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MAGNETOM Vida Clinical Case Studies
Axel Stäbler, M.D.
Radiologie in München Harlaching, Munich, Germany
Case 2

Case 1
8-year-old boy with Legg-Calvé-Perthes disease left hip. Coronal
PDw fatsat and T1w, axial and sagittal PDw fatsat. Legg-CalvéPerthes disease causes aseptic necrosis of the femoral head in
children, mainly between the ages of five and eight. The whole
of the left femoral head epiphysis is fragmented and severely
flattened, there is a reduction of more than 50% in the height of

1A

1C

2

the lateral pillar, and the epiphysis has been displaced laterally
from the hip joint cavity. The acetabulum, too, is already deformed
and flattened; signal intensity for the acetabular labrum is
regular, low. Only remnants of the epiphyseal nucleus are still
visible; the growth plate and adjacent metaphysis are involved,
widened, and deformed. Coxa magna.

73-year-old patient with activated coxarthrosis, right. Coronal
PDw fatsat and T1w, sagittal PDw fatsat of the right and left hip.
The joint space in the right hip joint is completely narrowed; there
is a large resorption cyst in the cranial pressure absorption zone,

with active edemata in the femoral neck up to the intertrochanteric region. The left hip, which is still largely normal,
is shown for comparison.
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Case 3
61-year-old male with plantar plate rupture at DII. The sagittal
PDw fatsat image shows a tear in the plantar plate. There has
been fraying/disintegration of the fibrous sheath around the flexor
tendon, so the flexor tendon can be differentiated from the plantar
plate. The plantar plate is proximally dislocated and extends
beyond the condyle in the direction of the metaphysis. The base of
the proximal phalanx is slightly decentered towards the dorsum of
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Case 4
the foot. MTP joint III is pictured for comparison to show the
normal alignment. In the axial T1w image, the flexor tendon is
laterally subluxated; with its split/broken down fibrous sheath,
it can be differentiated as an exposed structure. The plantar
plate has a medial tear and cannot be differentiated. The T1w
fatsat, following administration of contrast medium, shows the
same result.

3A

3B

3C

3D

38-year-old male, presented with symptoms after fracture of
distal fibula eight weeks earlier. The coronal T1w and PDw fatsat
images show a persistent Weber type A fracture of distal fibula.
The increase in signal intensity in the bone marrow, focused on
the subcortical zone, that appear in the PDw fatsat images are
indicative of reactive bone marrow change associated with bone
dystrophy. There is anterolateral luxation of the peroneal tendons,

4A

4C

Advertisement

as well as an anteromedial luxation of the tendon of the tibialis
posterior (at the level of the medial malleolus). The axial T2w
image shows the medially luxated posterior tibial tendon; at
this level, the retinacula of the peroneal tendons are still intact.
Anterolateral luxation of the peroneal tendons is shown in the
next image. This can also be seen in the oblique axial PDw fatsat
image (tendon tilt).
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4D
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MAGNETOM Vida
Embrace human nature with BioMatrix Technology
Patients have unique, individual characteristics.
Different physiologies and anatomies – but also the way
we interact with them and technology – cause unwanted
variability. These unique human characteristics, or
biovariabilities, present a challenge and a source of error,
rescans, and inefficiency when it comes to MR imaging.
This intrinsic patient variability needs to be addressed
in order to truly personalize MRI, and pave the way
towards precision medicine. To turn this challenge into
an opportunity, we must think differently. Instead of
adapting human variability to technology, we adapt
technology to humans. We do this by embracing
their individual nature – with BioMatrix Technology.
4

Anticipate challenges before they happen
with BioMatrix Sensors.

Adapt to all patients, even critical ones,
with BioMatrix Tuners.

Accelerate workflows while increasing
quality of care with BioMatrix Interfaces.
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Case 5
70-year-old male with advanced medial gonarthrosis presenting
with femoral and tibial chondropathy (grade IV), degenerative
disintegration of the medial meniscus, and osteophytic outgrowths
(PDw fatsat and coronal T1w). In the PDw fatsat images, extensive

5A

cartilage damage and incipient bone loss on the tibial plateau
are visible in the medial compartment. In the sagittal image
(PDw fatsat) osteophytic spurs at the upper and lower pole of
the patella are clearly visible.

5B
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Case 6

Case 7

54-year-old male with post-traumatic quadriceps tendon
rupture (sagittal PDw fatsat and PDw). The rupture occurred at
the osseotendinous junction at the superior pole of the patella,
marked surrounding edema and effusion and downward
angulation of the patella.

57-year-old male with degenerative tearing of the foveal
attachments of the discus articularis, leading to instability in
the distal radioulnar joint with effusion and fibrovascular scar
tissue around the capsule (coronal PDw fatsat, T1w fatsat after
intravenous administration of contrast medium, axial T2w).
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Case 8

Case 9

86-year-old male with active medial meniscus lesion, an acute
meniscal tear of the medial posterior horn. There is vertical-radial
tearing with an additional longitudinal rupture, indicative of
complex tearing (coronal, axial and sagittal PDw fatsat, coronal T1w).

53-year-old male with right-sided foraminal disc sequestration
at L3/4. The case demonstrates extrusion of disc tissue into the
epidural space with cranial migration. The disc tissue is brighter
in the T2w image than the original disc during fluid inflow. Signal

8A

8B

9A

9B

intensity for the sequestered disc is low in the T1w image and very
high in the STIR image. Sequestration was caused by a fibrous ring
lesion, visible in the axial T2w image, with displacement of the
extraforaminal root L3, right.
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Case 10
32-year-old female with rheumatoid arthritis. The PDw fatsat
image shows severe thinning of the supraspinatus tendon, with
extensive glenohumeral cartilage damage (grade III–IV). There has
been inflammatory bone resorption in the "bare area" and the
"footprint" of the supraspinatus tendon. Signal intensity for this

is low in the T1w image and is moderately enhanced in the
T1w fatsat image after administration of contrast medium.
Proliferative synovitis, an effusion, and synovial proliferations
(enhanced by contrast medium) are visible on the axial PDw
fatsat and T1w fatsat image.
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GOKnee3D – Fully-automated One-buttonpush High-resolution MRI of the Knee
Jan Fritz, M.D., P.D., D.A.B.R.; Filippo Del Grande, M.D., MBA, MHEM; Neil Kumar, M.D.; Derek F Papp, M.D.;
Rushyuan J Lee, M.D.
Johns Hopkins University School of Medicine, Baltimore, MD, USA
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Magnetic resonance imaging (MRI) plays a key role in the
workup of acute and chronic injuries, pain syndromes, and
dysfunction of the knee. While radiographic and computed
tomography evaluations provide excellent osseous detail,
MRI is most accurate for the detection of bone marrow
edema in the setting of radiographically occult bone
contusion injuries and osseous stress reactions, nondisplaced fractures, acute chondral shear injuries, and
degenerative cartilage defects, tears of the collateral and
cruciate ligaments, muscle-tendon injuries, and meniscal
tears. Also, MRI can diagnose synovitis not only by the
presence of a joint effusion, but also by visualizing synovial
thickening, edema pattern, and frond-like hypertrophy.
Most MRI protocols of the knee for the assessment of
internal derangement include pulse sequences that are
tailored for the morphological assessment of anatomic
structures, as well as pulse sequences that are tailored
to maximize the conspicuity of findings with long T2
constants, such as fluid and edema.

For morphological assessment of the integrity of
anatomical structures, intermediate-weighted MR images
with echo times around 30 ms and no fat suppression are
ideally suited due to their high signal yield, intermediateto-high fluid signal, and high contrast-to-noise ratios of
low signal intensity structures such as menisci, ligaments,
and cartilage. The addition of a T1-weighted pulse
sequence to the protocol can be beneficial for bone
marrow assessment due to their exquisite specificity for
fat signal, including osteomyelitis, marrow replacing
diseases, and possibly fractures. However, T1-weighted
pulse sequences have a lower sensitivity for detecting
cartilage defects, ligamentous injuries, and meniscal tears
due to absent fluid signal. Structural pulse sequences
are often designed with a higher spatial resolution to
maximize structural detail and the detection of small
abnormalities, such cartilage fissures, and coapted tears.
For the assessment of signal abnormalities, pulse
sequences with longer echo times and fat suppression

1
3-Dimensional Signal-to-Noise Ratio Maps
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Figure 1:
3-Dimensional Signal-to-Noise Ratio maps illustrate the higher signal yield of CAIPIRINHA-accelerated 3D SPACE over
GRAPPA-accelerated 3D SPACE.

510(k) pending. The product is not commercially available. Future availability cannot be guaranteed.
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are typically used to increase the conspicuity of findings
with long T2 constants, such as joint fluid, collections,
and edema. The presence of an edema pattern in bone,
ligaments, muscles, and fatty tissues often allows the
differentiation of an acute injury or inflammation from
chronic remodeling. Abnormally T2 hyperintense areas
also have a higher suspicion to be a pain generator. Fast
and turbo spin echo (TSE) pulse sequences with effective
echo times of 60–70 ms and spectral fat suppression
result in exquisite fluid sensitivity. The use of Spectral
Attenuated Inversion Recovery (SPAIR) technique, instead
of conventional spectral fat suppression can improve the
homogeneity of fat suppression across the field-of-view [1].
Alternatively, STIR (Short Tau Inversion Recovery)
technique may be used. Fluid sensitive sequences can
be designed with less spatial resolution, as it does not
interfere with their fluid-sensitivity but can improve
efficiency and compensate for the lack of signal from
suppressed fat-bound protons.

2A

2B

2C

2D

Two-dimensional (2D) TSE pulse sequences can be
acquired with a high in-plane spatial resolution, e.g.,
with a pixel size of 0.5 x 0.5 mm2 and less. However, to gain
enough MR signal, a slice thickness of 2–4 mm is required,
which lowers the effective spatial resolution and results in
partial volume effects. The anisotropic voxel size prevents
multiplanar reformations and requires the separate
acquisition of images in axial, sagittal, and coronal
orientation, which can be a time-consuming process
and often requires total protocol acquisition times of
20 minutes.
Three dimensional (3D) TSE techniques such as Sampling
Perfection with Application optimized Contrast using
different flip angle Evolutions (SPACE) yield markedly
more MR signal, due to volume-based excitation and use
of multiple additional phase-encoding steps in a second
direction. Together with the much higher signal yield, 3D
data sets allow for the generation of much thinner slices
partitions and facilitate 3D MRI with isotropic voxels size.

2E

2F

Figure 2:
Normal left knee of a 37-year-old healthy man. Sagittal isotropic 0.5 mm intermediate-weighted and 0.6 mm T2-SPAIR-weighted
3D CAIPIRINHA SPACE source MR images (2A, B) with standard axial (2C, D) and coronal (2E, F) reformats.
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3
AA Scout
13 sec

IW 3D CAIPIRINHA SPACE
4 min 41 sec

TSFS 3D CAIPIRINHA SPACE
4 min 45 sec

Total Scan Time: 9 min 39 sec
Figure 3:
GOKnee3D protocol for 3T MRI of the knee in under 10 minutes.

Such isotropic data sets with sufficiently small voxel size
virtually eliminate partial volume effects and provide an
opportunity for the improved display of small anatomic
detail. Also, virtually any imaging plane can be reformatted
from a single parent dataset (Fig. 1), including standard
axial, sagittal, and coronal MR images, as well as oblique
and curved planar reformations and 3D volume-rendered
MR images.
The two phase-encoding directions of 3D SPACE provide
an opportunity for bi-directional acceleration. A 2 x 2
parallel imaging using a Generalized Autocalibrating
Partial Parallel Acquisition (GRAPPA) sampling pattern
facilitates a 4-fold acceleration without the occurrence
of acceleration and aliasing artifacts. As a further
development, the use of a shifted Controlled Aliasing
In Parallel Imaging Results IN Higher Acceleration
(CAIPIRINHA) sampling pattern results in the optimized
use of differential coil spatial sensitivities and improved
geometry (g) factor performance [2, 3]. When compared
to GRAPPA SPACE, CAIRPINIHA SPACE is characterized
by increased image quality and 10–20% higher signal-tonoise ratios (Fig. 1). CAIPIRINHA-based 4-fold acceleration
substantially reduces the time required for data
acquisition and eliminates the need for compromises,
including long echo trains, partial Fourier undersampling,
and anisotropic data acquisition (Fig. 2) [4–6]. CAIPIRINHA
SPACE with integrated anatomical landmark-based
AutoAlign Knee technology, which provides automatic
field-of-view and slice positioning, builds the foundation
for GOKnee3D – a fully automated, one-button-push,
high-resolution, 3D isotropic diagnostic knee exam with
intermediate- and T2-SPAIR-weighted image contrasts and
a total acquisition time of fewer than 10 minutes (Fig. 3).
The development of GOKnee3D adopted a similar strategic
approach as earlier GO (Generalized Optimized) strategies
[7–9]. The clinical validation study of GOKnee3D included
head-to-head comparisons with conventional exams of
100 patients that were scanned at the MAGNETOM Skyra
(3T) and 50 patients that were scanned at the MAGNETOM
Aera (1.5T) [10]. All patients underwent the 10-minute
GOKnee3D exam as well as a high-quality conventional

20-minute 2D exam that included six separately acquired
pulse sequences of standard non-fat-suppressed and
fat-suppressed clinical contrasts in three orientations.
All images were independently evaluated by two boardcertified, fellowship-trained musculoskeletal radiologists.
The images were assessed for the presence or absence of
joint effusion, joint bodies, popliteal cysts, lateral and
medial meniscal tears, medial and lateral collateral
ligament tears, anterior and posterior cruciate ligament
tears, quadriceps and patella tendon tears, cartilage
defects, bone marrow edema, and fractures. Additionally,
the overall image quality and severity of motion artifact
were also evaluated.
The study results indicate that the images generated
by the 10-minute GOKnee3D protocol are at least diagnostically equivalent to the images of a 20-minute 2D TSE
standard of reference protocol. There were no significant
differences in the diagnosis of abnormal findings between
GOKnee3D and the 2D TSE exams at both 1.5T and 3T. For
both, 1.5T and 3T GOKnee3D protocols, the inter-reader
agreement was consistently higher for the 3D images when
compared to the 2D images.
An ongoing study evaluating the diagnostic accuracy
of GOKnee3D for the detection of internal derangement
in children1 and adolescents, with arthroscopy as the
standard of reference, indicates sensitivities of 83–100%
and specificities of 93–100% for the diagnoses of discoid
menisci, meniscus tears, ligament injuries, and
osteochondritis dissecans lesions [11]. This study is
currently being extended to adult patients.
The following clinical cases with surgical correlation
illustrate the application of GOKnee3D for the evaluation
of internal derangement in adults and children. All images
were acquired on a 3T MAGNETOM Skyra MR imaging
system (Siemens Healthcare, Erlangen, Germany) and Tx/
Rx Knee 15 (QED, Mayfield Village, OH, USA) surface coil.

1

MR scanning has not been established as safe for imaging fetuses and infants
less than two years of age. The responsible physician must evaluate the benefits
of the MR examination compared to those of other imaging procedures.
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Case 2
4B

4C

5A

5B

Indication: 4-year-old girl with mild
knee pain and locking with motion.
MRI findings: Sagittal, coronal, and axial
GOKnee3D images demonstrate a near
complete discoid lateral meniscus with
a complex tear (arrows). The medial
meniscus, anterior and posterior cruciate
ligaments, medial and lateral collateral
ligaments, and articular cartilage are
intact. There is a mild synovitis with small
joint effusion.

4D

4E

4F

5C

5D

4G

4H

4I

5E

5F

5G

5H

Indication: 60-year-old woman with intermittent pain and swelling of the right knee.

Arthroscopy findings: Discoid lateral
meniscus with a complex tear (arrow, 5G),
which was treated with resection of
the tear and saucerization to create
the crescent shape of a normal lateral
meniscus (5H).

MRI findings: Sagittal, coronal, and axial intermediate-weighted and T2-SPAIR GOKnee3D images demonstrate a degenerative,
complex tear of the posterior lateral meniscus (white arrows, 4A and 4B). There is full-thickness cartilage loss over the lateral femoral
condyle and lateral tibia plateau with focal bone-on-bone apposition (orange arrows, 4A and 4B; white and orange arrows, 4D and 4E).
There is full-thickness cartilage loss of the lateral facet of the patella (orange arrow, 4G and 4H) and synovitis with frond-like
proliferations (white arrow, 4G and 4H).
Arthroscopy findings: Degenerative, complex, tear of the posterior lateral meniscus (white arrow, 4C). Full-thickness cartilage
defects of the central femur (orange arrow, 4C and 4F), tibia plateau (white arrow, 4F), and lateral patella (orange arrow, 8I) with
synovitis (white arrow, 4I).
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Case 4

Case 3
6A
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6B

Indication: 30-year-old man with pain,
swelling, and instability of the right knee
following an American football injury.

7A

7B

MRI findings: Sagittal, coronal, and
axial intermediate-weighted and T2SPAIR GOKnee3D images demonstrate
a complex, partial depth tear of the
peripheral zone 1 of the posterior medial
meniscus (arrows, 7A–D). The meniscal
tissue quality appears preserved.
Additionally, there are small
paramensical cysts at the location
of the tear (arrow, 7E).

MRI findings: Sagittal, coronal, axial
and axial oblique GOKnee3D images
demonstrate a full-thickness tear of
the anterior cruciate ligament near the
femoral attachment (arrow, 6A, B, F, G).
Additionally, there is a hemorrhagic joint
effusion, a partial thickness tear of the
lateral collateral origin (arrow, 6C–E), and
bone contusions of the femur and tibia.
Arthroscopy findings: Full-thickness tear
of the anterior cruciate ligament near
the femoral attachment (arrow, 6H).

Arthroscopy findings: Complex, partial
depth tear of the peripheral zone 1 of the
posterior medial meniscus (arrow, 7F).

6C

6D

7C

7D

6E

6F

7E

7F

6G

6H
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Case 6
8B

Indication: 14-year-old boy with anterior
knee pain.

9A

9B

MRI findings: Sagittal, coronal, and axial
oblique GOKnee3D images demonstrate
patella alta alignment, hypoplasia of
the trochlea, lateral patellar shift, and
a full-thickness cartilage defect (arrows,
8A–D) of the central patella with
subcortical cyst formation and a small
area of bone marrow edema pattern.
There is a small joint effusion. The lateral
and medial meniscus (arrows, 8E) are
intact.

Indication: 51-year-old man with intermittent pain and locking of the left knee.
MRI findings: Sagittal and coronal
intermediate-weighted and T2-SPAIR
GOKnee3D images demonstrate a bucket
handle tear of the lateral meniscus
(white arrow, 9A–D). The anterior cruciate
ligament (asterisk, 9A–D) and the
posterior cruciate ligament (orange arrow,
9A and 9B) are intact.
Arthroscopy findings: Bucket handle tear
of the lateral meniscus (arrow, 9F).

Arthroscopy findings: Patellar
chondromalacia with full-thickness
cartilage defect (arrow, 8F).
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Metal Artifact Reduction Sequence (MARS)
Magnetic Resonance Neurography (MRN)
Evaluation of the Lumbosacral Plexus in
Patients with Metallic Implants
Shivani Ahlawat, M.D.; Jan Fritz, M.D., P.D., D.A.B.R.
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Abstract
Magnetic resonance neurography (MRN) is a reliable and
accurate modality in the assessment of patients with
peripheral neuropathy, which can be useful for distinguishing intrinsic and extrinsic etiologies of neuropathy
following surgery. However, MRN surrounding metal
implants1 can be challenging to both perform and
interpret. The diagnosis of abnormal peripheral nerves
often heavily relies on fluid sensitive MR pulse sequences,
but the presence of metal in the field of view introduces
image artifacts, distortion and interferes with fat
suppression. Conventional turbo spin echo pulse
sequences with optimization for metal artifact reduction1

Orientation
Repetition time [ms]

Intermediate-weighted
Turbo Spin Echo

STIR
Turbo Spin Echo

transversal

transversal

5700

3660

Time to echo [ms]

38

6.9

Inversion time [ms]

-

150

Echo train length

16

16

Slice thickness/gap
[mm]

4.5/0.45

5/0.5

Pixel size [mm ]

0.5 x 0.5

0.7 x 0.7

Bandwidth [Hz/px]

560

545

Flip angle [degree]

150

130

2 x 35

2 x 27

1.5

2

Right to left

Right to left

8:42

13:36

2

Number of slices
Number of excitations
In-plane frequency
encoding direction
Total acquisition time
[min:sec]

Table 1:
Detailed MARS MR imaging protocol optimized for the
evaluation of lumbosacral plexus and pelvic nerves in
patients with metallic implants1.
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are best suited for nerve imaging as advanced multispectral, and multi-spatial pulse sequences introduce
a degree of blur that obscure nerve details. As such,
metal artifact reduction sequence (MARS) techniques1
can be applied to improve the image quality of MRN in
patients with pelvic metallic implants, when compared
with standard fast spin echo sequences. We describe
a high-resolution MARS MRN protocol that yields high
image quality and validated diagnostic accuracy for
the assessment of lumbosacral neuropathies in patients
with metallic implants of the pelvis and hips.
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Magnetic resonance neurography (MRN) is a reliable and
accurate modality for the assessment of patients with
peripheral neuropathy that can be useful for identifying
intrinsic or extrinsic etiologies of neuropathy. However,
the presence of metal in the field-of-view generates local
magnetic field heterogeneity and results in image artifacts
including signal voids, failure of fat suppression, and
spatial misregistration [10]. As such, MR imaging
surrounding metal implants, including arthroplasty
and osteosynthesis implants, can be challenging to
interpret [10]. Metal artifact reduction strategies include
the use of lower magnetic field strength, such as
1.5 instead of 3 Tesla, turbo spin echo (TSE) rather than
gradient echo based sequences, high receiver bandwidth,
and inversion recovery rather than frequency-selective
fat suppression [10–19]. The application of such metal
artifact reduction sequence (MARS) techniques results
in substantially improved image quality when compared
with standard TSE pulse sequences [12].
TSE pulse sequences with optimization for metal artifact
reduction are ideal for peripheral nerve imaging
as advanced multi-spectral and multi-spatial pulse
sequences, such as Multi-acquisition Variable-resonance

Introduction
Traumatic nerve palsy in the setting of previous pelvic
instrumentation and hip arthroplasty is a rare but serious
complication [1–9]. Diverse mechanisms of peripheral
nerve injury have been described including lesions intrinsic
and extrinsic to the affected peripheral nerve. Intrinsic
causes of peripheral neuropathy in the postoperative
setting include stretch injury, nerve lacerations, and
vascular compromise. Extrinsic causes of peripheral
neuropathy in the postoperative setting include mass
effect by implant components, heterotopic ossification,
fluid collections such as hematoma, distended periarticular bursae, and abscesses, and adverse local
tissue reactions. The current standard of care for the
detection and characterization of peripheral neuropathy
is clinical examination and electrodiagnostic testing.
However, evaluation of sensory and deep intra-pelvic
nerves can be challenging, representing a gap in the
clinical management of patients with a pelvic
peripheral nerve injury in the post-operative setting.

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.
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Image Combination (MAVRIC, GE Healthcare, Wauwatosa,
WI, USA) and Slice Encoding for Metal Artifact Correction
(SEMAC) introduce a degree of blurring that can obscure
the fine architecture of peripheral nerves [12, 1]. We
describe a validated, high-resolution MARS MRN protocol
that yields high image quality and accuracy for the
diagnosis of lumbosacral neuropathies in patients with
metallic implants of the pelvis and hips [20].

MARS MRN acquisition
At our institution, we perform MARS MRN of the
lumbosacral plexus for the evaluation of patients with
metallic implants on a 1.5 Tesla MR imaging system
(MAGNETOM Aera, Siemens Healthcare, Erlangen,
Germany) with 48 radio-frequency receive channels,
45 mT/m maximum gradient field amplitude and
200 T/m/s slew rate [20]. Patients are positioned supine,
and imaging is acquired using two 18-channel receiveonly body matrix surface coils (Siemens Healthcare) and
12 elements of a spine matrix coil in ‘sandwich configuration’ to cover the lower lumbar spine, pelvis and
proximal thighs. Table 1 describes the imaging protocol
in detail (Fig. 1). The short tau inversion recovery (STIR)

Intermediate-weighted MARS MRN

STIR MARS MRN

1A

1B

1C

1D

1E

1F

1G

1H

1I

1J

1K

1L

upper

mid

lower

Figure 1:
Metal Artifact Reduction Magnetic Resonance Neurography in a patient with left hip arthroplasty implants demonstrates a normal
appearing sciatic nerve (arrows) at the upper, mid and lower levels (reference lines) of the hip replacement without obscuration by
implant-induced artifacts and with solid fat suppression.
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TSE pulse sequence employs a radio-frequency pulse
that matches the high receiver bandwidth [16]. Because
the field-of-view extends from the L5 vertebral body
to the ischial tuberosity, contiguous stacks of axial
intermediate-weighted and STIR TSE pulse sequences are
obtained. Intravenous contrast material administration
is typically not required. The total acquisition time of
the axial pulse sequences of this particular MARS MRN
protocol is approximately 25 minutes, predominantly
due to the long acquisition time necessary for highquality STIR images. Optional coronal or sagittal pulse
sequences can be helpful to identify landmarks for
surgical interventions. The length of this protocol may
be difficult to tolerate for acutely ill patients, but is
similar to other investigations [14, 15, 20].
Axial intermediate-weighted MARS MRN

2A

MARS MRN Interpretation
There is a paucity of literature of MRN in the setting
of metal implants [19–21]. Our validated MARS MRN
protocol offers high diagnostic quality, inter-rater
agreement and overall high diagnostic accuracy for
the presence of MR features of neuropathy [20]. With
this MARS MRN protocol, both primary and secondary
features of peripheral neuropathy can be visualized at
the level of many metallic implants.
Primary features of peripheral neuropathy include
abnormal course, caliber, signal intensity, and architecture (Fig. 2). Secondary features of peripheral neuropathy
include skeletal muscle denervation. Of note, elevated

Axial STIR MARS MRN

2B
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peripheral nerve signal on fluid sensitive sequences alone
is common, but not necessarily a reliable finding, that
can result in high sensitivity but low specificity, when used
in isolation, [22, 23]. The presence of additional imaging
features such as abnormal nerve caliber including
flattening and enlargement can add specificity [23].
Bulbous enlargement and architectural distortion in
otherwise longitudinally intact nerves may suggest
the presence of a traumatic neuroma-in-continuity [9].
Lastly, nerve discontinuity can serve as a marker for a
high-grade peripheral nerve injury or nerve laceration,
which are rare causes of neuropathy in the postoperative
setting [9].

Axial intermediate-weighted MARS MRN

Coronal intermediate-weighted
MARS MRN
2C

upper

Concerning secondary features of peripheral neuropathy,
MARS MRN can detect and characterize the extent of
skeletal muscle denervation, if the muscles of interest
are included, which may require adding additional stacks
of images. MRN features of skeletal muscle denervation
include intramuscular edema-like signal, fatty replacement, and loss of muscle bulk. Skeletal muscle atrophy
and fatty replacement have been described in patients
following hip arthroplasty and can be present in
asymptomatic patients [21]. Hence, it is important
to interpret MARS MRN in the individual clinical
context rather than in isolation.

Axial STIR MARS MRN
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MARS MRN
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Figure 2:
Metal Artifact Reduction Magnetic Resonance Neurography in a patient with prior pelvic osteosynthesis and metallic implants of the
left posterior acetabulum and ischium demonstrates unilateral, abnormal signal hyperintensity of the left sciatic nerve (arrow, 2A–C),
indicating neuropathy. At the mid level, there is unilateral left perineural scarring and tethering of the sciatic nerve (arrows, 2D–F) to the
metallic implants, as well as abnormal signal hyperintensity of the nerve. At the lower level, below of the site of surgical instrumentation,
the sciatic nerve (arrow, 2G–I) is normal in morphology and signal intensity.

Figure 3:
Metal Artifact Reduction Magnetic Resonance Neurography in a patient with new-onset foot extension and flexion weakness following
recent left hip arthroplasty demonstrates normal morphology and signal hyperintensity of the left sciatic nerve (arrow, 3A–C) at the
upper level. At the mid level, there is abnormal signal hyperintensity of the sciatic nerve (arrows, 3D–F) in the subgluteal space. At the
lower level, there is perineural scarring of the sciatic nerve and abnormal signal intensity of the sciatic nerve (arrow, 3G–I), indicative
of neuropathy.
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Lastly, MARS MRN also demonstrates the soft tissues
surrounding the pelvic nerves, including perineural fibrosis
(Fig. 3), collections causing course deviations and mass
effect, which can provide added value to electrodiagnostic
testing and the clinical management of these patients.

Conclusion
MARS MRN provides high image quality of the pelvic
peripheral nerves and lumbosacral plexus with validated
accuracy for the diagnosis of lumbosacral plexopathy in
patients with metallic pelvic implants.
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