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Motion in MRI
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Rigid body motion correction
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Image #1 Image #2 Image #3 Image #n-1 Image #n

3dvolreg -verbose \ -zpad 1 \ -base 
pb01.sub01.r01.tshift+orig'[0]' \ -1Dfile 
dfile.sub01.r01.1D \ -prefix 
pb02.sub01.r01.volreg \ -cubic \ 
pb01.sub01.r01.tshift+orig



Sources of Motion
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Craniotomy @  Northwestern Medicine
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Sources of Motion
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• Lymphatic draining system of the brain tissue, so  
called glymphatic system

• Arterial pulsations propulse water through aquaporin
channels

• An intercellular “glymphatic” pathway clears cell 
waste from the brain and may reveal new targets for 
treating neurodegenerative diseases.

Garbage truck of the brain.Nedergaard M Science. 2013



Non-linear registration



Non-linear registration



Image registration ( T2* fMRI images)

Magnitude = 𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2 𝜃 = arccos
𝑑𝑧

𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2



Breath Holding tasks
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• Respiration volume changes during two task scans



Trial Related Averaging MAP
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Task related displacement at physiological compartments
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Task related displacement applied on T1 Anatomical x50 



Resting state – Warp field displacements



Breathing– Warp field displacements



Brain Stiffness, MR-Elastography

bSSFP -Insights from 3D q-aMRI



• Non-linear warping every 100ms

Ultra fast fMRI TR=100ms at Resting state



Combining External measures
Blood Pressure Monitor (Caretaker) NIRS finger probe (Artinis) EMG monitor



Peripheral Measures

Vascular tone

Muscle tone

Blood Volume

Blood Pressure

Blood Pressure Monitor (Caretaker)

NIRS finger probe (Artinis)

EMG monitor



External stimulation 93M protocol
Light Stimulation Pressure Cuff

Vagal nerve stimulator(tVNS)

Obst et al., 2021



Thanks to colleagues…

StephanieTyler

Peter Javier Catherine

Dan

Any 
questions ?

Sharif
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