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Accuracy of Diffusion Tensor Imaging for Diagnosing Cervical Spondylotic Myelopathy in Patients Showing Spinal Cord Compression. Li
Jianjun ,Xu Kechao ,Zhang Zhenxian et al. Department of CT/MRI ,Yan'an People's Hospital of Shaanxi Province, Shaanxi 716000 , China

Abstract Objective To assess the performance of diffusion tensor imaging ( DTI) for the diagnosis of cervical spondylotic myelop-
athy (CSM) in patients with deformed spinal cord but otherwise unremarkable conventional magnetic resonance imaging ( MRI) findings.
Methods A total of 33 patients who underwent MRI of the cervical spine including DTI using two — dimensional single — shot interleaved
multi — section inner volume diffusion — weighted echo — planar imaging and whose spinal cords were deformed but showed no signal chan-
ges on conventional MRI were the subjects of this study. Mean diffusivity ( MD) , longitudinal diffusivity (LD) , radial diffusivity (RD) ,
and fractional anisotropy (FA) were measured at the most stenotic level. The calculated performance of MD, FA, MDNFA, LDNFA,
and RD N FA in diagnosing CSM were compared with each other based on the estimated cut — off values of MD, LD, RD, and FA from re-
ceiver operating characteristic curve analysis with the clinical diagnosis of CSM from medical records as the reference standard. Results
64 patients were included in the study, and the average age was 53.6 +12. 8 years. 14 people were diagnosed with CSM. FA value was
negatively related to the degree of central canal stenosis (r=0.545, P =0.000).RD was positively associated with the degree of central
canal stenosis (r=0.399, P=0.000). FA in CSM was 0.36 +0.08 while non - CSM was 0.46 +0.06, which had statistically signifi-
cant differences (P =0.000). The sensitivity of DTI parameters was 100% for patients with CSM who had spinal cord compression but no
T, WI signal changes. The multiple comparison results suggested there were differences among the specificity of DTI parameters (P =
0.000) , the sensitivity of LD N FA was 100% while the spectificity was 68. 9% . The diagnostic efficiency of combined indicators was
higher than single index. Conclusion FA value was negatively related to the degree of central canal stenosis. RD was positively associated
with the degree of central canal stenosis. Fractional anisotropy combined with MD, RD, or LD is expected to be more useful than FA and
MD for diagnosing CSM in patients who show deformed spinal cords without signal changes on MRI.

Key words Accurac;Diffusion Tensor Imaging; CSM ; MRI

fE# HAL 716000 FEZ T A RERE CT/MRIIZW R (2 % ARFHE kIR W), BFHAMEHCEDT)
WIRMEH @ E T E4 : Ylerjianjun90@ 163. com

- 132 -



BRI ARG 2016 4 10 0 4545 % 45 10 )

B B

A BE T SUHERG (CSM) J& v 45 B B g % L 119
B HE AL, 3 L I RAE R R 25 12 W Sk B B T M
J& 8 E AT MRL G A 6 N2 W J5 3512 W i B 35
HE T 4 R R 4 S e L (R A I R T
g H K BLE B MRI A — & BYIR 12 R M2 %, &
SRR 4> CSM f# MRI K A 45 5 o T,WI b {5
T AR AR AR AE TR 4 BB A B A I R E R AE I TC b ik
MRI KB S 1% 2 % 9052 o 00 B8 2 7T RE I IR 4%
B %0 MRI kG £ 25 A 2 2 2 BIMEE Pe A= R T 5 m
PRIERAAF s L PR, 7 SR 58 o7 1 B A T
SEA R MRI G A F Bl Bz o

AR R HELTK 5 A8 ( DTT) 45 AR 4 H T 6 i 7Y
FHERT RO IZ W, T CSM i A1 56 45 45 A F 3 &
B(MD) Gy R B (LD) A2 # 24 (RD)
B M EC(FA) o SCERIR B $2 7R, B 852 [k 2 %
FH g MD {39 A0 FA {fk " . LD 1 RD [
A AT DL 4y 0l B e Bl 28 FRE S 0 e IR R . Sy A
FEFEW FA EAIE A L2 W CSM B BURHE 4R . il
I SCHRAE B R B o B A W L MRI G &R
AR AE AR S8, 6T DTI A C S H L, S5
B e R 3 v R B R UL iR GE . B A R T R IR
RS (DTL) HoAR AT LU B X — 2K B F #i2, N it
2535 38 3 9 1) [ RO A7 A B 52 R AER L MRI JE &
P BB, PEAN YR K B RS (DT $R KAl XK 38 45
Iz W, AR AT,

B F %

1. RS X G2 AR S 55 Sy Il st M 4F 5T, # B HIPAA
FRIFEFAT , A0 O SE 56 T 58 2 2 28 % B B e IR 16 B 22
BUEAIIE, BT A BF 98 0 52 2R 28 S e 1118 e A B
F. 2013 42 A ~2015 49 A 4 76 il £ 5
M MR 3R BTk o JR 1546 5 1) 8 2% W4 35 W BF 5
X%, A RENEBAERES. (1) HBRrfE:
OEA THEF AP L (n=6) 5 QF B B 20HE % AH OC
g 3 ic S M R E R R 4 (n =3) s QWA o P
ALL B BE T R CE S s i B AR IR TR X
PR AR (n =3) o (2) # 88 SHERG (CSM) 2
W v - QD HE B 50 58 0 100 IIf DR 3% B, IR A 45 2
ARG TR ) 8 R /Ml [ AR 4 AR AE AL 35 Hoffman
fiE A1 Babinski fiF P E 25 ; @ 52 1% 2% 1 /i S00HE AR 47 7 24
A EMER PeAE  IF R SEAEAE S5 I R 3R AR AT & 1Y B
A 30 QBE A UE AT 1 LS 45 1 A 00 2 A Ak AE
H5 R H B 2 R R R T &
KA R

2. BEILIRABA S 1. ST R 2L 4R 49 41X
(£ GE 2Aw]) 58 ik A o MR IR m A5 v 4
PG S K o e 51 B 45 SR T T, AR T, A
] T, JACHR e 5% [m1 3% 77 41 (FSE) o 5K 0K & iR
IO 9 HR T — 4k 5 22 T A2 SO AR RRUS/R B (] 3 P T A
%551 (2D ss — IMIV — DWEPI) . 2D ss — IMIV —
DWEPT J5 81 il L3R4S 55 70 BE 1 52 L £ 2 DTL, i /b
REAR R L, 3 SO0 B A R A R R KA
It 7 v W BT R R, ke AR Sk STER I Bl A A A )
YE, HA )2 w5 % M E LA R 2D ss - IMIV -
DWEPI %1% 2 %t . TR = 3200ms . TE = 74ms , i 1% 50
M =128 x40 A% =1.5mm x 1. 5mm x 2. O0mm ,#§ [
JERE = 2mm b = 0,500s/mm’ [0 J K B = 20 4%
WeHLAR 58 = 1562Hz/pixel 32 XCHS 43 B & = 10, 5%
BOIMAAE 12 ASFEIEME 7 a) 86 B 1 o DTT Y G4 4
I} 7] 2 Smin 365,

3. PG R B A o3 B s (1) HE A8 0 78 2 ) 2 bR
Al B T BE R Tl Kang A5 4R U A5 ofE OF
filic O GLIEH 5 1 20k o BT e i 42 ok lE i 50% , 1%
A I B 785 52 PR RE AR B B IR (H A B
WA 3 HEMEFES 2, EEGRE(E 1),
i B ETUME o Y % 4R 15 3 I 1 R I e A AR
JE 3 G, sk A B B I 0 d 0 1K T R K
A, (2) BHE 5> #r . % A Interactive Data Lan-
guage ver. 8.3 (3E[E CO A7) 4’5 1Y il Bk 4k 21
AR DT ZHOH OCHE o RHE 3 D FRRAEME (N,
Ny Ny FURRAE 0] 3 5R Bk 4 S RAL E O AR
TFLLD =\ ;RD = (A, +\,)/2;MD = (N, +\, +\,)/
3;FA =V3[ (N =MD) + (N2 = MD) + (A3 -
MD) J/V(2(N] +N\5 +N\) o FA M 0 (5844 1 [F)
PE) B 1 (5844 1) S k) R B 45 A 4% ) S VE O R R
(3) B3 Bt - TR EOBAR AT IR BE FA RS DL SRR AR
MR AL IR . S IR T, WI MR 4R (0 #3502 0
TEIRE FA G F e fie 8 78 1T, 23T 1 T 50 Jel
HH R DI (RO DXI) |, 7 2 3k I 8 LA S 1) HE AL
H (G E WA ), L bRAg 2] 1) ROT X7 41 1 S
#2971 £0. 67mm” , I 45 AF E, 7 FH 20 43 25
PREER A 05 MD (B LD {8 \RD {EF1 FA {5 ([
2),

4. it E I vk BT A E B BRI (B = bR ifE 2
(xxs) IBERIR . M B 2K 2 45 900 OC 3R B0y
PrivAli DTI 22505 P2 72 B Z 18] 9 AH O PE o 1) AL
1E ¢ K 56 HLBOR B ((CSM) B8 35 1A A i 2 A

- 133 -



J Med Res,Oct 2016, Vol. 45 No. 10

B

q I
1 | J'

1 EERERESRTEE
A0 MR AR AR T B L MR R B CL 2 M IR R 85 D. 3 M AR R

2 ATFDTISHNEMNEMAERR
AL BH T, WIEHG, H TG 808 245, 4 4 458 L) K )5 [ it 45
YU RIS Z B R BE FA (%, 1 o [ 1 1 9 ROT X 8, A
T4 DTI 435 25

i BRE Z W DTI 2 8d 22 %, # i 41t MD FA L
S MD N FA LD N FA RD N FA 4586 48 br 19 f5 sk
JE e 5P L BH R B0 (PPV) Az B 0 {E (NPV) |
PAPEAl DT 2 806 A7 4 i 38 I8 T, W {5 5 248
B F A 2 Wi sie . (8 ] 2 8 L BRI T L AR
A3 N PEAL 1R AR 012 W (B 19 IR 25 5 RN 4R A (]
Z5 L P<0.05 WEFAFEITHE L,
& R

1. FR A R 00} L BCH BBk 2 F- T 0 A A O - A
A 64 5 F8EH AW S, o A 36 461 55 M A 28 fi &
PE,EBFAER 25 ~80 &, FEHAEHL 53.6 £12.8 &,
HRA LR IR A By A 4,64 ) 5 A 14 112 W
SR SRS o e Bk AE (1 KO (AR T T, WD) 4 A
WHAEC_, 7 Bl,C, 5 21 B, Cq 4 24 B, Co_, 7E 12
i,

2. BE TR MRI PFE 43 1, v e A48 R 4 (0 AR 2
PERATRAT 0 G4 B (1 B kA 3 fl v, &
V- HJAERY 40.0 £15.1 %) 51 9416 i (8 {3 J5 ¥ 70 8

- 134 -

B2, B AR R S 49.8 £ 11.5 %) 52 9¢.:33 f4i]
(16 ] J5 A 17 B Lo, & PN 56.5 «
13.5 % )53 9. 11 ] (11 6] 55 ¥, B &5 B AR
55.4+7.5 %),

3. DTI ZHURUBE A 1 18 BE 22 0] (9 A DG M TP A - FA
EHEPREPREBREZAMC(r=-0.545,P =
0.000), RD 5 e & e AR E R IEM X (r =
0.399,P =0.000) , #k1fij,MD(r=0.156,P =0.217)
M ID(r= -0.149,P =0.238) 5 rh e A A= T 1%
FERTE Y iDL

4. CSM 35 54k CSM 35 1) DTI £5 15 S 5 {5 X
b :CSM i35 59k CSM B P 3 FA (HIn K 1 fr
IREFAGITFE X (P =0.000), CSM £ MD,
LD A1 RD (458 (1.16 £0.27) x10 *mm’/s |
(1.68 +0.26) x10 *mm’/s F1(0.90 +0.30) x10°
mm*/s, A CSM [ 371 MD (LD Fl RD {8 43 5
H(1.09 £0.12) x10 *mm*/s (1.76 £0.19) x10~°
mm®/s Fl (0.74 £0.12) x 10 mm’/s, P48 H
MD LD \RD Z [0 22 5 4 it % & L (P >0.05),

F1 CSM £&E 53 CSM 25/ DTI S H{EX Lk

DTI &% CSM i JE CSM P
FA 0.36+ 0.08 0.46 £0.06 0.000
MD( x10 *mm?/s)  1.16 £0.27 1.09 +0.12 0.318
LD( x10 *mm?/s) 1.68 £0.26 1.76 +0.19 0.227
RD( x 10 *mm?/s) 0.90+0.30 0.74 +0.12 0.082

5. WAL 2B KA A B IR, HJE T8 T, W
5L 83 (33 f)) BEAT 4104, v 4 491 /8
HWZ AR BN . K3 Box 2 N E R
TR U S S8 5 1 45 T MRT A& 45 €142, MD \FA \MD N
FA.LDNFA RDNFA BYEURE H: 5% PPV il NPV
AIBE IR 2 Fron . 2 H A R R DT S50 %
HZHH AWM RMEAN ZR AR 2B X (P =
0.000) , B E (P =0.317) . PPV(P =0.328) 1 NPV
(P=0.210) 2R LG X(P>0.05), M



BRI ARG 2016 4 10 0 4545 % 45 10 )

- 1E

b4t it /n FA F1 MDNFA(P =0.003) .FA 1 LD
NFA(P =0.000) .FA #1 RDNFA(P =0.000) .MD
MIDNFA(P =0.024) MD 1 RDNFA (P =
0.024), FiRFEInFE R EXE R HASHITFERE L (P <
0.05) .
woo®

AT EZAR BT DT S 800 T4 il AL 20 HE g 18
FA R AT RS WAL . B AR H R
) SR 2 B (FA) AR 7 B R B (RD) 5 rp S 48 Bk %
i1 HA AR X, CSM 5 CSM R 98 % 4 FA {22
FAG 2 E L (P <0.05) , 52K 45 48R, X 747
TERFBE IR 0, (R ML MRI KA T, WI o {5 5 B8 1 £
HLDTL ZH L RS AR DR XEEES
7R S (1) 12 WAk, I T2 1 R A

EHR G R AR FAE S P 210
ARG, RD B 5 i e A 0 78 i 2 B S IE A OC . B
Nk 5 B 435 4 1) TR B 48007 , TR S BUK I TR
AR 35 i, 4 B 1) 2 B TOA BE B, R RD S
AR REAHOC . Sy — Dy I, e R A A
B 200 R s B SR B A A0 R A K o i, B 45 A
(5 o] 1 2K ™, 7E DTI k& & h R I h FA {H [#
" . Sh ST e 458 S F7F B e s R W,

E3 EHMMRI&ZE T,WIRT2 RHEERE,

DTI # &2/~ CSM ) £E &1 MRI E#&
e Z A7 43 5 R i B T, W MR KBS FA R LA BCRHAE ) i =
OEG, RN BELE C, s PRIfFA7EE IS UE, HRER L
W A5 S A R BRSO 2 2 AR FA B R H
FA {57 0.349,MD {5 7 1. 198 x 10 *mm?/s, LD {4} 1.728 x
10 *mm?/s,RD {4 0.933 x 10 *mm?*/s, FWREMEFF G CSM
# DTL SR, A7 1 B Sk 38 78 307 200 B R, 320 B e A 3 Aot
FEAERFAEAR O |, U 0 AR SR AR 1] 8 T 1) 5 B AR B — B

®2 DTIEAXSHURHEASHISHNE

S8 MD FA MD N FA LDNFA RDNFA
THURREE (% ) 100 100 100 100 75
(4/4;100 ~100) (4/4;100 ~100) (4/4;100 ~100) (4/4;100 ~ 100) (3/4;32.6 ~100)
(%) 44.8 27.6 58.6 68.9 68.9
(13/29;26.7 ~62.9) (8/29;11.3 ~43.9) (17/29;40.7 ~76.5) (20/29;52.1 ~85.8) (20/29;52.1 ~85.8)
PPV (%) 20 16 25 30.8 25
(4/20;2.4 ~37.5) (4/25;1.6 ~30.4) (4/16;3.8 ~46.2) 4/13;5.7~55.9) (3/12;1 ~49.5)
NPV (% ) 100 100 100 100 95.2

(13/13;100 ~100) (8/8;100 ~100)

(17/17;100 ~100)

(20/20;100 ~100) (20/21;86.1 ~100)

MLAA A% A R A 07 24 L UK 0 A P DA R o o 2k T
B FA A o R R 3 B R 28 52 06 TIE I
W5 e 3 m RD

SEF BT L & B CSM 59 CSM 3% /) FA {1
R A5 E X (P <0.05),{0 MD LD \RD {H &
1R = S 12| BT A O o8 R T el SN
(25 ~80 %) , AT LA Y T K8 3 4F % 22 5 5 KO0 i 90 45
RAFAE T, WEIE R W, MD {E 77 76 45 W A 6 1, R
AR AR MD 22 8K, 5340, 2 bl 4l 21 5% 4
W, FA B 5 MD A28 (I A —3 " 0 Hi
ASZE HR A TG CSM (1 BF 78 % 4 H FA (2 5 A

R -8 8

DTI 28 Lh K 2 B2 5 48 b T LA o 45 2 35
HESR 8912 W R, 98 A0 I 12 B9 A A, I R AR S 6 T B
SR A58 o I PR L8 0 J 5 A7 AR 6 0 i PR AR
IRHRAELT 5 CSM R B, {HUE 3% 5 HL MRI G £x 45
RARR T, WI LW AR 5 B0k M e F ok
IBE] CSM 2 Wi bR i, AR SC 56 P X 28 /R H Y DT A
A B ATER I, %4 00 DTL 280754 CSM iR &
B, TS B CSM U Oy 100% . LR L
AR AL DT 2 Wi ge BT O FA 5 b 48 e s
£ THISC,RD 5 rf g B A i FE S IE A G, FA

- 135 -



J Med Res,Oct 2016, Vol. 45 No. 10

RD X 86 JE 101 16 6 s BE o A8 0 SRR W TR
M MRI;QCSM &% 59E CSM B (1 FA {122 7 A1
Gt g X, FR W AU DT 2 30CHUR R & (4 5L Al 5
@B MSHAE I AL W45 A48 /8, MDNFA LDN
FA RDNFA (%55 P 2w T 5 MD 5 FA 1% 5+
PE, & TS HHR ARG NS EOR B4 & T DTI A
AR, R DT A A xf T4 5 CSM (O H 2
WL MR 802 B0 ) A2 W SR A E
X

[ Jost (] PA) A0 AH DG 53, 28 3 & B i TG 6 T i
MRT A5 e [ M E AR AR FH P 7 S 20 43 A 8 . A BIF 5T
B A H] DT ZH00F Al DL K2 W A [m] e AR 1Y) 4 i 7
HUHES , (H 2 R B R T O AN R T2 A 1 oF
FE L SCHREE Y FA 2 W7 CSM (1 S0 R S 1k
AR 72.0% ~76.3% F175.0% ~76.3% , IR WF
G853 B AE R R A 0l v P T4 DTT 2802 W 3cRe
EARHGE S e W E " . A% h DTI &
HOEAT AR B e Y OB (EURR S MR T A Y
FA F1 MD {9 45 5 1 3R AT BB VA A 37 70 25 I 2H DOk
W2 W 2 ig . 28K G FA MD LD RD %4545 )5,
Fof S B S AT ST A Y, R LDNFA BA AR R 45
SRR, 5 AT S — 5 L AR BT S A —
FE I R BR P, 8 HE B ROL 43 Br KA 5 X 43
JTFROBR S5, A T 5 AR T G E SC ROT X sk, S b
NN R X A, R AR 22 50 L MR IR A R
BAL AN BESE 4 % 25w DT . Hok, & 5 o
FEREAS 255/ 0N T BE H 30 i = 110 SRR BE , DR 2R
REEAR DT IAUE ER S8,

25 LR, DTI K 25 Hh FA (B 50 45 5 45 10 2
SHAHSC, T RD 5 HEE M g fE B B IEAH G, FA
{HIk A MD RD =% LD Xf 12 CSM i # 1 #f £
JEAE 2 (B S T IR AR bR A T, IR A A T
T R b AR5 I R 1 o

2% 30k
LRI, i, HREALSIHERG ) MRI BF SR i [J]. g Ry
Jeik, 2015, 25(2) : 337 -340
20 EPE, XN, B, A RESLIR VR EOK B R I2 W R R R R
HUERR MM [T]. HE CT A1 MRI 4%, 2015, 13(3): 16 - 18
3 Matsumoto M, Toyama Y, Ishikawa M, et al. Increased signal inten-

sity of the spinal cord on magnetic resonance images in cervical com-

pressive myelopathy. Does it predict the outcome of conservative treat-

- 136 -

11

12

ment? [ J]. Spine:Phila Pa 1976,2000,25:677 - 682
Bednarik J, Kadanka Z, Dusek L, et al. Presymptomatic spondylotic
cervical myelopathy; an updated predictive model[ J].

2008,17:421 - 431

Eur Spine J,

Kadanka Z, Kerkovsky M, Bednarik J, et al. Cross — sectional trans-
verse area and hyperintensities on magnetic resonance imaging in rela-
tion to the clinical picture in cervical spondylotic myelopathy [ J].
Spine : Phila Pa 1976,2007 ,32:2573 - 2577
Demir A, Ries M, Moonen CT, et al. Diffusion — weighted MR ima-
ging with apparent diffusion coefficient and apparent diffusion tensor
maps in cervical spondylotic myelopathy [ J]. Radiology,2003,229.
37 -43
Kim TH, Zollinger L, Shi XF, et al. Quantification of diffusivities of
the human cervical spinal cord using a 2D single — shot interleaved
multisection inner volume diffusion — weighted echo - planar imaging
technique[ J]. Am J Neuroradiol ,2010,31:682 - 687
Kang Y, Lee JW, Koh YH, et al. New MRI grading system for the
cervical canal stenosis[ J]. Am J Roentgenol,2011,197. W134 —
W140
Maus TP. Imaging of spinal stenosis: neurogenic intermittent claudi-
cation and cervical spondylotic myelopathy [ J]. Radiol Clin North
Am,2012,50:651 - 679
Nevo U, Hauben E, Yoles E, et al . Diffusion anisotropy MRI for
quantitative assessment of recovery in injured rat spinal cord [ J].
Magn Reson Med,2001,45:1 -9
Uda T, Takami T, Sakamoto S, et al. Normal variation of diffusion
tensor parameters of the spinal cord in healthy subjects at 3.0 — Tesla
[J]. ] Craniovertebr Junction Spine,2011,2.77 - 81
Thomalla G, Glauche V, Koch MA, et al . Diffusion tensor imaging
detects early Wallerian degeneration of the pyramidal tract after ische-
mic stroke[ J]. Neuroimage,2004,22.1767 - 1774
Kerkovsky M, Bednarik J, Dus“ek L, et al . Magnetic resonance dif-
fusion tensor imaging in patients with cervical spondylotic spinal cord
compression: correlations between clinical and electrophysiological
findings[ J]. Spine:Phila Pa 1976,2012,37:48 - 56
BRI, Ax koo Rk A% ok o 15 A6 AL SUME R o A BT S
[J]. Z#PEEzy, 2015, 19(8) : 1438 - 1441
Ellingson BM, Salamon N, Grinstead JW, et al. Diffusion tensor ima-
ging predicts functional impairment in mild — to — moderate cervical
spondylotic myelopathy[ J]. Spine J,2014,14:2589 —-2597
Gao S), Yuan X, Jiang XY, et al. Correlation study of 3T - MR -
DTI measurements and clinical symptoms of cervical spondylotic my-
elopathy[ J]. Eur J Radiol,2013,82:1940 - 1945
Ducreux D, Fillard P, Facon D, et al . Diffusion tensor magnetic res-
onance imaging and fiber tracking in spinal cord lesions: current and
future indications[ J]. Neuroimaging Clin N Am,2007,17:137 - 147
(ks H 3B .2016 - 01 -26)
(&1l H 1B :2016 - 03 -29)



