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Role of neuroimaging for peripheral
vestibular disorders



Non-invasive neuroimaging

diagnostics for neuro-otology



Overview

• Background & Research Question

• The inner ear pipeline (flow chart)

• Geodesic template building process

• Lessons from our ocular morphometrics pipeline

• Results - Template / Laterality / Gender

• Results - Aging of inner ear structures

• Results - Aging of the VIII. cranial nerve

• Results - Aging of central vestibular presentations

• Summary

• Outlook
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Template building

https://github.com/ANTsX/ANTs

Intial template: Mean images

Linear rigid registration

Non-linear registration(1st iteration) Non-linear registration (3rd iteration) Final template (1 mm)Upsampled template (0.2 mm)



Template-building for the

human inner ear

Ahmadi et al. Scientific Reports 2021



Template-building for the

human inner ear

Ahmadi et al. Scientific Reports 2021
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Laterality – lessons from
ocular morphometrics
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Laterality effects

Sex differences ?



Total intracranial volume (aka head size)

Ahmadi et al. Scientific Reports 2021
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Study Design

• 88 healthy subjects (71 LMU, 17 Antwerp) 2019-2022

• 20-80 years old, gender-balanced

• Siemens Prisma 3T with 64ch head&neck coil (LMU), 

32ch head coil (Antwerp)

T2-SPACE > CISS



Study Design

0

2

4

6

8

10

12

14

16

18

20-29 Jahre 30-39 Jahre 40-49 Jahre 50-59 Jahre 60-69 Jahre 70-80 Jahre

A
n
z
a
h

l (
n
)

Alter

männlich weiblich



Results – Aging effects on signal quality

Significant correlation of age with 

signal-to-noise ratio and entropy-

focused-criterion over sequences. 

Most likely the consequence of 

increased head motion.



Results – Coil effects on signal quality



Results – Replication of TIV as confounder



Results – No effect of age
on inner ear volumetrics



Results – Aging VIII. cranial nerve



Cortical vestibular representations 

decline in volume with age. This 

aligns with the cerebral grey matter 

reduction.

Results - Aging effects on central
vestibular representations

Raiser T. et al. NeuroImage 2020



Results - Aging effects on central
vestibular representations

If you control for general grey 

matter volume loss with age 

then cerebellar regions (A-F = 

central vestibular ROIs of the 

left hemisphere, K = nodule, L 

= uvula) actually increase in 

volume with age.
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Summary 

• Inner ear morphometrics show no effect for age

• Need to control for coil characteristics across sites

• The 8th cranial nerve lengthens with age but shows no

change in geometrics (tourtuosity/torsion) as the brainstem

seems to descends

• Cortical vestibular representations decrease in volume in

alignment with global grey matter reduction

• Cerebellar regions on the other hand seem to increase in

absolute and relative volume
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Outlook 

• Research going forward with one multi-modal human

inner ear template (T1/T2/CISS) for adults

• Characterization of soft tissue parameters (DWI

spectrum, MPM, Echo Mapping, CEST, QSM)

• Test applicability of 4D-Flow in inner ear imaging

• Tackle identification of peripheral vestibular disorders

2025
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Number and volume of white matter 
hyperintensities with age or BMI



DHI, VSS, GPAQ and Motion sickness
with age
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