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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.X1.

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.

1 MAGNETOM Terra.X is pending 510(k) clearance and not commercially available in the U.S. Its future availability cannot be ensured.
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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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3   General aspect of the meniscus on 7T 2D PD TSE with fat suppression in sagittal (3A) and coronal (3B) planes.

3A 3B

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.

2A 2B7T 3T 7T 3T
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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

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.

4A 4B7T 3T
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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.

6A 6B7T 3T

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.

7A 7B7T 3T
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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.

9A 9B7T 3T
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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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