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To assess the ability of ultrashort echo time (UTE) magnetic
resonance (MR) imaging techniques to enable morphologic as-
sessment of different types of meniscal calcifications, to com-
pare these sequences with standard clinical sequences, and to
perform T2* measurements of meniscal calcifications.

This study was exempted by the institutional review board,
and informed consent was not required. Ten human ca-
daveric menisci were imaged with high-spatial-resolution
radiography and 3.0-T MR imaging by using morphologic
(T1-weighted fast spin-echo [FSE], T2-weighted FSE, pro-
ton density [PD]-weighted FSE, two-dimensional [2D] fast
spoiled gradient-echo [FSPGR], three-dimensional [3D]
FSPGR, and 3D UTE) and quantitative (2D inversion-recov-
ery [IR] UTE and 3D UTE) sequences. The menisci were di-
vided into thirds for regional analysis. Morphologic assess-
ment was performed with MR imaging; MR imaging findings
were correlated with radiographs. Calcifications were clas-
sified as punctate, linear, or globular. T2* measurements
were performed by manual placement of regions of interest
(ROIs) in calcifications and by automatically creating ROIs
in the surrounding tissues. Mixed-effects linear regression
was used to determine variations in T2* as a function of
region, morphology, and tissue type.

The two globular calcifications were visualized with all se-
quences. For punctate (n = 21) and linear (n = 21) calcifica-
tions, respectively, visibility rates were as follows: 9.5% for
both with the T1-weighted FSE sequence, 0% for both with
the T2-weighted FSE sequence, 19.0% and 23.8% with the
PD-weighted FSE sequence, 0% for both with the 2D IR UTE
sequence, 100% for both with the 3D UTE sequence, and
100% for both with the 3D FSPGR sequence. T2* values were
significantly lower for calcifications than for the surrounding
meniscal tissue (P < .001). There was a trend of globular cal-
cifications having lower T2* values than other morphologies
(P =.08). With the 2D IR UTE technique, the T2* of the glob-
ular calcifications tended to be lower than with the 3D UTE
technique (0.13-0.16 vs 1.32-3.03 msec) (P = .14, analysis
of variance).

UTE MR imaging sequences may allow morphologic as well
as quantitative evaluation of meniscal calcifications.

©RSNA, 2012
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he prevalence of meniscal calci-

fications may be as high as 5.6%

(1). Meniscal calcifications can be
due to trauma, degenerative disease,
or crystal arthropathies such as cal-
cium pyrophosphate crystal deposition
disease (1-4). The presence of menis-
cal calcifications is of clinical impor-
tance because several authors (5-10)
have suggested that they are associated
with knee osteoarthritis. However, the
causative relation between these two
disorders is still debated.

Radiography is the most commonly
used imaging technique for the evaluation
of knee disease. It allows the identifica-
tion of calcifications and has been suc-
cessfully used to morphologically analyze
meniscal calcifications, which have been
categorized into punctate, linear, and
globular (4,11,12). However, the sensi-
tivity of radiography for the depiction of
meniscal calcification is low. Fisseler and
Miiller (3) found a sensitivity of 35.3%
for the depiction of macroscopically and
microscopically proved calcifications for
radiography of 3350 menisci. Computed
tomography is likely the method of choice
for the study of meniscal calcifications,
but its use for the evaluation of knee
disorders is limited by the exposure of
patients to ionizing radiation and the rel-
atively restricted range of image contrast
in the soft tissues (4,13).

Although magnetic resonance (MR)
imaging is the noninvasive technique of
choice for the evaluation of knee, and
more specifically meniscal, disease, it
does not allow facile identification of
meniscal calcifications (13,14). This is
due in part to a lack of contrast be-
tween the meniscal tissue and calcifica-
tions, both of which are hypointense on
images obtained with clinical sequences
because of their relatively short intrin-
sic T2 relaxation times (13). In addi-
tion, the lack of spatial resolution with

Advances in Knowledge

B Ultrashort echo time (UTE) MR
imaging sequences allow depic-
tion of meniscal calcifications.

® UTE MR imaging sequences
might allow quantitative evalua-
tion of meniscal calcifications.

standard clinical sequences provides an
additional challenge for the visualiza-
tion of small punctate calcifications.

Furthermore, the signal character-
istics of meniscal calcifications are not
well understood. Even though they are
often hypointense, it has been shown
that calcifications can sometimes ap-
pear hyperintense with clinical MR
imaging sequences and be mistaken
for meniscal tears (15). The diagnos-
tic performance of MR imaging in the
detection of meniscal tears has been
shown to decrease in the presence of
chondrocalcinosis (16).

The ability to noninvasively measure
magnetic properties of meniscal calcifica-
tions such as T2* values might result in
a better understanding of the previously
described signal variations and the path-
ophysiology of calcium deposits in me-
nisci. It would have the potential to help
us solve some controversies, such as the
causative relationship between menis-
cal calcifications and degenerative joint
disease, as well as serve as a potential
biomarker for osteoarthritis.

We sought to assess the ability of
two-dimensional (2D) and three-dimen-
sional (3D) ultrashort echo time (UTE)
MR imaging sequences to allow visual-
ization and morphologic evaluation of
different types of meniscal calcifications
compared with the ability of more stan-
dard clinical sequences. Using the UTE-
based sequences, we also attempted to
quantitate these calcifications.

Materials and Methods

Meniscal Specimens and Imaging
Technique

This study was exempted by the institu-
tional review board, and informed con-
sent was not required. We analyzed 10
human cadaveric menisci (average age

Implication for Patient Care

B UTE MR imaging sequences may
be helpful in the identification
and characterization of meniscal
calcifications, which are a known
cause of false-positive meniscal
tear diagnoses at MR imaging.

of cadaver at death, 79.5 years *= 4)
with documented calcifications on high-
spatial-resolution radiographs (Faxitron
HP 43805N X-ray System; Hewlett-
Packard, Palo Alto, Calif [tube current,
25 kV; exposure time, 45 seconds]).
During the dissection, the femorotibial
cartilage of the knees, from which the
menisci were harvested, was visually
inspected and graded according to the
Outerbridge system (17) (W.C.B., with
7 years of experience). All knees had
osteoarthritic degeneration of the artic-
ular surface (one sample had grade III
femoral and tibial surfaces; all others
had grade IV surfaces).

Imaging was performed with a 3.0-
T clinical imaging unit (Signa Twin-
Speed; GE Healthcare, Waukesha,
Wis) by using a single-channel 3-inch
receive-only coil (a body coil was used
for signal transmission). The specimens
were placed in perfluorooctyl bromide
solution to minimize susceptibility ar-
tifacts during MR imaging. They were
positioned flat with their long axes per-
pendicular to the bore in the isocenter
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Table 1

MR Imaging Sequence Parameters

Section Number of  Approximate
Repetition Time Thickness ~ Section Flip Angle  Bandwidth Signals Acquisition Time
Sequence (msec) Echo Time FOV (cm) (mm) Gap (mm)  Matrix (degrees)  (kHz) ETL Acquired (min:sec)
Spin-echo T1 500 16.2 msec 7 1.7 1.7 512 X512 90 50 2 2 4:18
weighted
FSE T2 2000 10-80 msec 7 1.7 1.7 320 X 256 90 42 NA 1 8:36
weighted (eight echoes)
FSE PD 2000 13 msec 7 1.7 1.7 512 X512 90 50 7 4 9:54
weighted
2D FSPGR 300 3.8 msec 7 1.7 1.7 384 X 384 30 50 NA 4 7:43
2D UTE 500 12 p.sec 7 1.7 3.4 512 X 511 45 42 NA 2 8:33
3D FSPGR 25 7.3 msec 5 NA NA 320 X 320 15 &l NA 1 30-35
3D UTE T2* 35 56 And 5122 6 NA 256 X 256 9 31 NA NA 20-25
weighted wsec, 500 X 256
and 5622
wsec, 2000
and 7122
W.Sec
2D IR UTE* 300 12, 50,100, 7 1.7 NA 512 X 511 40 31 NA 2 20-25

200, 400 psec

Note.—ETL = echo train length, FOV = field of view, NA = not applicable.

* Inversion time for this sequence was 110 msec.

of the magnet. A line extrapolated be-
tween the anterior and posterior root
ligament meniscal attachments was
oriented perpendicular to B, (Fig la).
MR imaging sequences to characterize
meniscal morphology included morpho-
logic sequences (spin-echo T1-weight-
ed, fast spin-echo [FSE| T2-weighted,
FSE proton density [PD]|-weighted, 2D
fast spoiled gradient-echo (FSPGR), 3D
FSPGR, and 3D UTE sequences), as
well as quantitative sequences based on
3D UTE and 2D inversion recovery (IR)
UTE techniques (Table 1).

A morphologic and quantitative 3D
UTE sequence was performed (Fig 2)
by using a short-duration (40-usec)
rectangular radiofrequency pulse for
signal excitation followed by dual-echo
3D radial ramp sampling. To quantify
T2* values of the meniscal calcification,
the dual-echo 3D UTE acquisition was
repeated three times with paired echo
times of 56 and 5122 psec, 500 and
5622 psec, and 2000 and 7122 psec.
Subtraction images were obtained for
each pair of echo times. Other acqui-
sition parameters for this sequence

Figure 1

a.
Figure 1:

Quantitative evaluation: region-of-interest (ROI) selection on calcified zones and surrounding

meniscal areas. (a) Axial 3D UTE second-echo MR image (echo time, 5 msec) shows direction of main mag-
netic field, B, (arrow), along with a few calcifications (red regions inside dashed box) chosen as examples.
(b) Magnified view of dashed box in a shows manually traced calcification (red) and automatically generated
surrounding region (blue). The two regions are separated by an inner ring (dark area in between) that was
approximately 0.25-mm wide to reduce error due to volume averaging.

are reported in Table 1. The projection
data were regridded onto a 256 X 256
X 256 matrix; this was followed by 3D
Fourier transformation to produce the
final 3D UTE images.

Another quantitative technique
based on UTE application (Fig 3), that
of IR UTE, was also performed. An adi-
abatic inversion pulse was used to in-
vert the longitudinal magnetization of
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leaving the shorter T2 calcification i . .
largely unaffected (13). The inversion “— TE=8us Figure 2: Three.’dlmensmnal
UTE sequence. This sequence

time (110 msec) was chosen near the 4 a short-duration (40
null point of the longer T2 components. RF used a short-duration (40-p.5e0)
hard radiofrequency (RF) pulse

=y

Other parameters [Or. this IR “UTE /—\ /_\ for signal excitation, followed
sequence are reported in Table 1. The G,,. ; " H by dual-echo 3 radial ramp
contracted range of echo times from 12 . N/ N/

sampling. To quantify T2* values

to 400 psec would target calcifications —i . i—i of the meniscal calcifications,

with very short T2* values, similar to DAW FID Echo 42 the dual 3D UTE acquisition was
those of cortical bone. Concomitantly, repeated three times with paired
this range of echo times would not be echo times of 56 and 5122
sensitive to longer T2* values. wsec, 500 and 5622 psec,

i and 2000 and 7122 p.sec. The
Morphologic Assessment projection data were regrid-
Each meniscus was divided into equal ded onto a 256 X 256 X 256
thirds (anterior, central, and posterior matrix; this was followed by 3D
regions) along the longitudinal axis, Fourier transformation to pro-
and the presence or absence of calci- _ duce the final 3D UTE images.
fications on high-spatial-resolution ra- = DAW= data acquisition window,
diographs was noted by two reviewers FID = free induction decay, G, ,
in consensus (P.O. and C.B.C., with 2 = gradients in x, y, and z axes,

M, = magnetization in z axis, TE

and 12 years of experience in musculo- .
= echo time.

skeletal imaging, respectively). The cri-
teria used to define calcifications were
high-density focal areas greater than
cifications were classified as punctate J
(length = three times width), linear : Adiabatic [ TE=8us

(Iength > three times width), or glob- W pulse IF-)IEIZ:F‘\/\

ular (minimal width = 2 mm). The MR RF + :
images were viewed in the axial plane G, reasens . / \
by the two musculoskeletal radiologists P Nemed ez l : /\
(P.O. and C.B.C.) in consensus. After G, < AN

the analysis of the MR images, the de- S\ i

tection of calcifications was confirmed G
in correlation with the high-spatial-res- : :
olution radiographs. The criteria used
to define calcifications on the MR im-
ages were as follows: The calcifications
had to have the same morphologic
pattern as on the radiographs (same
shape and same spatial arrangement),
and the calcifications were considered
to be hypointense on images obtained
with non-UTE sequences and hyperin-
tense on 2D IR UTE images and 3D
UTE subtraction images. Calcifications Tl
were differentiated from gas bubbles
on the 3D UTE images because the
latter were hypointense on all echo im-

T il FID

Short T2

UTE acquisition
i =>

Time

o pooom
hMohbhooo

F
LY
\
A
\
(o]
=]
©
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Figure 3: IR UTE sequence. An adiabatic IR pulse was used to invert and null the relatively
longer T2 signal from meniscal tissues and fat, while leaving the shorter T2 calcification largely
. unaffected. The inversion time (110 msec) was chosen near the null point of the longer T2 com-
ages (Fig 4). ponents. DA = data acquisition window; FID = free induction decay; G, G, G,= gradients in
z, %, and y axes, respectively; NEX = number of signals acquired; ARF = radiofrequency; TE =

Quantitative Assessment echo time.

On the images obtained with the 3D
UTE sequence, ROIs were placed by

Radiology: \olume 264 Number 1—July 2012 = radiology.rsna.org 263
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Figure 4

a

; b.
Figure 4: (a) Axial 3D UTE second-echo MR image (echo time, 5 msec) and (b) subtraction image (echo

time, 8 wsec to 5 msec) show meniscal calcifications (arrow) in close-up. Contrast between calcifications
and surrounding meniscal tissue can be created either by choosing the right echo time so that calcifications
appear hypointense relative to the surrounding meniscus, or by suppressing longer T2* components with
subtraction. With the latter technique, the calcifications appear hyperintense relative to the surrounding
meniscal tissue, in the same fashion as with IR techniques. Note that calcifications can easily be differenti-
ated from gas bubbles (), which are hypointense with all echo times and hence hypointense on subtraction

images as well.

using software (MATLAB, version 7.9;
Mathworks, Natick, Mass) on calcifica-
tions, as well as on surrounding meniscal
tissue, to determine T2* values (Fig 1).
For each calcified region defined at the
morphologic assessment, ROIs were
selected on individual calcifications by
means of dual-reader (P.O. and C.B.C.)
consensus in the axial plane of the MR
images and were correlated with the
high-spatial-resolution radiographs. The
criteria used to select the calcifications
were the same as those utilized in the
morphologic analysis. The ROls of the
meniscal tissue surrounding the calci-
fication were created automatically by
increasing the size of the ROIls repre-
senting the calcifications by 0.25 mm in
all directions, followed by subtraction
of the latter from the obtained ROls.
The resulting ROl was a 0.25-mm-wide
boundary surrounding the calcification,
separated by an inner ring that was also
0.25-mm wide to reduce error due to
volume averaging (Fig 1b). After selec-
tion, we fit the average signal intensity
of each ROI by using a monoexponential
decay model and nonlinear least-squares
algorithm to compute the T2* relaxation
constant. ROIs were further grouped by

their location within the meniscus (ante-
rior, central, or posterior region).

Statistical Analysis

For quantitative assessment, T2* values
were averaged by ROl type (calcification
or surrounding) and region (anterior,
central, or posterior) or morphology
(punctate, linear, or globular). A linear
mixed-effects model was used to deter-
mine variations in T2* as a function of
region, morphology, and tissue type. Sub-
ject-specific random intercept was used in
the model to account for within-subject
correlation (18). The intraclass corre-
lation coefficient of 0.70 was estimated
by using variance components from the
linear mixed-effects model. All statistical
analyses were performed by using soft-
ware (R, version 2.10.1; R Foundation for
Statistical Computing, Vienna, Austria).
The level of significance was set at P = .05.

Morphologic Assessment

A total of 44 calcified regions were de-
picted with radiography and were classi-
fied into punctate (n = 21), linear (n =

21), and globular (n = 2). The distribution
of the calcified regions along the meniscal
axis was as follows: Ten calcified regions
were located in the anterior horn; 18, in
the meniscus body; and 16, in the poste-
rior horn.

FSE T2-weighted sequences did not
allow visualization of the punctate or
linear calcifications. Conventional se-
quences with shorter echo times (FSE
PD weighted and T1 weighted) allowed
visualization of only 9.5%-23.8% of
punctate and linear calcifications. The
globular calcifications were visualized
with all sequences. The 2D IR UTE
technique showed only the globular
calcifications, whereas the 3D FSPGR
and 3D UTE sequences allowed detec-
tion of all types of calcifications (Fig 5)
(Table 2).

Quantitative Assessment

With the 3D UTE technique, a total
of 162 ROIs were analyzed (Fig 6).
Of these, 86 were punctate, 72 were
linear, and five were globular in mor-
phology. Ninety-four calcifications were
found in the central region, 41 in the
anterior region, and 28 in the posterior
region of the menisci. T2* values dif-
fered significantly between tissue types
(T2* of the surrounding meniscus was
higher than the T2* of calcification, P
< .001) but did not differ significantly
between the three morphologies. How-
ever, there was a trend of globular mor-
phology having lower T2* values than
other morphologies (P = .08).

T2* values of calcifications averaged
between 8 and 10 msec—significantly
lower than the 14-28 msec found in sur-
rounding meniscal tissue (P < .001). In
addition, T2* values varied with region
(Fig 6b). The average T2* value of the cen-
tral region (calcification, approximately 11
msec, and surrounding meniscal tissue,
approximately 30 msec) was significantly
higher than that of the anterior (approx-
imately 8 and 18 msec, respectively) and
posterior (approximately 8 and 20 msec,
respectively) regions (P < .001 for each).

We also compared the T2* values of
globular calcifications obtained by using
the 2D IR UTE technique and those ob-
tained by using the 3D UTE technique.
With the 2D IR UTE technique, the T2*
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Figure 5

B,

3D FSPGR

Figure 5:  Morphologic evaluation of meniscal calcifica-
tions. (@) Axial radiograph (Rx), considered the reference
standard, with which (b) axial 3D FSPGR and (c—e) axial
3D UTE MR images were correlated. Punctate (circles),
linear (ovals), and globular (dashed ovals) calcifications
are visible with all sequences. The calcifications show the
same morphology and spatial arrangement as on a. They
appear hypointense on b and hyperintense on e. Note that
the signal from the calcifications decreases between the
two echoes of the UTE sequences (¢ and d) because of
their short T2* value. Also note that the areas surrounding
the calcifications have lost their normal fibrillar pattern on
b and d. 7TE = echo time.

Subtraction

of the globular calcifications ranged from
0.13 to 0.16 msec, whereas with the 3D
UTE technique, it tended to be higher

Visibility Rates of Calcifications with Different MR Imaging Sequences

(P = .14, analysis of variance), ranging Ti-weighted  T2-weighted  PD-weighted 2DUTE  3DUTE  3DFSPGR

from 1.32 to 3.03 msec (Fig 7). Type of Calcification ~ Sequence sequence sequence Sequence  Sequence  Sequence
Punctate (n = 21) 9.5 (2/21) 0 19.0 (4/21) 0 100 100

Coiscussion. [ e R
Globular (n=2) 100 100 100 100 100 100

Factors to be considered for the depic-
tion of calcifications with MR imaging
sequences are related to either the
sequence (ie, ability to acquire signal
from short-T2 tissues, image contrast,
and spatial resolution) or the tissue

Note.—Data are percentages of visible calcifications, with raw numbers in parentheses. High-spatial-resolution radiography
was the standard of reference.

to be imaged (intrinsic MR imaging
properties such as the T2 value). We
addressed these issues to perform
high-spatial-resolution (0.15-0.23-mm)
isotropic 3D sequences with echo times
that are short enough to acquire signal
from short-T2 tissues and create the ap-
propriate contrast between the calcified
areas and the surrounding meniscal tissue.

Two previous studies (13,14) that
addressed calcium pyrophosphate crys

tal deposition disease of the knee failed
to show meniscal calcifications with
MR imaging by using conventional clin-
ical sequences. This might be due to
the relatively long echo times of the
sequences used in these studies. Both
calcifications and menisci have short T2
values (previous reports have found T2
values ranging from 6.5 to 12.6 msec
in normal menisci) (19-21). Therefore,
both tissues would appear hypointense

at echo times equal to or greater than
these T2 values.

We found that the UTE sequences
showed a significant difference in the
T2* values of the calcifications versus
the surrounding tissue. Therefore, it
was possible to create contrast between
these tissues either by choosing the ap-
propriate echo time, thereby unmasking
the calcifications as hypointense struc-
tures surrounded by higher-intensity

Radiology: \olume 264 Number 1—July 2012 = radiology.rsna.org
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40 mcalcification 40
—_— DOsurrounding —— —
n 30 4 30 1
E
i
3 20 20 1
)
>
&y 104 10 1
l_
0 - 0
Punctate Linear Globular Ant Cent Post
n=86 n=72 n=5 n=41 n=94 n=28

Figure 6: Bar graphs show results of quantitative T2* assessment of me-
niscus calcification by using the 3D UTE technique. T2* values of calcifications
and surrounding meniscal tissues averaged according to (left) calcification mor-
phology and (right) anatomic region suggest lower T2* values for calcifications
compared with their surrounding tissues and variations according to calcifica-
tion morphology and anatomic region. Error bars = standard errors of the mean.

Ant = anterior, Cent = central, Post = posterior.

Figure 7

2D UTE IR

L Figure 7:  Quantitative analysis (T2*
6000 | measurements) of globular calcifications
s (ovals) on axial (a) 3D UTE subtraction
5 5000} Y 1 image (echo time, 8 wsec to 5 msec)
< v and (b) 2D IR UTE image. (c) Graph
Z 4000 Y 4 shows data and corresponding fitting
,E \ curves. T2* values are higher with the
5 3000 4 ?’gnlﬂEaz o 0.09 ms 1 3D UTE technique (dashed curve) than
gv - \\u ’ ’ ] with the 2D IR UTE technique (solid
o curve), which focuses on shorter T2*
fito \\H""‘--——-.u ] components. Note that only globular
------ o-=-- calcifications are visible on b, contrary to
0 i punctate calcifications (arrows in a). TE
0 1 2 3 4 5 6 7 8

meniscal tissue, or by suppressing sig-
nal from the relatively longer-T2 menis-
cal tissue by using subtraction or IR
preparation.

= echo time.

Another factor influencing contrast
in fibrillar structures such as menisci
is the magic angle phenomenon, which
artifactually increases the T2 value of

fibrillar tissues angled at 55° relative to
B, (19,22,23). In our study, the magic
angle phenomenon mainly affected the
central regions, with less effect on calci-
fications, and therefore led to increased
contrast between the calcifications and
the surrounding meniscal tissue. This
could explain the greater difference be-
tween T2* values of the meniscal calci-
fications and the surrounding tissues in
these regions.

The 2D sequences could not depict
most of the linear and punctate calcifi-
cations, whereas the 3D sequences (3D
SPGR and 3D UTE) showed 100% of
all calcifications, including the smaller
punctate and linear types. This is at
least partly owing to the larger section
thickness and gap (1.7 mm) of the 2D
sequences, contrasting with the high-
spatial-resolution isotropic 3D FSPGR
and 3D UTE sequences (spatial resolu-
tion, 0.15 and 0.23 mm, respectively).

Meniscal calcifications appear to be
substances that demonstrate a range
of T2/T2* values that are short and re-
quire UTE techniques to acquire signal
from them (19). Because of this ability
to generate signal from the calcifica-
tions on shorter-echo images, UTE se-
quences allowed easy identification of
calcified areas and their differentiation
from gaseous areas, contrary to FSP-
GR sequences, with which both calci-
fications and gas were hypointense. In
addition, UTE sequences allowed quan-
titative analysis of the meniscal calcifi-
cations. On the other hand, because of
their longer echo times (=3.8 msec),
FSPGR sequences did not allow accu-
rate quantitative assessment of shorter-
T2* components of calcifications. The
T2* values of the globular calcifications
obtained with the 3D UTE sequence
differed from those obtained with the
2D IR UTE sequence (the latter giving
shorter T2* values). This can be ex-
plained by the fact that the 2D IR UTE
sequence focuses on shorter T2* com-
ponents of the tissue—the longer T2*
components being suppressed by the IR
pulse (24). Thus, the IR UTE technique
might be useful for the quantitative
evaluation of those calcifications with a
more organized structure, which likely
have shorter T2* values.
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T2* values of the meniscal tissue
around the calcifications (15-25 msec)
were slightly higher than expected on
the basis of previous data obtained in
normal menisci. Gatehouse et al (20)
reported values ranging from 6.5 to
12.6 msec, while Tsai et al (21) re-
ported values ranging from 8.1 to 12.6
msec. This can be explained in part by
the fact that calcifications usually oc-
cur in areas of degenerative disease or
tears, which present increased T2/T2*
values (25,26).

Another explanation for the rela-
tively high T2* values of the meniscal
tissue is the magic angle effect. Most
of our T2* values were measured in the
central regions of the menisci, which
exhibited the magic angle effect (the
main meniscal collagen fibers were ori-
ented at around 55° relative to B in
these regions) (22). This phenomenon
at least partly explains the higher T2*
values of the surrounding meniscal tis-
sue in the central region compared with
the values in other regions.

Our study had some limitations.
We did not perform histologic corre-
lation to confirm the presence of the
calcifications. However, the accuracy
of radiography in depicting calcifica-
tions in soft tissues is well accepted,
and this technique has been used as
a reference in several studies in the
past (1,12-14,25). Our study was
performed with the menisci at room
temperature instead of body tempera-
ture, which might have resulted in un-
derestimation of the T2* values, con-
sidering that T2* linearly increases
with temperature (27).

Only a limited number of cadaveric
menisci were studied, and we did not
obtain any statistical data concerning the
performance of these sequences in de-
picting meniscal calcifications. Although
several morphologic types of calcifica-
tions were represented in our study, our
work was limited to osteoarthritic knees;
therefore, we may not have covered some
causes of meniscal calcifications. Further-
more, this study was performed ex vivo,
with long acquisition times that would
require translational modifications for

sampling strategies and contrast mech-
anisms (28,29), which may allow us to
evaluate meniscal calcification in vivo.

In conclusion, UTE-based MR imag-
ing sequences allow both morphologic
and quantitative assessment of menis-
cal calcifications by facilitating the ac-
quisition of signal from calcifications
and surrounding meniscal tissues, both
with short T2* values.

Future studies will focus on the cor-
relation of our quantitative data with
biochemical and histologic data to get a
better understanding of the pathophysi-
ology of meniscal calcifications, as well
as the adaptation of existing sequences
to study whole-knee specimens, getting
one step closer to the in vivo evaluation
of meniscal calcifications.
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