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nMyelon als 4. DIS-Topographie MAGNIMS 2016, 
McDonald 2017 & 2024/5

n2 (post-)myelitische Läsionen konstituieren 
DIS bei PPMS

nAssoziation mit der RM-Läsionslast mit
Behinderung

nRisiko von FN (> als FP) Detektionen (ähnlich 
wie ON-MRT?)

Bedeutung (post-)myelitischer
Läsionen bei MS-Diagnostik & VLK

0

Wa$jes MP et al. (in prepara3on)

0.1 mmol/kg BW Gadolinium (makrozyklisches Gadolinium), min. Delay 5min

Magne&sche Feldstärke: ≥ 1.5T
Örtliche Auflösung: 
2D: 3 mm Schichtdicke (kein gap), in-plane ≤ 1x1 mm
3D: ≅ isotrope Voxelgröße ≤ 1x1x1 mm 

# combination of at least two of these sequences
STIR= short tau inversion recovery, T2= T2-
weighted,  PD=Proton density, Gad=Gadolinium, 
BW=body weight, T=Tesla 

MS-sMRT für McDonald 2024/5
Sagi$al  STIR# T2# PD# T1 Gad*             axial T2

Bleibt das Myelon neuroradiologisch
bei der MS eine Terra incognita?
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Das Myelon bei MS – eine 
neuroradiologische Terra incognita ?

Probleme des Myelon-MRTs

nDifferentialdiagnosen

nAuflösung – Größe der Läsionen, 

Unterscheidung von Artefakten

nDauer der Untersuchung, optimale 

Feldstärke, 2D vs. 3D

nKrümmung der WS / des Myelons

Myelitische MS ?

DD myelitische MS: NMO-SDs Myelitische MS ?
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DD myelitische MS: Sjögren
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Anti-SS related Antigen AK: Ro/SSA (anti-Ro52/60), La/SSB

MAGNIMS(-CMSC-NAIMS) 2021: Myelon

The Lancet Neurology DOI: (10.1016/S1474-4422(21)00095-8) 

Myelon-MRT: Welche T2?

T2-TSE                              T2-TIRM                                     T2-TSE

Myelon-MRT:                                             
Wie schlecht kann es werden?

T2-TIRM                                 T2-TSE                                  SWI
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Myelon – Terra incognita und das
radiologisch-klinische Paradox (+ vice versa) Ist 3D-Myelon-MRT die Lösung ?

Beispiel: DeepResolveBoost (außen DL Recon)
Was ist real?

Maschinelles Lernen / Künstliche 
„Intelligenz“ am MRT-Scanner Krümmung des WS / des Myelons:

Lordose, Kyphose und Koregistrierung

Bartsch AJ & Illigen T, MAGNETOM Flash (80) 1/2022
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Krümmung des WS / des Myelons:
Lordose, Kyphose und Koregistrierung

Valošek & Cohen-Adad, Magn Reson Med Sci 2024 doi:10.2463/mrms.rev.2023-0159 : Spinal Cord Toolbox (SCT) 

Quantitative MRI can also reveal spinal cord
microstructure6 using techniques such as diffusion MRI
(sensitive to axon density/organization and myelin content)
and magnetization transfer imaging (sensitive to myelin con-
tent). Both diffusion MRI and magnetization transfer ima-
ging showed associations with clinical status in multiple
sclerosis,2,12,13 traumatic and non-traumatic spinal cord
injury,4,14 stroke,15 amyotrophic lateral sclerosis,3,16,17 and
Friedreich’s ataxia.18

While this review focuses on morphometric and structural
quantitative MRI, other quantitative techniques exist to
probe neurochemical compounds with MR spectroscopy19,20

and to probe neuronal activity with functional MRI.21,22

Standardized Acquisition Protocol
Spinal cord MRI acquisition is challenging because of (i) its
small cross-sectional size (about 1 cm), (ii) the presence of
motion artifacts caused by the cardiac and respiratory cycle,
and (iii) the existence of susceptibility artifacts. This,
together with variability in MRI scanner settings and
sequence parameters, poses major technological and metho-
dological issues for reproducible spinal cord research.

In 2021, a standardized spine-generic protocol for spinal
cord MRI was released.7 The protocol provides detailed
standard operating procedure instructions as well as easily
downloadable and importable MRI sequences for both struc-
tural (T1w, T2w, T2*w) and microstructure MRI (magneti-
zation transfer and diffusion MRI), as illustrated in Fig. 1.
The protocol is available for 3T MRI scanners (Siemens,
Philips, and GE).

The protocol was validated on a single subject scanned
across 19 sites and on multiple subjects (N = 260, 42 sites).
The validation demonstrated an average inter-site variation of
less than 5%, proving the protocol’s suitability for multi-
center studies.23 Note that the spine-generic project is still
open to data submissions from new sites; hence, the dataset
at release r20231212 includes more subjects than the first

release of the dataset r20200826. For more details, see
https://github.com/spine-generic/data-multi-subject/releases.
More recently, Boudreau et al. applied the protocol for long-
itudinal measurements of 6 participants over 3 years with up to
ten sessions per participant.24 The study reported intra-subject
coefficient of variations of 4.5% and 2.3% for T1w and T2w
cross-sectional areas, and 3.9% to 9.5% for quantitative MRI
metrics. The spine-generic protocol has been adopted in recent
multi-center studies involving patients with multiple
sclerosis,25,26 traumatic spinal cord injury,27 degenerative cer-
vical myelopathy,28 and Friedreich’s ataxia.29

If needed, additional scans can be added to the protocol,
for example, MP2RAGE, PSIR, or STIR sequences for the
identification of multiple sclerosis lesions,2,25 MR spectro-
scopy to assess neurochemical tissue profile in degenera-
tive cervical myelopathy or Friedreich’s ataxia,29,30 and
functional MRI scans to study spinal cord functional
networks.21,31 Likewise, multishell diffusion MRI can be
used if needed. Multishell diffusion MRI provides higher
diffusion weighting and thus allows estimation of
advanced diffusion models beyond diffusion tensor ima-
ging, as was shown in the spinal cord.32–34

The standardization of MRI acquisition protocols has
been helpful for non-experts and clinicians to quickly get
started with quantitative MRI of the spinal cord, saving time
and money in pilot scans. The spine-generic protocol has
also been useful in designing image analysis pipelines that
perform well on a known set of image sequences and para-
meters, ensuring more robust automatic pipelines.

Open-Access Datasets
The availability of open-access (i.e., publicly available) data-
sets is important for addressing scientific questions and for
the development and validation of new processing tools. In
contrast to the brain, the amount of open-access spinal cord
MRI data is much lower. This section lists a few examples of
open-access datasets of spinal cord MRI.

Fig. 1 Structural and microstructure quantitative MRI sequences included in the spine-generic protocol with their possible applications (in
red). Adapted from Cohen-Adad et al., 20217. Details of the spine-generic protocol are accessible for each MRI manufacturer/model (with
downloadable files) at this address: https://github.com/spine-generic/protocols. ME-GRE, multi-echo gradient-recalled echo; WM, white
matter.

J. Valošek et al.
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Segmentation
Segmentation of MRI images is a useful task in clinical
neuroimaging, as it allows for accurate and quantitative ana-
lysis, enabling early detection, monitoring, and treatment of
spinal cord pathologies such as multiple sclerosis, spinal cord
injury, or spinal tumors. Several new segmentation algorithms
have been added to SCT in the last years, including sct_deep-
seg_sc for spinal cord segmentation,56 sct_deepseg_gm for
gray matter segmentation,57 and sct_deepseg_lesion for multi-
ple sclerosis lesion segmentation.56 These techniques take
advantage of progress in the field of artificial intelligence
and deep learning and outperform previous methods such as
sct_propseg based on deformable model propagation58 or
atlas-based sct_segment_graymatter.59

SCT also supports running custom segmentation models,
which can be trained using deep learning frameworks speci-
fically designed for medical image analysis, such as
ivadomed.60 SCT v6.0 includes models for intramedullary
spinal cord tumor segmentation,61 gray and white matter
segmentation on 7T scans,62 spinal cord and gray matter
segmentation of mouse MRI scans,63 and multiple sclerosis
lesion segmentation on MP2RAGE scans.64

Current research is focused on the development of addi-
tional segmentation tools, such as contrast-agnostic spinal
cord segmentation,65 spinal cord segmentation in pediatric
populations,42 segmentation of multiple sclerosis lesions
across hospitals using continual learning,66 multi-site seg-
mentation of spinal cord injury lesions,67 segmentation of
spinal nerve rootlets,68 and deep learning-based interverteb-
ral disc labeling.35

Template and atlases
SCT includes the PAM50 template,54 covering the full spinal
cord from C1 to L2 vertebral levels. Serving as a common
reference anatomical space, the PAM50 template, together with
the white and gray matter atlas,55 is frequently employed in
multi-subject analyses. Note that the PAM50 spinal cord tem-
plate is aligned with the ICBM-152 “MNI” brain template,69

allowing researchers to perform simultaneous brain and spinal
cord studies within the same referential system.70–73 The white
and gray matter spinal cord atlas was used for tract-specific
analysis in amyotrophic lateral sclerosis,17 degenerative cervi-
cal myelopathy,34 traumatic spinal cord injury,74 Friedreich’s
Ataxia,18 and pediatric population.75 Other studies used the

Fig. 3 Overview of a template-based analysis using SCT. Firstly, structural data (e.g., T1w or T2w scan at 1 mm isotropic resolution or
similar) is registered to the template (blue arrows). Additional quantitative MRI data acquired during the same scan session (e.g.,
magnetization transfer, diffusion MRI, functional MRI) are registered to the structural data, and then template objects are warped to the
quantitative data (green arrows). To improve the accuracy of template registration, it is possible to add a step where gray matter is
segmented (manually or automatically) and then warped to the gray matter template in order to update the warping fields (purple arrows).
Subsequently, those quantitative MRI metrics can be quantified within specific white matter tracts using the white matter atlas (red arrow).
Cord and gray matter cross-sectional area can also be computed across vertebral levels. Adapted from Cohen-Adad et al., 20186. SCT,
Spinal Cord Toolbox.

J. Valošek et al.
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Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

MAGNETOM Cima.X (3T)

3D Reconstruktion:
Curved Planar Reconstruction

t2 space stir / t2 space stir CPR

CPR kann Skoliose ausgleichen

Krümmung des WS / des Myelons:
Skoliose

MAGNETOM Cima.X (3T)

3D Reconstruktion:
Curved Planar Reconstruction

pd tse sag  / pd tse sag CPR

CPR kann Skoliose ausgleichen –
auch in 2D-Scans!

Cave: CSF in PD hier signalreich

Krümmung des WS / des Myelons:
Skoliose

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

MAGNETOM Sola (1.5T)

♀ 50a MS

pd tse sag / pd tse fs sag
Res.: 0.5 x 0.45 x 2mm³
25 slices, DF: 0%,
FoV: 300x200mm², PhEnc: HF
TA: 3:48 min / 4:44min

Deep Resolve Sharp & Boost

auch hier signalreicher Liquor

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

MRT des Myelons:                                   
1.5 vs. 3T / 2D vs. 3D / mit vs. ohne FS ?
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♂ 45a MS 
Singulärer postmyeli5scher
Herd BWK9/10

t1 MPRAGE / t2 s5r / pd tse
MP2RAGE with 3 different 
windowing parameters

Gemessene Läsionsgröße
abhängig von Fensterung!

Läsionsgröße – Was ist real?

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

MAGNETOM Cima.X Fit (3T)

♂ 54a MS,
mul:ple Läsionen

pd tse sag 2 mm
Compsed images (2 steps)
Deep Resolve Sharp & Gain

25 slices, PhEnc HF
Composed FoV: 496 x 268 mm²
TR: 3800 ms, TE: 9 ms
Res. 0.46 x 0.46 x 2 mm³

TA: 2:54 min (x2)

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

Meßzeiten: 2D (noch) Routinestandard

MAGNETOM Cima.X Fit (3T)

♂ 54a MS,
multiple Läsionen

pd tse tra 3 mm
Combined images (2 steps)
Deep Resolve Sharp & Gain

120 slices, PhEnc AP
FoV: 111 x 160 mm²
TR: 5000 ms, TE: 10 ms
Res. 0.33 x 0.33 x 3 mm³

TA: 4:10 min (x2)

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

Meßzeiten: 2D (noch) Routinestandard

MAGNETOM Cima.X Fit (3T)

♂ 54a MS,

mul:ple Läsionen

3D MP2RAGE: T1-Map

Compsed images (2 steps)

Filter Smooth

128 slices, PhEnc AP, non-sel. Exc.

Composed FoV: 200 x 495 mm²

Res. 0.65 x 0.97 x 1 mm³

TA: 7:13 min (x2)

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

Meßzeiten: 2D (noch) Routinestandard
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MAGNETOM Cima.X Fit (3T)

♂ 54a MS,
multiple Läsionen

3D MP2RAGE: T1-Map
Transversal MPR (2 mm)

128 slices, PhEnc AP, non-sel. Exc.
Composed FoV: 200 x 495 mm²

TA: 7:13 min (x2)

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

Meßzeiten: 2D (noch) Routinestandard

Thomas Illigen | SHS EMEA CWE DI MR

MAGNETOM Cima.X (3T)

♂ 54a MS,
multiple Läsionen

3D MP2RAGE: T1 Map (Grayscale)

128 slices, non-sel. Excitation
FoV: 199x265mm², PhEnc: AP
TA: 7:13 min

3D Reconstruction View:
axial, koronar, sagittal und
koronar 1mm thinMIP

Courtesy of Thomas Illigen | SHS EMEA CWE DI MR

Meßzeiten: 2D (noch) Routinestandard

Danke für Ihre Zeit und 
Aufmerksamkeit!


