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The Future of Musculoskeletal MRI 
has Arrived
Musculoskeletal MRI stands at a remarkable inflection point, 
where AI, ultra-fast sequences, low-field reinvention, and 
7T explorations are converging to deliver a leap in imaging 
capabilities that was previously unimaginable.

Welcome to the first-ever International Skeletal Society 
(ISS) edition of MAGNETOM Flash, a special issue that 
brings together global experts to share advances that are 
reshaping musculoskeletal imaging. From accelerated  
protocols to super-resolution AI, the innovations captured 
here are opening new diagnostic frontiers.

MSK MRI is moving fast. Really fast. Whether it’s  
pushing the limits of acquisition speed, unlocking the  
power of ultra-high-field imaging, or harnessing AI  
to enhance both image quality and workflow, one thing  
is clear: The tools and techniques we use are evolving –  
and so are the questions we ask.

This special issue is your panoramic view of that  
evolution. It’s a curated journey through what’s new, 
what’s promising, and what’s possible.

We kick off with Vosshenrich and Fritz [1], who show 
us how “fast” doesn’t have to mean “compromise.” Their 
deep dive into the acceleration toolbox, which consists of 
Simultaneous Multi-Slice, Compressed Sensing, and deep 
learning, makes a strong case for smarter imaging that’s 
also quicker and more comfortable for patients.

What makes this speed possible? It’s not just software  
magic. Hardware advancements and how we leverage 
them matter greatly. The synergy of high-performance  
gradients, rapid RF pulses, and wide receiver bandwidths  
is reshaping the turbo spin-echo frontier. Echo-train  
compaction plays a pivotal role here, allowing for shorter 
echo spacing and longer echo trains. In turn, these enable  
greater acceleration utilizing a synergistic combination  
of parallel imaging (SENSE/GRAPPA) and simultaneous  
multislice acquisition (SMS) with multi-channel surface 
coils, allowing multiplicative acceleration benefits whilst 
maintaining image quality through the use of AI-based  
denoising (Deep Resolve). Whether at 0.55T, 1.5T, 3T,  
or 7T these innovations deliver scan times once thought  
to be unattainable, without sacrificing diagnostic value. 
Deep neural networks are now capable of reconstructing 
SMS2-PAT3, SMS3-PAT3, and even SMS3-PAT4 datasets,  
potentially accelerating scan protocols beyond a factor  
of 10. These AI-powered gains redefine our ceiling for 
what’s achievable in routine MSK MRI.

Feuerriegel and colleagues [2] continue the momen-
tum, documenting their validation of a diagnostically 
equivalent alternative to contrast-enhanced imaging  
for demonstrating knee joint synovitis: a deep-learning- 
accelerated fat-suppressed T1 FLAIR sequence1 that 

1 �The application is currently under development and not commercially available. It is for research use only. Not for clinical use. It is not for sale in the USA and 
its future availability cannot be ensured.
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demonstrates synovial thickening without gadolinium, in 
scan times under 2 minutes, with direct application in knee 
osteoarthritis research and in some clinical applications. 
Boudabbous and team [3] give us a sneak peek at what  
7T imaging could mean for MSK radiology, showing  
impressive improvements in image quality over lower field 
strengths whilst not yet demonstrating a clear use case in 
clinical musculoskeletal MR imaging.

Meanwhile, Hallinan and Makmur [4] selectively  
address a different kind of challenge: the reporting bottle-
neck. Their work on AI-based grading of lumbar central  
canal and foraminal stenosis documents its accuracy and 
ability to significantly reduce reporting times, particularly 
amongst general radiologists and trainees, whilst not yet 
providing a comprehensive AI tool for diagnostic assess-
ment of MRI lumbar spine. The lumbar spine AI applica-
tion1 is now available as a research prototype on syngo.via 
Frontier.

For sports imaging fans, Kassarjian [5] shares an  
update on hamstring imaging that’s both practical and  
precise, with a focus on the biceps femoris. His insights are 
grounded in experience and guided by anatomy, providing 
some important tips in reporting progress MR scans of 
hamstring injuries where guidance on re-tear risk is sought 
by the team managing the rehabilitation of the athlete. 

Sneag and colleagues [6] share their experience in opti-
mizing brachial plexus MR imaging on a 3T MAGNETOM 
Vida, documenting their high-resolution approach. They 
dispense with the traditional approach of bilateral imaging, 
moving instead to a dedicated multi-coil, unilateral  
approach, harnessing prospective respiratory gating to 
minimize respiratory artifact. The use of optimally angled 
oblique sagittal respiratory-gated 2D Dixon fat-suppressed 
T2 sequencing affords high signal-to-noise ratio, high  
in-plane spatial resolution, and anatomic imaging of the 
individual constituents of the brachial plexus, providing 
evaluation of individual nerve fascicle signal and morphol-
ogy. Constrained field of view volumetric SPACE STIR  
sequencing, optimally angled for unilateral plexus imaging 
provides higher through-plane spatial resolution imaging 
of the plexus, with specific modifications including: a 
C-shaped frequency offset corrected inversion (C-FOCI) 
pulse to provide more uniform fat suppression; a variable 
flip angle echo train tailored to B1 inhomogeneity; and a 
deep-learning-based 3D reconstruction algorithm1 tailored 
for CAIPIRINHA sampling, allowing reduction of slice  
thickness from 1 mm to 0.8 mm. Selective use of IV  
contrast to improve vascular suppression reduces venous 

contamination obscuration of small branch nerves of  
the plexus and allows oblique or curved multi-planar  
reconstructions along individual nerves of interest. The  
authors elegantly present the utility of this approach by 
demonstrating fibrous constrictions in the suprascapular 
nerve in a patient with Parsonage-Turner syndrome.

Quantitative imaging in routine clinical musculoskel
etal MRI has historically imposed significant acquisition  
and post processing time constraints, limiting its uptake in  
clinical practice. In their article, Tan, Lu, and Sneag present 
a compelling overview of GRAPPATINI1, a hybrid acceler
ation technique that integrates GRAPPA and MARTINI,  
offering the potential for fast, high-resolution T2 mapping 
in musculoskeletal and neuromuscular MRI. The authors 
detail its dual capacity to generate quantitative T2 maps 
alongside synthetic T2-weighted images within clinically 
feasible scan times, significantly enhancing both diagnos-
tic efficiency and image quality. Through case-based  
applications in foot drop, Parsonage-Turner syndrome,  
lumbar disc degeneration, and cartilage imaging, they 
demonstate GRAPPATINI provides strong agreement with 
conventional techniques while offering additional bio
marker quantification. These early clinical experiences  
underscore GRAPPATINI’s potential to streamline imaging 
workflows and enable more precise assessment of nerve 
and musculoskeletal pathology, paving the way for broader 
adoption in both research and routine practice.

And what about patients with metal implants?  
Breit et al. [7] remind us that lower is sometimes better. 
Their work at 0.55T reveals how low-field imaging can  
rise to the occasion when high-field scanners fall short  
in imaging patients with metal2 hardware.

Finally, Moran and Song [8, 9] describe the 3D bone 
imaging application of a sequence primarily designed  
for free-breathing body and pediatric imaging. The VIBE  
sequence has become a cornerstone of MR imaging of pars 
bone stress injuries, providing a CT-equivalent level of  
accuracy in demonstrating incomplete pars interarticularis 
stress fracture lines that would otherwise remain occult on 
conventional 2D spinal MR sequences. StarVIBE is a modi-
fied version of VIBE that uses radial sampling for in-plane 
imaging, and Cartesian sampling for through-plane imag-
ing. The center of k-space is sampled multiple times due  
to the radial trajectory, making StarVIBE relatively motion- 
insensitive and thus of potential utility in situations where 
motion degradation of image quality would otherwise  
render a routine VIBE sequence non-diagnostic.

2 �The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants 
brings specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously 
mentioned warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are 
the responsibility of the implant manufacturer, not of Siemens Healthineers.
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This issue of MAGNETOM Flash is a reflection of where 
musculoskeletal MRI is today – and, more importantly, 
where it is heading. It is appropriate that this edition is  
being published to coincide with the Annual Meeting of the 
International Skeletal Society – one of the leading interna-
tional societies in the musculoskeletal MR imaging space. 
Recognition should go to the authors, the reviewers, and 
the team at Siemens Healthineers who made it possible.

Whether you’re a radiologist, technologist, physicist, or 
engineer, I am sure you will find something in these pages 
that sparks your curiosity and propels your practice forward.

 
Sincerely,

Dr James Linklater, FRANZCR, OAM

University of Sydney
Castlereagh Imaging
Guest Editor
International Skeletal Society Special Edition
MAGNETOM Flash

References

1	 Vosshenrich J, Fritz J. Flash Forward: Deep Learning-Enhanced 
Musculoskeletal MRI at the Speed of Thought.  
MAGNETOM Flash. 2025;93(4). On page 7 of this edition.

2	 Feuerriegel GC, Goller SS, von Deuster C, Sutter R. Deep Learning-
Accelerated FLAIR Imaging: A Non-Contrast Alternative for Knee 
Synovitis Assessment.  
MAGNETOM Flash. 2025;93(4). On page 16 of this edition.

3	 Delattre B, Piredda GF, Klauser A, Mattera L, Garcia C, Martuzzi R,  
et al. Beyond Limits: Unveiling Clinical Precision in Knee Imaging 
with 7 Tesla MRI.  
MAGNETOM Flash. 2025;93(4). On page 24 of this edition.

4	 Hallinan J, Ooi BC, Tan JJH, Huwer S, Hakeen SS, Schmitt B, et al. 
From Concept to Deployment: A Deep Learning Model for Lumbar 
Spinal Stenosis at National University Hospital in Singapore. 
MAGNETOM Flash. 2025;93(4). On page 33 of this edition.

5	 Kassarjian A. Update on Imaging Hamstring Injuries with a Focus  
on the Biceps Femoris.  
MAGNETOM Flash. 2025;93(4). On page 40 of this edition.

6	 Lin Y, Tan ET, Cai X, Kollasch P, Stemmer A, Nickel MD, et al. 
Optimizing Brachial Plexus Magnetic Resonance Neurography at  
3 Tesla. MAGNETOM Flash. 2025;93(4). On page 46 of this edition.

7	 Breit HC, Vosshenrich J, Clauss M, Obmann MM, Bach M, Harder D, 
et al. Exploring the Potential of Low-Field Musculoskeletal MRI at 
0.55T: Preliminary Results in Patients with Large Metal Implants. 
MAGNETOM Flash. 2025;93(4). On page 59 of this edition.

8	 Song E. StarVIBE for Bone Imaging.  
MAGNETOM Flash. 2025;93(4). On page 64 of this edition.

9	 Moran E. Pictorial Essay: Clinical Application of StarVIBE  
for Bone Imaging.  
MAGNETOM Flash. 2025;93(4). On page 67 of this edition.

Antje Hellwich 
Editor-in-chief

We appreciate your comments.  
Please contact us at magnetomworld.team@siemens-healthineers.com

Review Board�

Corinna Berkel
Global Marketing Manager  
Musculoskeletal MRI

André Fischer, Ph.D.
Global Segment Manager Neurology

Daniel Fischer
Head of Clinical and  
Scientific Marketing

Christian Schuster, Ph.D.
Head of MR Application Product 
Management

Aurélien Stalder, Ph.D.
Head of Pediatric Applications

Gregor Thörmer, Ph.D.
Head of Oncological Applications

Kera Westphal, Ph.D. 
Global Head Collaboration 
Management MR 

Kathrin El Nemer, M.D. 
MR Medical Officer 

Wellesley Were 
MR Business Development 
Manager Australia and  
New Zealand

Editorial Board

Gregor Körzdörfer, Ph.D. 
Head of MSK Applications

Katie Grant, Ph.D. 
Vice President of MR
Malvern, PA, USA

6 magnetomworld.siemens-healthineers.com

MAGNETOM Flash (93) 4/2025Editorial



Flash Forward: Deep Learning-Enhanced  
Musculoskeletal MRI at the Speed of Thought
Jan Vosshenrich, M.D.1,2; Jan Fritz, M.D.1

1Department of Radiology, Grossman School of Medicine, New York University, New York, NY, USA
2Department of Radiology, University Hospital Basel, Switzerland

Musculoskeletal MRI represents the standard of care for the 
noninvasive diagnostic work-up and surveillance of a wide 
range of musculoskeletal conditions, offering unparalleled 
soft tissue contrast and anatomic detail. Over the past two 
decades, hardware and sequence design advancements 
have pushed the boundaries of image quality and diagnos-
tic accuracy. But it is only recently that musculoskeletal MRI 
has entered a new era. Advanced acceleration techniques 
and deep learning-based image reconstruction methods 
have enabled us to trim minutes off lengthy image acquisi-
tion times and have redefined what is possible, much  
like Barry Allen gaining superhuman speed and becoming 
The Flash. Deep learning-enhanced rapid musculoskeletal 
MRI transforms clinical practice by providing shorter scan 
times, enhanced patient comfort, and better image quality 
than would ever be achievable with conventional MRI, 
while maintaining the diagnostic performance of estab-
lished comprehensive imaging protocols. By exploring this 
evolving landscape and showcasing how these innovations 
can be gainfully applied in clinical practice, we aim to  
provide practical insights and spark excitement for this 
thrilling new chapter in musculoskeletal MRI.

Echo train compaction:  
The speed force of musculoskeletal MRI
In the race toward ultra-fast high-resolution musculo
skeletal MRI, even the most advanced acceleration strate-
gies rely on one critical foundation: a finely tuned pulse  
sequence. Just as The Flash channels the Speed Force  
to unlock his full potential, the performance of musculo-
skeletal MRI hinges on pulse sequence parameter opti
mization to maximize efficiency even before advanced  
acceleration techniques come into play. With meticulously 
designed pulse sequences, seemingly small time savings  
at the echo train level scale substantially through advanced 
acceleration techniques. Consider a modest 10-second 
gain from optimizing an echo train. Combined with a six-
fold acceleration method, this can translate into a blazing 
60-second reduction in acquisition time. Time savings  

further multiply with the number of acquired pulse  
sequences, for example, to five minutes for a five-sequence 
knee MRI protocol. Therefore, prepping and priming  
turbo spin-echo (TSE) pulse sequences like a speedster 
ready to sprint is key to realizing exponential speed gains.

Compact echo trains are crucial to optimizing TSE 
pulse sequences for peak performance. This involves  
configuring pulse-sequence parameters to fit the highest 
number of strong refocusing echoes into the shortest pos-
sible time window, minimizing image blur and maximizing 
signal. The shorter the echo spacing, the more echoes  
can be captured per unit of time. The three core elements 
enabling this compression are fast radiofrequency (RF) 
pulses, high-performance gradients, and high receiver 
bandwidth. Though not always mentioned in commonly 
cited pulse-sequence time equations, these factors are  
the hidden forces that drive image acceleration.

Modern clinical MRI systems allow the user to select 
fast RF pulses that occupy less time in the echo train,  
thereby shortening echo spacing and accelerating image 
acquisition. Though these rapid RF pulses do increase the 
specific absorption rate (SAR), they are key to unleashing 
the full potential of TSE pulse sequences. The “Perfor-
mance” gradient mode lets users access the strongest and 
fastest gradients to further expedite the completion of  
an echo train by minimizing temporal gaps between RF 
pulses. Although strong gradients can occasionally induce 
peripheral nerve stimulation, this is generally well toler
ated during musculoskeletal MRI. Finally, high receiver 
bandwidth also contributes to shorter echo spacing by 
minimizing individual echo length. While increased band-
width may lower the signal-to-noise ratio (SNR), it brings 
crucial benefits for musculoskeletal imaging, including  
reduced chemical shift artifacts and sharper anatomical  
detail. Also, signal losses are limited through earlier sam-
pling of stronger MR signals [1].

Combining fast RF pulses, high-performance gradients, 
and high receiver bandwidths shrinks echo spacing,  
shortens repetition times, and lengthens echo trains, 
thereby setting the stage for multiplicative time gains  
with advanced acceleration techniques.

7magnetomworld.siemens-healthineers.com

MAGNETOM Flash (93) 4/2025 Musculoskeletal Imaging



Deep learning-enhanced parallel imaging: 
Shattering the speed limit
Parallel imaging represents the most effective and widely 
adopted method to accelerate TSE pulse sequences in  
musculoskeletal MRI. By leveraging the spatial sensitivity 
profiles of multi-element receiver coils, parallel imaging 
enables undersampling of phase-encoding data, histori
cally the most time-intensive component of image acquisi-
tion. Time savings result from sampling only every second, 
third, or fourth line in k-space for twofold, threefold, or 
fourfold acceleration, respectively, while keeping the field 
of view, matrix size, and spatial resolution constant [2]. 
The relationship between the acceleration factor and  
acquisition time is direct: Omitting more phase-encoding 
steps reduces the scan duration proportionally. However,  
a predictable trade-off in SNR (proportional to the square 
root of the acceleration factor), as well as g-factor-related 
penalties (arising from coil geometry and spatial encoding 
limitations), have traditionally prevented the clinical use  
of acceleration factors higher than two to three for 2D TSE 
imaging, and four for 3D TSE imaging [2]. Faster accelera-
tion typically introduces inhomogeneous noise amplifica-
tion and aliasing artifacts, particularly when surpassing  
the effective number of available receive coil elements  
in the phase-encoding direction [3]. For example, a knee  
coil comprised of 18 individual coil elements may have  
the geometry of three longitudinal coil rings of six coil  
elements each, usually leading to uncorrectable aliasing 
artifacts when fourfold acceleration is applied across the 
three rings.

Recent developments in deep learning (DL)-based  
image reconstruction methods now allow us to overcome 
these longstanding limitations. Deep Resolve Boost en-
hances parallel imaging accelerated TSE pulse sequences 
and requires fewer sampled raw data to form diagnostic-
quality images. Image reconstruction combines a physical 
MRI model with neural network-based regularization,  
incorporating k-space data and coil sensitivity maps to 
adaptively address heterogeneous noise patterns and  
aliasing artifacts while ensuring data consistency. [4].  
The resulting ability of DL reconstruction methods to pro-
duce images from fourfold parallel imaging accelerated  
2D TSE datasets, rivaling or even outperforming conven-
tional image reconstruction from twofold accelerated  
data, is paradigm-shifting [5]. By mitigating SNR losses and  
correcting aliasing artifacts, these tools allow for greater 
acceleration flexibility without compromising diagnostic 
image quality, thereby redefining the speed and efficiency 
thresholds of modern musculoskeletal MRI [6]. Deep  
Resolve Boost for TSE imaging is clinically available at  
field strengths from 0.55T to 7T and offers unprecedented 
speed gains in musculoskeletal MRI while preserving image 
quality.

Deep learning-enhanced simultaneous 
multislice imaging: Breaking the slice barrier
Simultaneous multislice (SMS) is a key enabler of next-
generation ultra-fast musculoskeletal MRI. Combined  
with parallel imaging and elliptical k-space scanning, it 
substantially amplifies acceleration, laying the foundation 
for DL-driven MRI at unprecedented speeds [7].

In contrast to traditional sequential slice acquisition 
patterns of TSE pulse sequences, SMS simultaneously  
excites and captures MR signals from more than one slice. 
Like parallel imaging acceleration, SMS relies on deconvo-
lution algorithms such as CAIPIRINHA (Controlled Aliasing 
in Parallel Imaging Results in Higher Acceleration) to  
separate mixed MR signals for accurate reconstruction  
of slice-specific image data using coil sensitivity maps, 
field-of-view shifts, and gradient encoding [8, 9]. The SMS 
approach reduces the effective repetition time of a TSE 
pulse sequence, which can translate into both direct and 
indirect time savings. Direct benefits include reductions in 
repetition time, the obviation of concatenations, the ability 
to lengthen echo trains, and the simultaneous acquisition 
of in-phase and opposed-phase echoes for Dixon-based  
imaging. Indirect gains comprise time-neutral increases in 
slice coverage, reduced interslice gaps and slice thickness, 
and the incorporation of otherwise time-intensive fat  
suppression methods like SPAIR.

Perhaps most importantly, SMS synergizes particularly 
effectively with parallel imaging. While parallel imaging  
reduces scan time at the cost of both acceleration-factor-
proportional and g-factor-related SNR losses, SMS intro
duces only minor g-factor-dependent reductions in SNR. 
However, simultaneously imparted RF pulses to excite 
more than one slice at a time increase energy deposition 
and SAR. In peripheral joint MRI, concerns regarding SAR 
can be mitigated using local transmit coils, optimized RF 
pulse designs, and moderate flip angles between 125°  
and 150° [3].

When applied in concert, SMS and parallel imaging 
yield multiplicative acceleration benefits. For example, 
combining twofold SMS acquisition with twofold parallel 
imaging of TSE pulse sequences enables fourfold TSE accel-
eration. Even without integrating DL reconstruction meth-
ods, this has enabled clinical five-minute, five-sequence 
knee MRI protocols at 1.5T and 3T with unchanged diag-
nostic performance compared with conventional twofold 
parallel imaging acceleration since 2020 [10]. 

In contrast, standalone fourfold parallel imaging in the 
knee exceeds the capabilities of conventional image recon-
struction and leads to substantially degraded images with 
drastically reduced SNR and increased artifact burden [10]. 

The current development and future integration of 
end-to-end DL reconstruction methods for combined 
SMS-parallel imaging acceleration will further transform 
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the landscape. Extending DL-enhanced image reconstruc-
tion capabilities to simultaneously accelerated datasets, 
such as SMS2-PAT3, SMS3-PAT3, SMS2-PAT4, SMS3-PAT4, 
and SMS2-PAT6, may enable total acceleration factors  
exceeding 10, while preserving or enhancing image quality 

[11, 12]. The convergence of DL-enhanced SMS-parallel-
imaging-accelerated musculoskeletal MRI is a powerful 
framework to build on. Much like a speedster breaking  
the dimensional barrier, these technologies allow musculo-
skeletal MRI to transcend former limits.

1  � 3-Tesla knee MRI with echo-train-compacted turbo spin-echo pulse sequences using combined twofold simultaneous multislice and threefold 
parallel imaging acceleration with deep learning-based image reconstruction and superresolution augmentation. The MR images show a 
vertical longitudinal medial meniscus tear (arrows). 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 1-transmit-channel-18-receiver-channel knee coil. The MRI protocol  
is given in Table 1. PD = proton density weighting, PD FS = fat-suppressed proton density weighting, T2 FS = fat-suppressed T2 weighting.

Coronal PD FS (00:53 min)
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Sagittal T2 FS (00:57 min) Axial T2 FS (00:43 min)Sagittal PD (01:01 min)Coronal PD (01:00 min)

Parameter Ax T2 FS Cor PD Cor PD FS Sag T2 FS Sag PD

Gradient performance high high high high high

Radiofrequency speed fast fast fast fast fast

Repetition/echo time [ms] 3600 / 57 3700 / 24 3700 / 35 3700 / 56 3700 / 24

PI 3 3 3 3 3

SMS / FOV shift 2 / 2 2 / 2 2 / 2 2 / 2 2 / 2

Echo-train length 13 13 13 13 13

Bandwidth [Hz/pixel] 296 354 301 299 354

Echo spacing [ms] 7.1 8.0 7.1 8.0 8.0

FOV [mm] 140 × 140 140 × 140 140 × 140 140 × 140 140 × 140

Matrix 272 × 204 336 × 252 272 × 204 304 × 228 336 × 252

Slice thickness [mm] 3 3 3 3 3

Slices 38 36 36 38 38

Phase direction right-to-left head-to-foot head-to-foot head-to-foot head-to-foot

Flip angle [°] 125 125 125 125 125

Acquisition time [mm:ss] 00:43 01:00 00:53 00:57 01:01

Table 1: �NYU comprehensive rapid 3T sixfold SMS2-PAT3-accelerated knee MRI protocol. 
Ax = axial, Cor = coronal, Sag = sagittal, PD = proton density weighted, FS = fat suppression, PI = parallel imaging acceleration factor,  
SMS = simultaneous multi-slice acquisition acceleration factor, FOV = field of view
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Deep learning superresolution 
reconstruction: Precision at speed
Achieving higher spatial resolution in musculoskeletal  
MRI is essential for visualizing small anatomical details  
and detecting subtle pathology. However, the inherent 

trade-off between spatial resolution and SNR – defined  
by an inverse square-root relationship – posed a persistent 
challenge until recently. Higher-resolution acquisitions  
typically required longer scan times and came at the cost 
of reduced SNR, representing the well-known “no free 
lunch in MRI” theory. 

2  � 3-Tesla ankle MRI with echo-train-compacted turbo spin-echo pulse sequences using combined twofold simultaneous multislice and threefold 
parallel imaging acceleration with deep learning-based image reconstruction and superresolution augmentation. The MR images show 
sequela of a recent ankle sprain injury with tears of the deep fibers of the deltoid ligament complex (arrows) and the anterior talofibular 
ligament (arrowheads), as well as contusions of the medial talus and calcaneus without evidence of fracture. 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 16-receiver-channel ankle/foot coil. The MRI protocol is given in  
Table 2. PD = proton density weighting, PD FS = fat-suppressed proton density weighting, T2 FS = fat-suppressed T2 weighting.

Axial T2 FS (00:47 min)
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Sagittal PD FS (01:46 min) Coronal PD FS (00:35 min)Sagittal T1 (00:49 min)Axial PD (00:51 min)

Parameter Ax T2 FS Ax PD Sag PD FS Cor PD FS Sag T1

Gradient performance high high high high high

Radiofrequency speed low low normal low low

Repetition/echo time [ms] 4180 / 39 3800 / 19 5820 / 37 4000 / 39 400 / 8.9

PI 3 3 2 3 3

SMS / FOV shift 2 / 2 2 / 2 2 / 4 2 / 2 2 / 2

Echo-train length 14 14 16 14 4

Bandwidth [Hz/pixel] 305 354 304 305 347

Echo spacing [ms] 9.7 9.6 9.2 9.7 8.9

FOV [mm] 140 × 100 140 × 143 140 × 140 140 × 103 140 × 140

Matrix 304 × 228 336 × 252 336 × 252 304 × 228 272 × 204

Slice thickness [mm] 3 3 3 3 3

Slices 36 36 28 34 28

Phase direction right-to-left right-to-left anterior-to- 
posterior right-to-left anterior-to- 

posterior

Flip angle [°] 138 121 160 126 127

Acquisition time [mm:ss] 00:47 00:51 01:46 00:49 00:35

Table 2: �NYU comprehensive rapid 3T sixfold SMS2-PAT3-accelerated ankle MRI protocol. 
Ax = axial, Cor = coronal, Sag = sagittal, PD = proton density weighted, FS = fat suppression, PI = parallel imaging acceleration factor,  
SMS = simultaneous multi-slice acquisition acceleration factor, FOV = field of view
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The recent introduction of DL-based superresolution  
augmentation offers a transformative approach to breaking 
the interconnection of speed, image detail, and SNR.  
By computationally enhancing spatial resolution from  
lower-resolution acquisitions, these methods enable  
faster imaging without compromising diagnostic detail [11]. 

This allows MRI raw data to be acquired with lower  
matrix sizes in shorter acquisition windows while yielding 
high-resolution output image data. Alternatively, image  
detail can be improved beyond what is achievable with 
conventional techniques in the same scan time.

3  � 3-Tesla MRI of the midfoot with echo-train-compacted turbo spin-echo pulse sequences using combined twofold simultaneous multislice  
and twofold parallel imaging acceleration with deep learning-based image reconstruction and superresolution augmentation (*PD Dixon 
images were reconstructed with conventional methods because Deep Resolve Boost is not yet clinically available for Dixon-based fat-water 
separation). The MR images show high-grade tearing of the Lisfranc ligament (arrows) with surrounding soft tissue edema and adjacent 
osseous contusions (arrowhead). 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 16-receiver-channel ankle/foot coil. The MRI protocol is given in  
Table 3. PD = proton density weighting, PD FS = fat-suppressed proton density weighting, STIR = short tau inversion recovery.

Long Axis PD Dixon*  
(01:29 min)
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Sagittal STIR  
(00:58 min)

Short Axis T1  
(01:44 min)

Short Axis PD FS  
(01:32 min)

Sagittal T1  
(00:52 min)

Parameter Short axis PD FS Short axis T1 Sag STIR Sag T1 Long axis PD 
Dixon

Gradient performance high high high high high

Radiofrequency speed low low normal low normal

Repetition/echo time [ms] 6000 / 37 600 / 9.2 3030 / 33 600 / 8.6 3800 / 42

PI 2 2 2 2 2

SMS / FOV shift 2 / 4 2 / 4 2 / 4 2 / 4 2 / 2

Echo-train length 14 4 9 4 14

Bandwidth [Hz/pixel] 305 350 295 348 395

Echo spacing [ms] 9.2 9.2 8.3 8.6 10.4

FOV [mm] 120 × 109 120 × 108 200 × 138 200 × 141 200 × 144

Matrix 256 × 184 304 × 219 320 × 240 368 × 276 384 × 277

Slice thickness [mm] 3 3 3 3 3

Slices 54 54 34 32 30

Phase direction right-to-left right-to-left head-to-foot head-to-foot right-to-left

Flip angle [°] 117 115 125 123 150

Acquisition time [mm:ss] 01:32 01:44 00:58 00:52 01:29

Table 3: �NYU comprehensive rapid 3T fourfold SMS2-PAT2-accelerated forefoot/midfoot MRI protocol. 
Sag = sagittal, PD = proton density weighted, FS = fat suppression, STIR = short tau inversion recovery, PI = parallel imaging acceleration 
factor, SMS = simultaneous multi-slice acquisition acceleration factor, FOV = field of view
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Historically, interpolation methods such as zero-filling  
have been employed to estimate higher-resolution images, 
though these have shown limited effectiveness for muscu-
loskeletal MRI [1, 13]. Deep Resolve Sharp, in contrast,  
has been trained on large datasets of paired low- and high- 
resolution images across various sequences and contrast 

settings, and seemingly enhances the level of image detail 
and visualization of small structural abnormalities [4]. 
Deep Resolve Sharp can effectively double the matrix  
size in both in-plane directions for 2D acquisitions and can 
augment slice resolution by a factor of two for 3D datasets 
to enhance image resolution.

4  � 3-Tesla MRI of the elbow with echo-train-compacted turbo spin-echo pulse sequences using combined twofold simultaneous multislice and 
twofold parallel imaging acceleration with deep learning-based image reconstruction and superresolution augmentation. The MR images 
show a high-grade partial-thickness tear of the distal triceps tendon from the olecranon insertion (arrows) and associated moderate olecranon 
bursitis (arrowheads) with surrounding soft tissue edema. 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 1-transmit-channel-18-receiver-channel knee coil. The MRI protocol  
is given in Table 4. PD = proton density weighting, PD FS = fat-suppressed proton density weighting, T2 FS = fat-suppressed T2 weighting.

Coronal PD FS (01:30 min)
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Axial PD FS (01:22 min) Sagittal T2 FS (01:02 min)Axial PD (00:56 min)Coronal PD (01:11 min)

Parameter Ax PD Ax PD FS Cor PD FS Cor PD Sag T2 FS

Gradient performance high high high high high

Radiofrequency speed normal normal normal normal normal

Repetition/echo time [ms] 3800 / 28 3800 / 38 3800 / 38 3800 / 28 3800 / 46

PI 2 2 2 2 2

SMS / FOV shift 2 / 4 2 / 4 2 / 4 2 / 4 2 / 4

Echo-train length 15 11 11 15 15

Bandwidth [Hz/pixel] 281 294 299 286 299

Echo spacing [ms] 9.34 9.48 9.50 9.26 9.16

FOV [mm] 120 × 120 120 × 120 120 × 120 120 × 120 120 × 120

Matrix 336 × 252 288 × 216 288 × 216 336 × 252 288 × 216

Slice thickness [mm] 3 3 2.8 2.8 3

Slices 34 36 32 30 26

Phase direction right-to-left right-to-left head-to-foot head-to-foot head-to-foot

Flip angle [°] 123 125 125 125 125

Acquisition time [mm:ss] 00:56 01:22 01:30 01:11 01:02

Table 4: �NYU comprehensive rapid 3T fourfold SMS2-PAT2-accelerated elbow MRI protocol. 
Ax = axial, Cor = coronal, Sag = sagittal, PD = proton density weighted, FS = fat suppression, PI = parallel imaging acceleration factor,  
SMS = simultaneous multi-slice acquisition acceleration factor, FOV = field of view
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5  � 3-Tesla MRI of the fingers with echo-train-compacted turbo spin-echo pulse sequences using combined twofold simultaneous multislice and 
twofold parallel imaging acceleration with deep learning-based image reconstruction and superresolution augmentation. The MR images 
show a tear of the radial collateral ligament of the middle finger at the proximal insertion at the proximal phalanx (arrows). 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 16-receiver-channel hand/wrist coil. The MRI protocol is given in  
Table 5. T2 FS = fat-suppressed T2 weighting.

Coronal T2 FS (01:44 min)
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Axial T2 FS (01:44 min) Sagittal T2 FS (01:05 min)Axial T1 (00:59 min)Coronal T1 (00:36 min)

Parameter Ax T1 Sag T2 FS Ax T2 FS Cor T1 Cor T2 FS

Gradient performance high high high high high

Radiofrequency speed low low low low fast

Repetition/echo time [ms] 500 / 11 4000 / 43 4280 / 70 400 / 12 4500 / 65

PI 2 2 2 2 2

SMS / FOV shift 2 / 4 2 / 4 2 / 4 2 / 4 2 / 4

Echo-train length 3 16 11 3 11

Bandwidth [Hz/pixel] 363 301 289 289 284

Echo spacing [ms] 11.2 10.8 11.7 11.8 9.3

FOV [mm] 80 × 80 100 × 103 80 × 80 100 × 100 100 × 100

Matrix 320 × 288 272 × 204 304 × 228 320 × 256 320 × 256

Slice thickness [mm] 3 3 3 2.2 2.2

Slices 36 18 36 16 16

Phase direction anterior-to- 
posterior head-to-foot right-to-left right-to-left right-to-left

Flip angle [°] 117 130 112 120 120

Acquisition time [mm:ss] 00:59 01:05 01:44 00:36 01:44

Table 5: �NYU comprehensive rapid 3T fourfold SMS2-PAT2-accelerated finger MRI protocol. 
Ax = axial, Cor = coronal, Sag = sagittal, FS = fat suppression, PI = parallel imaging acceleration factor, SMS = simultaneous multi-slice 
acquisition acceleration factor, FOV = field of view

Most importantly, Deep Resolve Sharp can be integrated 
with advanced acceleration and image reconstruction 
methods, including parallel imaging, SMS acquisition,  
and Deep Resolve Boost, further enhancing the speed and 
quality of musculoskeletal MRI. This multi-layered approach 

enables the generation of superresolution images from 
rapidly acquired, undersampled datasets, delivering  
stunning visual improvements and meaningful real-life 
gains in diagnostic confidence [4].
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6  � 3-Tesla MRI of the shoulder with echo-train-compacted turbo spin-echo pulse sequences using threefold parallel imaging acceleration with 
deep learning-based image reconstruction and superresolution augmentation. The MR images show sequela of a recent anterior shoulder 
dislocation with a large Hill-Sachs fracture with adjacent bone marrow edema (arrow) and extensive, 360-degree labral tear, including 
displacement of the superior labrum (arrowheads). 
MR images were obtained with a 3T MAGNETOM Vida MRI system and a 16-receiver-channel shoulder coil. The MRI protocol is given in  
Table 6. PD = proton density weighting, PD FS = fat-suppressed proton density weighting, T2 FS = fat-suppressed T2 weighting.

Axial PD FS (01:09 min)
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Coronal PD (01:32 min) Sagittal T1 (01:20 min)Sagittal T2 FS (01:20 min)Coronal T2 FS (01:18 min)

Parameter Ax PD FS Cor T2 FS Cor PD Sag T2 FS Sag T1

Gradient performance high high high high high

Radiofrequency speed normal low low low low

Repetition/echo time [ms] 4200 / 31 4350 / 54 3970 / 35 5030 / 53 786 / 11

PI 3 3 3 3 3

SMS / FOV shift 0 / 0 0 / 0 0 / 0 0 / 0 0 / 0

Echo-train length 11 12 11 13 4

Bandwidth [Hz/pixel] 260 252 279 217 279

Echo spacing [ms] 10.3 10.8 11.5 10.6 10.6

FOV [mm] 140 × 140 140 × 140 140 × 140 140 × 140 140 × 140

Matrix 320 × 256 320 × 256 448 × 314 320 × 240 320 × 256

Slice thickness [mm] 3 3 3 3 3

Slices 30 28 28 28 28

Phase direction anterior-to- 
posterior head-to-foot head-to-foot head-to-foot head-to-foot

Flip angle [°] 150 150 150 150 150

Acquisition time [mm:ss] 01:09 01:18 01:32 01:20 01:20

Table 6: �NYU comprehensive rapid 3T threefold PAT3-accelerated shoulder MRI protocol. 
Ax = axial, Cor = coronal, Sag = sagittal, PD = proton density weighted, FS = fat suppression, PI = parallel imaging acceleration factor,  
SMS = simultaneous multi-slice acquisition acceleration factor, FOV = field of view

Putting it all together:  
Where we stand and where we are headed
The combined use of finely tuned TSE pulse sequences 
with compact echo trains, advanced image acceleration 
techniques like parallel imaging and SMS acquisitions,  
and DL-based image reconstruction and superresolution 

augmentation methods facilitate clinical sixfold (SMS2-
PAT3) accelerated DL superresolution MRI of the knee  
(Fig. 1, Table 1) with excellent diagnostic performance for 
the detection of intra-articular structural abnormalities 
[14]. Similarly, fourfold (SMS2-PAT2) to sixfold (SMS2-PAT3) 
accelerated DL superresolution MRI of the ankle (Fig. 2,  
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Table 2), foot (Fig. 3, Table 3), elbow (Fig. 4, Table 4),  
and fingers (Fig. 5, Table 5) are routinely used in clinical 
practice with acquisition times of five to six minutes. Such 
comprehensive yet rapid MRI protocols can be accommo-
dated in 10- to 15-minute MRI appointment times in archi-
tecturally optimized settings to maximize operational effi-
ciency and sustainability [15, 16]. Imaging of peripheral 
joints benefits from closed coil designs and advantageous 
geometric arrangements of individual coil elements that 
prevent extensive aliasing artifacts and incomplete slice 
separation compared with central joints like the shoulder 
and hip, and in the spine. Combined parallel imaging and 
SMS acceleration for these joints may result in incomplete 
artifact removal during image reconstruction, even with 
current DL methods. However, three- to fourfold parallel 
imaging accelerated DL superresolution MRI, e.g., in the 
shoulder, can be achieved with excellent diagnostic perfor-
mance in an acquisition time below seven minutes [17] 
(Fig. 6, Table 6). Future directions include the clinical  
implementation of currently developed end-to-end DL  
reconstruction methods for combined PI-SMS acceleration 
that promise to eliminate residual aliasing artifacts and 
make artifact-free eight- to twelvefold-accelerated DL  
superresolution musculoskeletal MRI with acquisition times 
below three minutes a clinical reality in the near future.

These developments have pushed through frontiers in 
musculoskeletal MRI by breaking physical interconnections 
with acceleration factors at a level of image detail that no 
one believed was possible a few years ago. However, the 
journey to new horizons has likely just started, and our ex-
citement for enhancing the efficiency and value of muscu-
loskeletal MRI is exponentially accelerating. We are on the 
verge of further bending the rules of time and physics and 
racing toward a future where ultra-fast superresolution MRI 
is not just possible, but also global routine clinical practice.
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Abstract
Magnetic resonance imaging (MRI) plays a crucial role in 
diagnosing and monitoring inflammatory arthritis. While 
contrast-enhanced (CE) imaging is the gold standard for 
synovitis assessment, concerns regarding gadolinium-
based contrast agents necessitate the exploration of  
alternatives without contrast enhancement. In this study,  
we evaluated a deep learning (DL)-accelerated fluid- 
attenuated inversion recovery (FLAIR) sequence1 with  
fat saturation (FS) against conventional CE T1-weighted 
(T1w) FS imaging for knee synovitis assessment. Fifty-five 
patients underwent 3T MRI with both imaging techniques. 
Semiquantitative scoring of synovitis, image quality, and 

reader confidence was assessed independently by two  
radiologists for the CE T1w FS and FLAIR FS sequences.  
No significant differences in whole-knee synovitis scores,  
effusion synovitis scores, or Hoffa synovitis scores were 
found between the sequences, with high inter- and intra-
reader agreement. The DL-accelerated FLAIR FS sequence 
reduced scan time by 66% while maintaining diagnostic 
accuracy. These findings suggest that a DL-accelerated 
FLAIR FS sequence provides a noncontrast alternative to  
CE imaging for the assessment of inflammatory changes  
in the knee. 

1 �Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.

Sequence CE T1w FS FLAIR FS

Echo time (ms) 10 91

Repetition time (ms) 755 6070

Slice thickness (mm) 2.5 2.5

Acquisition matrix 448 × 314 204 × 274

Imaged field of view (mm) 149 × 149 180 × 180

Readout bandwidth (Hz/pixel) 180 289

Acquisition time (min:sec) 4:50 1:38

iPAT factor 2 4

Inversion time (ms) N/A 1855

Table 1: Sequence parameters
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Introduction
Synovitis is a key feature of inflammatory arthritis and is 
associated with disease progression and joint damage [1]. 
Magnetic resonance imaging (MRI) is the preferred imag-
ing modality for detecting and monitoring synovitis, with 
contrast-enhanced T1-weighted fat-saturated (CE T1w FS) 
sequences being the preferred imaging standard [2].  
However, the use of gadolinium-based contrast agents  
is associated with potential nephrotoxicity, deposition  
concerns, and patient discomfort [3, 4]. This has fueled  
interest in noncontrast alternatives. Fluid-attenuated  
inversion recovery (FLAIR) imaging, traditionally employed 
for MRI of the brain, has shown promise in musculoskeletal 
applications due to its ability to suppress free fluid signals 
while highlighting inflammatory changes [5]. Recent  
advances in deep learning (DL)-accelerated imaging tech-
niques have significantly improved FLAIR imaging quality 
and acquisition times [6]. Therefore, this study compared  
a DL-accelerated FLAIR FS sequence with a standard  
CE T1w FS sequence to investigate their efficacy in  
assessing cases of suspected acute and chronic synovitis  
of the knee [7].

Technique
This prospective study included 55 patients (mean age: 
49.3 years) with suspected knee synovitis [7]. All patients 
underwent MRI at 3T on a MAGNETOM Vida scanner  
(Siemens Healthineers, Erlangen, Germany) using a routine 
MRI protocol that included a CE T1w FS sequence and a  
DL-accelerated FLAIR FS sequence.

The fourfold-accelerated FLAIR FS images were  
obtained in 1 minute, 38 seconds, and reconstructed using 
a DL algorithm (Deep Resolve Boost and Deep Resolve Sharp, 
Siemens Healthineers, Erlangen, Germany; Fig. 1). The  
algorithm was inspired by variational networks to enhance 
the signal-to-noise ratio and image sharpness [8]. The CE 
T1w FS sequence was performed after intravenous admin-
istration of a gadolinium-based contrast agent, and had an 
acquisition time of 4 minutes, 50 seconds. Detailed image 
parameters are listed in Table 1. 

Image analysis
Two fellowship-trained musculoskeletal radiologists  
independently assessed the images using a semiquantit
ative scoring system, including the whole-knee synovitis 
sum score (range 0–27) the Hoffa synovitis score (range 
0–3), and the effusion synovitis score (range 0–3). Image 
quality (sharpness, contrast, and artifact presence) and  
diagnostic confidence were rated on a 5-point Likert scale. 
Inter- and intrareader reliability were analyzed using  
Cohen’s kappa statistic.

1  � Axial FLAIR FS image 
without DL recon
struction (1A) and with  
Deep Resolve Boost and 
Deep Resolve Sharp 
reconstruction (1B), 
showing excellent noise 
reduction and image 
contrast.

1A

Axial undersampled FLAIR FS 3 mm

1B

Axial Deep Resolve FLAIR FS 3 mm
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Results
Synovitis assessment
There were no significant differences between  
DL-accelerated FLAIR FS and CE T1w FS sequences in 
whole-knee synovitis scores (FLAIR: 10.69 ± 8.83 vs.  
CE T1w FS: 10.74 ± 10.32; p = 0.521). Both the Hoffa  
synovitis score and the effusion synovitis score showed  
excellent agreement between sequences (Figs. 2 and 3).

Image quality and diagnostic confidence
Both sequences were rated similarly in terms of image 
quality (FLAIR FS: 4.3 ± 0.7 vs. CE T1w FS: 4.5 ± 0.6;  
p = 0.312) and diagnostic confidence (FLAIR FS: 4.6 ± 0.6 
vs. CE T1w FS: 4.7 ± 0.5; p = 0.297). DL-accelerated FLAIR 

FS exhibited fewer artifacts and noise, as well as enhanced 
signal contrast compared to the undersampled FLAIR  
sequence.

Inter- and intrareader agreement
Cohen’s kappa values for inter- and intrareader agreement 
were excellent (0.82–0.96), indicating a high reproduci
bility of findings across both imaging techniques.

Scan time reduction
The DL-accelerated FLAIR FS sequence reduced acquisition 
time by 66%, providing a time-efficient alternative without 
compromising diagnostic accuracy.

3  � A conventional proton 
density-weighted image 
(3A) with fat saturation 
(FS) compared with a 
noncontrast FLAIR FS 
image (3B) using  
Deep Resolve Boost and 
Deep Resolve Sharp. 
Note the improved 
contrast of the thickened 
synovia compared to the 
joint fluid on the non-CE 
FLAIR FS sequence 
(arrows), which allows 
for better assessment of 
the degree of synovitis.

3A

Axial conventional PD FS 3 mm

3B

Axial Deep Resolve FLAIR FS 3 mm

2  � A conventional 
contrast-enhanced (CE) 
T1w image (2A) with fat 
saturation (FS) compared 
to a noncontrast FLAIR FS 
image (2B) using Deep 
Resolve Boost and Deep 
Resolve Sharp. Note the 
contrast of the thickened 
synovium compared to 
the joint fluid, which is 
similar in the CE T1w FS 
sequence and the  
non-CE FLAIR FS 
sequence (arrows).

2A

Axial conventional CE T1w FS 3 mm

2B

Axial Deep Resolve FLAIR FS 3 mm
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Discussion
DL-accelerated FLAIR FS imaging is a robust alternative  
to CE T1w FS imaging for knee synovitis assessment, as  
described in a study published in Investigative Radiology 
[7]. The ability of DL-accelerated FLAIR FS to suppress fluid  
signals while highlighting inflammatory changes makes it  
a valuable tool for detecting inflammatory changes of the 
synovia without the need for contrast agent administra-
tion. Additionally, the significant reduction in scan time  
enhances patient comfort and reduces the risk of move-
ment artifacts. Given increasing concerns over gadolinium-
based contrast agents, DL-accelerated FLAIR FS imaging 
provides a practical solution for patients with renal impair-
ment or those requiring repeated MRI examinations. The 
DL-based reconstruction techniques used in this study  
significantly reduced image noise and artifacts while in-
creasing image contrast and reducing scan time, further 
enhancing their clinical utility.

In summary, our study demonstrated that DL-acceler-
ated FLAIR FS imaging is a viable noncontrast alternative  
to CE T1w FS imaging for knee synovitis assessment. It  
offers comparable diagnostic accuracy while significantly 
reducing scan time, enhancing accessibility, and elimi
nating the risks of gadolinium-based contrast agents. 
These findings support the clinical adoption of DL-
enhanced noncontrast imaging techniques in musculo
skeletal MRI.
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Introduction
Three-dimensional (3D) high-spatial-resolution MRI per-
formed for morphological evaluation of the knee cartilage 
using double-echo steady-state (DESS) imaging is limited 
by long acquisition times. With deep-learning (DL) recon-
structions now available for 3D imaging1 as a research 
package, this obstacle can be overcome. In a recent feasi-
bility study, we explored the limits of scan acceleration 
with different undersampling rates and schemes in combi-
nation with DL-based reconstructions: We showed the  
feasibility of acquiring high-resolution 0.3 mm isotropic 
DESS knee images within approximately one minute [1]. 
Here, we present 3D DESS knee images acquired at 7T  
and 3T, and image segmentation in Chondral Quant [2, 3], 
an automatic tool for quantitative analysis of the knee  
cartilage.

Materials and methods
One healthy volunteer underwent a knee examination  
on our 7T MAGNETOM Terra.X MR system equipped with  
a 1Tx/28Rx knee coil (QED, Quality Electrodynamics,  
Mayfield Village, OH, USA). DESS data was acquired with  
a research application sequence1 with 4-fold accelerated 
GRAPPA, 8-fold accelerated CAIPIRINHA (CAIPI), and 16-fold 
accelerated Compressed Sensing (CS). Additionally, one 

healthy volunteer underwent a knee examination on  
our 3T MAGNETOM Prisma MR system equipped with  
a 1Tx/15Rx knee coil (QED, Quality Electrodynamics,  
Mayfield Village, OH, USA), and 12-fold accelerated CS 
DESS data was acquired. Detailed acquisition parameters 
are listed in Table 1. 16-fold accelerated 7T images (acqui-
sition time 01:12 min) and 12-fold accelerated 3T images 
(acquisition time 01:04 min) were used for automatic knee 
cartilage segmentation in Version VA10A of Chondral 
Quant (syngo.via, Version VB60G).

Results
Figure 1 shows sagittal 3D DESS knee images with 4-fold 
GRAPPA, 8-fold CAIPI, and 16-fold CS acceleration at 7T. 
The combination of incoherent CS undersampling with DL 
reconstructions allows acceleration factors up to 16-fold 
without apparent impairment in image quality compared 
to GRAPPA with 4-fold acceleration. The 3D high-resolution 
reconstructions allow high-quality multiplanar reconstruc-
tions with an excellent depiction of the knee cartilage  
at 3T (Fig. 2). Figure 3 shows the accurate automatic seg-
mentation of the knee cartilage with Chondral Quant in  
a 34-year-old healthy female at 3T. Figure 4 demonstrates 
the automatic segmentation of the knee cartilage of a 
38-year-old volunteer at 7T.

1 �Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.
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1  � Sagittal 3D DESS knee images of a 38-year-old healthy male with 4-fold GRAPPA, 8-fold CAIPIRINHA, and 16-fold Compressed Sensing 
acceleration. All images are reconstructed using deep learning reconstruction, which, in combination with CS, enables acceleration factors  
of up to 16-fold at 7T, resulting in an excellent depiction of the knee cartilage. The acquisition time is given in min:sec.

MAGNETOM Terra.X (7T); 3D DESS

2  � 3D DESS knee images of a 34-year-old healthy female with 12-fold Compressed Sensing acceleration at 3T field strength. Isotropic data 
acquisition in the sagittal plane allowed for high-resolution multiplanar reconstruction in the other planes. By employing deep learning 
reconstruction, these images were feasible at an acquisition time of only 01:02 min.

MAGNETOM Prisma (3T); 3D DESS
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3  � Automatic segmentation 
of knee cartilage on 
12-fold Compressed 
Sensing accelerated  
3D DESS images 
acquired in a 34-year-old 
healthy female at 3T 
using Chondral Quant. 
Acquisition time of  
the 3D dataset was 
01:02 min, with a 
reconstructed voxel size 
of 0.3 × 0.3 × 0.3 mm.

Chondral Quant MAGNETOM Prisma (3T); 3D DESS

4  � Automatic segmentation 
of the knee cartilage  
on 16-fold Compressed 
Sensing accelerated  
3D DESS images 
acquired in a 38-year-old 
healthy male at 7T  
using Chondral Quant. 
Acquisition time of  
the 3D dataset was 
01:12 min, with a 
reconstructed voxel size 
of 0.3 × 0.3 × 0.3 mm.

MAGNETOM Terra.X (7T); 3D DESS
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Conclusion
Deep learning reconstructions enable high acceleration 
factors for 3D DESS cartilage imaging and allow total acqui-
sition times of approximately one minute [1, 3]. As proof 
of concept, we acquired similar results in a healthy volun-
teer at 3T. A detailed evaluation of the DL reconstruction 
algorithm was recently conducted in a prospective 7T study 
with 40 knee exams [1]. Given the excellent cartilage  
contrast, 3D DESS images could serve as an ideal basis for 
automatic cartilage segmentation in Chondral Quant.
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MAGNETOM Terra.X (7T) MAGNETOM Prisma (3T)

GRAPPA × 4 CAIPIRINHA × 8 Compressed  
Sensing × 16

Compressed  
Sensing × 12

Acquisition time (min:sec) 05:22 02:22 01:12 01:04

Reconstructed voxel size (mm3) 0.3 Isotropic 0.3 Isotropic 0.3 Isotropic 0.3 Isotropic

Field of view (mm × mm) 164 × 164 164 × 164 164 × 164 154 × 154

Number of slices 448 448 448 320

Reconstruction matrix size 544 × 544 544 × 544 544 × 544 512 × 512

Base resolution 272 × 272 272 × 272 272 × 272 256 × 256

TR/TE (msec) 10.3/3.00 10.3/3.00 10.3/3.00 12.5/4.30

Flip angle (°) 15 15 15 35

Pixel bandwidth (Hz/Px) 301 301 301 331

Phase/slice oversampling (%) 60 / 14 60 / 14 60 / 14 0 / 50

Fat-water contrast Water excitation Water excitation Water excitation Water excitation

Phase encoding direction Head-feet Head-feet Head-feet Anterior-posterior

Orientation of imaging plane Sagittal Sagittal Sagittal Sagittal

Table 1: �Clinical 3D DESS sequence protocols
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Introduction
Undoubtedly, MRI is the cornerstone for imaging traumatic 
and degenerative knee conditions. High-field MRI at 3 Tesla 
has demonstrated improved image resolution, better  
image quality, and significantly higher diagnostic accuracy 
for articular cartilage lesion compared to 1.5T systems [1]. 
Nevertheless, challenges persist in diagnosing partial  
cruciate ligament injuries, differentiating meniscus tears 
from signal alterations in normal anatomy, and identifying 
early cartilage clefts. The advent of ultra-high-field (UHF) 
MRI at 7T holds promise for addressing these challenges, 
given its ability to produce higher-resolution images and 
offer distinct contrasts due to different relaxation time con-
stants. This advancement is promising for both enhancing 
diagnostic precision and introducing novel applications  
in knee imaging.

Previous publications have underscored the advantag-
es of UHF in diagnostics [2, 3], leading to recognition by 
international regulatory bodies through the approval of a 
clinical 7T system. While UHF imaging offers clear benefits 
such as higher signal-to-noise ratio (SNR) and spatial  
resolution, it also presents notable challenges, including 
coping with increased T1 and reduced T2. While this can  
be advantageous for enhancing the contrast of specific 
structures, it generally necessitates longer TR and shorter 
TE to maintain T1 and T2 weighting. Additionally, it  
introduces pronounced difficulties in homogenizing B0  
and B1 radio-frequency fields. However, ongoing research 

and development has progressively addressed these  
challenges, rendering 7T increasingly accessible for clinical 
investigations. A recent comprehensive review extensively 
details these challenges and proposes strategies for over-
coming them in clinical musculoskeletal (MSK) applications 
[4]. In alignment with the launch of clinical MSK activities 
at 7T in Geneva, dedicated efforts have been invested into 
setting up and optimizing morphological sequences using 
the latest innovations of the MAGNETOM Terra.X.

Concerning protocol optimization, three-dimensional 
(3D) sequences like proton density (PD) weighted SPACE 
with fat suppression offer significant advantages in terms 
of acquisition time and the ability to explore structures 
across various planes. However, optimizing this sequence 
for routine clinical use poses a challenge even at conven-
tional clinical fields (1.5T and 3T). Specifically, striking  
a suitable balance between spatial resolution, acquisition 
time, and SNR might be challenging. Finally, the integra-
tion of Artificial Intelligence (AI) technologies like Deep  
Resolve Boost and Deep Resolve Sharp in the 2D turbo 
spin-echo sequences yields substantial benefits, particular-
ly in MSK applications. Incorporating efficient denoising 
within the reconstruction method alongside enhanced  
spatial resolution holds tremendous potential for clinical 
applications. Both of these technologies were explored  
for knee applications at 7T.
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Material and methods
Two healthy volunteers underwent scans at both 3T and  
7T to assess the visualization of key knee structures.  
Table 1 provides a summary of the protocol and sequence 
parameters used. The knee protocol employed at 3T was 
tailored for clinical efficiency, aiming for a streamlined 
workflow of 30 minutes per patient, including setting  
up the patient and removing them from the scanner.  
Conversely, at 7T, sequences were optimized to achieve  
superior spatial resolution while maintaining a favorable 
SNR. The clinical workflow at 7T allocates approximately  
45 minutes per patient, including setting up and removing 
the patient from the scanner. Neither acquisition time nor 
spatial resolution were matched between the 3T and 7T 
protocols, but both were individually optimized considering 

the clinical workflow and specific needs. During the  
protocol optimization, challenges were encountered with 
the 3D sequence PD SPACE with fat suppression. In the  
previous software version at 3T, this led to increased  
blurring within the sequence. The development team at 
Siemens Healthineers have worked over the past years  
to optimize the refocusing flip angle train, and have  
effectively resolved this issue. Furthermore, the implemen-
tation of the Compressed Sensing acceleration technique 
has notably improved image quality, enabling higher  
resolution within a shorter acquisition time. This holds  
true at 7T, where the sequence could be implemented  
with an isotropic spatial resolution of 0.25 mm.

3T Sequence TE/TR (ms)
parrallel 

imaging acc. 
factor

SMS AI BW  
(Hz/px)

slice 
thickness 

(mm)

voxel size 
(recon)

acquisition 
time

t1 tse coronal 9.50 / 619 GRAPPA 4 2 DRB + DRS 261 3 0.19 × 0.19 1:04 min

pd tse sagittal 18 / 3230 GRAPPA 4 no DRB + DRS 217 3 0.34 × 0.34 1:35 min

pd space fatsat sagittal 76 / 1100 CS 7.0 NA NA 401 0.34 0.31 × 0.31 4:49 min

pd tse fatsat transverse 35 / 6860 GRAPPA 4 no DRB + DRS 161 3 0.22 × 0.22 1:34 min

pd tse fatsat coronal 33 / 5910 GRAPPA 4 no DRB + DRS 162 3 0.22 × 0.22 1:20 min

pd tse fatsat sagittal 33 / 5910 GRAPPA 4 no DRB + DRS 162 3 0.22 × 0.22 1:26 min

TOTAL protocol time (including survey) : 12:02 min

7T Sequence TE/TR (ms)
parrallel 

imaging acc. 
factor

SMS AI BW  
(Hz/px)

slice 
thickness 

(mm)

voxel size 
(recon)

acquisition 
time

t1 tse coronal 10 / 707 GRAPPA 4 no DRB + DRS 266 2.5 0.14 × 0.14 2:09 min

pd tse sagittal 43 / 3900 GRAPPA 4 no DRB + DRS 249 2.5 0.13 × 0.13 5:35 min

pd space fatsat sagittal 31 / 900 CS 5.0 NA NA 401 0.25 0.25 × 0.25 6:35 min

pd tse fatsat transverse 32 / 4930 GRAPPA 4 no DRB + DRS 260 1.5 0.16 × 0.16 3:38 min

pd tse fatsat coronal 21 / 2820 GRAPPA 3 no DRB + DRS 260 2 0.16 × 0.16 3:38 min

pd tse fatsat sagittal 43 / 3900 GRAPPA 4 no DRB + DRS 249 2.5 0.13 × 0.13 5:45 min

TOTAL protocol time (including survey) : 27:40 min

Table 1: �Protocol and sequence parameters at 3T and 7T.  
SMS: Simultaneous Multi-Slice; DRB: Deep Resolve Boost; DRS: Deep Resolve Sharp; CS: Compressed Sensing; fatsat: fat suppression
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Image review
In this section, images acquired at 7T are shown, demon-
strating general superior image quality and structure  
conspicuity in comparison to 3T. Emphasis was placed  

on specific anatomical regions that are notoriously  
challenging to analyze due to the inherent limitations  
in visualization at 3T.

1  � Patient setup in the 7T MAGNETOM Terra.X scanner using the transmit/receive knee coil. Apart from bore length and scanner size, the setup 
closely resembles that of a clinical 3T scanner.
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2  � Comprehensive knee protocol for a volunteer at 7T and 3T. (2A) From top to bottom: T1 TSE coronal, PD TSE sagittal, 3D PD SPACE with fat 
suppression sagittal. (2B) From top to bottom: PD TSE with fat suppression in transverse, coronal, and sagittal orientations. This protocol 
comparison allows for a direct observation of the resolution enhancement and overall image quality attained at 7T and 3T.

7T 3T 7T 3T2A 2B

3  � General aspect of the meniscus on 7T 2D PD TSE with fat suppression in sagittal (3A) and coronal (3B) planes.

3A 3B
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4  � 3D PD SPACE with fat suppression at 7T (4A) and 3T (4B) for the same volunteer, coronal reformat. Meniscus vasculature is more visible at  
7T than at 3T, as indicated by the arrow. This addresses a well-known pitfall that often mimics a meniscal tear.

7T 3T4A 4B

5  � Aspect of the anterior (5A) and posterior (5B) cruciate ligament at 7T for the same volunteer on 2D PD TSE with fat suppression in  
sagittal plane.

5A 5B

Clinical · MAGNETOM Flash (93) 4/2025Musculoskeletal Imaging
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6  � 3D PD SPACE with fat suppression at 7T (left) and 3T (right) in coronal reformat. In the top row, distinct high-contrast imaging reveals the two 
bundles of the anterior cruciate ligament (ACL), displaying normal characteristics at 7T, thereby offering a confident diagnosis. In comparison, 
images obtained at 3T exhibit irregularities and abnormal sizing, contributing to diagnostic uncertainties. On the bottom row, the posterior 
cruciate ligament (PCL) displays improved conspicuity of its two bundles at 7T compared to 3T. This improved visibility results in greater 
confidence regarding the ligament’s integrity, reducing diagnostic ambiguity.

7T 3T6A 6B

7  � 3D PD SPACE with fat suppression at 7T (7A) and 3T (7B) in coronal reformat. At 7T, the images consistently reveal a homogeneous low signal 
intensity of the lateral collateral ligament, particularly noticeable at its proximal enthesis. This uniformity is a common imaging challenge on 
PD FS sequences, as it often resembles a torn ligament. The effect is evident in the 3T images, where the signal appears less homogeneous, 
further emphasizing the potential for misinterpretation as a ligament tear.

7T 3T7A 7B
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8  � 2D PD TSE with fat suppression in sagittal (8A) and coronal (8B) planes at 7T, showing the general aspect of the cartilage in different planes.

8A 8B

9  � 2D PD TSE with fat suppression in transverse plane at 7T (9A) and 3T (9B) for the same volunteer. The assessment of the patellofemoral 
cartilage exhibits high accuracy, characterized by a uniform signal without indications of chondromalacia in this region. While the 3T images 
maintain sufficient quality, a distinct advantage in confidence arises from the signal homogeneity observed in the 7T images.

7T 3T9A 9B

MAGNETOM Flash (93) 4/2025Musculoskeletal Imaging

30 magnetomworld.siemens-healthineers.com



Conclusion and perspectives
Using tailored imaging sequences in an ultra-high-field  
setting notably enhances resolution, providing greater  
confidence for the anatomical assessment of the knee. The 
incorporation of 3D sequences further addresses common 
pitfalls encountered in routine scans at 3T and 1.5T.  
Optimizing the protocol with the latest AI developments, 
such as the Deep Resolve options, facilitates the acquisition 
of high-quality sequences within a reasonable time frame.
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Before you have an MRI scan, you have to make sure you 

aren’t wearing or carrying anything with metal in it.

Some people have  
retainers on their teeth,  
hair clips, glasses,  
keys, coins, watches,  
pocketknives,  cell phones, cards  

with magnetic strips … 
This is really, really  
important. If you take  
any metal items  into the scanner, they  

will create their own  
magnetic field and mess  
up the examination. The Woodland Hospital  

elves remind Lottie to put  

her hair clips and keys  
away safely before her scan.

What happens when you have an MRI scan? 

Help your little patients lose their fear – with Lottie

22

6

„Čo je vyšetrenie MR?“ spýta sa Lucka.

Pani doktorka trpezlivo vysvetľuje: 

MR je skratka pre slová

magnetická rezonancia.

Lottie is an adventurous little lamb that loves to skateboard. 
But poor Lottie had an accident and may have broken her 
ankle. Now instead of leaping, she can only limp. Lottie  
is off to the hospital for an MRI scan. This engaging story 
by Professor Rolf Vosshenrich and Sylvia Graupner explains  
to children what it’s like to have an MRI scan in a way they 
can understand. 

We offer Lotti’s story as a children’s book in 19 languages 
(PDF) and as video in 6 languages. You can also order  
hard copies of the book in German, English, and Spanish.

The material is available at 
www.siemens-healthineers.com/ 
magnetom-world

Go to	 > Publications  > MR Basics
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当身体发出信号时，接收器就可以接收这些信号。

磁共振扫描仪上的接收器就叫线圈。

一些线圈会放在你身体的下面， 

其它的会放在上面。有些线圈像袜 

子或鞋子，这样可以把你的脚放进去。 

线圈可以由可连接或可移动的单元组成， 

这样它们就可以组合使用。

为了不让线圈挤压到你， 

在线圈里可以放一些软垫子。

踝关节和足部线圈

9

أقزامنا السحريون لديهم مغناطيسات صغيرة.يستخدمونها

 
لضبط تناغم وحجم التصوير...يطفؤونهم ويشغلونهم بتناغم 

خاص أو يحركونهم بسرعات مختلفة. ينتج عن ذلك 

 
صوت يشبه صوت المنشار أو الطرق او الطبول، ليوقظ 

 

الخلايا الصغيرة في جسمك.
وعندما تود هذه الخلايا أن ترتاح بسلام،  

 
تقوم بإرسال ”إشارات“ للجهاز تسمى 

 
”صدى او رنين“ أو Resonance )الكلمة الثانية(. 

 
هذه العملية تتكرر مرارا، وتختلف مدة الفحص من نوع لآخر.

Advertisement
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Heiko Meyer3, Andrew Makmur1

1Department of Diagnostic Imaging, National University Hospital, Singapore
2National University of Singapore
3Siemens Healthineers

Introduction
Lumbar spinal stenosis (LSS) is one of the most common 
degenerative conditions in adults, with around 200,000 
individuals diagnosed annually in the United States [1–3]. 
Given the pivotal role of magnetic resonance imaging (MRI) 
in diagnosing and grading LSS, radiologists must routinely 
evaluate multiple lumbar levels to check for narrowing  
at the spinal canal, lateral recesses, and neural foramina.  
Despite the critical role of MRI, reporting LSS remains  

a time-intensive, repetitive task for radiologists, often  
compounded by poor interobserver agreement in stenosis 
grading. Recognizing these challenges, a multidisciplinary 
team from the National University Hospital (NUH) in  
Singapore, the National University of Singapore (NUS),  
and external collaborators set out to develop a deep  
learning (DL) solution (Spine AI)1 aimed at streamlining  
LSS evaluation.

1  � Architecture of the 
CNN-based models  
for lumbar stenosis.  
Step 1 involves a CNN 
that detects the ROI. 
Step 2 applies another 
CNN to classify stenosis 
severity, as illustrated 
here for the spinal  
canal and bilateral  
lateral recesses at  
the L4–L5 level.  
Abbreviations:  
CNN: convolutional 
neural network,  
ROI: region of interest, 
FC: fully connected,  
R: right side, L: left side

Step 1: Detection of the Region of Interest (ROI)

L4–5 L4–5

CNN layers Crop

R lateral recess

L lateral recess

Spine canal

Step 2: Stenosis grading prediction at the ROls

L4–5

PredictionsCNN layers FC layers

R lateral recess

L lateral recess

Spine canal

Moderate

Severe

Mild

Normal

Moderate Mild

Mild

1 �MR Lumbar Spine AI is currently under development and not commercially available. It is for research use only. Not for clinical use. It is not for sale in the USA and  
its future availability cannot be ensured.
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Motivation behind the project
The project was born from the clinical realities faced by  
our radiology department at NUH, where a typical Monday 
morning could see over 50 lumbar spine MRIs queued for 
reporting. The tedious nature of detailing stenosis at the 
spinal canal, lateral recesses, and neural foramina inspired 
us to explore whether DL could semi-automate this process 
and thereby reduce variability and achieve time savings. 
Additionally, prior studies had demonstrated promise in  
applying DL to lumbar spine MRI, but none had compre-
hensively addressed all three regions of interest (ROIs) or 
integrated explainable outputs to aid radiologists [4, 5]. 

The development of the Spine AI model was made 
possible through a multidisciplinary collaboration that  
included radiologists, computer scientists, and clinicians. 
Key contributors included Professor Beng Chin Ooi’s  
computer science team at NUS, whose work in advanced 
machine learning helped refine the AI architecture. The 
first step in development was securing institutional ethics 
approval, which paved the way for collecting high-quality 
imaging data across a range of vendor platforms to create 
a generalizable DL solution.

Development of the deep learning model
Our initial technical study on the LSS model was pub- 
lished in Radiology in 2021 [6]. Over a three-year period 
(September 2015 to September 2018), the team extracted 
446 lumbar spine MRI studies for DL model training and 
testing. Exclusions included studies with spinal instrumen-
tation, scoliosis, suboptimal image quality, and post-
gadolinium sequences. Axial T2-weighted images were 
used for assessing the spinal canal and paired lateral  
recesses, while sagittal T1-weighted images were used for 
analyzing the paired neural foramina. The dataset was split 
into an internal training set (80%), a validation set (9%), 
and a test set (11%). External validation included a dataset 
of 100 lumbar spine MRI studies from Saudi Arabia, to as-
sess the model’s generalizability across geographic regions.

Four radiologists with subspecialty expertise in spine 
imaging (musculoskeletal radiologists and neuroradio
logists with 2–9 years of experience) labelled the training 
data using bounding box annotations. This supervised  
labelling ensured high-quality inputs for model training. 
When drawing each bounding box at the region of interest, 
the radiologist classified stenosis on axial and sagittal MRI 
based on established criteria and visual scales for the spinal 
canal [7–9], lateral recesses [10], and neural foramina [7]. 
Overall, stenosis was categorized into four clinical grades: 
normal, mild, moderate, and severe. These corresponded 
to stenosis of 0, < 1/3, 1/3–2/3, and > 2/3 of the normal  
diameter, respectively. We decided not to use more granu-
lar quantitative measures, as these are not typically used  
in clinical practice [11].

The developed DL model consisted of two main convolu-
tional neural networks (CNN). The first CNN was tasked 
with localizing ROIs: the spinal canal, bilateral lateral  
recesses, and neural foramina. The second CNN performed 
the actual stenosis classification, assigning each region  
to one of four severity grades (normal, mild, moderate,  
or severe). This approach bypassed the pitfalls of relying  
on unstructured radiology reports by requiring high-quality 
annotated datasets (Fig. 1).

Performance evaluation
The performance of the DL model was evaluated using 
both an internal test set at NUH (50 cases) and an external 
test set of 100 lumbar spine MRI studies provided by a  
collaborator in Saudi Arabia. The internal test set was  
labelled by a senior musculoskeletal (MSK) radiologist,  
Professor Hiroshi Yoshioka, who has over 30 years of  
experience and served as the reference standard. Two  
subspecialist radiologists, a neuroradiologist with five years 
of experience and an MSK radiologist with nine years of  
experience, also labelled the test dataset to enable com-
parison with the DL model.

When detecting ROIs, the DL model achieved recall 
rates exceeding 99% for the spinal canal and over 95%  
for the lateral recesses, which closely matched the perfor-
mance of the subspecialist radiologists. For the neural  
foramina, the DL model’s recall was 84.5%, comparable  
to one of the radiologist’s recall at 83.9%. This slightly  
lower performance in foraminal detection likely reflects  
the challenge posed by less distinct anatomical borders  
between the foramina, the spinal canal, and the para
vertebral region.

Interobserver agreement for stenosis classification  
was calculated using Gwet’s kappa (AC1), which took into 
account the higher prevalence of normal classifications in 
the dataset. Under a dichotomous classification scheme 
(normal/mild versus moderate/severe), the central canal 
demonstrated almost perfect agreement, with kappa  
values of 0.98 for both radiologists and 0.96 for the DL 
model. For the lateral recesses, the model achieved a  
kappa value of 0.92, aligning with one radiologist’s score 
and slightly lower than the 0.95 for the other radiologist. 
Neural foraminal agreement for the model was 0.89, 
which was slightly reduced compared to the subspecialist 
radiologists’ kappa values of 0.95 and 0.94. Notably, on 
the external test set, the model’s performance for the  
neural foramina improved to 0.96, accompanied by high 
agreement for the central canal (0.95) and lateral recesses 
(0.96). This strong performance on external testing sug-
gested the model’s potential for broader application across 
different populations and imaging protocols.

This initial article showed promising results and was 
accompanied by an editorial in Radiology by Professor  
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Hayashi (2021), which underscored the importance of  
further evaluating clinical utility [12]. While recognizing 
the model’s technical success, Professor Hayashi stressed 
the need for studies assessing how AI assistance might  
reduce interpretation times, standardize reporting, and  
reduce variability among radiologists. For our team, these 
insights served as a roadmap for further development and 
assessment of the DL model.

Clinical validation and key findings
The potential clinical impact of the Spine AI DL model was 
evaluated in a second study in Radiology in 2022, which 
focused on the model’s ability to improve productivity and 
consistency among radiologists reporting lumbar spine MRI 
studies [13]. In this retrospective study, eight radiologists 
with experience ranging from 2 to 13 years (in-training 
and attending radiologists) interpreted lumbar spine MRI 
studies both with and without AI assistance. A cross-over 
design with a one-month washout period was used to  
minimize learning or recall bias. As before, the radiologists 
assessed stenosis at three key regions along the lumbar 
spine: the spinal canal, lateral recesses, and neural foram-
ina. The evaluation included both reporting time and  
interobserver agreement, using a reference standard which 
was again provided by Professor Yoshioka, an external MSK 
radiologist with over 30 years of experience.

The results demonstrated a significant reduction in  
reporting time when AI assistance was used. On average, 
interpretation time decreased from around 2–4.5 minutes 
(124–274 seconds) without AI to 1 minute or less (47– 
71 seconds) with AI (P < 0.001). These time savings were 
most marked for general and in-training radiologists, who 
appeared to benefit the most from the automated stenosis 
gradings and bounding box visualizations provided by the 
Spine AI model. Specifically, musculoskeletal radiologists 
reduced their mean reporting time from 124 ± 25 seconds 
to 47 ± 24 seconds (a 62% decrease), general radiologists 

cut their time from 226 ± 61 seconds to 70 ± 29 seconds  
(a 69% decrease), and in-training radiologists experienced 
the greatest drop, declining 74% from 274 ± 88 seconds  
to 71 ± 28 seconds (Table 1).

In addition to improved efficiency, the AI model  
enhanced the consistency of stenosis grading for non-
specialist radiologists (Table 1). General and in-training  
radiologists demonstrated marked improvements in  
interobserver agreement for four-class neural foraminal 
stenosis when using AI assistance, with Gwet’s kappa  
values increasing from 0.39 (without AI) to 0.70–0.71 
(with AI). For other stenosis gradings, AI-assisted radiolo-
gists achieved either superior or equivalent interobserver 
agreement compared to unassisted interpretations. These 
findings highlighted the DL model’s ability to bridge the 
gap in performance between specialist and non-specialist 
radiologists.

Transition to clinical deployment:  
The syngo.via Frontier platform from 
Siemens Healthineers
Having established both the technical feasibility and clini-
cal benefits, the team turned its attention to deployment 
of the Spine AI model. In November 2023, a technology 
development agreement (TDA) was signed by NUH, NUS, 
and Siemens Healthineers to integrate the Spine AI model 
into the syngo.via Frontier platform as a research application 
(MR Lumbar Spine AI1) which will be made available in the 
marketplace. This marked the most exciting phase in the 
project so far, effectively taking the DL model from bench 
to bedside. As many radiologists are aware, seamlessly in-
corporating a DL model into routine workflows is no simple 
task, and involves close engineering collaboration, robust 
user-interface and user-experience (UI/UX) development, 
and alignment with clinical safety and security protocols.

Collaboration with Siemens Healthineers was essential 
for providing key advancements in the overall performance 

Radiologist Group Reading Time (sec) Time  
saved (%)

Neural  
foramina (κ)

Lateral  
recess (κ)

Spinal  
canal (κ)

Without DL With DL Without DL → With DL

MSK 124 ± 25 47 ± 24 62 0.83 → 0.87 0.81 → 0.78 0.86 → 0.85

General 226 ± 61 70 ± 29 69 0.71 → 0.87 0.68 → 0.76 0.74 → 0.84

In-training 274 ± 88 71 ± 28 74 0.71 → 0.88 0.65 → 0.77 0.85 → 0.80

Table 1: �Summary of mean interpretation times and two-class interobserver agreement for MRI lumbar spine stenoses with and without DL  
model support 
Note: Reading time is presented as mean ± standard deviation, and time saved (%) reflects the reduction in mean reporting time.  
Gwet’s kappa (κ) values indicate interobserver agreement for two-class stenosis grading (normal/mild versus moderate/severe)  
without → with DL assistance.
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of the lumbar spine DL model regarding their use in a clini-
cal setting: vertebral disc level detection was developed 
and is now robust, ensuring the correct levels are identified 
for accurate autoreport generation of stenosis gradings. 
Using the AutoAlign Spine technology for the MRI scan, 
can further improve the accuracy of the vertebral disc level 
detection. The engineers at Siemens Healthineers also 
helped refine features, such as presenting bounding boxes 
only at the most prominent levels of stenosis at each ROI, 
thus reducing clutter and focusing the radiologist’s atten-
tion where it matters most. 

The lumbar Spine AI application is now available as a 
research prototype1 on syngo.via Frontier. The automatic 
processing involves carefully mapping MRI sequences to 
the model’s input requirements. When a lumbar spine MRI 
study is opened, the system automatically identifies axial 
T2-weighted and sagittal T1-weighted images, then applies 
the AI algorithms in the background. Color-coded bound-
ing boxes corresponding to different stenosis severities are 
subsequently overlaid on each relevant level of the lumbar 
spine. These results are stored in the form of grayscale  

presentation state overlays on the source images. The 
model also generates an automated summary report, 
which radiologists can review and edit. This can be output 
as either a DICOM structured report or a DICOM-encapsu-
lated PDF, both of which are designed to merge smoothly 
into existing radiology information systems. Automated  
reports, bounding boxes, and stenosis grading examples 
are provided in Figures 2–4, which show a full range of  
stenosis gradings, even on a background of scoliosis.

At NUH, deployment of the Spine AI model on  
syngo.via and prospective evaluation are now taking place.  
syngo.via has been installed on all radiologists’ desktops, 
allowing for the incorporation of Spine AI into routine  
reporting workflows. The Spine AI clinical innovation and 
deployment has also been supported by multiple grants 
from the National Medical Research Council (NMRC), in-
cluding the New Investigator Grant and Clinical Innovator 
Awards, and it has been recognized through the Practice 
Changing Innovations Award (NUH and Ministry of Health, 
Singapore).

2  � Spine AI predictions for Patient 1, a 70-year-old woman with back pain and bilateral lower limb radiculopathy. The assessment was limited by 
scoliosis, although the most severe stenoses in the lower lumbar spine from L3 to S1 were detected and classified correctly. An autogenerated 
Spine AI report is shown in Figure (2A). In Figure (2B), the top left is a sagittal T2-weighted image showing the scoliosis and spinal deformity 
with a cross-reference line at L4–5. Sagittal T1-weighted images are provided in the top row and show neural foramina stenosis gradings. 
Axial T2-weighted images are provided in the bottom row and show the paired lateral recesses and central spinal canal stenosis gradings  
at L4–5.

Spine AI report

At T11-T12 there is mild spinal canal, no bilateral recess stenosis. 
There is no right and mild left neural foraminal stenosis.
At T12-L1 there is mild spinal canal, mild bilateral recess stenosis.
At L1-L2 there is moderate spinal canal, severe right and moderate 
left lateral recess stenosis.
At L2-L3 there is moderate spinal canal, no right and mild left 
lateral recess stenosis. There is moderate right and no left neural 
foraminal stenosis.
At L3-L4 there is no spinal canal, mild right and severe left lateral 
recess stenosis. There is severe right and no left neural foraminal 
stenosis.
At L4-L5 there is severe spinal canal, severe bilateral recess stenosis. 
There is moderate right and severe left neural foraminal stenosis.
At L5-S1 there is mild spinal canal, mild right and moderate left 
lateral recess stenosis. There is mild right and severe left neural 
foraminal stenosis.

Report based on automated processing!
Research only, Not for clinical use

Input Data:
5 SAG T1
7 AX T2 TOP
8 AX T2 MID
9 AX T2 BOT

2A 2B
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Future directions: Expanding capabilities 
and exploring new frontiers
While the deployment of the Spine AI model is a significant 
achievement, there is great potential for further develop-
ment. Future work aims to expand the model beyond  
stenosis grading to include other pathologies such as spon-
dylolisthesis, fractures, and disc disease. Additionally, the 
team plans to extrapolate its application to other regions, 
such as the cervical spine2 [14], and explore the deploy-
ment of additional tools for detecting spinal metastases2 
and early epidural spinal cord compression2 on MRI and  
CT imaging, supported through the New Investigator Grant 
and Clinical Innovator Award from the National Medical  
Research Council [15–18]. Initial work on these fronts has 
already been presented at national and international  
conferences, including the European Society of Skeletal  
Radiology (ESSR) conference in 2024 and the Global Spine 
Congress (GSC) in 2023. 

Building on the success of the lumbar spine work, the 
group recently introduced a DL model for degenerative  
cervical spondylosis in The Spine Journal in 2024 [14]. This 
transformer-based model was trained on MRI data from 
454 patients at NUH, and tested on an internal dataset of 
50 patients and an external dataset of 100 patients from 
Ng Teng Fong General Hospital (NTFGH), Singapore. The 
model demonstrated excellent performance in classifying 
stenosis at each cervical disc, achieving near-perfect binary 
classification (normal/mild versus moderate/severe) agree-
ment for spinal canal (κ = 0.95) and neural foraminal  
stenosis (κ = 0.90). Its sensitivity and specificity ranged from 
83.7% to 92.4% and from 87.8% to 98.3%, respectively, 
across both datasets. In addition, it outperformed radiolo-
gists in grading spinal canal (κ = 0.78 vs. κ = 0.57–0.70) 
and neural foraminal stenosis (κ = 0.80 vs. κ = 0.63–0.69),  
with high recall for cord signal abnormalities (92.3%). 
These results highlight the potential of the cervical spine 
model to improve the efficiency and consistency of  
reporting. The model is now being assessed in a study 
where radiologists perform stenosis assessment with and 
without DL assistance [14, 19]. This initial work on a deep 

3  � Spine AI predictions for Patient 2, a 36-year-old woman with back pain and suspected lumbar spinal stenosis. An autogenerated Spine AI 
report is shown in Figure (3A). In Figure (3B), a sagittal T2-weighted image is shown for orientation with a cross-reference line at L4–L5. 
Stenosis predictions are provided, with severe stenoses at the spinal canal and lateral recesses, mainly due to a large disc protrusion. Figure 
(3C) shows sagittal T1-weighted images with bounding boxes and stenosis gradings along the bilateral neural foramina, with a nice example 
of moderate right neural foraminal stenosis at L5–S1.

Spine AI report

At T12-L1 there is no spinal canal or lateral recess stenosis. There is 
no neural foraminal stenosis.
At L1-L2 there is mild spinal canal, no bilateral recess stenosis. There 
is no neural foraminal stenosis.
At L2-L3 there is mild spinal canal, no bilateral recess stenosis. There 
is no neural foraminal stenosis.
At L3-L4 there is severe spinal canal, moderate bilateral recess 
stenosis. There is no neural foraminalstenosis.
At L4-L5 there is severe spinal canal, severe bilateral recess stenosis. 
There is no right and mild left neural foraminal stenosis.

3A

3B 3C

At L5-S1 there is moderate spinal canal, severe bilateral recess 
stenosis. There is moderate right and mild left neural foraminal 
stenosis.

Report based on automated processing!
Research only, Not for clinical use

Input Data:
5 SAG TI
7 AX T2 TOP
8 AX T2 MID
9 AX T2 BOT

2 �The product/features (mentioned herein) are not commercially available.  
Their future availability cannot be guaranteed.
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learning model for MRI cervical spine assessment won a 
best abstract award at the Royal College of Radiologists 
(RCR) and NHS Global AI Conference 2025.

Perhaps the most exciting future work is uniting cervi-
cal and lumbar models with new thoracic-level algorithms 
to detect stenoses and spinal cord compression, yielding  
a unified, whole-spine solution2. Such an approach would 
integrate degenerative pathology detection with oncological 
assessments for metastatic spinal disease, resulting in a 
single DL pipeline that offers comprehensive coverage 
from the cervical to the lumbar region. This is a key aim 
within the NMRC Clinical Innovator Award, and the team 
believes it could deliver a greater impact that extends  
beyond the current lumbar spinal stenosis model [19].

An additional frontier in our team’s clinical innovation 
lies in exploring large language models (LLMs) within  
radiology. LLMs have great potential to significantly reduce 
administrative burdens for radiologists by automating tasks 
such as vetting imaging requests, scheduling appointments 
and optimizing reporting [20, 21]. Combined with existing 
clinical data in electronic medical records, prior imaging 
findings, and AI-generated assessments (e.g., stenosis 
gradings from the Spine AI model), LLM-based systems 

could create more comprehensive and context-aware  
radiology reports. Integrating image-based and language-
based AI would make it possible to further boost productivity, 
ensure more consistent reporting, and ultimately improve 
patient care with outputs that are both clinically relevant 
and seamlessly integrated into the radiology workflow [22].

Conclusion
The journey from developing an AI-based standalone  
solution for lumbar spinal stenosis to seamlessly integrat-
ing it into the clinical workflow illustrates how research, 
clinical expertise, and industrial collaboration can align  
to transform clinical care. The DL model created at NUH 
and NUS has already shown benefits in boosting radio
logist productivity, cutting reporting times, and improving 
the consistency of stenosis gradings. However, these 
achievements are just the start. As the model evolves and 
gains more features – such as detecting additional spinal 
pathologies, analyzing the cervical spine, and identifying 
metastatic lesions – AI-based tools are poised to become 
indispensable in everyday radiology. The successful deploy-
ment of the Spine AI model as a research application on 

4  � Spine AI predictions 
for Patient 3, a 
66-year-old woman 
with back pain  
and bilateral L5  
radiculopathy with 
right L5 weakness. 
An autogenerated 
Spine AI report is 
shown in Figure 
(4A). In Figure (4B), 
a sagittal T2-weight-
ed image is shown 
for orientation with  
a cross-reference line 
at L4–L5. Stenosis 
predictions are 
provided, with a nice 
example of moderate 
lateral recess stenosis 
on the right side at 
L4–5 due to facet 
joint arthropathy  
and ligamentum 
flavum thickening. 
This impinges on  
the traversing right 
L5 nerve root in  
the lateral recess, 
compatible with the 
clinical history. 

Spine AI report

At T12-L1 there is no spinal canal or lateral recess 
stenosis. There is no neural foraminal stenosis.
At L1-L2 there is no spinal canal or lateral recess 
stenosis. There is no neural foraminal stenosis.
At L2-L3 there is no spinal canal, no right and mild 
left lateral recess stenosis. There is no right and left 
neural foraminal stenosis.
At L3-L4 there is no spinal canal, mild right and no 
left lateral recess stenosis. There is mild bilateral 
neural foraminal stenosis.
At L4-L5 there is mild spinal canal, moderate right 
and mild left lateral recess stenosis. There is mild 
bilateral neural foraminal stenosis.

At L5-S1 there is mild spinal canal, no bilateral recess 
stenosis. There is mild right and no left neural 
foraminal stenosis.

Report based on automated processing!
Research only, Not for clinical use

Input Data:
5 SAGTI
7 AX T2 TOP
8 AX T2 MID
9 AX T2 BOT

4A

4B
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syngo.via Frontier, backed by a technology development 
agreement, highlights the practical application of aca
demic AI research in everyday clinical practice and paves 
the way for further interdisciplinary efforts to improve  
patient care.
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General concepts
Some of the most common questions regarding muscle  
injuries in elite sports are:
•	When should we image?
•	How should we image?
•	When can the athlete return to play/competition?

In elite sports, when a muscle injury occurs, imaging 
should be performed as soon as possible. This intermediate 
knowledge of the severity and extent of the injury is  
important for the athlete and the team in terms of short- 
and long-term planning for upcoming matches, tourna-
ments, and other competitions.

Of all the muscle injuries in elite sports, hamstring 
injuries are the most common, with the long head  
of the biceps femoris most frequently affected.  
This article will focus on injuries of the biceps  
femoris and will discuss concepts that can be  
extrapolated to muscle injuries in general. It will  
also explore the follow-up of muscle injuries and 
their correlation with return-to-play/return-to- 
competition intervals.

1  � Axial proton-density (PD)-weighted images demonstrate the proximal hamstring anatomy. (1A) Origins of the semimembranosus (SM), 
semitendinosus (ST), and common tendon (CT) of the semitendinosus and biceps femoris long head. (1B) Semimembranosus free tendon 
(SMFT), semitendinosus muscle belly (ST), and biceps femoris long head free tendon (BlhFT). (1C) Semimembranosus free tendon (SMFT), 
semitendinosus muscle belly (ST), and biceps femoris long head muscle and tendon (Blh). (1D) Semimembranosus muscle and tendon (SM), 
semitendinosus muscle belly (ST), and biceps femoris long head muscle and tendon (Blh).

1A 1B 1C 1D
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For acute hamstring injuries, magnetic resonance (MR) is 
the imaging modality of choice. It provides excellent soft 
tissue contrast at high resolution and allows detailed analy-
sis of the tissues involved, particularly considering the 
complex anatomy of the hamstrings and the deep location 
of some of the structures, especially in athletic/muscular 
individuals. Although ultrasound can also be used, it has 
lower sensitivity during the first 24–48 hours [1]. It can 
also be limited in its evaluation of very proximal hamstring 
injuries, and in its ability to determine exactly which tissue 
components are involved in an acute injury. 

When assessing acute muscle injuries, some general 
concepts need to be addressed. First of all, one must  
determine exactly which muscle or muscles are primarily 
involved in the injury. In addition, one must assess whether 
the injury involves the proximal, mid, or distal portion of 
the muscle. Finally, and most importantly, the detailed  
anatomical extent of the lesion must be assessed. Specifi-
cally, it is imperative to determine exactly which tissues  
are involved. This includes the tendon, the aponeurosis, 
the fascia (or epimysium), and the myofibrils (muscle  
fibers) [2–4]. Once the exact tissues involved have been 
determined, one must establish whether there is a loss  
of tension or a connective tissue gap. 

When assessing MR exams, the axial images are the  
most adequate for determining exactly which tissue  
components are involved. Assessment of loss of tension 
and connective tissue gaps should be done on the three 
orthogonal planes. In particular, loss of tension is very  
difficult to assess on axial images and is often best assessed 
on coronal or sagittal images.

Hamstring injuries
As previously mentioned, MR is the imaging modality of 
choice for assessing hamstring injuries.

The most proximal injuries are avulsions at the level  
of the ischial tuberosity, where one or more tendons may 
be involved. The anatomy at this level is quite complex, 
with a common tendon of the biceps femoris and the semi-
tendinosus, a muscular attachment of the semitendinosus, 
and a broad anterior and slightly more superior origin of 
the semimembranosus tendon (Fig. 1).

Subsequently, lesions can be divided across the  
three hamstring muscles: the biceps femoris, the semi-
membranosus, and the semitendinosus. This article  
focuses on the biceps femoris, as it is the most commonly  
injured of the hamstring muscles.

2  � Axial PD-weighted images demon-
strate the T-junction or zipper region 
of the biceps femoris. At this level, 
the muscle bellies of the long head 
(Blh) and short head (Bsh) of the 
biceps femoris are in close proximity 
and are intimately related to two 
connective tissue components that 
form a T: the superficial fascia/
epimysium (yellow line) and the deep 
fascia/epimysium (red line).
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Biceps femoris
The proximal anatomy of the biceps femoris includes  
a proximal free tendon of the long head of the biceps  
femoris, which attaches directly to the ischial tuberosity 
and has a variable length of between 4 and 7 cm, and an 
average of 5 cm. Although it may appear to have a myoten-
dinous junction proximally, the muscle belly seen adjacent 
to the proximal free tendon of the long head of the biceps 
femoris is actually the muscle belly of the semitendinosus. 
The actual myotendinous junction of the long head of the 
biceps femoris can be seen further down (Fig. 1).

Another region of interest in the biceps femoris is the 
junction of the muscle bellies of the long head and short 
head, often referred to as the T-junction or the zipper.  
At this level, the two muscles are in close proximity and 
eventually form a common tendon distally (Fig. 2).

Two specific injuries to the biceps femoris are those  
of the proximal free tendon and of the T-junction/zipper. 
These lesions seem to have a longer return-to-play/compe-
tition (RTP/RTC) interval than other injuries [3, 5].

3  � A 21-year-old 
professional soccer 
player with a 
surgically confirmed 
biceps femoris free 
tendon avulsion. 
Coronal T2-weighted 
fat-saturated 
imaging demon-
strates the free 
tendon of the biceps 
femoris long head 
(BF) avulsed from 
the ischial tuberosity 
(double arrow) with 
loss of tension 
(single arrow) and 
extensive surround-
ing edema and fluid.

4  � A 20-year-old professional soccer player with a surgically 
confirmed tear of the distal portion of the free tendon and 
proximal portion of the intramuscular tendon at the level of  
the proximal myotendinous junction of the biceps femoris.  
An axial intermediate-weighted fat-saturated image demonstrates 
complete loss of visualization of the normal hypointense tendon 
with surrounding edema and fluid. 

Biceps femoris free tendon injuries
It is of the utmost importance to localize the exact site  
of injury to the proximal free tendon of the biceps femoris. 
There are two common patterns of injury: The first is an  
actual avulsion of the tendon from its osseous attachment 
on the ischial tuberosity (Fig. 3). These lesions are typically 
quite evident on MR imaging, with a fluid-filled gap be-
tween the tendon and ischial tuberosity with surrounding 
hemorrhage. In addition, there is typically loss of tension  
in the tendon and caudal displacement of the tendon and 
the myotendinous junction of the long head of the biceps 
femoris. Free tendon avulsions are typically treated surgi-
cally in elite athletes. The other common site of injury of 
the free tendon is just proximal to and at its actual myoten-
dinous junction and transition to the intra-muscular por-
tion of the tendon (Fig. 4). At this level, high-resolution MR 
imaging is needed to assess whether it is a myotendinous 
injury with the tear centered at the actual myotendinous 
junction, or a tendinous injury with extension to the  
myotendinous junction. Axial images demonstrate the  
exact nature of the lesion and whether there is true tendi-
nous involvement. These lesions typically have extensive 
adjacent muscle edema, often in the form of feathery  
edema. With high-grade incomplete tears, loss of tension  
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is typically present, although it may not be as prominent  
as that seen with lesions in the more cranial portion of  
the free tendon. Treatment of the more distal free tendon 
and myotendinous injuries is controversial: Some advocate  
for early surgical intervention while others believe these 
lesions can be treated conservatively with subsequent  
adequate scarring and return of function.

Biceps femoris T-junction/zipper injuries
The other region of interest in biceps femoris injuries is the 
T-junction or distal zipper region. This is where the long 
and short heads of the biceps femoris join before forming a 
common tendon and inserting into the head of the fibula. 
This region is composed of both the superficial and deep 
components, with the deep component representing a 
connective tissue between the two muscle bellies. Injuries 
to this region are notorious for having a longer return-to-
play interval, and appear to have a higher risk of reinjury 
(Fig. 5). This seems to be more the case with lesions that 
involve either both the superficial and deep components  
of the T-junction, or just the deep component. Isolated  
superficial lesions in this region seem to have a better 
prognosis and a lower incidence of reinjury.

Classification of muscle injuries
Many classification systems for muscle injuries have been 
proposed, including MRI and ultrasound classifications and, 
more recently, many MRI-specific classifications [5–7].  
Although most classification systems have certain advan-
tages, it is difficult to implement and generalize them,  
given the extensive variability in the architecture of the  
different muscle groups.

When considering the hamstring muscles, the most 
commonly used classification system is the British Athletics 
Muscle Injury Classification (BAMIC). Although this system 
appears to be useful in assessing injury and return-to-play 
intervals, its limitations include the fact that it was based 
on injuries in track-and-field athletes and does not differ
entiate between injuries of the different muscles within  
the hamstrings. In addition, there have been mixed experi-
ences regarding the ability of the general classification  
systems to predict RTP and RTC intervals [8–12]. As such,  
it is probably more appropriate to described in detail which 
muscle, which component (e.g., proximal, mid, or distal), 
and which tissues (e.g., tendon or aponeurosis) are in-
volved in the injury. In the future, it may be more appro
priate to have specific classification systems for each of  
the most commonly injured muscles [13].

5  � A 34-year-old amateur athlete with biceps femoris T-junction/zipper injury. Axial PD-weighted fat-saturated (5A) and coronal T2 fat-saturated 
(5B) sequences demonstrate an injury to the deep and superficial components of the T-junction (single arrow) with retraction of the biceps 
femoris long head muscle belly (double arrow). 

5A 5B

MAGNETOM Flash (93) 4/2025 Sports Medicine

43magnetomworld.siemens-healthineers.com



Follow-up of muscle injuries
The protocol for following up on muscle injuries varies by 
site and according to regional preferences. In general, in 
elite athletes, follow-up of hamstring injuries is done with 
MRI, as it provides excellent soft tissue contrast and high 
resolution and enables assessment of the different phases 
of the healing process.

Following a muscle injury, there is a predictable pro-
gression of signal and morphological changes on MR imag-
ing (Fig. 6) [14]. Initially, there is a destructive phase that 
lasts approximately one week and is characterized by  
extensive edema and high signal on T2-weighted images. 
Over the next 2–7 weeks, the tissues enter the various 
phases of repair with the appearance of scar formation, 
which is initially relatively hyperintense on T2-weighted 
images and progressively becomes more hypointense.  
In the late repair phase and subsequent remodeling phase, 
which can last from 10 weeks to a year, the initial hyper
trophic scar undergoes remodeling with a progressive  
decrease in T2 signal. In the late remodeling phase and  
the final scarring phase, there is contraction of the scar, 
and a decline in T2 signal and T1 signal.

It should be noted that there can be significant overlap  
in the timing between the different phases depending  
on the individual biology of the injured athlete. However, 
the progression of the signal changes on MR imaging is  
relatively predictable.

Factors to consider before a return to play/
return to competition
During the recovery phase of muscle injuries, certain fac-
tors should be assessed as they may have a role in guiding 
training load. Preliminary studies suggest that the persis
tence or appearance of feathery edema around the soft  
tissue scar may be a sign of overload and that training in-
tensity should be decreased. Conversely, cotton-like edema 
patterns (delayed-onset-muscle-soreness (DOMS) patterns) 
appear to represent adaptation to the training load and can 
be considered a normal finding during recovery.

In addition, certain MR findings may indicate an  
increased risk of reinjury, in the manner of red flags. They  
include a change in tendon morphology, increased signal 
in the tendon on T2-weighted images, a connective tissue 
gap, a gap in the forming scar, and the appearance of  

6  � A 29-year-old professional female soccer player who sustained an acute injury to her right biceps femoris long head tendon at the level of the 
distal free tendon and proximal intramuscular tendon near the myotendinous junction. Axial intermediate-weighted fat-saturated images:  
At the time of initial injury (6A), there is a tear of the distal portion of the free tendon and the proximal portion of the intramuscular tendon 
with intermuscular edema and intermuscular fluid. At two weeks (6B), there is very early scar formation as the reparative phase is beginning 
with a scar that is essentially isointense to muscle. There is a decrease in intermuscular edema and a slight decrease in intermuscular fluid.  
At four weeks (6C), there is further repair with the scar tissue becoming markedly hypointense to muscle. Adjacent intramuscular edema and 
intermuscular fluid continues to decrease. At six weeks (6D), the scar is entering the late reparative phase with a further decrease in signal 
(very similar intensity to adjacent tendons) and the beginning of retraction and very early remodeling of the scar. Both intramuscular edema 
and intermuscular fluid are nearly completely resolved. 

6A 6B 6C 6D
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intermuscular edema and fluid. A preliminary study sug-
gests that if two of these five findings are present, there  
is a very high risk of reinjury, with an odds ratio of 29 [15].

Conclusion
Imaging of hamstring injuries requires a detailed knowl-
edge of the complex anatomy and patterns of injury.  
Injuries to the free tendon and the T-junction/zipper seem 
to have a longer RTP/RTC interval than other lesions. 

Follow-up MR imaging of muscle injuries demonstrates 
a predictable progression of signal changes corresponding 
to the various phases of repair and remodeling.

Certain imaging features, such as a gap in the connec-
tive tissues or scar and the appearance of intermuscular  
fluid and edema, may be predictors of an increased risk  
of reinjury.
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Introduction
At the Hospital for Special Surgery (HSS), ongoing efforts 
are made to improve image quality in magnetic resonance 
neurography (MRN). MRN comprises a specialized set of 
techniques focused on imaging peripheral nerves, which 
can be challenging given their small size and non-linear 
course throughout the body. When utilized in parallel with 
electrodiagnostic testing, MRN not only facilitates accurate 
localization of nerve injuries but also offers a comprehen-

sive assessment of both the injured nerve and the end- 
organ muscle. MRN of the brachial plexus (BP) presents 
unique challenges due to inherent field inhomogeneities 
related to the neck/shoulder curvature and proximity to  
the lungs [1]. In 2021, the first Siemens Healthineers sys-
tem was installed at our institution – a MAGNETOM Vida 
3T. In this article, we share our experience in optimizing  
imaging quality for BP imaging on the MAGNETOM Vida.

Three-coil setup: 
20-channel HNU +  
18-channel UltraFlex + 
posterior Spine Coil

Two-coil setup:
18-channel UltraFlex 
(anterior: small,  
posterior: large)

1A

1B

1   �Comparison of coil types for unilateral, left brachial plexus MRN. (1A) Imaging with the neck at isocenter and the brachial plexus off isocenter 
using a combination of a 20-channel neurovascular array for the neck region, an 18-channel UltraFlex flexible coil array, and posterior spine 
elements. The BioMatrix Respiratory Sensor may be used for respiratory gating. (1B) An alternative setup with the left brachial plexus at 
isocenter, using two 18-channel UltraFlex arrays; the smaller coil is placed anteriorly while the larger coil is placed posteriorly (under the 
subject). An additional strap may be needed to deploy the respiratory pillow.
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Coil configuration 
To maximize signal-to-noise ratio (SNR) for BP MRN, it  
is vital to use multichannel receiver arrays that cover the 
large anatomical regions of the neck, shoulder, and axilla, 
while also minimizing the distance between coil elements 
and the targeted anatomy [2]. At HSS, the BP is typically 
imaged unilaterally, rather than bilaterally, to optimize  
spatial resolution and coverage; if bilateral coverage is  
required, two unilateral scans are typically acquired. On  
the MAGNETOM Vida 3T, the preferred three-coil setup  
includes a combination of either a 20-channel neurovascu-
lar array for the neck region, an 18-channel UltraFlex  
flexible coil array (small or large, depending on coverage 
needed) over the chest wall/upper arm, and the posterior 
spine array (Fig. 1). Alternatively, two 18-channel UltraFlex 
arrays, the smaller version placed anteriorly and the larger 

placed posteriorly, can be placed (Fig. 1). The three-coil  
setup is easier to configure, in our experience, but the two-
coil setup provides flexibility for positioning the targeted  
BP closer to magnet isocenter.

BP protocol – overview and rationale
Our current, unilateral BP protocol comprises acquisitions 
both longitudinal and orthogonal relative to the course  
of the nerve segments (Fig. 2). Following localizer scans,  
a two-dimensional (2D) axial intermediate-weighted (IW)-
TSE is acquired to guide plotting of subsequent scans. 
Next, a large field of view 2D coronal T2-weighted Dixon 
TSE is acquired to assess the regional musculature.  
These two TSE sequences are used to plot the remaining 
nerve-sensitive scans: two, 2D oblique sagittal T2-weight-
ed Dixon acquisitions for orthogonal, high in-plane  

Sequence 2D IW-TSE 2D T2w-TSE SPACE STIR 2D T2w-TSE

Deep Resolve Boost Y Y (Prototype)1 Y (Prototype )1 Y (Prototype)1

Orientation Axial Coronal Double oblique-coronal Oblique sagittal

Field of view, cm 28 32 30 16

TR/TE, ms 4000–6500/35 3000–9000/85 3000/161  
(apparent TE = 60) 3000–6000/85

TI, ms – – 250 –

Matrix size
(frequency × phase) 512 × 410 320 × 240 304 × 168 320 × 240

Pixel resolution  
(frequency × phase), mm2 0.5 × 0.7 1.0 × 1.3 1.0 × 1.0 0.5 × 0.7

Slice thickness, mm (no spacing) 3.5 4.0 1.0 2.5

Slices 60 40–50 100–120 24–40

Bandwidth, Hz/Pixel 296 240 382 240

Turbo factor 14 14 130 14

Total acceleration factor 
(GRAPPA / CAIPIRINHA) 2 2 4 2

Gadolinium contrast none none optional none

Fat suppression none Dixon STIR Dixon/Fat saturation

Scan time, min:sec 2:00 3:45 4:40 4:00, variable with 
respiratory gating

Table 1: �Unilateral brachial plexus protocol on MAGNETOM Vida 3T. 
IW indicates intermediate-weighted; TSE: turbo spin echo; T2w: T2-weighted; TR: repetition time; TE: echo time; TI: inversion time; 
GRAPPA: generalized autocalibrating partial parallel acquisition; CAIPIRINHA: controlled aliasing in parallel imaging results in higher 
acceleration

1 Work in progress. The product is still under development and not commercially available. Its future availability cannot be ensured.
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resolution and a single, coronal T2-weighted three-dimen-
sional (3D) SPACE-STIR sequence for high through-plane 
resolution. For the SPACE-STIR, coverage is best optimized 
with a ‘double oblique’ prescription, which is first aligned 
parallel to the clavicle and includes cephalocaudal cover-
age from the C4 superior endplate to the axilla and anteri-
or-posterior coverage from the chest wall to the posterior 
scapula. This is followed by a second alignment step, made 
off the 2D coronal T2-weighted Dixon TSE, from C4 to the 
axillary region.

Optimized 3D SPACE STIR 
The SPACE sequence offers a significant advantage, com-
pared to 2D imaging, by enabling higher through-plane 
spatial resolution (0.8–1.0 mm isotropic) and facilitating 
evaluation in any arbitrary plane without distortion, either 

using oblique or curved multiplanar reformations. We  
use a prototype SPACE-STIR sequence1 with optimizations 
to improve B0 and B1+ robustness. These improvements  
include: 
1.	 C-shaped frequency offset corrected inversion (C-FOCI) 

pulse for uniform fat suppression [3, 4],
2.	 variable flip angle train tailored with consideration  

of the B1+ inhomogeneity and 
3.	 deep-learning-based 3D reconstruction algorithm  

tailored for CAIPIRINHA sampling pattern for high- 
quality reconstruction. 

In particular, 3D deep-learning reconstruction now  
facilitates acquisitions at 0.8 mm resolution, as compared 
to our default 1.0 mm-isotropic prescription (Fig. 3). 

2   �Suggested protocol for unilateral BP MRI, and illustration of prescription boxes. From the unilateral axial intermediate-weighted image (2A), 
the straight coronal Dixon is plotted to cover ‘skin-to-skin’ (anterior to posterior) at the level of the subclavian vessels. Then two, 2D oblique 
sagittal T2-weighted Dixon scans are plotted off the coronal Dixon water image for proximal (yellow) and distal (green) coverages (2B); two 
scans are needed to ensure the images are orthogonal to the BP. Finally, a double-oblique coronal 3D SPACE-STIR is plotted off the axial IW 
image, parallel to the clavicle (2C) and off the coronal Dixon, to include from the C5 nerve root to the axillary region (yellow box as shown  
in 2D).

2A

2C

2B

2D

Setup for coronal 2D Dixon

Setup for SPACE-STIR (axial)

Setups for oblique sag 2D Dixon

Proximal

Distal

Axillary 
nerve

C5NR

Setup for SPACE-STIR (axial)

Localizer

Axial PD

Straight coronal  
2D Dixon TSE

Oblique sagittal T2- 
Dixon TSE (proximal)

Oblique coronal  
3D SPACE-STIR

Optional: Post-contrast 
oblique coronal  
3D SPACE-STIR

Oblique sagittal T2- 
Dixon TSE (distal)

1�Work in progress. The product is still under development and not commercially 
available. Its future availability cannot be ensured.
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3   �Comparison of SPACE-STIR acquired with standard reconstruction and with Deep Resolve (DR) Boost reconstruction. The top row images  
are all coronal SPACE-STIR images with 10 mm maximal intensity projection (MIP). (3A) Standard reconstruction of a 1.0 mm isotropic 
acquisition exhibits poor conspicuity of the brachial plexus. (3B) With DR Boost, improved conspicuity of the nerves is observed. (3C) DR Boost 
with 0.8 mm acquisition is feasible, providing sharper nerve definition, especially in the oblique-axial multiplanar reformation orthogonal to 
the brachial plexus at the level of the dashed lines (bottom row).

3A 3B 3C

1.0 mm SPACE-STIR 1.0 mm SPACE-STIR1  
with Deep Resolve Boost

0.8 mm SPACE-STIR1  
with Deep Resolve Boost

MPR MPR

A SPACE-STIR sequence is sometimes acquired following 
intravenous gadolinium administration to improve vascular 
suppression, and to visualize small branch nerves of the 
plexus that may otherwise be obscured by venous contami-
nation (Fig. 4) [5]. Gadolinium shortens the T1 of blood, 
thus bringing the blood T1 closer to that of fat, and  
reduces T2 transverse magnetization.

2D MRN
Orthogonal 2D MRN imaging typically provides higher  
in-plane spatial resolution, compared to 3D sequences,  
to better evaluate fascicular architecture [6]. However, 
achieving high in-plane spatial resolution (< 0.5 mm)  
within a clinically reasonable scan time (to mitigate res- 
piratory motion artifact) while also maintaining adequate 
SNR poses a significant challenge. The Siemens Health-
ineers Deep Resolve Boost reconstruction algorithm helps  
mitigate these challenges by reducing noise amplification 
or blurring [7], when applying parallel imaging accelera-
tion or partial Fourier acquisition. 

Applying fat suppression techniques is also crucial  
in 2D MRN to enhance the contrast ratio between the  
peripheral nerves and surrounding fat. We typically employ 
the Dixon method in this context due to its ability to simul-
taneously provide homogenous fat suppression (despite 
field inhomogeneities) and high SNR efficiency. This is  
particularly important in the neck-shoulder region, which 
has high B0-variation. For the 2D Dixon sequence on the 
MAGNETOM Vida system, one can choose between ‘strong’ 
and ‘weak’ fat suppression modes to modulate the degree 
to which the fat signal contributes to the MR images. Our 
preference is the ‘strong’ option to optimize nerve/muscle 
and nerve/fat contrast.

Respiratory triggering
Orthogonal imaging planes, particularly those through  
the infraclavicular segments of the BP, are prone to  
aliasing from respiratory motion due to the proximity  
of such segments to the lung apex. Respiratory motion  
artifacts are sometimes severe and may render the exam 
uninterpretable. Use of prospective respiratory  
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triggering via bellows to enable acquisitions during  
maximal end-expiration has been shown to improve  
interobserver agreement and nerve conspicuity [8].  
On the MAGNETOM Vida, prospective respiratory gating  
uses the BioMatrix Respiratory Sensor embedded into the 
posterior spine array. These sensors automatically detect 
and record respiratory and head movements once the  
patient is positioned on the table. This feature enhances 
workflow efficiency by enabling technologists to perform 
respiratory-triggered scans without incurring additional 
setup time (Fig. 5). Alternatively, the respiratory signal  
may also be obtained using the respiratory cushion  

complete with belt setup where an additional posterior 
phased-array coil is placed between the patient and the  
table in the two-coil setup. 

Future directions
Quantitative MRI techniques, including T2 mapping, perfu-
sion, and diffusion-weighted or diffusion tensor imaging 
(DWI/DTI), carry the potential to supplement qualitative BP 
assessment. A study of patients with chronic inflammatory 
demyelinating polyneuropathy found that not only were 
nerve root sizes enlarged but also demonstrated elevated 

4   �34-year-old man with Parsonage-Turner 
syndrome (PTS) involving the suprascap-
ular nerve. (4A) Coronal T2-weighted 
Dixon illustrates muscle edema patterns 
in the supraspinatus (*) and infraspina-
tus (^) muscles, reflecting denervation 
secondary to a spontaneous suprascapu-
lar neuropathy. (4B) Pre-contrast 
SPACE-STIR image shows vascular signal 
in the vicinity of the suprascapular  
nerve (arrow). (4C) Post-gadolinium 
contrast SPACE-STIR image provides 
improved vascular suppression and 
conspicuity of the constrictions (orange 
and red arrows) in the suprascapular 
nerve associated with PTS. (4D, 4E) 
Oblique sagittal T2-weighted Dixon 
images at the corresponding positions 
indicated by the blue and red arrows in 
4C, demonstrate enlargement (4D, blue 
arrow) of the suprascapular nerve, just 
proximal to one of the constriction  
sites (4E, red arrow). (4F, 4G) Straight 
coronal GRAPPATINI with morphological 
image (4F) generated at TE = 80 ms  
and the corresponding T2 maps (4G) 
show signal hyperintensity (4F) and high 
T2 values (4G) in both the supraspinatus 
(*) and infraspinatus (^) muscles, 
relative to the unaffected trapezius (@). 

Coronal T2 Dixon Pre-contrast SPACE-STIR

Oblique sagittal T2 Dixon

Coronal GRAPPATINI (TE = 80 ms)

Post-contrast SPACE-STIR

Oblique sagittal T2 Dixon

GRAPPATINI T2 Map

4A 4B

4D

4F

4C

4E

4G

Vascular 
signal
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T2 relaxation times [9]. A quantitative Siemens  
Healthineers MRI prototype sequence, generalized  
autocalibrating partially parallel acquisition with the  
model-based accelerated relaxometry by iterative  
nonlinear inversion (GRAPPATINI)1, can provide accurate  
T2 estimations and synthetic morphologic images [10, 11]. 
This technique may enable simultaneous qualitative  
and quantitative evaluation of both nerves and muscles  
in MR neurography, thereby shortening overall scan  
time and reducing registration errors between two sepa-
rate acquisitions (Fig. 4F–G).
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5   �Oblique sagittal T2 Dixon imaging through the infraclavicular plexus (distal acquisition), demonstrates improved conspicuity of the cords with 
prospective respiratory gating (5A, using the imbedded BioMatrix Sensors) compared to the non-gated respiratory acquisition (5B). Note that 
the gated scan requires approximately two minutes longer to acquire. 

With respiratory triggering

5A 5B

Without respiratory triggering

1 �Work in progress. The product is still under development and not commercially available. Its future availability cannot be ensured.
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Exploring the T2-Mapping GRAPPATINI  
Technique for Qualitative and Quantitative 
Assessment of Orthopedic and  
Neuromuscular Conditions
Ek T. Tan, Ph.D.; Amy Z. Lu, BS; Darryl B. Sneag, M.D.

Department of Radiology and Imaging, Hospital for Special Surgery, New York, NY, USA
Weill Cornell Medical College, New York, NY, USA

Introduction
Quantitative T2 mapping has emerged as a promising  
tool for several diagnostic MRI applications, including the 
evaluation of orthopedic and neuromuscular pathology. 
Traditionally, T2 mapping has been constrained by long  
acquisition times and low spatial resolution, thereby  
requiring a separate acquisition added to routine scans. 
However, T2 mapping has seen renewed attention with  
the introduction of techniques for accelerating T2 map-
ping, such as GRAPPATINI1 [1], which combines two  
acceleration techniques: 

1)	 acceleration in k-space sampling using generalized  
autocalibrating partially parallel acquisition (GRAPPA) 
[2] and 

2)	 acceleration in echo sampling using model-based  
accelerated relaxometry by iterative non-linear  
inversion (MARTINI) [3] (Fig. 1). 

1 �Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.

1  � (1A) Standard, 2-fold GRAPPA 
compared to (1B) MARTINI 
and (1C) GRAPPATINI 
sampling patterns. The black 
squares indicate sampled 
k-space points in a 60 × 16 
phase/echo-encoding matrix. 
The red line indicates the 
k-space center with zero 
phase encoding. The green 
samples in the GRAPPA and 
GRAPPATINI patterns indicate 
k-space points used for 
calibration. The blue squares 
indicate unsampled k-space 
points that are reconstructed 
using the GRAPPA method. 
Pseudo-TE reconstructions 
can be performed at arbitrary 
echo times (green arrows).

GRAPPA Sequence
2-fold

MARTINI Sequence
3-fold

GRAPPATINI Sequence
6-fold

pseudo TE reconstructionsEcho-Encoding
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This hybrid acceleration method enables rapid T2  
quantification while simultaneously producing synthetic 
T2-weighted images that can be used for diagnostic  
interpretation (Fig. 2).

Here, we share our initial clinical experiences of  
applying GRAPPATINI to neuromuscular and orthopedic  
imaging. This report includes key results from a recently 
published study applying GRAPPATINI to the lower extrem
ity for assessment of foot drop [4], as well as additional  
examples for other conditions and anatomical regions. All 
subjects participating in studies involving the GRAPPATINI 
research sequence provided written informed consent  
under an institutional review board (IRB) approved protocol.

GRAPPATINI in neuromuscular imaging: 
peripheral nerve and muscle
Foot drop is a neurological condition frequently attributed 
to entrapment of the common peroneal nerve (CPN) as it 
courses through a fibro-osseous tunnel of the fibular neck 
at the knee [5]. In a recent study published in the Journal 
of Magnetic Resonance Imaging (JMRI) [4], we prospec-
tively recruited 27 patients with suspected foot drop under-
going 3T magnetic resonance neurography (MRN) of the 
distal thigh and knee region and added a fat-suppressed 
GRAPPATINI sequence to routine, clinical sequences [5]. 
Specifically, the conventional T2-weighted (T2w) Dixon-fat-
suppressed turbo spin echo (TSE) sequence was used to 
evaluate the distal sciatic nerve and its common peroneal 
and tibial nerve branches, and to detect active muscle  
denervation, primarily in the anterior tibialis that controls 

Pseudo TE = 0 Pseudo TE = 35 ms Pseudo TE = 80 ms T2 Map (ms)
120

100

80

60

40

20

0

2A 2B 2C 2D

2  � 62-year-old male with prior total knee arthroplasty (TKA) and foot drop. Axial GRAPPATINI 3T imaging performed with chemical saturation fat 
suppression on the left calf region just distal to the TKA, demonstrates increased muscle signal in the anterior compartment with increased 
pseudo-echo times (TE) (2A, 2B and 2C), and elevated quantitative T2 values (2D), corresponding to muscle edema related to active muscle 
denervation.

Parameter T2w Dixon TSE GRAPPATINI

Sequence type T2w-TSE with Dixon fat suppression Model-based T2 mapping (GRAPPATINI)

Scan orientation Axial Axial

TR (ms) 5000–11070 3000–9980

TE (ms) 80 10, 20, …, 100

GRAPPA factor 2 2

MARTINI factor – 3

Scan time (min) 3:00–7:00 3:09–6:49

FOV (cm) 14–15 14–15

Matrix 320 × 256 322 × 373

Slice thickness (mm) 3–3.5 3–3.5

Slices 48–92 22–50

Readout bandwidth (Hz/pixel) 240–425 243–354

Table 1: �Pulse sequence parameters for T2w Dixon TSE and GRAPPATINI imaging techniques in neuromuscular imaging for foot drop assessment  
at 3T.
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foot dorsiflexion. The GRAPPATINI sequence was added  
in the sections imaged with T2w-Dixon-TSE, and synthetic 
images were generated at TE = 80 ms for qualitative  
comparison (Table 1). The GRAPPATINI sequence provided 
high-resolution, synthetic T2-weighted images and quanti-
tative T2 maps within a scan time of 3–6 minutes (variable 
depending on longitudinal coverage and slice thickness). 
Qualitative image assessments, including fascicular nerve 
architecture, muscle visualization, and diagnostic confi-
dence, were found by three readers to be comparable to 
conventional T2w-Dixon imaging.

Importantly, GRAPPATINI also enabled quantitative T2  
measurements of the common peroneal and tibial nerves 
(Fig. 2), as well as affected and unaffected lower extremity 
muscles (Fig. 3). Elevated T2 values in injured nerves and 
denervated muscle provide a quantitative depiction of  
pathology [6, 7]; for example, elevated T2 values in muscle 
denervation have been found to correlate better with  
electromyography results as compared to qualitative 
T2-weighted imaging [8]. In our study, a statistically  
significant T2 elevation was observed in denervated com-
pared to non-denervated muscles (e.g., tibialis anterior: 

3  � Two examples in the lower extremity at 3T. A 56-year-old male with left foot drop (3A–3C). (3A) Conventional T2-weighted Dixon TSE images 
demonstrate hyperintensity of the common peroneal nerve (red arrow) relative to the normal tibial nerve (yellow arrow). Fat-suppressed 
GRAPPATINI synthetic T2-weighted (T2w) magnified image (3B) at TE = 80 ms demonstrates signal hyperintensity corresponding to elevated 
T2 values (3C). A 19-year-old male with synovial sarcoma post partial tibial resection, screw fixation, and radiotherapy (3D–3F). Conventional 
imaging (3D) and GRAPPATINI TE = 80 ms (3E) demonstrate a hyperintense, enlarged tibial nerve (red arrow) posterior to the fixation 
hardware (yellow arrowhead). T2 mapping shows corresponding high T2 of the tibial nerve (3F, arrow).
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72.6 ms vs. 46.6 ms, p = 0.002), supporting the utility of 
GRAPPATINI T2 maps to identify neuromuscular pathology 
and possibly quantify denervation severity.

GRAPPATINI may also be readily applied to other ana-
tomical regions, e.g., the brachial plexus, for evaluation of 
peripheral neuropathy such as Parsonage-Turner syndrome 
(PTS). This condition, also known as neuralgic amyotrophy, 
commonly involves hourglass-like constrictions of different 
nerves in the upper extremities and results in severe mus-
cle denervation in the motor distribution of these nerves 
[6] (Figs. 4 and 5).

GRAPPATINI in orthopedics:  
intervertebral disc and cartilage
We further explored GRAPPATINI’s potential in the spine.  
T2 mapping has been previously employed to quantify  
microstructural changes of the degenerated lumbar  
intervertebral disc, with decreased T2 corresponding  
with qualitative severity using the Pfirrmann grading scale 
[9]. A relatively quick 3-minute GRAPPATINI sequence  
can be similarly acquired to quantify T2 disc values, with 
pseudo-images generated at longer echo times considered 

4   �34-year-old man with Parsonage-Turner 
syndrome (PTS) involving the suprascap-
ular nerve. (4A) Coronal T2-weighted 
Dixon illustrates muscle edema patterns 
in the supraspinatus (*) and infraspina-
tus (^) muscles, reflecting denervation 
secondary to a spontaneous suprascapu-
lar neuropathy. (4B) Pre-contrast 
SPACE-STIR image shows vascular signal 
in the vicinity of the suprascapular  
nerve (arrow). (4C) Post-gadolinium 
contrast SPACE-STIR image provides 
improved vascular suppression and 
conspicuity of the constrictions (orange 
and red arrows) in the suprascapular 
nerve associated with PTS. (4D, 4E) 
Oblique sagittal T2-weighted Dixon 
images at the corresponding positions 
indicated by the blue and red arrows in 
4C, demonstrate enlargement (4D, blue 
arrow) of the suprascapular nerve, just 
proximal to one of the constriction  
sites (4E, red arrow). (4F, 4G) Straight 
coronal GRAPPATINI with morphological 
image (4F) generated at TE = 80 ms  
and the corresponding T2 maps (4G) 
show signal hyperintensity (4F) and high 
T2 values (4G) in both the supraspinatus 
(*) and infraspinatus (^) muscles, 
relative to the unaffected trapezius (@). 

Coronal T2 Dixon Pre-contrast SPACE-STIR

Oblique sagittal T2 Dixon

Coronal GRAPPATINI (TE = 80 ms)

Post-contrast SPACE-STIR

Oblique sagittal T2 Dixon

GRAPPATINI T2 Map
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in lieu of a separate, standard sagittal T2-TSE acquisition 
(Fig. 6). The addition of T2 mapping may potentially be 
beneficial for assessing early changes in disc microstruc-
ture to help guide non-surgical management of low back 
pain and training regimens in high-performance athletes. 

Another potential application of GRAPPATINI is carti-
lage evaluation. Quantitative T2 mapping is a valuable  
tool for assessing cartilage and meniscus integrity and  
matrix composition, offering noninvasive insight into  
early degenerative changes before morphological defects 
manifest [10, 11]. In a series of 9 patients (4 females,  
5 males, mean [range] age = 45 [27–72]) undergoing  
clinical knee MRI for cartilage and meniscal evaluation,  

a non-fat-suppressed GRAPPATINI sequence was added 
with a focus to obtain high-resolution, multiplanar T2 map-
ping at accelerated scan times and compare T2 values to 
those obtained using a conventional T2-mapping sequence 
(MapIt) (Table 2, Fig. 7). The GRAPPATINI technique not 
only provided high-resolution, synthetic proton-density-
weighted and T2-weighted images, but also excellent 
agreement with standard T2 mapping (Table 3). While  
we did not explore the potential for qualitative evaluation 
in this study, the GRAPPATINI sequence can provide a  
synthetic image at a similar echo time as our conventional 
proton-density-weighted TSE sequence.

5  � Arm and forearm 3T MRI exams (MAGNETOM Vida) in a 33-year-old male subject with left anterior interosseous nerve (AIN) syndrome.  
(5A) Curved maximum projection reconstruction (MPR) from a 3D double echo steady state (DESS) sequence demonstrates enlargement  
of the AIN bundle of the median nerve (yellow arrows), and a focal constriction (red arrow) characteristic of Parsonage-Turner syndrome  
and resulting in denervation of the pronator quadratus muscle (5C, red *). (5B) Axial T2-weighted, fat-suppressed imaging proximal to the 
constriction (corresponding to the orange arrow location on 5A) demonstrates hyperintensity of the AIN bundle, seen also with hyperintensity 
and high T2 in GRAPPATINI (5D, 5E). By comparison, expected signal intensity and T2 values were detected in the asymptomatic, ulnar nerve 
(5F, 5G). 

3D DESS Curved MPR 2D T2w Dixon TSE GRAPPATINI TE = 80 GRAPPATINI T2 Map (ms)
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6  � Lumbar spine 3T MRI (MAGNETOM Vida) in an 
81-year-old female patient with chronic low back pain 
and claudication who is being considered for spinal 
fusion and decompression. Sagittal T2 TSE (6A) and 
GRAPPATINI pseudo-TE = 80 ms images (6B) demon-
strate disc bulges and moderate-to-severe central 
narrowing from L2–3 to L5–S1 (red arrows), but no 
disc bulge at T12–L1 (green arrow) or at L1–2 (yellow 
arrow). Despite the absence of a disc bulge at L1–2, 
the intervertebral disc at this level demonstrates 
degeneration, manifest as a low T2 value (T2 = 49.9 ms, 
dashed arrow) similar to those measured from the 
L2–3 to L5–S1 discs (T2 = 46.7–50.7 ms, solid white 
arrows). Compare with the more normal T2 value at 
T12–L1 (61.9 ms, black arrow) (6C).
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Parameter PD MapIt GRAPPATINI

Sequence type Proton-density-weighted TSE Standard T2 mapping  
(multi-echo spin echo)

Model-based accelerated T2 
mapping

Scan orientation Sagittal Sagittal Sagittal

TR (ms) 3500–6000 2500 3500

TE (ms) 25–28 10, 20, …, 80 10, 20, …, 100

Echo train length 12 8 10

GRAPPA factor 2 2 2

MARTINI factor – – 3

Nominal scan time (min) 5:00 5:00 2:30

FOV (cm) 15–19 15–19 15–19

Matrix 512 × 400 336 × 236 336 × 236

Slice thickness (mm) 3.5 4.0 4.0

Readout bandwidth (Hz/pixel) 315 354 354

Table 2: �MRI sequence parameters for proton-density-weighted (PD) TSE, MapIt, and GRAPPATINI for 3T knee imaging.

SAG PD  
(TR/TE = 4800/30ms)

GRAPPATINI T2 (ms)  
overlay on TE = 30ms

7  � MRI at 3T (MAGNETOM Vida) in  
a 34-year-old female subject with 
chronic right knee pain demonstrates 
normal-appearing cartilage on the 
sagittal proton-density-weighted 
image (7A). GRAPPATINI demon-
strates inhomogeneity and higher 
mean T2 values of cartilage overlying 
the patella (P, T2 = 46.3 ms) and 
trochlea (Tr, T2 = 51.0 ms) (7B),  
as compared to the lateral tibial  
and femoral cartilage (LT, LF,  
T2 = 35.9–42.6 ms), suggesting  
early chondral degeneration. 
Enthesopathic changes (yellow 
arrowhead, 7A), unrelated to 
chondral wear, are noted at the 
patellar tendon origin.
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7A 7B

Metric MapIt GRAPPATINI p-value

Mean patellar cartilage T2 (ms) 55.9 51.1 0.48

Mean trochlear cartilage T2 (ms) 71.1 61.8 0.028*

Mean medial femoral cartilage T2 (ms) 65.5 61.7 0.26

Mean medial tibial cartilage T2 (ms) 55.4 60.1 0.65

Mean lateral femoral cartilage T2 (ms) 52.7 51.2 0.65

Mean lateral tibial cartilage T2 (ms) 37.1 42.7 0.13

Scan time (min) 4:10 1:52 < 0.001*

Table 3: �T2 values and scan times: MapIt vs. GRAPPATINI in nine knee MRI subjects.
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Discussion
GRAPPATINI offers the potential to streamline neuromus
cular and orthopedic clinical and research investigations 
via novel schemes for accelerating T2-mapping acquisition 
and reconstructions. The dual functionality of T2 mapping 
and output of synthetic magnitude images for qualitative 
evaluation is particularly valuable in clinical scenarios  
otherwise requiring relatively time-intensive, multiplanar, 
multi-contrast protocols for comprehensive evaluation  
of a particular condition, and where both qualitative  
assessment and objective biomarker quantiication may 
help guide care. 

While we observed excellent performance in the  
examples provided here, further work will be needed to  
improve GRAPPATINI image reconstruction and to stan
dardize acquisition parameters across anatomical regions  
and patient populations. This may include a more compre-
hensive study to determine the quantitative accuracy  
of GRAPPATINI in various phantom studies, as well as  
the scan-rescan reproducibility of GRAPPATINI-generated 
T2 maps. Future studies may explore integration with 
deep-learning-based reconstruction methods or expand 
GRAPPATINI to other pulse sequences.

Conclusion
The GRAPPATINI technique represents a valuable addition 
to the MRI toolbox, enabling fast, efficient, and multipara-
metric evaluation of musculoskeletal and neuromuscular 
pathology. We anticipate that ongoing refinement of  

GRAPPATINI protocols will continue to expand its role in 
clinical MRI, especially as the demand grows for efficient, 
quantitative imaging solutions that do not compromise  
image quality or diagnostic confidence.
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Introduction
Low-field MRI scanners are currently experiencing a  
renaissance, thanks to technical innovations in gradient 
construction, coil design, and AI-based reconstruction 
methods [1]. Advantages over the 1.5T and 3T scanners 
used predominantly in clinical routine include lower  
acquisition and maintenance costs, and higher patient 
comfort [2, 3]. Potential advantages of low-field MR  
imaging include clinical scenarios where imaging using 
scanners with higher field strengths encounters technical 
limitations. This is especially the case when imaging  
patients with metal implants1 where susceptibility artifacts 
are expected to be substantially less severe at 0.55T [4, 5]. 
This may be of particular interest in clinical routine, given 
an aging global population with an associated higher prev-
alence of metal implants, e.g., following joint replacement  
surgery [6]. This patient population has been shown  
to benefit from MR imaging [7].

The aim of this report is to provide a perspective  
on the possibilities and potential advantages of using a  
new-generation 0.55T low-field MRI system in imaging  
patients with large metal implants.

Materials and methods
Patient population
Three patients underwent complementary MR imaging at 
0.55T in addition to their regular clinical imaging work-up. 

MRI scanners
Low-field MR imaging was performed using a 0.55T  
MAGNETOM Free.Max scanner (Siemens Shenzhen  
Magnetic Resonance Ltd., Shenzhen, China, gradient  
amplitude 26 mT/m, slew rate 45 T/m/s, 80 cm bore).  
A six-channel flex coil was used for the examination of  
the knee and the upper limb.

The 1.5T examinations were performed using a  
MAGNETOM Avanto Fit system (Siemens Healthcare,  
Erlangen, Germany, gradient amplitude 45 mT/m, slew  
rate 200 T/m/s, 60 cm bore). The 3T examinations were 
performed on a MAGNETOM Skyra system (Siemens 
Healthcare, Erlangen, Germany, gradient amplitude  
45 mT/m, slew rate 200 T/m/s, 70 cm bore).

1 �The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants brings 
specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned 
warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility of 
the implant manufacturer, not of Siemens Healthineers.
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Case 1
A 59-year-old patient with several prior surgical procedures 
of the thoracic spine, including multi-level decompression 
and spinal fusion, presented with back pain refractory  
to medication. MR imaging of the thoracic spine was  
requested for the assessment of the spinal canal prior  
to epidural catheter placement. Routine imaging was  
performed at 1.5T, followed by a supplemental MR exam-
ination at 0.55T.

Due to severe susceptibility artifacts, the spinal canal  
was not assessable at 1.5T, neither on sagittal or axial 
T2-weighted sequences, nor on the T1-weighted sequence 
in the sagittal plane. At 0.55T, visibility and assessability  
of the spinal canal was substantially improved. Artifact  
superimposition was only minor, allowing for conclusive 
evaluation. Contraindications for epidural pain catheter 
placement could therefore be ruled out at 0.55T. Represen-
tative slices from 1.5T and 0.55T imaging are shown in  
Figures 1 and 2.

1A

1C 1D

1B

1.5T 0.55T

1   �Preoperative imaging in a 59-year-old patient with multiple prior 
surgical procedures of the spine, prior to epidural pain catheter 
placement. Due to susceptibility artifact superimposition, the 
spinal canal was not assessable at 1.5T, neither in T2-weighted 
(1A) nor T1-weighted (1C) sequences. Artifact severity was 
substantially lower at 0.55T, allowing for assessment with high 
diagnostic confidence (1B, 1D).

1.5T

0.55T

2A

2B

2   �Similar to the sagittal images shown in Figure 1, the evaluation of 
the spinal canal was also only possible using the axial T2-weighted 
images acquired at 0.55T (2B); while 1.5T did not allow for 
assessment due to artifact superimposition (2A).
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Case 2
A 59-year-old female patient presented with persistent 
knee pain five years after total knee arthroplasty. Given  
unremarkable radiographic examinations without signs  
of loosening, SPECT/CT and supplemental MR imaging at 
0.55T were performed.

Radiography did not show signs of implant loosening 
or other postoperative complications (Fig. 3A). In contrast, 
MR imaging at 0.55T clearly depicted edema-equivalent 
signal changes adjacent to the tibial implant component  
in the lateral tibial plateau, and to a lesser extent also in 
the medial tibial plateau, indicative of implant loosening. 

Findings were consistent with the results from SPECT/CT 
imaging, which showed increased tracer uptake in the 
aforementioned locations. This was interpreted as implant 
loosening by a board-certified nuclear medicine physician 
(Figs. 3B, C).

3A 3B 3C

3   �A 59-year-old female patient with persistent knee pain five years after total knee replacement. In contrast to conventional radiography (3A), 
both 0.55T MR imaging (3B) and SPECT/CT imaging (3C) demonstrated implant loosening of the tibial implant component. The 0.55T MRI also 
allowed for assessment of ligamentous structures around the knee.
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Case 3
A 39-year-old patient presented for routine follow-up  
imaging after resection of an osteosarcoma of the proximal 
left humerus and placement of a tumor prosthesis two 
years ago. Preoperative imaging was first performed at 3T. 
Follow-up imaging after surgery was performed at 1.5T 
and 0.55T.

The patient underwent regular postoperative follow-
up imaging at 1.5T and supplemental imaging at 0.55T  
following osteosarcoma resection and tumor prosthesis  
implantation in the proximal left humerus. Preoperative 
imaging was performed at 3T (Figs. 4A, B). Comparing the 

follow-up MRI examinations, especially the soft tissues  
immediately adjacent to the tumor prosthesis shaft can  
be delineated clearly better at 0.55T (Fig. 3D) than at  
1.5T (Fig. 3C) in the axial T2-weighted fat-suppressed  
sequences. In the scenario of patients undergoing  
follow-up imaging after bone tumor resection, potential 
local tumor recurrence close to the stem can be diagnosed 
or ruled out with greater confidence at low-field MRI, 
thanks to better delineation of adjacent structures due  
to fewer susceptibility artifacts.

3T 3T

1.5T 0.55T

4A 4B

4D4C

4   �A 39-year-old patient  
who was diagnosed  
with osteosarcoma of  
the proximal humerus  
at 3T (4A, 4B). Following 
tumor resection and tumor 
prosthesis implantation, 
follow-up imaging to assess 
for local tumor recurrence 
with axial T2-weighted 
fat-suppressed sequences  
is improved at 0.55T (4D) 
compared to 1.5T (4C), with 
better delineation of the soft 
tissue structures immediately 
adjacent to the shaft.
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Discussion
In order to achieve the best image quality, the acquisition 
protocol for handling metal implant imaging must be  
carefully optimized, regardless of the field strength. In the 
cases reported here, we employed our optimized clinical 
protocols for all field strengths used for the image acquisi-
tions. Certain protocol features could contribute to more 
robust acquisition despite of the metal, while others can 
correct the resulting artifacts. Metal artifact correction 
methods, however, are often SAR intensive and result in 
longer acquisition times. By imaging at 0.55T one can also 
reduce the concern associated with increased SAR, while 
often being able to get good clinical results by employing  
a high-bandwidth protocol. 

This brief case series emphasizes the potential of  
low-field MR imaging at 0.55T in patients with large metal 
implants. This is in accordance with recently published  
literature that outlines, for example, the advantages of 
low-field MR imaging over imaging at higher field 
strengths in patients with total hip arthroplasty [8]. Our  
initial experiences as demonstrated in this case series also 
suggest diagnostic benefits of 0.55T MR imaging in patient 
groups with other types of large metal implants, such as 
extensive thoracic or thoracolumbar spondylodesis. Reduc-
ing metal-implant-related susceptibility artifacts allows  
for improved assessment of structures and soft tissues  
immediately adjacent to the implants, which is of particu-
lar importance for detecting local recurrence following  
tumor resections. Additionally, low-field MR imaging may 
be helpful in the detection of implant loosening and could 
complement SPECT/CT imaging by providing details on 
soft-tissue structures around the knee prior to revising total 
knee replacements. 

In conclusion, it appears to be worth conducting  
dedicated studies to asses potential applications and  
opportunities in metal implant imaging – especially  
in cases of large metal implants – to establish a role for 
0.55T low-field MR imaging in clinical routine.
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StarVIBE for Bone Imaging
Eddie Song BS, RT(R)(MR)(MRSO)

Clinical Education Specialist at Siemens Healthineers, Durham, NC, USA

Abstract
Three-dimensional bony morphology assessment is  
an important part of diagnostic imaging. Computed  
tomography (CT) has been a leading modality in this field 
due to its high resolution and relatively fast scan times. 
However, CT imaging comes at the cost of ionizing  
radiation, which may not be an option for some patients. 
Magnetic resonance imaging (MRI) is another modality  
of choice and is free of ionizing radiation. However, bone 
morphology is not depicted in as much detail as in CT  
imaging, due to the extremely short T2 relaxation times 
[1]. Recently, ultra-short-TE and zero-TE sequences have 
begun to fill this gap. However, these sequences may  
not be readily available at all facilities. When choices  
are limited, another option for 3D bone imaging is the 
StarVIBE sequence.

Benefits of StarVIBE
StarVIBE is a sequence primarily designed for free- 
breathing body and pediatric imaging [2]. However,  
it also has several benefits in 3D bone imaging. Although 
StarVIBE does not have the very short echo times (TEs)  
of ultra-short-TE and zero-TE sequences, its repetition  
time (TR) and TE are still relatively short compared to  
other pulse sequences. This characteristic of volume inter
polated breath-hold examination (VIBE) makes it a suitable  
candidate for 3D bone imaging. According to several  
studies, when compared to CT imaging, 3D MRI with VIBE 
in lumbar imaging showed fracture sensitivity, specificity, 
and accuracy of 97.7%, 92.3%, and 95.7%, respectively [1].

StarVIBE is robust against motion due to its stack- 
of-stars trajectory [1]. StarVIBE is a modified version of 
VIBE that uses radial sampling for in-plane imaging, and 
Cartesian sampling for through-plane imaging. The center 
of k-space is sampled multiple times due to the radial  
trajectory, making StarVIBE relatively motion-insensitive.  
Certain situations and body parts can benefit from  
motion-insensitive imaging, where StarVIBE becomes  
advantageous. Additionally, the radial trajectory of 

StarVIBE requires no phase oversampling, as a radial  
readout gradient is used inplane. This makes StarVIBE  
appealing for imaging any body part without aliasing  
artifacts. However, dedicated protocol modifications  
are necessary to optimize it for bone imaging.

Modifications for bone imaging
There are several protocols for StarVIBE within the software 
package from Siemens Healthineers, if availalbe. It is easier 
to begin with the version that has a smaller field of view 
and thinner slice thickness. Selecting StarVIBE under  
the head region is a good starting point (Fig. 1). It already  
has a 1.5 mm slice thickness and a 0.9 × 0.9 mm pixel  
dimension. 

1  � StarVibe sequence in the protocol tree from Siemens Healthineers.
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2  � Turning off the fat 
saturation pulse and 
reducing the flip angle.

3  � Selecting the In Phase 
option under Part 1 of 
the Sequence tab.

The first modification is to turn off the fat saturation pulse 
and reduce the flip angle to 3° for 1.5T field strengths,  
and 2° for 3T field strengths (Fig. 2). 

The sequence also needs to be optimized to achieve 
the shortest in-phase TE based on magnetic field strength. 
The shortest in-phase TE can be entered manually, or  
automatically selected by choosing the In Phase option  
under Part 1 of the Sequence tab (Fig. 3). 

The shortest in-phase TEs are close to 4.7 ms on 1.5T  
scanners from Siemens Healthineers, and 2.4 ms on 3T 
scanners from Siemens Healthineers. Changes to the  
flip angle and TE help minimize T1 differences between 
soft tissue, chemical misregistration, and T2 signal loss, 
while maintaining optimal bone contrast [1]. The higher 
magnetic field strength of 3T allows for a smaller flip  
angle, reducing T1 soft tissue contrast due to its innately 
higher signal intensity.
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Ideally, the image should be isotropic to enable optimal  
reconstruction in any plane after the scan. Due to signal- 
to-noise-ratio limitations, a 1 × 1 × 1 mm voxel size is  
a good target for 1.5T. For 3T, it may be possible to reduce 
the voxel size to 0.8 × 0.8 × 0.8 mm. During this adjust-
ment, the field of view may be limited. If the field of view 
needs to be reduced, the base matrix may need to be  
decreased first, due to gradient limitations. Slice resolution 
can be set to 75%–80% to interpolate and save scan time. 
Slice thickness should be adjusted to maintain an isotropic 
voxel size. If the user interface does not allow the desired 
thinner slice thickness, this can be solved by increasing the 
number of slices per slab to cover the body part of interest. 
An increase in slices should provide extra signal in 3D  
volume acquisition; however, the scan time may increase 
due to additional slice acquisition. Longer scan times can 
be balanced by decreasing the average to one. Once the 
desired voxel size is achieved, radial views should be  
optimized.

Radial views determine how many radial spokes are  
used in the radial sampling scheme of StarVIBE [2].  
Recommended values for the number of radial spokes are 
displayed on the tooltip when you hover over the Radial 
Views parameter (Fig. 4). The range of recommended  
values can change depending on what base resolution is 
set. An optimal number of radial spokes allows for proper 
overlap in the center of k-space, thereby reducing motion 
artifacts. The correct radial views can also reduce streak  
artifacts. Therefore, bone imaging in motion-prone body 
regions may require a higher number of radial views than 
in relatively stationary body regions. Scan time is another 
factor to consider, as more radial views will require longer 
scan times.

Once the image is acquired, the grayscale can be  
inverted in View&GO by pressing F10 on the keyboard. 
Alternatively, radiologists can easily invert it from the PAC. 
This grayscale inversion provides a CT-like 3D bone imaging 
appearance (Figs. 5 and 6). The isotropic acquisition of 
StarVIBE bone imaging should allow the user to reconstruct 
it in any plane to evaluate the region of interest.

4  � Recommended values for the number of radial spokes are 
displayed on the tooltip when you hover over the Radial Views 
parameter.

5  � Modified StarVIBE for the bone imaging of a shoulder with 
inverted greyscale.

6  � Modified StarVIBE for the bone imaging of an ankle with inverted 
greyscale.

66 magnetomworld.siemens-healthineers.com

MAGNETOM Flash (93) 4/2025Bone Imaging



Conclusion
MRI is a safe way to evaluate bone morphology. The  
isometric StarVIBE low TE sequence was designed to  
enhance osseous cortical and trabecular detail. 

Like CT, it allows for a single sequence to be reformat-
ted into multiple planes. This sequence offers numerous 
potential clinical applications, particularly in cases where  
a CT scan would traditionally be required alongside an MRI. 
Proper modification of StarVIBE enables flexible, optimal, 
and sensitive bone imaging.

Pictorial Essay: Clinical Application  
of StarVIBE for Bone Imaging
Erin Moran, M.D.

Associate Professor of Radiology, Duke University, Durham, NC, USA
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Over the last decade, the attempt to produce MR images 
that provide bony detail comparable to CT has resulted  
in multiple different techniques including various VIBE  
sequences, UTE/ZTE sequences, and synthetic CT. The 
StarVIBE sequence for bone imaging shares many of the 
benefits of those techniques. It is isometric and provides 
high-resolution images that are reformattable. The images 
also provide excellent cortical and trabecular detail in  
bony structures, as well as excellent visualization of soft 

tissue mineralization. The sequence also stands up well 
when dealing with metal1 artifact and is comparable to 
metal reduction sequences in its ability to reduce metal  
artifact. Additionally, there is no loss of signal when  
relevant anatomy is distant from the isocenter, which  
is particularly useful when imaging joints such as the 
shoulder and the hip. 

These images provide some examples of our initial  
experience using this sequence at Duke. 

1 �The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants brings 
specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned 
warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility  
of the implant manufacturer, not of Siemens Healthineers.
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1  � A modified StarVIBE axial sequence from an MR arthrogram in the original (1A) and in the inverted (1B) form shows bone loss in the anterior 
glenoid in a patient with recurrent dislocations. 

1A 1B

2  � A modified StarVIBE 
coronal sequence from  
a hip arthrogram in  
a patient with prior 
surgery shows the 
post-surgical changes  
to the bone following  
a femoral osteochon
droplasty.

2A 2B

3  � A modified StarVIBE 
sagittal sequence and 
sagittal T1 TSE. The 
posterior osteophytes  
at the level of C5–C6  
are more clearly 
visualized on the 
StarVIBE sequence.

3A 3B
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4  � Modified StarVIBE 
sagittal images in a 
patient with a prior  
ACL reconstruction.  
The sequence delineates 
the bony detail of the 
tibial tunnel on par  
with CT in preoperative 
assessment for revision 
ACL reconstruction. 

4A 4B

5  � A modified StarVIBE coronal image from a midfoot MRI in a patient with suspected navicular stress reaction. On STIR sequences (not shown), 
bone marrow edema was present throughout the navicular, consistent with stress reaction. On the StarVIBE coronal sequence, linear signal  
is present within the navicular, consistent with a developing stress fracture. 

5A 5B
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6  � A modified StarVIBE axial image of the left shoulder in a patient with a chondroid lesion in the humeral head. The margins of the lesions,  
as well as the chondroid mineralization, are clearly delineated.

6A 6B
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Box 3808 DUMC 
Durham, NC 27710 
USA 
Tel.: +1 (919) 684-2711 
erin.moran@duke.edu

7  � A sagittal STIR image and StarVIBE sagittal images of the right thigh in a patient with myositis ossificans. The peripheral rim of mineralization 
demonstrated on the modified StarVIBE sequences allows the diagnosis to be made on the MRI without the need for additional imaging.

7A 7B 7C

Bone Imaging
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Siemens Healthineers: Our brand name embodies the pioneering spirit and  
engineering expertise that is unique in the healthcare industry. The people working  
for Siemens Healthineers are totally committed to the company they work for, and  
are passionate about their technology. In this section we introduce you to colleagues  
from all over the world – people who put their hearts into what they do.

Meet Siemens Healthineers

How did you first come into contact with MRI? 
I first came into contact with MRI during my time as a CT 
technologist in a private radiology practice. When they  
installed a MAGENTOM scanner, I was curious but didn’t 
realize how impactful it would be. As I observed the scans 
and learned about the technology, I became fascinated by 
its ability to provide detailed images in different planes  
and tissue contrasts. It opened up a whole new world of 
diagnostic possibilities. That initial fascination quickly 
evolved into a strong professional passion, and from that 
point on, I knew MRI was where I wanted to focus my  
energy and grow my skills.

What do you find motivating about your job?
MR is constantly evolving, and right now we’re at a  
particularly exciting point with breakthroughs in AI, deep 
learning, and quantification. I see my role as bridging the 
gap between advanced technology and everyday clinical 
needs. What motivates me is helping to turn our develop-
ments into something truly relevant and beneficial for  
the daily work of healthcare providers: Whether it’s better 
image quality or more streamlined workflows, that’s when 
innovation really makes an impact.

What are the biggest challenges in your job? 
We work in a dynamic environment where success depends 
on thoughtful planning, collaboration, and the ability to 
adapt quickly. Aligning multiple priorities and stakeholders 
takes effort, but it’s also where the best ideas emerge.  

The impact of a marketing campaign may take time to  
reveal itself, but we always focus our efforts on ensuring 
that our work leads to meaningful outcomes and creates 
value for healthcare professionals. 

What are the most important developments  
in healthcare?
From my perspective, one of the most exciting develop-
ments in healthcare is the rise of digital technologies.  
I’m also particularly impressed by how AI is beginning  
to support more personalized care, from diagnostics to  
treatment planning. As someone involved in medical  
imaging, it's inspiring to see how imaging technologies 
continue to evolve, enabling earlier and more accurate  
diagnoses. And I think it’s equally important that health-
care is starting to look at its environmental footprint:  
Sustainability efforts are becoming an essential part of 
how we move forward as an industry.

What would you do if you could spend a month doing 
whatever you wanted?
If I had a month to do whatever I wanted, I’d focus on 
learning and discovery. I’ve always wanted to learn to  
play the piano, so I’d finally dedicate time to that. I also 
love traveling and exploring new places – Australia, for  
instance, is still on my list. I’d love to visit and experience 
the unique culture, the culinary scene, and the incredible 
nature.

Corinna Berkel
My story begins in West Berlin, where the Berlin Wall served as a daily reminder of what  
it means to live with limits – and the importance of moving beyond them. That mindset  
carried into my career, which I began as a radiology technologist at the Charité in Berlin,  
and progressed through roles in clinical practice and software applications. In 2011, I joined 
Siemens Healthineers as an MR applications specialist, later relocating to Singapore to  
support MR imaging across the ASEAN region. Today, as global clinical marketing manager  
for musculoskeletal imaging, I help to bring our imaging solutions to users and patients  
around the world.

Erlangen, 
Germany
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How did you first come into contact with MRI?
I feel fortunate to have never needed an MRI myself so far. 
However, growing up in Germany and following sports 
such as soccer, I often heard about players needing MRIs  
to assess their injuries. Additionally, seeing teammates and 
friends get injured brought MRI further into my awareness. 
My first direct encounter with MRI was when I accompa-
nied my little sister to her MRI exam while I was studying 
physics. At that time, I couldn't explain the process to her 
accurately, but the experience piqued my interest. Later, 
when I started working as a student in the MR predevelop-
ment department at Siemens Healthineers, I became  
completely hooked on the technology and its potential. 
The field of MRI research offers a lot of freedom to try  
new things and think creatively, all while making a sig
nificant impact.

What do you find motivating about your job?
My job is motivating because it has a clear purpose.  
Everything we do, in collaboration with our technical and 
clinical partners, advances medicine. The opportunity to 
make a tangible difference in healthcare drives me every 
day. I am passionate about developing new technologies 
and methods that improve diagnostic accuracy and  
enable more efficient patient care. Working with a team  
of talented and passionate colleagues from diverse back-
grounds around the globe constantly inspires me to push 
the boundaries of what is possible in medical imaging. 
Knowing that our work can lead to faster, better diagnoses 
and treatments for patients, while also making radiology 
more efficient, is incredibly fulfilling.

What are the biggest challenges in your job?
One of the biggest challenges in my job is ensuring that  
we develop reliable solutions that truly benefit clinicians. 
Aligning the goals of technical advancements with the 
practical needs of clinicians can be challenging, but it is a 
crucial aspect of my work. Developing new MRI techniques 
requires carefully weighing many factors, and the devel
opment process involves rigorous testing and validation  
to ensure that they are useful and effective for radiology 
departments and practices.

What are the most important developments  
in healthcare?
In my opinion, one of the most important developments  
in healthcare is the integration of artificial intelligence  
with medical imaging. AI has the potential to revolutionize 
the way diseases are diagnosed and treated by providing 
faster, more accurate, and more personalized insights.  
In MRI, AI can enhance image reconstruction, automate 
complex workflows, and improve diagnostic accuracy. 
These advancements lead to more efficient and effective 
patient care and ultimately improve patient outcomes.

What would you do if you could spend a month doing 
whatever you wanted?
If I could spend a month doing whatever I wanted, I would 
combine work and leisure by traveling the world. Although 
a month is a short time, I would hope to visit many  
interesting places and plan time to stop at hospitals and 
university research departments. I would love to learn 
about exciting developments in both technical and clinical 
areas and gain a deeper understanding of the patient  
journey and the need for improvements. Traveling to  
different places and learning about different cultures and 
perspectives is something I truly enjoy, and it would be  
fantastic to combine that with a focus on MRI. So far,  
I have had the pleasure of learning from inspiring people 
all over the world. 

Gregor Körzdörfer, Ph.D.
Born and raised in Erlangen, Germany, Gregor Körzdörfer pursued studies in physics at 
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU). His master’s thesis, which focused  
on developing tools for sequence development and optimization, marked the beginning  
of his deep involvement in MRI. Gregor continued his education with a Ph.D. at FAU, working  
on MR fingerprinting in close collaboration with Siemens Healthineers. He then became an 
Application Developer in the predevelopment team, before transitioning to the role of Scientific 
Collaboration Manager for MRI in New York, USA. Upon returning, he reconnected with his roots 
in MRI and became head of the musculoskeletal predevelopment team.

Erlangen, 
Germany
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The entire editorial staff at Castlereagh Imaging, Edgecliff, NSW, Australia and at  
Siemens Healthineers extends their appreciation to all the radiologists, technologists,  
physicists, experts, and scholars who donate their time and energy – without payment –  
in order to share their expertise with the readers of MAGNETOM Flash.

Details about the processing of your personal data can be found on the  
Siemens Healthineers Website (https://www.siemens-healthineers.com)  
under “Privacy Policy” and “Marketing Privacy Policy”.

MAGNETOM Flash includes reports in the English language on magnetic 
resonance: diagnostic and therapeutic methods and their application as well  
as results and experience gained with corresponding systems and solutions. It 
introduces from case to case new principles and procedures and discusses their 
clinical potential. The statements and views of the authors in the individual 
contributions do not necessarily reflect the opinion of the publisher.

The information presented in these articles and case reports is for illustration 
only and is not intended to be relied upon by the reader for instruction as to  
the practice of medicine. Any health care practitioner reading this information  
is reminded that they must use their own learning, training and expertise in 
dealing with their individual patients. This material does not substitute for that 
duty and is not intended by Siemens Healthcare to be used for any purpose in 
that regard. The drugs and doses mentioned herein are consistent with the 
approval labeling for uses and/or indications of the drug. The treating physician 
bears the sole responsibility for the diagnosis and treatment of patients, 
including drugs and doses prescribed in connection with such use. The 
Operating Instructions must always be strictly followed when operating the MR 
system. The sources for the technical data are the corresponding data sheets. 
Results may vary.

Partial reproduction in printed form of individual contributions is permitted, 
provided the customary bibliographical data such as author’s name and title of 
the contribution as well as year, issue number and pages of MAGNETOM Flash 
are named, but the editors request that two copies be sent to them. The written 
consent of the authors and publisher is required for the complete reprinting of 
an article.

We welcome your questions and comments about the editorial content of 
MAGNETOM Flash. Please contact us at  
magnetomworld.team@siemens-healthineers.com

Manuscripts as well as suggestions, proposals and information are always 
welcome; they are carefully examined and submitted to the editorial board for 
attention. MAGNETOM Flash is not responsible for loss, damage, or any other 
injury to unsolicited manuscripts or other materials. We reserve the right to edit 
for clarity, accuracy, and space. Include your name, address, and phone number 
and send to the editors, address above.
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Not for distribution in the US

On account of certain regional limitations of sales rights 
and service availability, we cannot guarantee that all  
products included in this brochure are available through 
the Siemens Healthineers sales organization worldwide. 
Availability and packaging may vary by country and  
is subject to change without prior notice. Some/All of  
the features and products described herein may not be 
available in the United States.

The information in this document contains general  
technical descriptions of specifications and options as  
well as standard and optional features which do not  
always have to be present in individual cases, and which 

may not be commercially available in all countries.  
Due to regulatory reasons their future availability  
cannot be guaranteed. Please contact your local  
Siemens organization for further details.

Siemens Healthineers reserves the right to modify the  
design, packaging, specifications, and options described 
herein without prior notice. Please contact your local  
Siemens Healthineers sales representative for the most  
current information.

Note: Any technical data contained in this document  
may vary within defined tolerances. Original images  
always lose a certain amount of detail when reproduced.
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Siemens Healthineers AG 
Siemensstr. 3 
91301 Forchheim, Germany 
Phone: +49 9191 180 
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