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Abstract
Purpose To compare a faster, new, high-resolution accelerat-
ed 3D-fast-spin-echo (3D-FSE) acquisition sequence (CS-
SPACE) to traditional 2D and high-resolution 3D sequences
for knee 3-T magnetic resonance imaging (MRI).
Materials and methods Twenty patients received knee MRIs
tha t inc luded rout ine 2D (T1, PD ± FS, T2-FS;
0.5 × 0.5 × 3 mm3; ∼10 min), traditional 3D FSE (SPACE-
PD-FS; 0.5 × 0.5 × 0.5 mm3; ∼7.5 min), and accelerated 3D-
FSE prototype (CS-SPACE-PD-FS; 0.5 × 0.5 × 0.5 mm3;
∼5 min) acquisitions on a 3-T MRI system (Siemens
MAGNETOM Skyra). Three musculoskeletal radiologists
(MSKRs) prospectively and independently reviewed the stud-
ies with graded surveys comparing image and diagnostic

quality. Tissue-specific signal-to-noise ratios (SNR) and
contrast-to-noise ratios (CNR) were also compared.
Results MSKR-perceived diagnostic quality of cartilage was
significantly higher for CS-SPACE than for SPACE and 2D
sequences (p < 0.001). Assessment of diagnostic quality of
menisci and synovial fluid was higher for CS-SPACE than
for SPACE (p < 0.001). CS-SPACE was not significantly dif-
ferent from SPACE but had lower assessments than 2D se-
quences for evaluation of bones, ligaments, muscles, and fat
(p ≤ 0.004). 3D sequences had higher spatial resolution, but
lower overall assessed contrast (p < 0.001). Overall image
quality from CS-SPACE was assessed as higher than
SPACE (p = 0.007), but lower than 2D sequences
(p < 0.001). Compared to SPACE, CS-SPACE had higher flu-
id SNR and CNR against all other tissues (all p < 0.001).
Conclusions The CS-SPACE prototype allows for faster iso-
tropic acquisitions of knee MRIs over currently used proto-
cols. High fluid-to-cartilage CNR and higher spatial resolution
over routine 2D sequences may present a valuable role for CS-
SPACE in the evaluation of cartilage and menisci.
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Introduction

3D fast spin-echo (FSE) MRI offers several potential im-
provements upon the 2D MRI traditionally used in musculo-
skeletal imaging, including improved spatial resolution and
the potential for multiplanar reconstructions (MPRs) [1–5].
However, incorporation of currently available 3D FSE
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sequences into practice has been limited by longer scan and
review times and uncertain diagnostic benefit when compared
to routine 2D acquisitions [6–8].

Standard 2D MRI protocols most often employ FSE
acquisitions repeated in multiple planes with high in-
plane resolution, but comparatively thick slices that predis-
pose to partial volume averaging. Newer 3D FSE acquisi-
tions allow for an isotropic resolution with equally high in-
plane resolution and slice thickness, which reduces partial
volume averaging when compared to 2D techniques and
allows for multiplanar reformations (MPRs) in any imag-
ing plane [4, 9, 10].

Although some studies have shown diagnostic efficacy
of 3D protocols for common internal derangements of the
knee [3, 5, 11–13], evidence has not clearly demonstrated
that 3D FSE sequences can replace standard 2D MRI pro-
tocols for routine diagnostic knee MRI [6–8, 10].
However, the improved spatial resolution and MPRs pro-
vide a potential role for 3D FSE sequences, particularly for
imaging of cartilage [2, 14–18]. As a result, institutions
that currently incorporate 3D FSE sequences into the knee
MRI protocol often do so in addition to the standard 2D
MRI sequences [16].

The use of accelerated 3D acquisitions with MPR can
decrease motion artifacts and increase scanner availability
compared with non-accelerated 3D protocols with MPR
and multi-planar 2D MRI protocols. Over the years, many
ultrafast techniques have evolved to reduce acquisition
times [19–23], including recent advanced techniques that
under-sample the data and process it by removing resul-
tant artifacts to reconstruct a full image [23]. Compressed
sensing is a specific type of acceleration technique that
undersamples k-space, followed by a nonlinear iterative
reconstruction in order to preserve image quality and pre-
vent aliasing artifacts [24], and has been successfully ap-
plied to multiple MRI modalities [25]. It also inspired
various extensions including reconstruction techniques
using multiple coil arrays and parallel imaging techniques
[26–29].

In this study, we investigate a new, accelerated 3D
FSE sequence prototype that applies a compressed sens-
ing technique of incoherent k-space undersampling and a
nonlinear SENSE-type (SENSitivity Encoding) recon-
struction [29, 30], called CS-SPACE, to an existing com-
mercially available 3D FSE sequence (SPACE) on a 3-T
MRI system. The CS-SPACE sequence reduces acquisi-
tion time in the knee from about 7.5 min for the SPACE
sequence to about 5 min with the same isotropic resolu-
tion. The goal of this study is to evaluate image quality
and MSKR-assessed tissue-specific diagnostic value of
knee MRI on a 3-T system with a CS-SPACE acquisition
as compared to traditional SPACE and routine 2D
sequences.

Methods

Study design

IRB approval was obtained for this HIPAA-compliant pro-
spective study. Patients aged 18 to 89 scheduled to undergo
knee MRI on our 3-T Siemens system were screened and
consented consecutively. Patients undergoing contrast-
enhanced studies were excluded. Patients with prior surgery
were included in the eligible population.

Study population

Between February and August of 2014, 20 of 23 screened
patients scheduled for knee MRI consented to participation,
comprising the study group (eight males, mean age 45 years;
12 females, mean age 47 years). Six patients had known prior
surgeries of the involved knee. Five patients went on to have
knee arthroscopies at our institution before December 2014.

Imaging protocol

All MRI acquisitions were performed on a 3-T MRI scanner
(MAGNETOMSkyra, Siemens, ErlangenGermany)with a ded-
icated 15-element transmit/receive knee coil (QED, Mayfield
Village, OH, USA). Our institutional protocol for routine knee
MRI on this system includes the following 2D turbo spin-echo
(TSE) sequences: axial fat-suppressed (FS) T2-weighted se-
quence, coronal FS proton density, coronal non-fat-suppressed
(NFS) T1-weighted, sagittal NFS proton density, and sagittal FS
T2-weighted TSE (Table 1). In addition to our routine 2D knee
sequence, a sagittal FS SPACE (BSampling Perfection with
Application-optimized Contrast using different flip angle
Evolutions^) and an accelerated sagittal FS SPACE sequence
called CS-SPACE utilizing incoherent undersampling and a non-
linear SENSE-type reconstruction [29, 30], were acquired
(Table 1). Obtained sequences were approximate proton density
(PD) acquisitions. Post-acquisition coronal and sagittalMPRs for
these sequences were made using the scanner software. Radial
reconstructions for selected cases were performed on original
software designed in MatLab (MathWorks, Natick, MA, USA).

Imaging analysis

Three fellowship-trainedmusculoskeletal radiologists (MSKRs),
with 8, 5, and 1 years of experience independently reviewed the
20 exams. The MSKRs were each asked to complete an assess-
ment as they reviewed the exams, in which they evaluated as-
pects of perceived image quality (contrast, resolution, noise, ar-
tifact, and overall quality) as well as perceived ability to diagnose
pathology in specific tissues (bone, cartilage, ligaments/tendons,
menisci, synovial fluid, muscle, fat, and blood vessels) on a scale
from 1 to 6 (1 = very poor: extremely limited diagnostic value,
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2 = poor: substantially limited diagnostic value, 3 = pretty bad:
somewhat limited diagnostic value, 4 = okay: acceptable for ma-
jority of diagnoses, 5 = pretty good: good for the majority of
diagnoses, 6 = great: optimal diagnostic value). Specific artifacts
and pathology were noted by reviewers in comments.

Separately, tissue-specific regions-of-interest (ROIs) were
measured to obtain tissue specific signal intensities and signal-
to-noise ratios (SNR) for air, bone, cartilage, menisci, liga-
ments, fat, muscle, and fluid. Routine ROIs on a sagittal se-
quence, respectively, were the anterior air at the level of the
ACL insertion, medial femoral condyle in the first full slice
from the intercondylar notch for bone, patellar cartilage (lat-
eral femoral condylar cartilage was also measured for internal
control and followed the same pattern as patellar cartilage), the
body of the medial meniscus, the distal insertion of the PCL,
Hoffa’s fat pad, the gastrocnemius muscle medial head, and
the intercondylar notch fluid. ROIs were kept consistent be-
tween sequences in the same study, and involved areas with-
out pathology. Measurements were also used to calculate
tissue-specific contrast-to-noise ratio (CNR) for fluid against
menisci, cartilage, ligament, bone, fat, muscle, and cartilage
against bone. ROIs were obtained in consistent areas of anat-
omy and with consistent sizes between sequences. SNR was
calculated by dividing the average signal value of ROI mea-
sured tissue signal (μtissue) by the standard deviation of the
tissue ROI (σtissue). Standard deviation of the tissue was used
instead of background as SNR calculated by the background
standard deviation is artificially elevated due to relative
clamping. Tissue-specific CNR was calculated by the follow-
ing equation: |(μtissue1 − μtissue2)/√ (σtissue12 + σtissue2

2)|.

Vendor role

The associated vendor (Siemens, Erlangen, Germany) had no
role in the IRB approval, study design, data acquisition, or
analysis in this study. The involved MSKRs had no vested

interest or conflict of interest. The vendors created the accel-
erated acquisition technique CS-SPACE, and installed it on
one of the institutional scanners for this study. The accelerated
sequence has not been used by the institution outside of the
purposes of this study. The vendor chose the name of the
sequence (CS-SPACE), and helped edit the paper only for
accuracy regarding the description of the sequence.

Statistics

Confidence intervals were calculated for MSKR-assessed im-
age and diagnostic quality based upon the 1 to 6 evaluation
scale. MSKR evaluations of assessed image and diagnostic
quality were compared using analysis of variance (ANOVA).
Individual averages were compared using Student’s t test.
Similar calculations were performed to compare differences
in measured tissue-specific signal intensity, SNR, and CNR.

Table 1 MRI acquisition parameters

Sequence TR
(ms)

TE
(ms)

Echo
train

Bandwidth
(Hz/px)

Matrix In-plane
resolution
(mm2)

Slice
thickness
(mm)

Slice
gap

Time
(m:s)

Routine 2D
acquisition

Coronal T1 641 9.4 3 260 320 × 320 0.5 × 0.5 3 10 % 1:46

Coronal FS PD 1900 26 9 225 320 × 320 0.5 × 0.5 3 10 % 1:52

Sagittal PD 2000 26 9 260 384 × 384 0.4 × 0.4 3 10 % 1:44

Sagittal FS T2 2900 66 15 240 320 × 320 0.5 × 0.5 3 10 % 1:40

Axial FS T2 4000 63 15 260 320 × 320 0.5 × 0.5 4 25 % 2:55

Routine 3D
acquisition

Sagittal FS
SPACE

1200 34 45 390 320 × 288 0.5 × 0.5 0.5 0 % 7:28

Accelerated 3D
acquisition

Sagittal FS CS-
SPACE

1200 34 44 390 320 × 288 0.5 × 0.5 0.5 0 % 5:00

The accelerated SPACE (CS-SPACE) sequence acquires the isotropic 3D dataset 1.5 times faster than traditional SPACE. Total scan time for 2D
sequences totals 9:57 (m:s). FS fat suppression

Table 2 MSKR-assessed tissue-specific diagnostic quality 95 %
confidence intervals

Tissue CS-SPACE SPACE 2D

Cartilage 5.6–5.9 5.2–5.5 4.8–5.2

Menisci 5.1–5.6 4.8–5.3 5.3–5.6

Synovial fluid 5.6–5.8 5.2–5.6 5.6–5.8

Bone 4.4–4.9 4.3–4.8 5.5–5.8

Ligaments 4.4–4.9 4.2–4.7 5.5–5.8

Muscle 4.6–5.1 4.6–5.1 5.5–5.8

Fat 4.7–5.1 4.6–5.0 5.2–5.5

Vessels 4.7–5.2 4.8–5.2 4.4–4.7

95 % confidence intervals for musculoskeletal radiologist (MSKR)-
assessed tissue-specific diagnostic quality for CS-SPACE, SPACE, and
2D acquisitions, rated from 1 (very poor: extremely limited diagnostic
value) to 6 (great: optimal diagnostic value)

Skeletal Radiol (2017) 46:7–15 9



Results

Twenty knee MRI examinations were performed with CS-
SPACE, SPACE, and routine 2D acquisitions. For perceived
tissue-specific diagnostic quality as assessed by three MSKRs
(Table 2), CS-SPACE had higher assessed diagnostic value for
evaluation of cartilage than SPACE and 2D sequences (Fig. 1,
p < 0.001). Assessment values of CS-SPACE were higher
than SPACE and not statistically different from 2D sequences
for evaluation of menisci (p < 0.001 and p = 0.347, respective-
ly) and synovial fluid (p < 0.001 and p = 0.321, respectively).
CS-SPACE was not assessed significantly different from
SPACE and had lower assessment values than 2D sequences
for evaluation of bones (p = 0.167 and p < 0.001, respective-
ly), ligaments (p = 0.095 and p < 0.001 respectively), muscles
(p = 0.901 and p < 0.001, respectively), and fat (p = 0.057 and
p = 0.004, respectively). Both CS-SPACE and SPACE had
significantly higher assessment values than 2D sequences
for evaluation of blood vessels (p < 0.001).

For assessed image quality (Table 3), the overall image
quality from CS-SPACE had higher assessed values than
SPACE (p = 0.007), but lower than traditional 2D sequences
(p < 0.001). CS-SPACE and SPACE had higher assessed spa-
tial resolution (p < 0.001), but lower assessed contrast
(p < 0.001) when compared to 2D sequences. CS-SPACE
had more assessed noise than SPACE (p = 0.004) and 2D se-
quences (p < 0.001).

For calculated tissue-specific signal characteristics
(Tables 4 and 5), CS-SPACE had higher fluid signal intensity
(p < 0.001) and SNR (p < 0.001) when compared to traditional
SPACE. CNR of fluid against cartilage, menisci, ligaments,
bone, fat, and muscle was resultantly higher for CS-SPACE
when compared to SPACE (all p < 0.001). When compared to
traditional SPACE, CS-SPACE had lower cartilage signal in-
tensity (p < 0.001) and SNR (p < 0.001). This resulted in in-
creased contrast between cartilage and fluid for CS-SPACE

Fig. 1 Full-thickness cartilage
defect in the lateral trochlea
(arrows) is best demonstrated on
an accelerated FS CS-SPACE
acquisition (a), which
demonstrates higher fluid signal
and higher fluid-to-cartilage
contrast than FS SPACE (b)
despite performing the acquisition
1.5 times faster. The higher fluid
signal more closely resembles a
2D FS T2 sequence (c) while
having increased out-of-plane
resolution. Thicker slices of 3D
sequences can be created (d) in
any optimized plane that creates
an image with less noise and
higher contrast, more closely
resembling 2D sequences

Table 3 MSKR-assessed image quality 95 % confidence intervals

CS-SPACE SPACE 2D

Overall quality 4.7–5.1 4.5–4.9 5.3–5.6

Resolution 5.4–5.7 5.3–5.7 4.7–5.1

Contrast 4.2–4.8 4.3–4.8 5.5–5.8

Noise 4.2–4.6 4.4–4.8 5.5–5.7

Artifact 5.1–5.5 5.1–5.5 5.1–5.3

95 % confidence intervals for musculoskeletal radiologist (MSKR)
assessed image quality for CS-SPACE, SPACE, and 2D acquisitions,
rated from 1 (very poor: extremely limited diagnostic value) to 6 (great:
optimal diagnostic value)

Table 4 Tissue-specific signal-to-noise ratio (SNR) 95 % confidence
intervals

Tissue Sag FS CS-
SPACE

Sag FS
SPACE

Sag FS T2 Cor FS PD

Cartilage 4.9–6.5 8.4–11.3 4.4–6.4 4.4–7.4

Menisci 1.3–1.5 2.8–3.3 1.4–1.7 2.0–3.0

Synovial fluid 23.4–30.7 12.3–16.7 23.0–35.5 27.9–42.1

Bone 1.3–1.4 1.3–1.4 3.4–4.6 5.4–6.7

Ligaments 1.1–1.3 1.7–2.1 1.7–2.0 2.5–3.4

Muscle 6.6–8.1 7.4–10.5 6.0–7.7 11.4–15.5

Fat 1.4–2.3 1.9–2.5 5.2–7.0 6.4–10.6

Air 1.3–1.5 1.2–1.3 1.9–2.1 1.7–2.0

95%confidence intervals for region-of-interest calculated tissue-specific SNR
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compared to SPACE, but decreased contrast between cartilage
and bone (p < 0.001). There was no significant difference be-
tween CS-SPACE and SPACE for SNR in bone (p = 0.475)
and fat (p = 0.074). There was decreased SNR in CS-SPACE
sequences when compared to SPACE in menisci (p < 0.001),
ligaments (p < 0.001), and muscles (p = 0.017).

CS-SPACE demonstrated no significant difference in fluid
SNR when compared to T2 sequences (p = 0.475), but had
significantly lower SNR than PD sequences (p = 0.019).
There was no significant difference between CS-SPACE and
2D sequences in CNR of fluid against cartilage, ligaments,
and bone. CS-SPACE demonstrated no significant difference

Table 5 Tissue-specific contrast-to-noise ratio (CNR) 95% confidence
intervals

Tissue Sag FS CS-
SPACE

SagFS
SPACE

Sag FS
T2

Cor FS
PD

Cartilage-fluid 12–15 3–4 12–19 8–14
Cartilage-bone 3–4 6–7 2–3 2–3
Menisci-fluid 19–24 7–9 19–28 14–21
Ligament-fluid 20–26 7–10 20–31 18–26
Bone-fluid 18–22 9–12 17–26 17–23
Fat-fluid 17–21 8–10 14–23 11–17
Muscle-fluid 14–18 4–6 13–21 7–14

95%confidence intervals for region-of-interest calculated tissue-specificCNR

Fig. 2 Focal patellar near-full-thickness cartilage defect (arrows) is well
demonstrated on an accelerated FSCS-SPACE sequence (a), demonstrating
high contrast between fluid, cartilage, and bone. Relatively lower fluid
signal and higher cartilage signal on FS SPACE sequences (b) results in
lower overall fluid-cartilage contrast. A 2DSTIR sequence (c) in this patient
with ACL reconstruction hardware demonstrates high cartilage-fluid
contrast, but lower out-of-plane resolution

Fig. 3 Medial meniscus posterior horn horizontal tear (arrows) is well
demonstrated on an accelerated FS CS-SPACE sequence (a) related to
high fluid-meniscus contrast. A FS SPACE sequence (b) by comparison
demonstrates lower fluid signal and lower fluid-meniscus contrast,
making the tear less conspicuous than other sequences, with the
macerated portion of the meniscus being better defined on the FS CS-
SPACE sequences (b). The higher contrast seen on FS CS-SPACE
sequence more closely resembles those seen in the 2D acquisition (c)

Skeletal Radiol (2017) 46:7–15 11



in CNR of fluid against menisci, fat, and muscle when com-
pared to T2 sequences. Proton density sequences had higher
SNR in bone, ligaments, muscle, and fat when compared to
CS-SPACE and SPACE (p < 0.001).

The high assessed contrast in CS-SPACE in addition to
increased spatial resolution when compared to 2D sequences
resulted in higher MSKR-perceived diagnostic value for car-
tilage pathology in the knee, including femoral cartilage
(Fig. 1) and patellar cartilage (Fig. 2). There was similarly
higher MSKR-perceived diagnostic value for CS-SPACE in
the diagnosis of meniscal tears when compared to SPACE
(Fig. 3). In specific instances, improved spatial resolution rel-
ative to 2D sequences also was perceived as valuable for the
diagnosis of more subtle meniscal tears (Fig. 4). Notably, this
study did not directly measure diagnostic accuracy.

While routine planes were reconstructed for the purposes
of assessment on this evaluation, nonstandard planes can be
constructed with post-acquisition processing, if desired. 3D
isotropic sequences have been shown to improve diagnostic
performance for evaluation of cartilage when including radial
reformats for the evaluation of cartilage [18], and can be ap-
plied to the accelerated CS-SPACE sequence (Fig. 5). Similar
radial reconstructions could be applied to the menisci for char-
acterization of tear types as well as evaluation of meniscal
extrusion (Fig. 6).

Discussion

In this study, we demonstrate the successful clinical applica-
tion of a compressed sensing acceleration technique to a tra-
ditional 3D FSE sequence in the knee. We compare the accel-
erated 3D FSE sequence CS-SPACE to a traditional 3D FSE
(SPACE) and traditional 2D FSE sequences. Interestingly,
MSKRs assessed the novel accelerated sequence, CS-
SPACE, to have higher perceived image quality than SPACE

Fig. 4 Medial meniscus posterior
horn inner margin tear (arrows) is
volume-averaged and
inconspicuous on 2D FS T2
sequences while scrolling through
the tear on sagittal plane (a-1
through a-3), which cover a span
of nearly 10 mm over three slices.
Similar volume averaging occurs
in the axial plane (a-4). Other 2D
PD sequences not presented have
a similar resolution and meniscal
appearance as T2 sequences. 3D
isotropic sequences demonstrate
the inner margin tear more
conspicuously as users scroll
through images on the sagittal
plane (c and d, images 1 through
3), which cover a span of 1.5 mm
over three slices, or on the axial
plane (b-4 and c-4)

Fig. 5 FS CS-SPACE radial multiplanar reformation centered on the
medial femoral condyle of the same patient in Fig. 1 demonstrates a
lateral trochlear full-thickness cartilage defect (large arrow) as well as a
more subtle medial trochlear cartilage defect (small arrow)

12 Skeletal Radiol (2017) 46:7–15



and higher perceived diagnostic value for evaluation of knee
cartilage when compared to SPACE and traditional 2D
sequences.

The 1.5-fold acceleration of the high-resolution isotropic
3D FSE acquisition decreased scan time from nearly 7.5 min
to 5 min (Table 1). This compares to a total of 10 min of
scanning for the 2D multi-planar acquisitions routinely used
at this institution. The CS-SPACE sequence results in identical
resolution as the traditional SPACE, and can be reconstructed
in any imaging plane, precluding the need for multiple planar
acquisitions that increase scan time.

CS-SPACE unexpectedly demonstrated some favorable
differences in signal characteristics when compared to the
longer SPACE acquisition, particularly in fluid. Specifically,
CS-SPACE demonstrated higher signal intensity in fluid,
more closely following 2D T2 TSE signal characteristics
and resulting in increasing fluid-cartilage and fluid-meniscus
contrast. Importantly, some of the assessed differences in con-
trast may be attributable to specific protocol differences that
may affect contrast not directly related to the acceleration.
Such differences may in part relate to vendor optimization of
the commercially available SPACE acquisitions. The
prototype-accelerated technique, on the other hand, has not
been fully optimized. For example, on review, the authors
noted differences in CS-SPACE and SPACE for the applied
k-space reordering technique; specifically, conventional
SPACE used radial reordering and CS-SPACE used linear
reordering. Some of these optimizations applied to SPACE
may not be needed for the accelerated technique, particularly
those related to further acquisition time reduction and motion
artifact, such as radial k-space reordering.

Despite high assessed diagnostic quality performance of
CS-SPACE in cartilage and menisci, 2D sequences dem-
onstrated higher tissue SNR as well as improved assessed
diagnostic quality in bone, ligaments, muscles, and fat than
both SPACE and CS-SPACE. This high assessed diagnos-
tic performance of 2D sequences in the ligaments and other

tissues coincides with the high diagnostic performance of
2D MRI for these tissues established in the literature [3, 5,
6, 11]. This is not an unexpected finding, as there is typi-
cally a trade-off between SNR and spatial resolution,
which is lower in 2D as compared to 3D sequences. This
could be partially compensated for in isotropic 3D acqui-
sitions by averaging thicker slices from the isotropic data.
While increasing volume averaging, thicker slices would
result in improved SNR and contrast and result in an image
that more closely approximates the 2D image (Fig. 1). This
optimized averaging can be created in any imaging plane
desired on 3D acquisitions.

Limitations of this evaluation include the small sample size
and indirect assessment of perceived diagnostic value without
surgical correlation. The purpose of our work was to compare
the imaging characteristics between the currently available
sequences and a novel accelerated 3D sequence. A few of
the patients did go to surgery, with the findings at surgery
correlating with those on imaging review. However, larger
studies would need to be performed that directly measure
diagnostic accuracy with the gold standard of surgery in order
to establish a true diagnostic benefit. Simultaneous assessment
of 2D, SPACE, and CS-SPACE sequences by individual
readers was done in order to allow readers to directly compare
sequences, which could introduce bias in the interpretation,
particularly as it applies to diagnostic assessment. We did
not evaluate non-fat-suppressed 3D sequences in this study,
which could potentially change diagnostic confidence in
assessing fat, muscle, or bone/marrow. Additionally, the im-
proved signal characteristics of the accelerated 3D sequence
relative to the non-accelerated sequence was unexpected.
Further investigations should be done to better understand
the factors that may improve signal characteristics in the ap-
plication of acceleration techniques, including differences in
sequence optimizations when compared to standard 3D tech-
niques. Although the compressed sensing acceleration tech-
nique improves scanning time, it does not affect post-

Fig. 6 CS-SPACE radial
multiplanar reformations centered
on the center of curvature of a
medial meniscus demonstrate a
complex macerated medial
meniscal root tear (a, arrow).
Associated meniscal extrusion is
well demonstrated on radial
reconstructions (b, arrow)
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processing time or high image counts inherent to 3D isotropic
techniques, which can affect work flow in clinical practice.

In conclusion, this study demonstrates a feasible applica-
tion of accelerated compressed sensing 3D scanning using
incoherent undersampling and iterative reconstruction to the
existing high-resolution 3D FSE SPACE sequence. In addi-
tion to comparable assessed diagnostic performance in several
tissues, the accelerated CS-SPACE sequence unexpectedly
demonstrated some favorable signal characteristics in fluid.
High fluid-to-cartilage CNR and higher spatial resolution over
routine 2D sequences may suggest a valuable role for accel-
erated 3D FSE sequences, such as CS-SPACE, in the evalua-
tion of cartilage and menisci with potential for MPRs.
Acceleration techniques can save valuableMRI scanning time
while maintaining diagnostic value, particularly for 3D isotro-
pic sequences that can be acquired in addition to 2D sequences
in the knee for targeted roles.
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