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Abstract
Purpose—To demonstrate the feasibility of evaluating the articular cartilage of the knee joint at
3.0T using gradient refocused acquisition in the steady-state (GRASS) and iterative decomposition
of water and fat with echo asymmetry and least-squares estimation (IDEAL) fat-water separation.

Materials and Methods—Bloch equation simulations and a clinical pilot study (n = 10 knees)
were performed to determine the influence of flip angle of the IDEAL-GRASS sequence on the
signal-to-noise ratio (SNR) of cartilage and synovial fluid and the contrast-to-noise ratio (CNR)
between cartilage and synovial fluid at 3.0T. The optimized IDEAL-GRASS sequence was then
performed on 30 symptomatic patients as part of the routine 3.0T knee MRI examination at our
institution.

Results—The optimal flip angle was 50° for IDEAL-GRASS cartilage imaging, which
maximized contrast between cartilage and synovial fluid. The IDEAL-GRASS sequence
consistently produced high-quality fat- and water-separated images of the knee with bright
synovial fluid and 0.39 × 0.67 × 1.0 mm resolution in 5 minutes. IDEAL-GRASS images had high
cartilage SNR and high contrast between cartilage and adjacent joint structures. The IDEAL-
GRASS sequence provided excellent visualization of cartilage lesions in all patients.

Conclusion—The IDEAL-GRASS sequence shows promise for use as a morphologic cartilage
imaging sequence at 3.0T.
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MAGNETIC RESONANCE IMAGING (MRI) is the modality of choice for noninvasive
morphologic evaluation of articular cartilage (1). With promising new treatment options
available for patients with osteoarthritis and posttraumatic cartilage defects, there is
increased need for detecting early morphologic changes of articular cartilage (2-6). Cartilage
volume measurements are also an important component of research studies designed to
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better understand the pathogenesis of osteoarthritis and to evaluate the efficacy of newly
developed disease-modifying agents (7,8). For these reasons there has been much recent
effort to develop MRI pulse sequences that allow more accurate assessment of cartilage
morphology (9).

MRI sequences used to evaluate cartilage morphology can be broadly divided into dark fluid
and bright fluid sequences, depending on the signal intensity of synovial fluid. Dark fluid
cartilage imaging is primarily performed using spoiled gradient recalled-echo (SPGR)
sequences. SPGR sequences have been successfully used to evaluate articular cartilage in
clinical practice (10,11) and to perform cartilage volume measurements in research studies
(12-15). However, the main disadvantage of using these sequences for clinical cartilage
imaging is the low signal intensity of synovial fluid, which may decrease the conspicuity of
superficial cartilage lesions (16,17).

Bright fluid cartilage imaging sequences include T2-weighted and intermediate-weighted
fast spin-echo (FSE) (16,18-20), driven equilibrium Fourier transform (DEFT) (21), dual
echo in the steady-state (DESS) (22,23), and various steady-state free-precession (SSFP)
sequences (24-28). Bright fluid sequences are especially useful for clinical cartilage imaging
since the high signal intensity synovial fluid creates an arthrogram-like effect against the
intermediate-to-low signal intensity articular cartilage. However, there are disadvantages
associated with all currently available bright fluid cartilage imaging sequences.
Intermediate-weighted FSE images suffer from blurring due to the acquisition of high spatial
frequencies late in the echo train. T2-weighted FSE images have poor contrast between
articular cartilage and subchondral bone, which makes it difficult to detect diffuse cartilage
thinning and to determine the exact thickness of focal cartilage defects. On DESS images it
is often difficult to delineate articular cartilage when synovial fluid is not present within the
joint to create an arthrogram-like effect. SSFP images are prone to banding artifact in areas
of magnetic susceptibility, which is particularly severe at 3.0T.

Gradient refocused acquisition in the steady-state (GRASS) is another sequence that can
produce three-dimensional images of the knee with bright synovial fluid due to coherence of
transverse magnetization with secondary T2 weighting. GRASS sequences have been
previously used to evaluate the articular cartilage of the knee joint (29-31). Suppressing
signal from adipose tissue can improve GRASS cartilage assessment by reducing chemical
shift artifact and by optimizing the overall dynamic contrast range of the images (32).
However, there are no previously published studies on the evaluation of articular cartilage
using a fat-suppressed GRASS sequence. This is perhaps secondary to the poor signal-to-
noise ratio (SNR) efficiency of currently available fat-suppressed GRASS sequences that
prevents them from providing complete anatomic coverage of the knee joint in a reasonable
scan time.

Iterative decomposition of water and fat with echo asymmetry and least-squares estimation
(IDEAL) is a recently developed chemical shift-based technique that may be useful for
providing fat-water separation for GRASS cartilage imaging. IDEAL is a three-point fat-
water separation method that uses asymmetric echoes and least-squares estimation in order
to achieve the maximum possible SNR performance. Echo shifts are optimized to provide
the most effective signal averaging at 3.0T (33-36). Signal from the source images is
decomposed into separate fat and water signals using a least-squares solution matrix
inversion (37). Once fat and water have been separated they can be recombined into in-
phase (water+fat) and out-of-phase (water−fat) images after correction for chemical shift
artifact in the readout direction (34,35,37).
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IDEAL fat-water separation has been previously used in SPGR (38) and SSFP (25) cartilage
imaging. This study was performed to demonstrate the feasibility of combining IDEAL fat-
water separation with a GRASS sequence to produce high-quality 3D images of the knee
with bright synovial fluid at 3.0T. This study was also performed to provide a preliminary
comparison of the IDEAL-GRASS and IDEAL-SPGR sequences for evaluating articular
cartilage and to demonstrate the usefulness of the IDEAL-GRASS sequence for clinical
cartilage imaging.

MATERIALS AND METHODS
The study was approved by our Institutional Review Board and was performed in
compliance with HIPAA regulations. Informed consent was obtained from all subjects prior
to their participation in the study.

Optimization of IDEAL-GRASS Sequence
The echo time (TE) values of the IDEAL-GRASS sequence were based on previous work by
Pineda et al (33) and Reeder et al (35), which showed that optimal SNR performance is
achieved when the phase between fat and water for the center echo is π/2 + k π (k is any
integer), ie, when water and fat signals are in quadrature. The two remaining echoes are
placed before and after the center echo by a water-fat phase shift of 2π/3 relative to the
center echo. The shortest group of echoes is optimal for IDEAL-GRASS cartilage imaging
to maximize SNR efficiency and to minimize the loss of signal from articular cartilage and
other joint structures secondary to T2* decay. However, the choice of the echo group,
determined by the echo group index k, will depend on the minimum possible TE of the
sequence. To be compatible with the minimum possible TE of the IDEAL-GRASS
sequence, an echo group index k of 4 was required at 3.0T. Based on the water-fat chemical
shift of –420 Hz at 3.0T, this resulted in optimal TE values of 4.4 msec, 5.4 msec, and 6.1
msec.

A repetition time (TR) of 10 msec was used for the IDEAL-GRASS sequence. This was the
shortest TR compatible with the optimal echo group of 4.4 msec, 5.4 msec, and 6.1 msec
needed for IDEAL fat-water separation. The short TR of the IDEAL-GRASS is important to
maintain steady-state transverse magnetization and to reduce overall scan time. Minimizing
TR in refocused steady-state sequences such as GRASS is widely understood to produce
maximum image contrast per unit time and to reduce the deleterious effects of motion
(22,39).

The optimal flip angle for IDEAL-GRASS cartilage imaging was determined using Bloch
equation simulations. Unlike SPGR imaging, which has analytic solutions for its signal
behavior, GRASS signal behavior is far more complex, requiring the use of Bloch equation
simulations to determine the optimal flip angle for cartilage imaging. Simulations were
performed to assess the influence of flip angle on the SNR of articular cartilage and synovial
fluid and the contrast-to-noise ratio (CNR) between articular cartilage and synovial fluid.
For the computer simulations, a TR of 10 msec, a TE of 4.4 msec, and previously published
relaxation parameters for articular cartilage (T1= 1240 msec and T2= 37 msec) and synovial
fluid (T1= 3620 msec and T2= 767 msec) at 3.0T (40) were used.

The Bloch equation simulations were validated in a clinical pilot study involving 10 knees in
five asymptomatic volunteers (four males and one female; age range, 27–31 years, average
age 29 years). All five subjects underwent an MRI examination of both knees on the same
General Electric 3.0T scanner (HDx, GE Healthcare, Waukesha, WI) using a single-channel
extremity coil. The IDEAL-GRASS sequence was performed during all MRI examinations
using the following imaging parameters: 20°, 30°, 40°, 50°, and 60° flip angles, TR = 10
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msec, TE = 4.4/5.4/6.1 msec, 2.5 mm slice thickness, 384 × 224 matrix, 15 cm field of view,
±41.47 kHz bandwidth, 1 signal average, and 4:20 minutes acquisition time.

For each MRI examination the SNR of articular cartilage, synovial fluid, subchondral bone,
and muscle and the CNR between articular cartilage and synovial fluid, subchondral bone,
and muscle were measured for all flip angles. The region of interest (ROI) used for each
signal and noise measurement was placed at identical locations on normal-appearing
articular cartilage, synovial fluid, subchondral bone, muscle, and background of the water
IDEAL-GRASS images. Each ROI contained ≈50 pixels for signal measurements of
articular cartilage, subchondral bone, and muscle and ≈20 pixels for signal measurements
for synovial fluid. Each ROI contained ≈50 pixels for noise measurements. The standard
deviation of the background ROI was used as an estimate of image noise. SNR values were
calculated using the following equation:

CNR values were calculated using the following equation:

The factor 0.655 in Eqs. [1] and [2] accounts for the fact that the SNR and CNR
measurements were obtained using magnitude images (41).

Comparison of IDEAL-GRASS Sequence With IDEAL-SPGR Sequence
In order to provide a preliminary comparison of the IDEAL-GRASS and IDEAL-SPGR
sequences for evaluating articular cartilage, the two sequences were performed on a single
knee of seven asymptomatic volunteers (six males and one female; age range, 27–33 years,
average age, 29 years) and on the symptomatic knee of three volunteers with osteoarthritis
(two males and one female; age range, 47–62 years, average age, 56 years). All subjects
underwent an MRI examination of the knee on the same General Electric 3.0T scanner
(HDx, GE Healthcare) using an 8-channel phased array extremity coil (Invivo, Orlando,
FL). All MRI examinations consisted of an IDEAL-GRASS sequence and an IDEALSPGR
sequence. Both sequences had an acquisition time of 5 minutes and were performed with TR
= 10 msec, TE = 4.4/5.4/6.1 msec, 1.0 mm slice thickness, 384 × 224 matrix, 15 cm field of
view, ±41.47 kHz bandwidth, and 1 signal average. The IDEAL-GRASS and IDEAL-SPGR
images were acquired with flip angles of 50° and 14°, respectively, in order to maximize
contrast between articular cartilage and synovial fluid. Theoretical calculations using SPGR
signal equations have shown that maximum contrast between articular cartilage and synovial
fluid is achieved when a flip angle of 14° is used for IDEAL-SPGR imaging, which agrees
with the results of a small unpublished pilot study performed at our institution. A SENSE-
based (42) parallel acceleration method (ASSET, GE Healthcare) with an acceleration factor
of 2.2 was used for both IDEAL-GRASS and IDEAL-SPGR imaging.

For each MRI examination the SNR of articular cartilage, synovial fluid, and subchondral
bone and the CNR between articular cartilage and synovial fluid and subchondral bone were
calculated for the IDEAL-GRASS and IDEAL-SPGR sequences. SNR and CNR
measurements were obtained from the IDEAL-GRASS and IDEAL-SPGR water images in
the same manner as described previously. Student t-tests were used to compare SNR and
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CNR measurements for the IDEAL-GRASS and IDEAL-SPGR sequences. Differences in
SNR and CNR measurements were considered statistically significant at P < 0.05.

IDEAL-GRASS Sequence for Routine Cartilage Imaging
The IDEAL-GRASS sequence was performed on 30 consecutive patients (19 males and 11
females; age range, 18–61 years, average age, 41 years) with knee pain as part of the routine
knee MRI examination at our institution. All patients underwent a routine MRI examination
of their symptomatic knee on the same General Electric 3T scanner (HDx, GE Healthcare)
using an 8-channel phased array extremity coil (Invivo). The MRI examination consisted of
an axial frequency selective fat-suppressed T2-weighted FSE sequence (TR/TE = 2200/80
msec), a coronal T1-weighted FSE sequence (TR/TE = 1000/20 msec), a coronal frequency
selective fat-suppressed intermediate-weighted FSE sequence (TR/TE = 2000/30 msec), a
sagittal intermediate-weighted FSE sequence (TR/TE = 2000/20 msec), a sagittal frequency
selective fat-suppressed T2-weighted FSE sequence (TR/TE = 5000/80 msec), and a sagittal
IDEAL-GRASS sequence. The imaging parameters for the IDEAL-GRASS sequence were
identical to those used for the previously described comparison study between the IDEAL-
GRASS and IDEAL-SPGR sequences.

All MRI examinations were reviewed by a fellowship-trained musculoskeletal radiologist
with 9 years of clinical experience. The radiologist subjectively assessed the ability of the
IDEAL-GRASS sequence to evaluate the articular cartilage of the knee joint. The radiologist
then used the IDEAL-GRASS sequence and the remaining sequences in the routine MRI
protocol independently and at separate sittings to identify articular cartilage lesions within
the knee joint. In order to prevent recall bias the two independent cartilage assessments were
performed at least 4 months apart. The radiologist then used the IDEAL-GRASS sequence
and the remaining sequences in the routine MRI protocol together to evaluate the articular
cartilage of the knee joint. During the third review of the MRI examinations the radiologist
determined whether the cartilage lesions were better visualized on the IDEAL-GRASS
sequence or on the remaining sequences in the MRI protocol.

RESULTS
Optimization of IDEAL-GRASS Sequence

According to Bloch equation simulations the signal of articular cartilage was highest at a flip
angle of ≈10° and the signal of synovial fluid was highest at a flip angle of ≈40° (Fig. 1).
The contrast between articular cartilage and synovial fluid was highest at a flip angle of
≈50° (Fig. 1).

Figure 2 shows IDEAL-GRASS water images of the patellofemoral compartment of the
knee joint in an asymptomatic volunteer obtained using various flip angles. According to the
clinical pilot study the SNR of articular cartilage was highest at a flip angle of 20° and the
SNR of synovial fluid was highest at a flip angle of 50° (Fig. 3a). The CNR between
articular cartilage and synovial fluid was highest at a flip angle of 50° (Fig. 3b).

Comparison of IDEAL-GRASS Sequence With IDEAL-SPGR Sequence
Figure 4 compares the appearance of cartilage lesions on bright fluid IDEAL-GRASS and
dark fluid IDEALSPGR images in a symptomatic volunteer with osteoarthritis of the knee
joint.

The IDEAL-GRASS sequence had significantly lower (P < 0.001) cartilage SNR and
significantly higher (P < 0.001) synovial fluid SNR when compared to the IDEALSPGR
sequence (Fig. 5a). The IDEAL-GRASS sequence had, on average, 14% lower subchondral
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bone SNR when compared to the IDEAL-SPGR sequence (Fig. 5a). However, this
difference was not statistically significant (P = 0.243).

The IDEAL-GRASS sequence had, on average, 28% higher contrast between articular
cartilage and synovial fluid when compared to the IDEAL-SPGR sequence (Fig. 5b).
However, this difference was not statistically significant (P = 0.298). The IDEAL-GRASS
sequence had significantly lower (P < 0.001) CNR between articular cartilage and
subchondral bone when compared to the IDEAL-SPGR sequence (Fig. 5b).

IDEAL-GRASS Sequence for Clinical Cartilage Imaging
The IDEAL-GRASS sequence produced high-quality 3D water, fat, combined in-phase
(water+fat), and combined out-of-phase (water-fat) images of the knee with 0.39 mm × 0.67
mm × 1.0 mm spatial resolution in a single 5-minute acquisition (Fig. 6). On subjective
analysis the IDEAL-GRASS sequence provided excellent visualization of the articular
cartilage of the knee joint. On IDEAL-GRASS water images the intermediate signal
intensity cartilage was well distinguished from the adjacent high signal intensity synovial
fluid and low signal intensity subchondral bone.

The IDEAL-GRASS sequence allowed excellent visualization of cartilage lesions within the
knee joint. Forty-four cartilage lesions were identified in 17 patients on the routine knee
MRI examination. All 44 cartilage lesions were well visualized on IDEAL-GRASS images.
High-quality axial and coronal IDEAL-GRASS reformat images allowed cartilage lesions to
be evaluated in multiple planes (Fig. 7). In a side-by-side comparison of the IDEAL-GRASS
sequence and the remaining sequences in the routine knee MRI examination, the IDEAL-
GRASS sequence provided better characterization of four of the 44 cartilage lesions (Figs. 8,
9).

DISCUSSION
This study has documented the feasibility of combining IDEAL fat-water separation with a
GRASS sequence to produce high-quality 3D images of the knee with bright synovial fluid
at 3.0T. According to both Bloch equation simulations and a clinical pilot study, 50° is the
optimal flip angle for IDEAL-GRASS cartilage imaging. This flip angle provides the
greatest contrast between articular cartilage and synovial fluid while maintaining high
cartilage SNR and adequate contrast between articular cartilage, subchondral bone, and
muscle.

The optimized IDEAL-GRASS sequence produces high-quality 3D fat- and water-separated
images of the knee that are well suited for evaluating cartilage morphology. IDEAL-GRASS
water images have high cartilage SNR and high contrast between articular cartilage and
adjacent joint structures. The intermediate signal intensity articular cartilage is well
distinguished from the adjacent high signal intensity synovial fluid and low signal intensity
subchondral bone. The bright synovial fluid creates an arthrogram-like effect which may
increase the conspicuity of superficial cartilage lesions. The high contrast between articular
cartilage and subchondral bone is important for delineating the cartilage–bone interface
when performing cartilage volume measurements and allows accurate assessment of the
exact depth of focal cartilage lesions.

The optimized IDEAL-GRASS sequence produces images with 0.39 mm × 0.67 mm in-
plane spatial resolution and 1.0 mm slice thickness in 5 minutes. The high in-plane spatial
resolution is beneficial for identifying early cartilage degeneration and superficial
posttraumatic cartilage defects. The thin slice thickness decreases partial volume averaging
and allows for the production of high-quality multiplanar reformat images. The 5-minute
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acquisition time of the IDEAL-GRASS sequence is sufficiently short to limit patient motion
artifact and to allow the specialized cartilage imaging sequence to be incorporated into
routine knee MRI protocols.

A unique advantage of the optimized IDEAL-GRASS sequence is that the fat- and water-
separated images can be used to generate various recombined images with no increase in
acquisition time. The combined in-phase (water+fat) IDEAL-GRASS images, in which the
intermediate signal intensity of articular cartilage is well distinguished from the adjacent
high signal intensity synovial fluid and subchondral bone, may be especially useful for
cartilage imaging. The in-phase images have contrast similar to intermediate-weighted FSE
imaging without fat-saturation, which is a popular technique for evaluating articular
cartilage (20). However, unlike intermediate-weighted FSE images, IDEAL-GRASS in-
phase images are corrected for chemical shift artifact, which is especially important when
evaluating articular cartilage at 3.0T.

IDEAL fat-water separation has been previously combined with an SPGR sequence to
evaluate articular cartilage. IDEAL-SPGR images of the knee have significantly higher
cartilage SNR and higher contrast between articular cartilage and synovial fluid when
compared to frequency selective fat-suppressed SPGR images (38). However, the main
disadvantage of using the IDEAL-SPGR sequence for clinical cartilage imaging is the low
signal intensity of synovial fluid on SPGR images, which may decrease the conspicuity of
superficial cartilage lesions (16,17).

Our study has shown no statistically significant difference in contrast between articular
cartilage and synovial fluid for the IDEAL-GRASS and IDEAL-SPGR sequences. However,
the CNR measurements in our study were calculated using cartilage SNR measurements
obtained in areas of normal-appearing and pre-sumably healthy cartilage. Mosher and Pruett
(17) postulated that superficial degeneration shortens the T2 relaxation time of articular
cartilage. For dark fluid sequences such as IDEAL-SPGR, the T2 shortening of degenerative
cartilage has no effect on its signal intensity and contrast relative to synovial fluid. However,
for bright fluid sequences such as IDEAL-GRASS, the effect of T2 shortening is to decrease
the signal intensity of degenerative cartilage and thus increase its contrast relative to
synovial fluid, which may result in greater conspicuity of superficial cartilage lesions.

There is ongoing debate over the superiority of dark fluid versus bright fluid sequences for
clinical cartilage imaging. Future clinical trials with surgical correlation are needed to
compare the ability of these sequences for detecting early cartilage degeneration and
superficial posttraumatic cartilage defects. With IDEAL fat-water separation the choice
between using a bright fluid GRASS sequence or a dark fluid SPGR sequence allows great
flexibility depending on specific applications or personal preferences.

IDEAL fat-water separation has been previously combined with an SSFP sequence to
evaluate the articular cartilage of the knee joint. IDEAL-SSFP images of the knee have
significantly higher cartilage SNR and higher contrast between articular cartilage and
synovial fluid when compared to frequency selective fat-suppressed SPGR and SSFP images
(24). On IDEAL-SSFP images the bright synovial fluid creates an arthrogram-like effect that
may increase the conspicuity of superficial cartilage lesions. However, the main
disadvantage of IDEAL-SSFP imaging is banding artifacts in areas of magnetic field
inhomogeneity. To minimize banding artifacts the TR of the IDEAL-SSFP sequence must
kept short, which ultimately limits spatial resolution. The 0.67 × 0.67 × 1.5 mm voxel size
of IDEAL-SSFP images described in previous studies (24) is 2.5 times larger than the 0.39 ×
0.67 × 1.0 mm voxel size of IDEAL-GRASS images obtained in our study.
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The major limitations of our study are the small number of patients with cartilage lesions
imaged with the IDEAL-GRASS sequence and the lack of surgical correlation. To truly
determine the ability of the IDEAL-GRASS sequence to evaluate the articular cartilage of
the knee joint, large clinical studies with arthroscopic correlation are needed. However, this
preliminary study was performed to merely implement and optimize the IDEAL-GRASS
sequence for use as an alternative MRI sequence with bright synovial fluid for evaluating
cartilage morphology. A second limitation of our study is that the IDEAL-GRASS sequence
was not directly compared to other recently developed SNR efficient, 3D cartilage imaging
sequences (21,24-28). Future studies are needed to directly compare the imaging
characteristics of these newly developed sequences and to compare their accuracy for
detecting cartilage lesions and for performing cartilage volume measurements.

In conclusion, this study has shown that the IDEAL-GRASS sequence consistently produces
high-quality 3D fat- and water-separated images of the knee with bright synovial fluid and
0.39 × 0.67 × 1.0 mm spatial resolution in 5 minutes. IDEAL-GRASS images have high
cartilage SNR and high contrast between cartilage and adjacent joint structures. The IDEAL-
GRASS sequence has a sufficiently short acquisition time to be incorporated into routine
knee MRI protocols and can produce high-quality multiplanar reformat images for
evaluating articular cartilage. For these reasons the IDEAL-GRASS sequence shows great
promise for use as a morphologic cartilage imaging sequence at 3.0T.
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Figure 1.
Signal of articular cartilage and synovial fluid and contrast between articular cartilage and
synovial fluid for the IDEAL-GRASS sequence using various flip angles calculated from
Bloch equation simulations. The maximum contrast between articular cartilage and synovial
fluid occurs at a flip angle of 50°.
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Figure 2.
Sagittal IDEAL-GRASS water images of the patellofemoral compartment of the knee joint
in an asymptomatic volunteer obtained using a 20° (a), 30° (b), 40° (c), 50° (d), and 60° (e)
flip angle.
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Figure 3.
a: Signal-to-noise ratio of articular cartilage, synovial fluid, subchondral bone, and muscle
for the IDEAL-GRASS sequence using various flip angles according to the clinical pilot
study. b: Contrast-to-noise ratio between articular cartilage and synovial fluid, subchondral
bone, and muscle for the IDEAL-GRASS sequence using various flip angles according to
the clinical pilot study. The maximum contrast between articular cartilage and synovial fluid
occurs at a flip angle of 50°.
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Figure 4.
Sagittal IDEAL-GRASS water image (a) and IDEAL-SPGR water image (b) of the knee in
a 47-year-old volunteer with osteoarthritis show partial-thickness cartilage defects (arrows)
within the medial femoral condyle.
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Figure 5.
a: Signal-to-noise ratio of articular cartilage, synovial fluid, and subchondral bone for the
IDEAL-GRASS and IDEAL-SPGR sequences. b: Contrast-to-noise ratio between articular
cartilage and synovial fluid and subchondral bone for the IDEAL-GRASS and IDEAL-
SPGR sequences.
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Figure 6.
Sagittal IDEAL-GRASS water image (a), fat image (b), combined in-phase (water+fat)
image (c), and combined out-of-phase (water−fat) image (d) of the knee in a 28-year-old
asymptomatic volunteer. The combined in-phase and out-of-phase IDEAL-GRASS images
are corrected for chemical shift artifact.
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Figure 7.
Sagittal IDEAL-GRASS water image (a) and axial IDEAL-GRASS water reformat image
(b) of the knee in a 42-year-old symptomatic patient show a deep partial-thickness cartilage
defect (arrows) in the femoral trochlea.
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Figure 8.
a: Sagittal frequency selective fat-suppressed T2-weighted FSE image (0.36 × 0.63 × 3.0
mm resolution) of the knee in a 38-year-old symptomatic patient shows linear intermediate
signal intensity (arrow) within the articular cartilage of the patella which was thought to
represent a small cartilage fissure. b: Corresponding sagittal IDEAL-GRASS water image
(0.39 × 0.67 × 1.0 mm resolution) better characterizes the cartilage lesion and shows a
superficial partial-thickness flap tear (arrow) of the articular cartilage of the patella.

Kijowski et al. Page 18

J Magn Reson Imaging. Author manuscript; available in PMC 2013 July 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 9.
a: Sagittal frequency selective fat-suppressed T2-weighted FSE image (0.36 × 0.63 × 3.0
mm resolution) of the knee in a 44-year-old symptomatic patient shows subtle increased
signal intensity (small arrow) within the articular cartilage of the medial femoral condyle
which was thought to represent early cartilage degeneration. Also note the adjacent
subchondral bone marrow edema (large arrow). b: Corresponding sagittal IDEAL-GRASS
image (0.39 × 0.67 × 1.0 mm resolution) better characterizes the cartilage lesion and shows
a full-thickness flap tear (arrow) of the articular cartilage of the medial femoral condyle.
Note that the subchondral bone marrow edema is not visualized on the IDEAL-GRASS
image. Of incidental note in both images is an osteochondral defect (arrowheads) within the
more posterior portion of the medial femoral condyle.
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