TAURINE TREATMENT OF SPINAL CORD INJURY

hindlimb at 1, 2, 4, 7, 10, 14, 17, 21, 24, and 28 days after SCI.
The scores were averaged to obtain a single value per animal
for each time point.

Statistical analysis

Data are expressed as mean =+ SEM values. The statistical
significance of the differences between the groups was as-
sessed by one-way ANOVA with the Fisher’s post-hoc test.
Densitometric ratios of p-STAT3:STAT3 and COX-2:actin
were compared between groups using the Mann-Whitney U
test. Statistical significance was set at p <0.05.

Results
Effects of taurine on IL-6 concentrations after SCI

We reported earlier that severe SCI induced a significant
increase of IL-6 from 3-24 h after SCI (Yamauchi et al., 2006).
In the present study, the concentrations of IL-6 in intact con-
trol spinal cords and injured spinal cords treated with saline at
6 h after SCI were 3.0 + 0.7 and 396 + 28 pg/mL, respectively.
Animals with laminectomy without compression treated with
taurine had slightly induced expression of IL-6. Taurine
caused significant decreases at the doses of 80, 250, and
800 mg/kg compared to mice treated with saline (Fig. 1).

Effects of taurine on activation of STAT3 following SC/

We have also reported that severe SCI is associated with
activation of the JAK/STAT3 signaling pathway, which
transduces signals from the cell surface to the nucleus in re-
sponse to IL-6 (Yamauchi et al., 2006). Western blot analysis
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FIG.1. Concentrations of interleukin-6 (IL-6) in spinal cord
at 6 h after severe spinal cord injury (SCI) or sham surgery.
Taurine was injected within 30 min after induction of severe
SCI (n =7 per group), or laminectomy without compression
(n = 6 per group), at doses of 25, 80, 250, and 800 mg/kg. The
concentrations of IL-6 in spinal cord were measured using an
ELISA kit. Mean + SEM values of the data are shown (Saline,
mice suffering from severe SCI and treated with saline
[ =7]; Control; intact control spinal cord). Concentrations of
IL-6 in the intact control spinal cord were 3.0+0.7 pg/mL
(n=6; *p <0.05 indicates significant difference between sa-
line and taurine treatment as assessed by analysis of variance
followed by the Fisher’s post-hoc test; ELISA, enzyme-linked
immunosorbent assay; SEM, standard error of the mean).
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revealed equal levels of actin and STAT3 in crude samples
(Fig. 2 lower panel). Densitometric analysis of bands of
p-Tyr’®-STAT3/STAT3 revealed significant suppression in
those treated with taurine (SCI + taurine) compared with
those treated with saline (SCI + saline) (Fig. 2).

Expression of COX-2

Immunoblot analysis revealed constant detection of actinin
the two groups, and a significant decrease in COX-2 after
treatment with taurine was noted compared with the saline

group (Fig. 3).

Effects of taurine on MPQO after SCI

In intact control and injured tissues treated with saline at
6h post-SCI, the mean concentrations of MPO in the spinal
cord tissue were 3.2 +0.7 and 202 + 16 ng/mL, respectively.
Animals with laminectomy without compression treated with
taurine had only slightly induced expression of MPO. Taurine
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FIG. 2. Effects of intraperitoneal injection of taurine on
phosphorylation of the signal transducer and activator of
transcription 3 (STAT3) at Tyr7ﬂ5. Mice were post-treated with
taurine (250 mg/kg) or saline within 30 min after induction of
spinal cord injury (SCI). Crude samples were subjected to
Western blotting with anti-phosphorylated STAT3 at Tyr™®
(a—p—Tyr7n5-STAT3), anti-STAT3 (a-STAT3), and actin (a-
actin) antibodies. Two representative Western blots are
shown in the lower panels. The histogram shows the amount
of a-p-Tyr’>-STAT3 relative to that of a-STAT3. Numbers of
animals are given in parentheses. An asterisk indicates a sig-
nificant difference by the Mann-Whitney U test (p < 0.05).
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FIG. 3. Immunoblot analysis of inducible cyclooxygenase-2
(COX-2) in injured spinal cord 6 h after severe spinal cord in-
jury (SCI). Mice were treated with intraperitoneal injection of
taurine (250 mg/kg; n = 6) or saline (1 = 5) within 30 min after
induction of severe SCI. Crude samples (25 ug of protein each)
were subjected to Western blot analysis with anti-actin (-
actin) and anti-COX-2 (x-COX-2) antibodies. The histogram
shows the amount of a-COX-2 relative to that of «-actin in the
membrane. Mean &+ SEM values are shown. Note the signifi-
cant decrease in expression of COX-2 with taurine treatment.
An asterisk indicates a significant difference by the Mann-
Whitney U test (p < 0.05; SEM, standard error of the mean).

caused significant decrease in a dose-dependent manner at 80,
250, and 800mg/kg, compared to mice treated with saline
(Fig. 4).

Histological observations

Histological examination of the injured spinal cord 6 h after
SCI revealed intramedullary hemorrhage (Fig. SA and B),
with pronounced accumulation of neutrophils within sub-
arachnoid spaces around the dorsal root nerve in mice treated
with saline (Fig. 5C). This was reproducibly reduced by tau-
rine treatment (250 mg/kg, Fig. 5D).

At 4 weeks after severe SCI, H&E staining showed that
normal gray matter in the lesion epicenter had been replaced
by a connective tissue scar (Fig. 6A and C). Taurine treatment
markedly attenuated these changes in the gray matter (Fig. 6B
and D).

Behavioral assessment

The BMS scores for hindlimb motor function of mice trea-
ted with saline improved from 0.7 +0.4 on day 1 to 6.7 + 0.4
on day 28. The scores of mice treated with taurine demon-
strated greater improvement, from 1.6+0.4 on day 1 to
8.8+ 0.2 on day 28 after SCI, the difference being significant
after day 7 (Fig. 7).

Discussion

In the present exploration of the effects of taurine on local
inflammatory responses and neurologic outcome after severe

NAKAJIMA ET AL.

(ng/mL) SCI + saline
250 - V77220 SCI + taurine
4 [: Laminectomy + taurine
200 A
150 A
100 A
50 1
0 =
O N @
S S 8
s 2
% =
@ Q@

FIG. 4. Myeloperoxidase (MPO) levels in the spinal cord
6h after severe spinal cord injury (SCI) or sham surgery.
Taurine was injected within 30 min after induction of severe
SCI (n=7 per group) or laminectomy without compression
(n =6 per group) at doses of 25, 80, 250, and 800 mg/kg. The
MPO levels in spinal cord were measured using an ELISA
kit. Mean : SEM values of the data are shown (Saline, mice
with severe SCI treated with saline [n = 7]; Control, intact
control spinal cord). The MPO level in intact control spinal
cord was 3.2+ 0.7ng/mL (n=6; *p <0.05 denotes a signifi-
cant difference between saline and taurine treatment by
analysis of variance followed by Fisher’s post-hoc test; SEM,
standard error of the mean; ELISA, enzyme-linked immu-
nosorbent assay).

SCI, taurine significantly inhibited the expression of the
proinflammatory cytokine IL-6, with an associated decrease in
the phosphorylation of STAT3 at Tyr’"™ and expression of COX-
2. Taurine also decreased the MPO level at the site of injury in a
dose-dependent manner, and immunohistochemistry showed
reduced neutrophil accumulation. Moreover, taurine clearly
improved functional recovery in hindlimbs after SCI.

In the normal spinal cord the concentration of taurine in
gray matter is significantly higher than that in white matter
(Benton et al., 2001). Taurine-like immunoreactivity is most
prominent in laminae I and II in the dorsal horn, suggesting
an inhibitory neurotransmitter role (Lee et al., 1992). As an
osmoregulator, taurine is well known to prevent brain
swelling after cerebral ischemia or brain trauma (Pasantes-
Morales and Schousboe, 1989). Taurine has multiple other
functions, and is a regulator of Ca* influx with effects on
neuromodulation and neuronal regeneration (Huxtable,
1992). After SCI, the concentration of taurine is reported to be
temporarily elevated in acute stages, and then returns to basal
levels (Diaz-Ruiz et al., 2007; Farooque et al., 1996; McAdoo
et al.,, 1999). There has been at least one report of elevated
concentrations of taurine in the chronic stages after SCI
(Benton et al., 2001). The former is in line with the role of
taurine as an osmoregulator, and the latter is associated with
an increase in reactive astrocytes, which are known to contain
large amounts of taurine (Lake, 1992; Lehmann and Hansson,
1987). These data thus suggest that taurine plays important
roles in the complex cascade of the pathophysiological pro-
cesses occurring after SCI.
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FIG. 5. Mice subjected to severe spinal cord injury (SCI)
were perfused with 10% formaldehyde in a phosphate-
buffered solution 6 h after induction of SCI. Slices 10 um thick
were stained with hematoxylin and eosin. Mice were treated
with saline (A and C), or with taurine (250 mg/kg; B and D),
within 30min after induction of severe SCI. Dura and sub-
arachnoid spaces near the dorsal root zone were magnified
in each group (C and D). Note that the accumulation of
neutrophils is more prominent in mice treated with saline
(arrowheads in C) than in those receiving taurine (D). Re-
presentative results from four series are shown.

The early inflammatory response after SCI may be initiated
by neutrophils that infiltrate the lesion site after injury, and
also into the subarachnoid space surrounding the cord
(Carlson et al., 1998). P-selectin and cytokine-induced neu-
trophil chemoattractant-1 (CINC-1) are rapidly expressed on
endothelial cell surfaces after SCI, where they mediate inter-
actions between activated neutrophils and endothelial cells
(Taokaet al., 1997; Tonai et al., 2001). The degree of neutrophil
infiltration is generally assessed quantitatively by measuring
MPO activity (Barone et al., 1991), and is proportional to the
magnitude of trauma in spinal cord injury (Xu et al., 1990).
Severe oxidative stress occurs within 1h of SCI (Kamencic
et al., 2001), and activated neutrophils release inflammatory
mediators such as neutrophil elastase and reactive oxygen
species, which damage adjacent endothelial vascular integ-
rity, followed by increases in vascular permeability and
secondary spinal cord injury. Prevention of neutrophil accu-
mulation by anti-P-selectin monoclonal antibodies and neu-
trophil elastase inhibitors attenuates the motor disturbance
seen after SCI in rats (Taoka et al., 1997, 1998). Taurine,
through its antioxidant activity and regulation of intracellular
calcium flux, can prevent endothelial cell dysfunction and cell
death mediated by activated neutrophils (Wang et al., 1996b).
Our results also revealed that taurine clearly prevented neu-
trophil accumulation, although the exact mechanism of this
effect remains to be elucidated.
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Taurine chloramine (TauCl) is produced from taurine by
the halide-dependent myeloperoxidase (MPO) system, and
traps chlorinated oxidants (HOCI). TauCl thus reduces HOCI
toxicity and decreases production of inflammatory mediators
such as TNF-2, nitric oxide, prostaglandin E;, IL-6, and su-
peroxide anion (¢O2") (Kim et al., 1996; Kontny et al., 1999;
Marcinkiewicz et al., 1995, 1998). One mechanism for this is
through decreased activity of major transcriptional regulators
of nuclear factor-«B and AP-1 (Georganas et al., 2000; Kontny
et al,, 2000). TauCl also attenuates the increased permeability
of endothelium caused by neutrophil oxidants (Tatsumi and
Fliss, 1994). Taurine inhibits at higher concentrations and to a
lesser extent than TauCl (Kim et al., 1996; Marcinkiewicz et al.,
1998). It may be that the effects of taurine are in fact partially
attributable to the production of TauCl (Kim et al., 1996). Our
finding that high doses of taurine are necessary to reduce the
production of the proinflammatory cytokine IL-6 and MPO is
in agreement with this conclusion.

In injured spinal cords proinflammatory cytokines, such as
IL-1, IL-6, and TNF-2, are expressed at both messenger RNA
(mRNA) and protein levels in injured spinal cords (Hayashi
et al., 2000; Pan et al., 2002; Streit et al., 1998; Wang et al.,
1996a). Immunoreactivity of IL-1f, IL-6, and TNF-a is ob-
served in neurons as early as 0.5 h after human traumatic SCI
(Yang et al., 2004). These proinflammatory cytokines activate
secondary cytotoxic events and may be responsible for neural
cell death. Transcriptional responses to IL-6-family cytokines
involve the Janus kinase (JAK)-STAT signaling pathway

Saline Taurine
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FIG. 6. Mice subjected to severe spinal cord injury (SCI)
were perfused with 10% formaldehyde in a phosphate-
buffered solution 4 weeks after induction of SCI. Slices 10 pm
thick were stained with hematoxylin and eosin. Mice were
treated with saline (A and C) or with taurine (250 mg/kg, B
and D) within 30 min after induction of severe SCI, and then
once a day from day 1 until day 7. Note that secondary
degenerative changes occurred, especially in the gray matter
(A and C). Taurine treatment reduced these changes in gray
matter (B and D). Representative results in saline (n = 7) and
taurine (1 =6) group are shown.
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FIG. 7. Recovery of hindlimb motor function after spinal
cord injury (SCI) was assessed using the Basso mouse scale
(BMS) motor rating scale. Mice treated with taurine (n=6;
250 mg/kg intraperitoneally within 30 min after induction of
SCI, and then once a day from day 1 until day 7), or saline
(n=7 intraperitoneally on the same schedule) were exam-
ined for hindlimb motor function at 1, 2, 4, 7, 10, 14, 17, 21,
24, and 28 days after SCI. Mean + SEM values of the data are
shown. Asterisks indicate a significant difference between
the two groups by the Mann-Whitney U test (p < 0.05; SEM,
standard error of the mean).

(Heinrich et al., 1998), and we have previously shown that
IL-6 is expressed after SCI with consequent STAT activation
(Yamauchi et al., 2006). Phosphorylated STAT molecules
translocate into the nucleus and bind to enhancer elements of
target genes, leading to transcriptional activation. In cardiac
late preconditioning, STAT3 plays an essential role in tran-
scriptional activation of the COX-2 gene (Xuan et al., 2003).
COX-2 is known to be induced in response to various in-
flammatory cytokines, such as lipopolysaccharide and IL-6,
and they are found in endothelial cells of blood vessels 6h
after injury, but not in neurons, astrocytes, or microglia
(Adachi et al., 2005). Selective inhibition of COX-2 is known to
improve functional outcome following SCI (Resnick et al.,
1998), and our results are in agreement with this finding.
Taurine could clearly reduce the expression of COX-2 through
lowered IL-6 production and JAK-STAT signal transduction
in the injured spinal cord.

There are many experimental and clinical data suggesting
protective roles of taurine against cardiac and cerebral is-
chemia. For example, it inhibited ischemia-induced apopto-
sis in cardiac myocytes through Akt-mediated caspase-9
inactivation (Takatani et al., 2004), and reduced lipoperox-
idation and decreased reperfusion injury during coronary
bypass surgery (Milei et al., 1992). Taurine modulates glu-
tamate excitotoxicity through regulation of mitochondrial
calcium homeostasis (El Idrissi and Trenkner, 1999; El
Idrissi, 2008), which plays a neuroprotective role against
ischemic insult. It may also protect neuronal cells via activa-
tion of both GABA and glycine receptors after cerebral ische-
mia (Wang et al., 2007). Inhibition of caspase-3-dependent
apoptosis is also a neuroprotective mechanism of taurine
after cerebral ischemia (Sun and Xu, 2008; Wang et al., 2007).
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Furthermore, taurine has a putative fetal brain neurotrophic
function in the process of human brain development (Chen
et al., 1998), and increases nerve growth in injured retinal
explants (Lima et al., 1988). Other than anti-inflammatory
effects, these various tissue-protective actions of taurine might
play roles in preventing secondary damage and improving
motor function after SCL

There are very few clinically effective agents accepted for
the treatment of SCI. Currently, only high doses of methyl-
prednisolone are advocated (Bracken et al., 1990, 1997), and
its neuroprotective effects are thought to be due to anti-
inflammatory and immunosuppressive mechanisms. Inter-
estingly, methylprednisolone treatmentsignificantly increased
spinal cord taurine levels after SCI in rats (Benton et al., 2001).
Recently, Faulkner and colleagues (2004) reported that reac-
tive astrocytes restrict inflammation, protect neurons and ol-
igodendrocytes, and preserve motor function after SCIL
Taurine is the most abundant free amino acid in astrocytes
(Lake, 1992; Lehmann and Hansson, 1987).

To the best of our knowledge, this is the first demonstration
of the anti-inflammatory effects of taurine in severe SCI. In
light of our findings, taurine deserves consideration as a
therapeutic multi-modality drug. Taurine has very strong
hydrophilic and lipophobic characteristics. Further studies
are necessary to explore the potential roles of taurine using
more lipophilic taurine analogs (Gupta et al., 2005), and to
ascertain the proper therapeutic time frame for the effective
use of taurine to treat SCI.
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Table 1

Summary of patients

Case Age Sex Symptom Lesion Operation  Intraoperative root compression
1 62y/o male it C8 radiculopathy It C7/T1spur (—) (=)
2 64y/o female ItC5 & C6 radiculopathy It C4/5 disc key hole C5 & C6
3 40y/o male rt C6 radiculopathy rt C5/6 disc key hole Cé
4 43y/o male rt C5 radiculopathy rt C4/5 disc key hole Cc5
5 47 ylo  female It C7 radiculopathy It C6/7 disc key hole Cc7
6 3ly/o male It C6 radiculopathy It C5/6 spur key hole C6
i 50y/o female It C6 radiculopathy It C5/6 disc key hole C6
8 32y/o male It C6 & 8 radiculopathy 1t C5/6 & C7/T1 spur  key hole C6 & C8
9 37y/o male It C7 radiculopathy it C6/7 spur {=] (=)
10 79ylo female rtC7 radiculopathy rt C6/7 spur (—) =3
(Abbreviations) It: left, rt: right
Table 2 Scan sequence of MRIs
sequence TR/TE Matrix FOV Slice Thickness Coil Acquisition Time
minimum . 0.6 mm X 96slices o
true FISP (5.4/2.7) 320X 320 Interpolation (+) 220 mm (slice resolution88%) neck matrix Coil  4:11
3DT2WSPACE 1,500/107 320X320 Interpolation (+) 220mm 0.0 MMX96Sces o otix Coil 829
’ (slice resolution88%) '
3D MEDIC 3018 320X320 Interpolation (+) 220mm OO MmXdbsices o otix il 8119

(slice resolution88%)

BN B ICH ) HEREOIEME L FEo 5 b
HETHH. LAL, #HDMRIBZETIIH
RO R EH HEE L FER b F .

Al b AL true fast imaging with steady-state
precession (true FISP), 3D T2 weighted sampling
perfection with application optimized contrasts using
different fillip angle evolution (3D T2W SPACE),
3D multi-echo data image combination (3D MEDIC)
&V 3K7C MRI % B\ 72 curved coronal multi-
planar reconstruction (MPR) imagimg & \» 9 #f L
WEEE WS 2 L Y REARIE O IR I 2
FECHHATHD LEbNH, BOBOOF

EOBRIFHL FOMNT 5.
II. &k - 7k

%13 2008 4F 6 H LARE Y4 PR 12 %35 L 72 ZEMER
BREECEEFE 106 (BEeH, Mafl) TH
% (Table 1). FIHER 48558 31 ~795&) T

252

& otz FFEHBEOMRITI, T2HEB LU
MRIITOY 574 —%fTWAY ) -7 L
7o, AR B OB W H #9142 true FISP, 3D
T2W SPACE, 3D MEDIC ® 3 DD Y —/r v A D
P2 2 AT ORI AL & o 2 AR AER & A
bREEEFM T IT- 72, T 0D b 7T HIEETHRIT
7% HE1T L i £ HEEAL & FATET R & D E
2iTo7z.

. MEEEEIVRBE -T2 X

#% MRI #1# (X SIEMENS 1130 MAGNETOM
Avanto 1.5T T, #5214 )V Id neck matrix coil %
L. BhEbhbnAHeTwARE Y —7
v A% (Table 2).

IV. E§EBHBRLRAEE
WEERER A RET AL NV EFEEL AL EEH
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Fig. 1 Curved coronal MPR imaging being made by manual plotting along the cervi-
cal nerve roots based on axial volume data in the LEONARDO workstation.

L, AR LAV & ol 3 HEM] & g dipi & L7,
WHEHBEDOFRY) 2—LF—F5k, T—V AT~ 3
> (SIEMENS %l LEONARDO) (l#n%k L, €D
HBBOBOOHEBM L NI THEMILAR D & < ff"ié
BTEDLATAAMEIZBWT, WALHEL s L
CHEETON — 7o TY = 2 7 VRETH
M7 oy b 4T\, curved coronal MPR image
PR L7z, STOX ) ITHEETICRo T T e Y
} L BB AT 2 L2 XD, MERE RET
[z & < it L 72 coronal image 28 [U{G 1] 5E T &

% (Fig. 1). IO &9 7 Wi I sk m’
i o ‘/’HH'\U) 2% ToTo 7.

V. E B R

(REFI 1)

E R KELBLOR, s ERTEREO
I A

FESHMRR £ C8HMOME, MEKT L
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HERBRBA S Tl C8 TR O R 2 38 12, #
DAL O 2 2 N ICT, BRSO
WA LB Lo 7.

M MR JEH O T, T2 9% RSB &
OB T lE, C6/7 B LT CT/Thl LAVIZE
WS D AR AT BERE D o 72, —
F & H4T L 72 curved coronal MPR imaging (Z°C,
C7/Thl L XV O HERISL T O C8 MR A

METx/ (Fig.2).

(FEHY 2

¥ R OERE»SE 1IRCHT TORA, H
]

BEFHMARE 5B L UCe MmO, il
HACT & FHEBZMA T o €5, C6 FIRNHLT 5
S % G 12 B e BESE A ) T MMT (manual
muscle test) 4/5 OFIE T 25D Y Fr O RS- 7
B KT LT /e,

M MRl TI, T2 5K S S X O
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Fig. 2 Curved coronal MPR images along the C8 roots in
case 1. True FISP image (A), 3D T2W SPACE (B), 3D
MEDIC (C). showing mild C8 root compression.3D MEDIC
imaging showing root defect more clearly (arrow).

l'ﬂff%’? "3?3\«‘“( HEMFLAE A 2 BE ) W ilidd 5 %0)
DS D FFREHEAT AL, AR ARy R RE R
o t. % H 547 L 72 curved coronal MPR im-
aging (2T, C4/5 L N OFEHEM LY & TFHA N
2T T O CS AR EAT AR S e, L
L C5/6 L )L DHERLT D Co fRHL I 8 F

REWHS»TIE RN -7 (Fig. 3).

WHrRR ﬁ%mubﬂmﬁ«nmmmﬁu
C4, C5 D 2HEMRIZ BT B A MRS BRI A7 % 1T
L7z, C4 L/\’)L%’ﬁ%ft&{/ﬁ?? o—Fi2TC, K C5
?Wﬁﬁ TEBIZ X DHEBISLL ~OL T o EHE % HERE

e Co AR L — M E AR NI R L9
fﬂﬁ CEOBEFRHIN TV ORTH .
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(2 3D MEDIC T3 HERALER I 22§ 5 HE R
HRs & OB A ﬁr’@ FITH S,
SRS S A MRBILEATIC BV TEYS
AT R S LT S F A 06007 Fli
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&G R O3 & B 72, irfhid el & b d
WZA OIS L, g ny i o dusn
HohTnsd,

Vi & 2

ﬁﬁ%%%ﬁu,wwwum FMERIET £ 721
HEMBIETE LS B 2 BT MRSk 5 B HER
ESEEE 1 §A% _izai<wé+f’<liu£i%milﬂt Vg /et
FECH L. HFEBNERZE O T IHER LA
INEARVAR :wﬁwwmeL¢WWM’m%f
INT DRIEKRDOMETFETIRNEERS G H 72
“.itm&k(# MMAW%ﬁwT%7Wm
(BRI RE TR % TR, WEITEL & ke
mmﬁmmm#AﬁL4 b b, EER
MBI EETH L. MR (2 5
BAETEE LT, EE»S OfER,
TSR, HEMIRGER 2 205 5705, wihok
AT G BEAT L2 S AR L0 & Gl 5 b o
a), IR LA TH L. Hxﬂl"’i

H&H‘J IEG LA MRLIZE BT
W muu%mW¢5w%a
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Fig. 3 MRIin case 2. Axial images (A: T1W,
B: T2W) and curved coronal MPR images (C:

True FISP, D: 3D T2W SPACE, E: 3D MED- :

IC). Axial images did not clearly show left C5
foraminal stenosis, while curved coronal MPR
images showed left C5 root sleeve defect.

Wifg FICiRA A Z L IRBELEEEH L. VT E
T IO L) RS COBRMELRIRR T
R L 72 Bga A L s hvCw/zds, Alalb
b LI B PR A kD SR & W v 3 K8 MRI
12 & % curved coronal MPR imagimg &\ #7 LW
FTEEYREZHE L THAAL
MPR imagimg (£, 0.6 mm &\ 3 thin slice T
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Curved coronal
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Fig. 4 MRl in the asymptomatic case. Axial images (A: True FISP, B: 3D T2W SPACE, C:
3D MEDIC) and curved coronal MPR images (D: True FISP, E: 3D T2W SPACE, F: 3D
MEDIC). Axial images showed mild left C7 root compression. curved coronal MPR images
by 3D T2W SPACE showed false positive root compression (double arrow). while curved
coronal MPR images by MEDIC did not show root compression.

BBDBD S5 ~ 875 & ECEHIVRPR TRV
H12B W TIE, motion artifact D FEH & S21F T L
FHLVIOMEEYH D, F727 4V L THIRMR
B OF ML FFT 5121, WEHFRREES D
L Lo L7z L TOMGEHILETH L.
4+[8] curved coronal MPR imagimg ® Fi# (2 T true
FISP, 3D T2W SPACE, 3D MEDIC ® 3 ¥ — 7 »
AN LB ZNTNOBEDOREIZ DOV THET 24T
o7z, ZOFERE, true FISP IZH ORI HIZ T ¢
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% MR O EE O FFAi |2 AL TV B BUAT, AR

2T LR OGP RN TH - 72,
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