562.42±419.38 0.29 1

Occipital lobe ctx-rh-lateraloccipital 1878.45±470.26 0.458 0.327 1631.46±321.19 0.56 0.024

Occipital lobe ctx-lh-lingual 1538.93±219.16 0.617 0.002 1704.49±205.03 0.7 <0.001

Occipital lobe ctx-rh-lingual 1204.03±290.12 0.507 0.244 1541.09±177.70 0.764 <0.001

Occipital lobe ctx-lh-pericalcarine -1499.02±116.44 0.705 <0.001 -936.70±125.34 0.653 <0.001

Occipital lobe ctx-rh-pericalcarine -1391.62±167.10 0.567 <0.001 -908.19±134.40 0.66 <0.001

Insula ctx-lh-insula -3523.15±251.81 0.67 <0.001 -3612.58±244.54 0.651 <0.001

Insula ctx-rh-insula -2968.98±178.05 0.82 <0.001 -3022.70±269.89 0.651 <0.001

Brainstem medulla -15.77±16.63 0.984 1 151.18±60.25 0.712 1

pons -78.63±20.37 0.999 0.421 1481.41±294.75 0.673 0.027

scp -13.07±2.60 0.98 0.05 34.12±7.18 0.801 0.047

midbrain 142.28±45.06 0.96 1 546.22±123.32 0.517 0.09

whole_brainstem 34.80±66.58 0.997 1 2212.93±406.15 0.68 0.011

Amygdala lh-lateral-nucleus 39.91±8.47 0.938 0.087 84.06±24.40 0.469 0.711

lh-basal-nucleus 33.49±6.01 0.938 0.019 56.07±19.45 0.447 1

lh-accessory-basal-nucleus 40.29±6.07 0.869 0.003 44.57±12.45 0.471 0.537

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

lh-anterior-amygdaloid-area-
aaa

5.68±1.16 0.86 0.063 7.66±3.00 0.245 1

lh-central-nucleus 12.64±2.36 0.658 0.028 8.15±2.17 0.48 0.373

lh-medial-nucleus 8.60±1.55 0.612 0.02 3.09±0.86 0.745 0.501

lh-cortical-nucleus 6.49±1.23 0.672 0.033 3.96±1.22 0.431 1

lh-corticoamygdaloid-transitio 11.58±2.74 0.925 0.209 23.07±8.30 0.552 1

lh-paralaminar-nucleus 1.09±0.64 0.92 1 3.49±2.11 0.487 1

lh-whole_amygdala 159.79±19.55 0.954 <0.001 234.12±71.98 0.456 1

rh-lateral-nucleus 62.75±7.30 0.97 <0.001 157.40±26.31 0.465 0.004

rh-basal-nucleus 35.58±4.57 0.971 <0.001 77.25±14.49 0.613 0.014

rh-accessory-basal-nucleus 31.13±2.63 0.961 <0.001 51.14±8.11 0.708 0.002

rh-anterior-amygdaloid-area-
aaa

7.46±0.85 0.955 <0.001 15.88±1.98 0.63 <0.001

rh-central-nucleus 10.78±1.03 0.882 <0.001 9.40±1.21 0.807 <0.001

rh-medial-nucleus 4.08±1.08 0.726 0.494 5.33±0.66 0.891 <0.001

rh-cortical-nucleus 4.12±0.42 0.921 <0.001 5.11±0.73 0.784 <0.001

rh-corticoamygdaloid-transitio 11.09±1.93 0.957 0.015 28.61±5.62 0.714 0.023

rh-paralaminar-nucleus 0.96±0.74 0.942 1 3.49±1.58 0.706 1

rh-whole_amygdala 167.95±16.55 0.971 <0.001 353.61±57.55 0.592 0.003

Hippocampus lh-hippocampal_tail 28.10±9.09 0.9 1 66.25±23.16 0.529 1

lh-subiculum-body 20.98±5.61 0.802 0.533 31.07±9.45 0.585 0.991

lh-ca1-body 12.55±1.96 0.957 0.005 11.42±6.27 0.73 1

lh-subiculum-head 4.69±2.55 0.934 1 24.30±9.13 0.561 1

lh-hippocampal-fissure 9.98±3.49 0.897 1 32.94±8.41 0.646 0.263

lh-presubiculum-head 2.32±2.98 0.839 1 23.38±5.58 0.715 0.148

lh-ca1-head 42.12±6.35 0.941 0.003 67.85±23.47 0.594 1

lh-presubiculum-body 7.91±2.51 0.944 1 15.67±5.94 0.776 1

lh-parasubiculum 2.74±1.45 0.911 1 10.21±2.75 0.684 0.405

lh-molecular_layer_hp-head 25.41±2.81 0.97 <0.001 21.76±3.74 0.878 0.006

lh-molecular_layer_hp-body 21.32±3.40 0.927 0.006 13.35±3.74 0.824 0.544

lh-gc-ml-dg-head 15.99±1.07 0.987 <0.001 35.57±7.54 0.614 0.05

lh-ca3-body 11.84±0.83 0.987 <0.001 12.41±2.18 0.855 0.007

lh-gc-ml-dg-body 13.69±2.91 0.717 0.087 19.25±4.67 0.596 0.17

lh-ca4-head 14.00±1.17 0.979 <0.001 31.25±6.62 0.604 0.049

lh-ca4-body 12.34±2.34 0.825 0.033 18.25±4.29 0.597 0.13

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

lh-fimbria 5.84±2.31 0.86 1 15.45±3.22 0.822 0.042

lh-ca3-head 17.39±1.65 0.974 <0.001 30.14±6.31 0.504 0.044

lh-hata 7.94±1.15 0.937 0.002 10.47±2.71 0.654 0.294

lh-whole_hippocampal_body 106.47±16.53 0.914 0.005 136.87±34.48 0.72 0.235

lh-whole_hippocampal_head 132.60±12.03 0.981 <0.001 254.92±62.54 0.627 0.188

lh-whole_hippocampus 267.17±31.84 0.963 <0.001 458.04±112.96 0.649 0.197

rh-hippocampal_tail 23.07±5.81 0.943 0.343 23.41±5.64 0.951 0.161

rh-subiculum-body 14.14±1.83 0.977 <0.001 23.19±4.23 0.764 0.011

rh-ca1-body 11.46±1.70 0.963 0.003 21.83±3.42 0.825 0.002

rh-subiculum-head 0.33±1.58 0.961 1 9.84±2.77 0.931 0.566

rh-hippocampal-fissure 7.37±2.10 0.958 0.829 20.20±3.52 0.848 0.007

rh-presubiculum-head 2.62±1.92 0.906 1 17.62±2.34 0.916 <0.001

rh-ca1-head 25.42±3.15 0.983 <0.001 36.68±7.18 0.917 0.023

rh-presubiculum-body 6.14±1.41 0.971 0.165 9.83±2.37 0.865 0.159

rh-parasubiculum 4.58±1.51 0.916 1 10.78±1.64 0.804 0.001

rh-molecular_layer_hp-head 15.26±1.93 0.981 <0.001 8.78±2.80 0.905 1

rh-molecular_layer_hp-body 17.87±2.12 0.97 <0.001 17.86±2.62 0.915 <0.001

rh-gc-ml-dg-head 14.06±1.13 0.984 <0.001 29.03±4.16 0.792 <0.001

rh-ca3-body 13.52±1.83 0.945 0.001 13.83±2.02 0.852 <0.001

rh-gc-ml-dg-body 10.77±1.28 0.956 <0.001 15.08±2.06 0.876 <0.001

rh-ca4-head 12.85±0.96 0.984 <0.001 26.16±3.75 0.765 <0.001

rh-ca4-body 10.61±1.26 0.956 <0.001 13.66±1.98 0.857 <0.001

rh-fimbria 2.41±1.55 0.958 1 12.66±2.05 0.912 0.003

rh-ca3-head 16.63±1.41 0.979 <0.001 26.95±3.95 0.773 <0.001

rh-hata 6.91±0.83 0.969 <0.001 10.05±2.04 0.722 0.032

rh-whole_hippocampal_body 86.93±9.94 0.969 <0.001 127.95±18.41 0.815 <0.001

rh-whole_hippocampal_head 98.66±10.84 0.981 <0.001 175.90±25.27 0.884 <0.001

rh-whole_hippocampus 208.66±19.00 0.984 <0.001 327.26±46.08 0.875 <0.001

Thalamic Nuclei lh-av -3.74±1.24 0.98 1 4.11±1.34 0.969 1

lh-cem -0.33±0.83 0.959 1 5.88±0.93 0.949 0.002

lh-cl -0.25±0.37 0.993 1 1.30±0.33 0.986 0.265

lh-cm -1.22±3.17 0.93 1 9.54±3.00 0.905 1

lh-ld -0.86±0.50 0.985 1 0.28±0.32 0.989 1

lh-lgn -18.10±4.06 0.896 0.138 8.36±3.49 0.935 1

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

lh-lp -3.49±1.34 0.976 1 -1.83±1.15 0.971 1

lh-l-sg 3.44±1.03 0.687 1 2.38±0.57 0.969 0.158

lh-mdl -2.60±2.60 0.918 1 4.57±2.57 0.936 1

lh-mdm -5.74±6.75 0.941 1 24.47±8.36 0.91 1

lh-mgn 17.13±2.40 0.817 0.002 10.40±1.44 0.943 <0.001

lh-mv(re) 0.40±0.26 0.951 1 2.36±0.43 0.931 0.011

lh-pc -0.03±0.06 0.868 1 0.24±0.03 0.926 <0.001

lh-pf 3.47±1.14 0.877 1 4.06±0.58 0.956 <0.001

lh-pt -0.17±0.08 0.957 1 0.21±0.07 0.954 1

lh-pua 1.94±2.44 0.932 1 8.23±3.23 0.929 1

lh-pui -16.68±4.37 0.944 0.456 7.85±6.11 0.954 1

lh-pul 9.77±3.24 0.918 1 23.72±5.12 0.959 0.059

lh-pum -56.10±12.31 0.955 0.115 30.38±16.96 0.947 1

lh-va -15.11±3.66 0.944 0.254 15.48±4.61 0.882 0.851

lh-vamc -1.43±0.37 0.914 0.418 1.74±0.37 0.858 0.055

lh-vla -26.44±4.89 0.949 0.025 9.00±6.78 0.877 1

lh-vlp -29.09±7.06 0.957 0.258 11.63±9.30 0.903 1

lh-vm -2.04±0.54 0.874 0.51 0.33±0.32 0.902 1

lh-vpl -47.79±9.41 0.96 0.045 3.57±11.22 0.912 1

lh-whole_thalamus -195.06±60.11 0.951 1 188.24±74.83 0.917 1

rh-av -4.25±1.13 0.971 0.494 2.57±0.88 0.982 1

rh-cem -0.63±0.54 0.976 1 3.98±0.92 0.955 0.113

rh-cl -0.21±0.37 0.987 1 0.82±0.35 0.979 1

rh-cm 0.29±3.11 0.914 1 3.39±3.39 0.888 1

rh-ld -1.25±0.50 0.981 1 -0.01±0.31 0.983 1

rh-lgn -12.21±3.15 0.917 0.411 -0.07±2.97 0.934 1

rh-lp -4.70±1.09 0.985 0.186 -1.33±1.33 0.961 1

rh-l-sg 5.75±0.92 0.55 0.006 1.60±0.67 0.833 1

rh-mdl -7.92±2.86 0.908 1 1.71±2.91 0.888 1

rh-mdm -21.50±7.37 0.93 1 11.78±7.31 0.911 1

rh-mgn 18.85±2.41 0.258 <0.001 4.50±1.41 0.856 1

rh-mv(re) 0.33±0.24 0.953 1 2.25±0.44 0.909 0.02

rh-pc -0.26±0.05 0.938 0.066 0.15±0.04 0.963 0.225

rh-pf 3.72±0.94 0.891 0.334 2.65±0.49 0.969 0.012

Table S2 (continued)
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Table S2 (continued)

Region

3 T 7 T

Estimate±standard 
error (mm3)

ICC p.adj
Estimate±standard 

error (mm3)
ICC p.adj

rh-pt -0.14±0.07 0.958 1 0.08±0.10 0.926 1

rh-pua -1.88±3.02 0.92 1 0.52±2.18 0.941 1

rh-pui -22.85±3.80 0.957 0.009 -10.24±3.00 0.908 0.764

rh-pul 5.24±3.24 0.949 1 6.12±3.91 0.913 1

rh-pum -72.54±11.31 0.963 0.005 -17.45±10.94 0.906 1

rh-va -17.96±3.36 0.943 0.028 14.72±3.15 0.949 0.055

rh-vamc -1.99±0.35 0.925 0.015 1.10±0.28 0.955 0.236

rh-vla -29.01±5.32 0.955 0.024 6.29±6.48 0.925 1

rh-vlp -30.64±7.19 0.96 0.198 6.92±9.86 0.916 1

rh-vm -2.22±0.53 0.812 0.219 -0.32±0.43 0.854 1

rh-vpl -44.97±13.27 0.886 1 -11.94±14.19 0.822 1

rh-whole_thalamus -242.95±54.23 0.956 0.133 29.81±64.67 0.899 1

ICC, intraclass correlation coefficient; ASEG, Automatic Segmentation; DKT, Desikan-Killiany-Tourville Atlas; lh, left hemisphere; rh, right hemipshere; DC, 
Diencephalon.
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Table S3 Mean volume±standard deviation (mm3) of the results of the FreeSurfer script “HippocampalSubfieldsAndNucleiOfAmygdala” on 3 T 
and 7 T of patients with non-lesional epilepsy

Brain region

FreeSurfer FastSurfer

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

Lateral-nucleus (lh) 725±71 732±81 619±55 644±58 715±71 723±85 544±75 536±85

Basal-nucleus (lh) 506±47 499±53 458±55 441±47 509±46 503±58 370±59 356±61

Accessory-Basal-nucleus (lh) 308±32 292±33 254±32 252±31 325±30 302±35 222±40 206±39

Anterior-amygdaloid-area-
AAA (lh)

61±7 61±8 54±8 55±8 62±6 62±8 43±9 45±9

Central-nucleus (lh) 57±9 65±11 35±5 43±7 64±10 70±12 34±7 38±7

Medial-nucleus (lh) 29±6 28±7 17±5 16±3 36±6 32±6 13±4 13±2

Cortical-nucleus (lh) 30±4 28±5 22±4 23±4 34±4 31±5 17±5 16±4

Corticoamygdaloid-transitio 
(lh)

202±21 187±20 206±24 202±24 209±21 196±21 183±30 175±27

Paralaminar-nucleus (lh) 57±6 60±6 57±7 53±6 55±5 59±6 43±7 43±7

Whole_amygdala (lh) 1975±180 1951±205 1722±168 1729±168 2009±179 1978±214 1470±221 1429±224

Lateral-nucleus (rh) 730±90 714±85 655±60 652±67 724±87 699±86 619±95 596±88

Basal-nucleus (rh) 500±69 481±65 449±51 427±50 501±66 480±67 430±73 388±68

Accessory-Basal-nucleus (rh) 304±38 286±36 260±25 247±32 314±40 290±38 277±46 238±38

Anterior-amygdaloid-area-
AAA (rh)

61±8 59±7 58±6 57±5 62±8 60±8 59±11 54±12

Central-nucleus (rh) 56±9 62±7 41±5 46±5 63±10 68±9 45±5 46±7

Medial-nucleus (rh) 29±5 29±4 19±3 19±2 34±5 34±4 24±6 23±5

Cortical-nucleus (rh) 30±4 30±5 22±2 23±3 33±4 32±5 25±4 23±4

Corticoamygdaloid-transitio 
(rh)

203±26 187±23 195±25 195±26 207±27 191±25 211±34 196±30

Paralaminar-nucleus (rh) 55±9 57±9 54±9 53±7 54±7 56±8 47±8 47±8

Whole_amygdala (rh) 1970±239 1906±225 1753±162 1719±190 1993±239 1910±235 1737±257 1610±239

Hippocampal_tail (lh) 565±50 523±48 546±79 513±82 598±56 545±56 549±81 500±98

subiculum-body (lh) 245±21 264±20 226±24 226±24 252±20 269±22 238±26 217±30

CA1-body (lh) 131±26 138±24 131±33 146±40 135±25 144±24 141±40 136±43

subiculum-head (lh) 204±26 208±30 191±32 183±42 194±21 202±28 198±35 170±34

hippocampal-fissure (lh) 168±28 132±26 197±31 174±33 165±29 133±25 218±38 149±39

presubiculum-head (lh) 154±18 137±14 142±25 124±31 145±16 135±13 144±28 113±22

CA1-head (lh) 564±79 637±84 522±88 537±76 557±71 630±80 566±129 505±98

presubiculum-body (lh) 179±26 171±23 164±35 151±28 181±28 173±25 173±32 145±26

Table S3 (continued)
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Table S3 (continued)

Brain region

FreeSurfer FastSurfer

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

parasubiculum (lh) 78±10 75±13 78±14 72±11 76±9 77±9 71±15 64±12

molecular_layer_HP-head (lh) 358±47 221±36 330±49 322±54 353±42 223±34 161±24 309±62

molecular_layer_HP-body (lh) 233±28 166±34 218±25 237±67 241±28 173±35 117±16 201±36

GC-ML-DG-head (lh) 168±27 190±30 149±26 145±22 170±26 190±30 164±40 132±30

CA3-body (lh) 90±19 87±24 78±14 88±21 98±21 91±25 70±21 74±18

GC-ML-DG-body (lh) 137±15 141±21 124±14 118±15 141±14 147±22 122±18 110±17

CA4-head (lh) 139±23 152±26 122±22 117±17 141±23 151±25 137±34 105±24

CA4-body (lh) 122±12 124±10 108±12 105±13 126±13 128±10 108±16 96±13

fimbria (lh) 85±20 89±20 110±21 104±20 82±19 89±20 93±15 107±21

CA3-head (lh) 135±27 150±30 117±21 118±21 139±27 151±31 117±29 105±30

HATA (lh) 68±11 63±12 60±9 60±11 69±11 66±13 58±14 52±10

Whole_hippocampal_body (lh) 1221±121 1179±106 1158±125 1175±168 1257±116 1213±111 1062±145 1087±164

Whole_hippocampal_head (lh) 1868±244 1835±238 1711±255 1678±239 1844±224 1825±229 1615±315 1554±295

Whole_hippocampus (lh) 3655±401 3537±377 3416±427 3366±435 3699±385 3583±383 3226±520 3142±521

Hippocampal_tail (rh) 591±58 524±50 508±71 464±98 599±64 531±55 534±83 453±82

subiculum-body (rh) 239±22 252±20 202±19 200±27 249±26 256±22 232±29 204±32

CA1-body (rh) 139±26 145±25 113±21 112±28 144±28 151±26 142±33 122±24

subiculum-head (rh) 180±22 191±24 184±27 175±26 174±21 188±22 192±38 163±34

hippocampal-fissure (rh) 152±30 129±23 151±17 144±17 152±31 129±23 202±37 157±43

presubiculum-head (rh) 136±14 126±15 130±19 123±24 131±14 126±16 144±33 120±27

CA1-head (rh) 546±70 615±80 502±67 526±59 544±69 616±81 553±92 511±84

presubiculum-body (rh) 155±15 150±15 122±17 133±27 158±16 152±16 136±21 123±18

parasubiculum (rh) 71±8 67±13 65±11 63±17 69±7 67±11 68±16 64±14

molecular_layer_HP-head (rh) 340±37 208±23 316±35 349±38 338±38 210±21 143±18 367±48

molecular_layer_HP-body (rh) 232±32 167±38 194±24 188±34 243±38 178±40 120±24 167±23

GC-ML-DG-head (rh) 167±21 189±27 139±16 138±20 168±22 191±28 166±33 139±27

CA3-body (rh) 100±18 104±19 77±13 78±11 113±25 109±22 87±24 80±18

GC-ML-DG-body (rh) 137±14 136±11 115±13 107±17 145±19 140±12 132±25 99±14

CA4-head (rh) 137±16 151±20 114±12 111±14 139±17 152±21 140±28 113±21

CA4-body (rh) 122±13 124±11 104±11 95±13 131±19 129±14 120±24 92±14

fimbria (rh) 76±17 80±20 104±16 92±15 71±15 74±18 93±11 102±18

Table S3 (continued)
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Table S3 (continued)

Brain region

FreeSurfer FastSurfer

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

3 T with T1-
weighted 

data

3 T with T1-
and T2-

weighted 
data

7 T with T1-
weighted 

data

7 T with T1-
and T2-

weighted 
data

CA3-head (rh) 141±22 160±27 109±14 123±20 142±23 159±27 126±25 125±26

HATA (rh) 68±11 62±13 59±8 61±13 67±12 63±13 65±14 59±15

Whole_hippocampal_body 
(rh)

1201±123 1157±112 1032±113 1005±119 1255±155 1189±124 1062±157 989±119

Whole_hippocampal_head 
(rh)

1787±201 1770±213 1619±186 1668±164 1772±204 1771±214 1597±269 1661±268

Whole_hippocampus (rh) 3579±355 3451±351 3158±343 3138±344 3626±396 3491±369 3193±496 3103±450
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Table S4 Results (P) of Tukey’s Test for the four FreeSurfer segmentations

Segmented region

3 T T1-weighted 
vs. 3 T T1-

weighted+T2-
weighted

3 T T1-
weighted vs. 7 
T T1-weighted

3 T T1-weighted 
vs. 7 T T1-

weighted+T2-
weighted

3 T T1-
weighted+T2-

weighted vs. 7 T 
T1-weighted

3 T T1-weighted+T2-
weighted vs. 7 T 
T1-weighted+T2-

weighted

7 T T1-weighted 
vs. 7 T T1-

weighted+T2-
weighted

Left hemisphere: whole_
hippocampus

0.978 0.994 0.952 0.999 0.999 0.993

fimbria 0.997 0.035 0.504 0.057 0.633 0.488

CA-1-head 0.305 0.909 0.984 0.087 0.164 0.99

CA-1-body 0.963 0.999 0.619 0.985 0.882 0.7

GCMDLG-head 0.372 0.784 0.601 0.064 0.031 0.99

GCMDLG-body 0.961 0.909 0.655 0.656 0.362 0.96

CA3-head 0.666 0.761 0.835 0.163 0.212 0.999

CA-3-body 1.000 0.934 1.000 0.938 1.000 0.923

CA-4-head 0.643 0.73 0.425 0.136 0.046 0.958

CA-4-body 0.977 0.767 0.658 0.522 0.412 0.998

HATA 0.874 0.685 0.568 0.984 0.948 0.998

subiculum-head 0.996 0.982 0.976 0.933 0.919 1.000

subiculum-body 0.871 0.994 0.993 0.737 0.729 1.000

Right hemisphere: whole_
hippocampus

0.815 0.028 0.017 0.191 0.13 0.997

fimbria 0.942 0.001 0.155 0.005 0.398 0.222

CA-1-head 0.106 0.505 0.794 0.003 0.012 0.963

CA-1-body 0.964 0.069 0.065 0.022 0.021 1.000

GCMDLG-head 0.079 0.041 0.027 <0.001 <0.001 0.998

GCMDLG-body 0.957 0.003 <0.001 0.012 <0.001 0.618

CA3-head 0.421 0.012 0.125 0.000 0.003 0.75

CA-3-body 0.969 0.008 0.005 0.002 0.001 0.998

CA-4-head 0.235 0.017 0.005 <0.001 <0.001 0.965

CA-4-body 1.000 0.004 <0.001 0.003 <0.001 0.505

HATA 0.638 0.181 0.345 0.816 0.959 0.981

subiculum-head 0.79 0.984 0.824 0.941 0.293 0.616

subiculum-body 0.751 <0.001 <0.001 <0.001 <0.001 1.000


