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Purpose:

Materials and
Methods:

Results:

Conclusion:

To measure the T2* of the human cartilaginous end plate
by using magnetic resonance (MR) imaging with very short
echo times and to determine the effect of the orientation
of the end plate on T2* and on relationships between T2*
and biochemical composition.

This study was exempt from institutional review board
approval, and informed consent was not required. Thir-
ty-four samples of three cadaveric lumbar spines (from
subjects who died at ages 51, 57, and 66 years) contain-
ing cartilaginous end plates and subchondral bone were
prepared. Samples were imaged with a 3-T imager for
T2* quantification by using a three-dimensional very short
echo time sequence (repetition time msec/echo times
msec, 30/0.075, 2, 5, 12, 18). Samples were imaged with
the end plate at three orientations with respect to the
constant magnetic induction field: 0°, 54.7°, and 90°. Af-
ter imaging, the cartilage was assayed for its water, glycos-
aminoglycan, and collagen content. Pearson correlations
were used to investigate the effect of orientation on the
relationships between T2* and biochemical composition.

T2* was significantly longer when measured at an orien-
tation of 54.7° (21.8 msec * 2.8 [=* standard error of the
mean]|) than at 0° (10.0 msec = 0.7, P < .001) or 90°
(9.9 msec £ 0.4, P < .001). At 54.7°, T2* was highly
correlated with glycosaminoglycan content (r = 0.85, P <
.001), the collagen-to-glycosaminoglycan ratio (r = —0.79,
P < .001), and water content (r = 0.62, P = .02); at 0°
and 90°, there were no significant differences in these
relationships, with a minimum P value of .19.

T2* evaluation can allow noninvasive estimation of the de-
generation of the cartilaginous end plate; however, the ac-
curacy of T2*-based estimates of biochemical composition
depends on the orientation of the end plate.

©RSNA, 2014
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he cartilaginous end plate is crit-

ical to maintenance of proper

intervertebral disc health. This
0.1-1.6-mm layer of hyaline cartilage
separates the vertebra from the disc
and functions both as a barrier to re-
sist disc pressure and as a gateway to
regulate disc nutrient and metabolite
transport. Although failure of these
functions is suspected to compromise
disc health (1,2), the relationship be-
tween end plate dysfunction and disc
degeneration remains poorly under-
stood. The most widely used clinical
tool for evaluating disc health is mag-
netic resonance (MR) imaging. How-
ever, conventional MR sequences used
in the spine are unable to show the
cartilaginous end plate, because the
cartilage has short T2 values, and thus,
its signal is not captured in sequences
with long echo times. As a result of
this limitation and because damage
to the cartilaginous end plate itself is
highly associated with innervation (3)
and pain (4,5), there remains a need
to develop imaging approaches that

Advances in Knowledge

® MR imaging at 3 T with very
short echo times can be used to
evaluate the T2* of the cartilagi-
nous end plate.

B The signal intensity and T2* of
the cartilaginous end plate were
dependent on orientation: signal
intensity was higher and T2* was
two times longer (P < .001)
when the end plate was imaged
oblique to the magnetic field
(54.7° angle) than when it was
imaged parallel (0° angle) or
perpendicular (90° angle) to the
magnetic field.

®m Cartilaginous end plate T2* varia-
tion at 54.7° was highly corre-
lated with glycosaminoglycan
content (r = 0.85, P < .001), the
collagen-to-glycosaminoglycan
ratio (r = —0.78, P < .001), and
water content (r = 0.62, P = .02);
however, at 0° and 90° there
were no significant differences in
these relationships, with a min-
imum P value of .19.

permit quantitative evaluation of end
plate degeneration (6).

One possible approach for evalu-
ating end plate degeneration with MR
imaging is a combination of specialized
radiofrequency excitation with radial
trajectories from the center of the k-
space to produce pulse sequences with
echo times 100-1000 times shorter
than those of conventional sequences
(7). For the spine, these very short
echo time (UTE, often referred to as
“ultrashort” echo time) sequences can
capture the signal of the cartilaginous
end plate (8) and have been used to
assess cartilaginous end plate defects
in vivo (9). However, it is unknown
whether UTE imaging can allow quan-
titative estimation of the biochemical
composition of the cartilaginous end
plate, which influences the biomechan-
ical (10) and transport properties (11)
of the end plate and deteriorates dra-
matically with age (12). Furthermore,
the dependence of signal intensity and
relaxation time on orientation of the
end plate in relation to the magnetic
field, which is well documented for
articular cartilage (13,14), also is un-
known. Thus, the purpose of our study
was to measure the T2* of the cartilag-
inous end plate with UTE MR imaging
and to determine the effect of end plate
orientation on T2* and on relationships
between T2* and biochemical composi-
tion in human cartilaginous end plates.

Materials and Methods

Specimen Preparation

Our cadaveric study was exempt from
institutional approval; informed con-
sent was not required. Three freshly

Implication for Patient Care

® MR imaging with very short echo

times can be used for quantita-
tive evaluation of cartilaginous
end plate degeneration, which
associates with neoinnervation
and with pain; changes in T2*
may provide a marker for end
plate biochemical deterioration
in the lower lumbar spine.

frozen cadaveric lumbar spines (L2-
S1) were obtained from male donors
(ages 51, 57, and 66 years) who had no
history of musculoskeletal disorders.
After the musculature and posterior
elements were removed, bone-disc-
bone motion segments were tran-
sected from the spines and cut into
parasagittal slabs with a thickness of
7 mm. One medial slab was randomly
chosen from each spine and further
processed to create 37 rectangular
end plate samples (8 X 10 X 10 mm)
comprising the cartilaginous end plate
and subchondral bone. Samples were
prepared from tissue adjacent to the
nucleus pulposus, where the end plate
is flattest, the cartilage is thinnest (ap-
proximately 0.6 mm [15,16]), and the
collagen fibers are parallel the verte-
bral surface (17,18).

MR Imaging

The end plate samples were imaged
with a 3.0-T MR imager (Discovery
MR750 W; GE Healthcare, Waukesha,
Wis) with an eight-channel phased-ar-
ray wrist coil (Invivo, Gainesville, Fla).
Before they were imaged, samples were
secured in a plastic sample holder with
a5 X 5 grid of wells. Samples were
immersed in phosphate-buffered saline
and equilibrated for 30 minutes before
imaging.
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At the time of imaging, the sam-
ple holder was positioned in the coil
and then placed into the MR unit. The
holder was positioned such that the end
plates were imaged at three orienta-
tions with respect to the constant mag-
netic induction field. In the first exper-
iment, 14 samples were imaged twice,
at 0° and at 54.7°. These orientations
were selected on the basis of the geo-
metric factor (3cos?0 — 1) that governs
the dipolar Hamiltonian coupling. This
factor is maximized at 0° and is O at
54.7°, the so-called magic angle (19).
Hence, those angles maximized any
orientation-related differences in sig-
nal intensity and relaxation time. In a
second experiment, the remaining 23
samples were imaged at 90°, which
approximated the in vivo orientation of
the end plates in the middle-to-upper
lumbar spine.

The imaging protocol included a
three-dimensional UTE sequence that
combined a nonselective hard pulse
(duration, 200 wsec) and three-dimen-
sional radial acquisition. The flip angle
was optimized to 19°, assuming a T1
of 540 msec (16), and radiofrequency
spoiling was incorporated. To measure
T2*, imaging was performed with
echo times of 75 psec and 2, 5, 12,
and 18 msec by using a 30-msec rep-
etition time. The first experiment was
performed with a resolution of 0.22 X
0.22 X 0.80 mm® and a field of view
of 7.5 X 7.5 X 2 cm?®, and the second
experiment was performed with a res-
olution of 0.22 X 0.22 X 0.90 mm? and
a field of view of 10 X 10 X 2 cm?®. Fat
suppression was applied every fourth
radial-spoke acquisition to reduce
bone marrow signal intensity. After ac-
quisition, images were reconstructed
to produce an isotropic voxel size of
0.22 mm by applying three-dimension-
al gridding by using a Kaiser-Bessel
kernel followed by an inverse Fourier
transform.

MR Image Evaluation

By using the images acquired at the five
echo times, T2* maps were calculated
on a voxel-by-voxel basis by fitting the
measured signal intensity to the expo-
nential decay function: S (TE) o S, -

exp (—TE/T2*), where S is the signal
intensity of a given voxel, TE is echo
time, and S, is the equilibrium signal
intensity. The nonlinear fitting algo-
rithm included an interior
gion approach (20) implemented by
using software (Matlab; MathWorks,
Natick, Mass). For the samples imaged
twice, at 0° and 54.7° orientation, the
mean T2* was calculated in three re-
gions of interest (each with an area of
2 mm?) placed at site-matched locations
in the images collected at each angle.
The three regions of interest coincided
with three layers, each 1 voxel thick,
which spanned the thickness of the car-
tilaginous end plate: the surface layer,
middle layer, and deep layer. The mean
T2* was calculated in similarly placed
regions of interest for the samples that
were imaged at 90°.

trust re-

Biochemical Analysis

After imaging, the -cartilaginous end
plate was removed from the subchon-
dral bone and assayed for its water,
glycosaminoglycan (GAG), and collagen
content. First, the tissue was weighed
before and after lyophilization. Next,
the tissue was digested in 1 mg of papain
per milliliter of water (Sigma-Aldrich,
St. Louis, Mo) for 20 hours at 60°C.
GAG content was determined by using
a dimethylmethylene blue binding assay
(21) that referenced the abhsorbance of
the papain digests (optical density read
at a wavelength of 525 nm) to a stan-
dard curve produced with chondroitin
sulfate C (chondroitin 6-sulfate; Sigma-
Aldrich). Aliquots of the remaining
papain digests were also hydrolyzed in
6 molar hydrochloric acid solution for
24 hours at 110°C. Collagen content
was calculated from the amount of hy-
droxyproline, which we determined by
using a chloramine-T colorimetric assay
(chloramine-T hydrate; Sigma-Aldrich
[22]) that referenced the absorbance
of the lysate (optical density read at a
wavelength of 570 nm) to a commercial
hydroxyproline standard solution (trans-
4-Hydroxy-L-proline; Sigma-Aldrich).

In Situ MR Imaging

We also investigated the feasibility
of quantitative evaluation of the end

plate in situ. One human cadaver
(a 37-year-old man) was imaged 96
hours after death. The cadaver was
imaged by using the MR unit with a
table designed to reduce patient mo-
tion (Geometry Embracing Method
Express, GE Healthcare) containing an
integrated coil array. The lumbar spine
was imaged in the sagittal plane by us-
ing a three-dimensional UTE sequence
that incorporated a minimum-phase
radiofrequency pulse (duration, 432
psec) instead of a nonselective hard
pulse to limit the slab-direction field
of view. Sequence parameters included
repetition time msec/echo time usec,
12/260; flip angle, 15°; field of view,
36 X 18 X 10.8 ecm?® (sagittal plane);
resolution, 0.5 X 0.5 X 3 mm?; and
imaging time, 18 min.

To perform T2* mapping of the
lower lumbar spine (L4-S1), we also
performed UTE imaging with a repe-
tition time of 24 msec and four echo
times of 292 psec and 2, 10, and 18
msec; flip angle, 15°; field of view, 24
X 14 X 6 cm?; resolution, 0.65 X 0.65
X 3 mm?; and imaging time, 48 min.
Only data from two coil elements near
the lower lumbar spine were used for
reconstruction. T2* mapping was per-
formed as described previously.

Statistical Analysis

Analysis of variance with Tukey-Kramer
post hoc tests was used to determine
the effect of the angle on T2*. Paired
t tests with Holm-Bonferroni adjust-
ments for multiple comparisons (23)
were used to compare T2* in the end
plate regions. Independent
tions between T2* and the biochemi-
cal outcomes were quantified by using
the Pearson correlation coefficient.
All analyses were performed by using
software (JMP 11; SAS Institute, Cary,
NC). A P value of .05 was considered
to indicate a significant difference. For
the paired t tests, Holm-Bonferroni
corrections reduced the smallest o level
required to demonstrate a significant
difference to P values of .008 for sam-
ples imaged at 0° and 54.7° and .017
for samples imaged at 90°. Data were
given as means * standard error of the
mean.

associa-
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Comparison of the UTE images ac-
quired with the end plate in different
orientations showed that the signal
intensity and mean T2* values were
significantly dependent on the orienta-
tion. The cartilaginous end plate gen-
erated high signal intensity at both 0°
and 54.7°, but the signal intensity was

higher at 54.7° (Fig 1). The mean T2*
of the cartilage at 0° was 10.0 msec *
0.7. The mean T2* at 54.7° was 21.8
msec * 2.8, more than two times high-
er (P < .001; Table, Fig 1).
Relationships between T2* and
biochemical composition also dem-
onstrated appreciable orientation de-
pendence (Fig 2). Variation in T2* be-
tween end plates at 54.7° was highly

Figure 1:
of a typical cartilaginous end plate sample imaged at 0° and 54.7° orientation
show greater signal intensity and T2* at 54.7°. ms = Milliseconds.

UTE images (top) with echo time of 75 ws and T2* maps (bottom)

Mean T2* and Biochemical Compositions for Two Groups of Cartilaginous End Plates

Imaged in Three Different Orientations

Parameter Group 1 (n=14) Group 2 (n=23) PValue
Orientation (degrees) 0,54.7 90
T2* relaxation time (msec)

For 0° orientation 10.0 £ 0.7 <.001*

For 54.7° orientation 21828 .

For 90° orientation e 99+04 <.001*
Water content (%) 60.0 + 1.0 56.7 = 1.2 .06t
GAG content (w.g/mg of dry weight) 824 +29 91.0 = 45 .18t
Collagen content (.g/mg of dry weight) 534.4 + 229 579.0 = 26.7 26"
Collagen-to-GAG ratio 6.6 = 0.4 6.7 0.4 87t

Note.—All data means = standard error of the mean.
* For comparison with 54.7° orientation
T Group 1 versus group 2.

correlated with GAG content (r = 0.83,
P <.001), the collagen-to-GAG ratio (r
= —0.78, P < .001), and water content
(r=0.62, P=.02); however, at 0° these
relationships were not significant, with
a minimum P value of .19. As expected,
the biochemical constituents also were
correlated with one another. Water
content was correlated positively with
GAG content (r = 0.78, P < .001) and
negatively correlated with the collagen-
to-GAG ratio (r = —0.61, P = .02).

Although the relationships between
T2* and biochemical composition de-
pended on sample orientation, depth-
wise trends in cartilaginous end plate
T2* were similar in both orientations.
T2* decreased significantly with depth
at 0° and 54.7° (Fig 3). At 0°, T2* de-
creased by 37% from 12.7 msec at the
surface layer to 7.9 msec in the deep
layer; at 54.7°, it decreased by 52%,
from 28.5 msec to 13.7 msec.

At 90°, which is the approximate in
vivo orientation in the middle-to-upper
lumbar spine, end plates demonstrated
imaging characteristics that were more
similar to those observed at 0° than at
54.7°. The mean T2* was more than
50% shorter than that at 54.7° (Table),
it was not correlated with biochemical
composition (Fig 2), and it decreased
significantly with depth (Fig 3). The
biochemical composition of the carti-
laginous end plates imaged at 90° was
not significantly different from that of
the samples imaged at 0° and 54.7°
(Table).

A preliminary evaluation of the end
plate’s imaging appearance and T2* in
situ confirmed the ex situ observations
(Fig 4). The signal intensity of the car-
tilaginous end plate was notably higher
at [4-L5 and L5-S1 (approximately 55°
orientation) than at L1-14 (approxi-
mately 90° orientation). In addition,
T2* mapping of midsagittal sections
from L4-L5 and L3-S1 revealed that T2*
was 10-45 msec, which is similar to the
range observed for the midsagittal end
plate samples imaged at 54.7° ex situ.

On UTE images of cadaveric lumbar
end plates, we observed that signal

Radiology: \/olume 274: Number 2—February 2015 = radiology.rsna.org
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intensity and T2* were appreciably de-
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Figure 2:  Scatterplots show relationships between mean T2* and biochemical composition for cartilaginous
end plate samples imaged at 0° (left), 54.7° (middle), and 90° (right). T2* variation at 54.7° was significantly
associated with GAG content, the collagen-to-GAG ratio, and water content. T2* variation at 0° and 90°
(approximate in vivo orientation in the middle-to-upper lumbar spine) was not associated with biochemical
composition. All end plate samples were harvested from the same spines; however, samples imaged at 0° and
54.7° (n = 14) were different from those imaged at 90° (n = 23). ms = Milliseconds.

suggests that differences in orientation content. Prior work demonstrated

pendent on the orientation of the end
plate: signal intensity was higher and
T2* was longer when the end plate was
imaged in an oblique orientation to
the constant magnetic induction field
(54.7° angle) than when the end plate
was imaged in a parallel (0° angle)
or perpendicular (90° angle) orien-
tation to the magnetic field. This so-
called magic angle effect is similar to
that reported for samples of articular
cartilage (13,14,24) and tendons (23)
imaged with multiple orientations and

could cause the end plates in the lower
lumbar spine (50-60° orientation) to
appear brighter on an image and to
have a longer T2* than end plates in
the middle-to-upper lumbar spine (ap-
proximately 90° orientation). We also
extended past work (8,9) by relating
the cartilaginous end plate T2* to bio-
chemical composition, which revealed
that variation in T2* at 54.7°, but not
at 0° or 90°, was highly correlated
(Ir] = 0.62-0.85) with GAG content,
the collagen-to-GAG ratio, and water

that the collagen-to-GAG ratio and the
GAG and water content significantly
influence the end plate’s biomechani-
cal (10) and transport (11) properties
and that end plate biochemical co-
mposition deteriorates dramatically
with age (12). Taken together, these
findings indicate that T2* evaluation of
the cartilaginous end plate with UTE
MR imaging can provide quantitative
estimates of biochemical composition;
however, the accuracy of the estimates
depends on the orientation of the end
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plate with respect to the constant mag-
netic induction field.

The observed orientation depen-
dence of the imaging appearance and
T2* of the end plate has potential clin-
ical implications for qualitative and
quantitative evaluation of end plate de-
generation. The finding that end plate
signal intensity increased at 54.7°
suggests that magic angle effects could
confound clinical UTE-based evaluation
of cartilaginous end plate integrity. For
example, orientation-related differ-
ences in signal intensity may exceed
the changes produced by cartilage thin-
ning or damage, and thereby reduce
diagnostic sensitivity. Likewise, magic
angle effects could limit the use of T2*
as an imaging biomarker for end plate
degeneration because orientation-relat-
ed differences in T2* may exceed the
changes associated with biochemical
deterioration.

A second interpretation of this ori-
entation dependence suggests the value
of optimizing T2* analysis by limiting
evaluation to certain levels of the spine.
For example, when a patient is posi-
tioned in an MR imager, end plate ori-
entation is approximately 55° at [4-L5
and L3-S1; hence, these levels may be
ideal for T2* evaluation. End plates at
L4-L5 and L53-S1 had a similar range of
T2* values in situ, as did end plates im-
aged at 54.7° ex situ. Although limiting
T2* analysis to [.4-S1 is clearly restric-
tive, end plate pathologies occur most
frequently at L4-L.5 and L3-S1.

Imaging the end plates at 54.7° in-
creased T2* and its variation between
samples, and this variation in T2" be-
tween samples was highly correlated
with biochemical composition. A likely
explanation for these findings relates
to the structural anisotropy of the car-
tilaginous end plate and its contribu-
tion to proton mobility. Cartilaginous
end plate microstructure consists pri-
marily of type Il collagen and entan-
gled GAGs (26). The water molecules
bound to the collagen and GAGs have
restricted mobility, so they contribute
to spin-spin relaxation through angu-
larly dependent dipole to dipole inter-
actions (13,19). This causes the short
T2* when the cartilage is imaged in

a parallel orientation to the constant
magnetic induction field (0° angle).
However, at the magic angle (54.7°),
the dipole to dipole interactions van-
ish, thereby increasing T2*. The longer
T2* mainly reflects the spin-spin relax-
ation associated with mobile water,
which we estimated by means of lyoph-
ilization of the cartilage. Because this
water content depends on the amount
of GAGs that attract water and colla-
gen that resists swelling, end plates
with higher GAG content and lower
collagen-to-GAG ratios had signifi-
cantly greater water content, and thus,
longer T2* values. Bound and mobile
water is suspected to have unique
contributions to T2* (24). Hence, our
findings suggest that T2* analysis of
the end plate at 54.7° may provide
meaningful insight into the mobile
water component. In a sense, magic
angle imaging is a convenient method
of isolating the contributions of mobile
water content, and by extrapolation,
the contributions of GAG and collagen
content.

Besides providing insight into the
relative quantities of the matrix constit-
uents, T2* analysis also appears to be
sensitive to their spatial distribution.
Spatial mapping and quantitative
comparison indicated that T2* de-
creased with increasing depth from
the cartilage surface. This is consistent
with observations that water and GAG
content decreases and collagen con-
tent increases with depth (15). Spatial
variation in T2* could also reflect var-
iation in collagen anisotropy, as was
demonstrated cartilage
(27). This may be especially true at 0°
and 90°, where any variation in colla-
gen anisotropy is expected to have an
appreciable contribution to T2*. Yet,
the available data suggest that collagen
fiber orientation is uniform through
the thickness of the end plate (15,17).
Nevertheless, collagen anisotropy in
the cartilaginous end plate, including
any changes with age or degeneration,
is not well understood. Thus, detailed
analysis of collagen anisotropy and
T2* mapping in end plates from do-
nors with varying ages and stages of
degeneration represents an interesting

in articular

35r Endplate layer
B Surface
30F [ Middle
_ o5k [l Deep
é 20
~ 15
il
10F
5_
00 547 90°

Endplate orientation

Figure 3: Bar graphs show comparison of T2* for
surface, middle, and deep regions of cartilaginous end
plate for samples imaged at different orientations.
At 0° and 90°, all comparisons showed significant
differences (at 0°: surface vs middle, P < .001;
surface vs deep, P < .001; middle vs deep P = .05;
at 90°: surface vs middle, P = .04; surface vs deep,
P =.002; middle vs deep, P=.002). At 54.7°, T2*
in the deep region was significantly shorter than in
the other regions. (deep vs surface, P = .02; deep
vs middle, P =.008). Data are mean = standard
error of the mean for 14 samples per group (0°

and 54.7°) or 23 samples per group (90°). ms =
Milliseconds.

future study, because it may clarify the
spatial trends in T2*.

Our study had several limitations.
Most importantly, we imaged the end
plates ex situ. Although removing the
samples from the surrounding tissue
ensured precision when colocating the
biochemical and T2* analyses, this may
have subjected the end plates to differ-
ent amounts of inhomogeneous swell-
ing, resulting in artificial increases in
T2*. However, a preliminary analysis
indicated that end plates imaged in situ
and ex situ had a similar range of T2*
values. That finding, in combination
with the assumption that any increases
in T2* due to tissue swelling are likely
to be small compared with the effect of
sample orientation, suggests that imag-
ing the end plates in situ is unlikely to
change our main conclusions. A second
limitation is that we immersed the end
plate samples in saline solution, which
may have leached collagen and GAGs
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from the cartilage. Yet, the collagen
content (563.8 wg/mg of dry weight
+ 18.8, all samples pooled) and GAG
content (87.7 wg/mg of dry weight +
3.1) were similar to the values reported
previously for end plates from 51-66
year-old donors (collagen, 558.5 pg/mg
of dry weight = 32.8; GAG, 99.8 pug/mg
of dry weight = 7.1) (10), which sug-
gests that any leaching is minor. A third
limitation is that we imaged end plates
from just three spines, with a narrow
subject age range. Although the age
range typified that of patients seeking
care for end plate-related pathologies
(28), expansion to larger cohorts with
older and younger donors is clearly
desirable. In addition, the freeze-thaw
cycle could affect the T2* of the end
plate samples, although results of a re-
cent UTE study showed that repetitive
freeze-thaw cycles had no significant ef-
fect on T2* values in tendons (29).

One technical caveat is that we
imaged the end plate samples with a
longer minimum echo time and low spa-
tial resolution, which prevented us from
accurately measuring the T2* of the cal-
cified cartilage. By using a shorter echo
time (8 msec vs 75 psec in our study)
and a higher spatial resolution (100 pm
vs 220 pm in our study), Bae et al (8)
found that the cartilaginous end plate
had a bilaminar appearance: an ap-
proximately 100-pwm-thick lower region
with high signal intensity and an ap-
proximately 1-mm-thick upper region
with intermediate signal intensity. This
bilaminar appearance was attributed to
the thin calcified cartilage and the thick
uncalcified cartilage. Although the bi-
laminar appearance was evident in our
study (Fig 1), it is possible that the thin
region with high signal intensity reflects
both the uncalcified and calcified com-
ponents owing to partial volume effects.
In relation to this, the T2* of the deep
layer of cartilage also may contain con-
tributions from both components. Ad-
ditional studies with higher resolution
are required to measure the T2* of the
calcified cartilage and to assess its ori-
entation dependence.

Quantitative evaluation of cartilag-
inous end plate degeneration with UTE
imaging provides a method for addressing

Figure 4

T2* (ms)

Figure 4: Midsagittal UTE image (left) with echo time of 292 s from a
37-year-old male donor showed higher end plate signal intensity in lower lum-
bar region than in middle-to-upper lumbar region. For reference, cartilaginous
end plate caudal to L5 disc was approximately 50°, the cartilaginous end plates
cranial to L3 disc and caudal to L4 disc were approximately 90°. T2* map
(right) of L4 and L5 discs in lower lumbar region showed T2* of 10-40 msec,
which appeared to decrease with depth. ms = Milliseconds.

the unmet clinical need for more sensi-
tive and quantitative diagnostic tools to
assess spine health, for which the end
plates are important. Conventional MR
imaging sequences do not depict sub-
tle end plate damage that is associated
with neoinnervation and with pain; and
these sequences are not sensitive to the
compositional traits that influence end
plate function. Consequently, the clini-
cal significance of end plate damage and
the importance of end plate dysfunction
in low back pain remain uncertain. UTE
imaging, which shows the structure of
the cartilaginous end plate and is sensi-
tive to end plate biochemical composi-
tion, has the potential to address these
uncertainties. It is also likely that UTE
imaging will help identify discs that are
appropriate for regeneration or repair.
This is because the success of technol-
ogies to regenerate or biologically repair
a painful disc may depend, ultimately, on
proper end plate function to ensure ade-
quate disc cell nutrition. Thus, noninva-
sive techniques for evaluating end plate
function will be important for patient
selection, and therefore, ultimately may
help improve treatment outcomes. In this
regard, T2* analysis of the cartilaginous
end plate with UTE MR imaging may be

an effective imaging biomarker at lower
lumbar spinal levels.
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