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From Scans to Brain: MRI Basics and Safety Issues



Resources provided (subsequent deepening)
https://drive.google.com/drive/folders/1uSG6F7pJ6EFNODxoUtUSgzsfY_IHwd9q?usp=drive_link 

https://drive.google.com/drive/folders/1uSG6F7pJ6EFNODxoUtUSgzsfY_IHwd9q?usp=drive_link


Multimodal NeuroImaging

T1              EPI            FA               MD               EEG          MRS

GM volumes   GM surfaces       rsfcMRI       task-fMRI              Tractography      ERP, Phase

Simulation

Wörsching et al., NeuroImage 2017

Wörsching et al., Brain Stimulation 2018
Bulubas et al., Brain Stimulation 2019, 2022
Mizutani-Tiebel et al., NeuroImage Clinical 2022

Keeser et al., J Neuroscience 2011

Keeser et al., NeuroImage 2011
Palm*, Keeser* et al., Schizophrenia Bulletin 2016
Chang et al., NeuroImage 2024

ASL



Physics of MRI



MRI facility – arrival of the scanner 2019



2015

Roadmap NIMG Research at LMU:

• 2 x 3T scanners (2017)

• Animal MRI (2018)

• 7T scanner (2022)

2016

• Proposal for research scanner

submitted to DFG
• grant awarded by DFG/Bavarian

state (2,45 Mio. €) 

2017

• Sharing responsibilities LMU/KUM

• construction costs: 660,000€ 
KUM,

1 Mio. € LMU

2018/
2019

• 2018:Construction planning and

construction work
• end of 2019: scanner transferred

to KUM/LMU

2020

8/2020: Release of the 

NICUM research scanner 
Real start 1/2021

HISTORY

2024: 4th year of NICUM



MRI facility – rooms/location

https://www.en.nicum.uni-muenchen.de/ 

https://www.en.nicum.uni-muenchen.de/
https://www.en.nicum.uni-muenchen.de/
https://www.en.nicum.uni-muenchen.de/


Current Research Topics



MRI facility - Equipment

Head and body coils Simultaneous 
EEG/ECG/respiration

Video projector fMRI



Neuronavigated 
TMS inside MRI

Contrast agent 
pump

RF 
coil

TMS 
coil

MRI facility - Equipment

Eye Tracking

TMS



MR safety



MR safety – Informed consent



Neuroradiological short report



MR safety – dangers

Risk through magnetic fields:
• Static magnetic fields (metal objects pulled)
• Moving objects in static field (induction, heat)
• HF-fields, gradients (heat, induction, nerve stim)

MRI safety training
This lecture must be attended at least once a year (signature required).



MR artifacts



MR Sequences

~15 Min.



Volumetric pixels in NeuroImaging



Structural MRI

T1-weighted MRI volumes (Hippocampus segmentation, parcellation)

T1-weighted MRI surfaces (curvature, cortical thickness, parcellation)

DTI (MD, FA, primary directions, whole brain tractography, standardized DTI templates)



MDD meta-analysis using Neuroquery



Brouwer et al., Nature Neuroscience 2022

N=15640

GPR139, DACH1 und APOE

Genetic overlap
global genetic overlap with depression, 
schizophrenia, cognitive functioning, 
#insomnia, height, BMI, and smoking



Brain Age gap across organs

Tian et al., Nature Medicine 2023

Tian et al., JAMA Psychiatry 2023



European 

Radiology 2019

MRI-based Hepatic fat

• n=361 

(152 women, 199 men)

• ICV-corrected GM

  brain volume

R=-0.34, p<0.01

Corrected for:

• age

• sex

• hypertension

• smoking
• BMI

• LDL

• total cholesterol

• alcohol 



cross-sectional correlations 
between individual differences in 
functional/structural neuroimaging



Well-designed studies do not need a large N

Newbold et al., Neuron 2020

2



Overlap of structural brain patterns
(based on meta-analysis of 193 VBM studies)

Goodkind et al., JAMA Psychiatry 2015

Transdiagnostic network changes in psychiatric diseases

• 7381 patients, 8511 matched healthy subjects (HC)

• SCZ, BPD, MDD, ANX, OCD

• VBM: 14027 patients, 14504 HC 

(based on meta-analysis of 363 VBM studies)
• seed-based rsfcMRI: 8298 patients, 8165 HC 
(based on meta-analysis of 242 rsfcMRI studies)

• 8 psychiatric disorders

Sha et al., Biological Psychiatry 2018
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Roell et al., submitted

Structural MRI: Age - Brain Volumes - Cognition

Neuroimaging modalities

ASL: Age – Brain Perfusion – Cognition DTI: Age – Structural Connectivity – Cognition

rs-fMRI: Age – Functional Connectivity – Cognition

N=952
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https://www.biorxiv.org/content/10.1101/2024.03.18.585458v1



LH RH

Associsation of GM volume and 
antidepressive response

Bulubas et al., Brain Stimulation 2019

Brunoni et al., New England Journal of Medicine 2017 

ELECT trial

Pilot studies



Kong et al., PNAS 2018
J. Hill, Journal of Neuroscience, 2010

Seibt, Brain Stimulation, 2015

Anatomical variability+ 17141 subjects

 99 datasets worldwide



Mizutani-Tiebel, Takahashi et al., NeuroImage Clinical 2022

HC, n=25

MDD, n=25

SCZ, n=24
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• cross-over design, healthy subjects, 

gender-mixed sample, n=19, MRSDC0
• translational: study on major depressive 
patients and schizophrenic patients (MRSDC1)

Mezger et al., EAPCN 2020

Magnetic Resonance Spectroscopy – MRSDC0



Magnetic Resonance Spectroscopy – MRSDC1

Vural et al. in prep.

HC, N=38

MDD, N=24 (un-medicated)

SCZ, N=17

Total N=79



R                                                L

Magnetic Resonance Spectroscopy – MRSDC2

HC=19 HC=38

MDD=24

SCZ=17

HC=42

Glu Glx

Vural et al. under review



Online TBS-fMRI

TBS-fMRI
5

Mizutani-Tiebel et al., Frontiers in Psychiatry 2022
Chang et al., NeuroImage 2024
Chang et., Biological Psychiatry:CNNI 2024



Ongoing CDP research

Boudriot  et al., Biological Psychiatry 2024

          Moussiopoulou et al, under review
          Korman et al., in preparation
          Yakimov et al, under review
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Sushis adapted from Nora Maria Raschle

Group average 
of all sushis

Patients         healthy subjects

Even within group no two 
subjects are alike 

n=36           schizophrenia                  n=32

Takahashi et al., in preparation



(Individual) Brain parcellation

„Classical“ RSN atlas Glasser -Multimodal atlas1
Brainetome –
Multimodal atlas2

Fan et al., Cerebral Cortex 2016

rsfcMRI rsfcMRI
task-fMRI
Myelin maps (T1/T2)

rsfcMRI
task-fMRI
DTI

Glasser et al., Nature 2015Yeo et al., J Neurophysiol 2011

Dorsal frontal Cortex Atlas in Humans 
and Macaques

Sallet et al., J Neuroscience 2013

DTI defined
rsfcMRI

Wörsching et al., NeuroImage 2017
Wörsching et al., Brain Stimulation 2018
Bulubas et al., Brain Stimulation 2019
Mizutani et al., NeuroImage Clinical 2022
Chang et al., NeuroImage 2024

challenges



Dataflow in Brain Imaging

Poline et al. 2011



Neuromodulation And Multimodal NeuroImaging scripts

„one-button“ 
complete solution

T1

T2

rsfcMRI

DTI

Volumetric and surface results

SIMNIBS simulations
Reproducibility

Structural and functional connectome

EEG

future release

5



mMRI reduces variability outcome? CDP study as an example…

sMRI

CDP: Krcmar  et al., Frontiers in Psychiatry 2023

          Raabe*, Hasanaj*, Karsli* et al, in Präparation

mechanistic insights

&           &

EEG

rsfMRI/MRS (subsample)

HC, N=287

SCZ, N=272

rsEEG P300

bursts

iPSC



Munafo et al., Nature Human Behavior 2018

Poldrack & Gorgolewski, Nature Neuroscience 2014



NeuroImaging Core Unit Munich



https://www.en.nicum.uni-muenchen.de/
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