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Value of magnetic resonance diffusion tensor imaging ratios in evaluating clinical symptoms and prognosis of
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[ Abstract] Objective To explore the value of the apparent diffusion coefficient (ADC) ratio and fractional anisotropy
(FA) ratio of magnetic resonance (MR) diffusion tensor imaging (DTI) in evaluating the clinical symptoms, prognosis of
cervical spondylotic myelopathy (CSM). Methods Thirty-six healthy subjects and fifty CSM patients were involved and
received MRI examination. Regions of interest (ROIs) were selected in the ventral funiculus (VE), lateral funiculi (LF), dorsal
funiculus (DF), and central gray matter (GM) for ADC and FA measurements. In the control group, ADC and FA ratios were
calculated using the original values at the C;/i 5 Cy55 Css6» and Cy7 levels to divide the corresponding values at their Cy/; levels.
In the CSM group, ADC and FA ratios were calculated using the ADC and FA values at the most compressed levels to divide the
corresponding values at their Cy/; levels. In the control group, the variances of the two ratios were compared between different

cervical levels and ages. CSM patients were divided into mild, moderate, and severe group according to the preoperative
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Japanese Orthopaedic Association (JOA) scoring system, and were divided into well, moderate, and poor group according to
the postoperative JOA recovery rates. Correlations between DTI parameters, DTI ratios of the VF, LF, DF, and GM of the
CSM patients and the JOA scores, JOA recovery rates were assessed among different clinical symptom subgroups and prognosis
subgroups. Results In control group, DTI ratios (ADC ratios and FA ratios) in VF, LF, DF, and GM were significantly
different between Cs/ys Cis55 Csss and Cgr levels(P<C0. 05), but not found between different age subgroups. Correlations
between DTT ratios of the VF, LF, DF, and GM and JOA scores, JOA recovery rates were significantly superior than the
correlations between DTT parameters and JOA scores, JOA recovery rates (P<C0. 05 or P<C0. 01), with the FA ratio being
superior to the ADC ratio. Compared with normal control group, the ADC ratios increased gradually in order and FA ratios
decreased gradually in the mild, moderate, and severe injury subgroups (P<Z0. 05). Compared with normal control group. the
ADC ratios increased gradually in order and FA ratios decreased gradually in the well, moderate, and poor recovery subgroups
(P<C0. 05). Conclusion DTT ratios might eliminate the influence of age in evaluating the clinical symptoms and prognosis of
CSM. Therefore DTT ratios, compared with DTT parameters, may better evaluate the clinical symptoms, prognosis of CSM.

[ Key words] cervical spondylotic myelopathy; diffusion tensor imaging; apparent diffusion coefficient; fractional anisotropy
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Fig 1 Sagittal MRI T, WI of cervical vertebra
A: In control group, ADC, FA ratios of the WM (VF, LF,
and DF) to central GM were measured and calculated at the
Csus Ciss Cspes and Cgpr
respectively; B: In CSM group, ADC, FA ratios of the WM
(VF, LF, and DF) to central GM were measured and

calculated at the most compressed levels (Cs;s) and the

levels compared with C,/; level,

corresponding Cy; levels, WM. White matter, GM: Gray
matter, VF:. Ventral funiculus, LF: Lateral funicali, DF.

Dorsal funiculus
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Fig 2 Measurement of the ROI selection of patient with CSM
A, B, and C were b0, ADC and FA figures at the C;level of the patient shown in Fig 1B; D, E, and F were b0, ADC and FA
figures at the Cs/ level of the patient shown in Fig 1B. Two ROIs were selected symmetrically in the WM (VF, LF, and DF)

and central GM for ADC and FA measurements, and then the means of the two ROIs were used for further analysis. 1-8: No.

of different ROIs. WM. White matter, GM: Gray matter
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Tab 1 Comparison of ADC ratio and FA ratio among different age groups in the control group
Tts
20-30 year 31-40 year 41-50 year 51-60 year 61-70 year =70 year
(n=35) (n=6) (n=5) (n=17) (n=7) (n=6)

ADC

VF 0. 9784+0. 059 1. 00740. 067 0. 965=+0. 060 0. 958+0. 038 0.9697+0. 041 0.97470. 054

LF 0.9934+0. 091 0. 9894+0. 075 0.98140. 094 0.9524+0. 102 0. 9537+0. 076 0.96740.091

DF 0.966=+0. 022 0. 9894+0. 029 0.9657+0. 016 0.9754+0.018 0.96140.018 0.9584+0.018

GM 0. 986=+0. 025 0.9424+0. 043 0. 9584+0. 040 0.957+0. 023 0.9794+0. 038 0. 95540. 032
FA

VF 1.0124+0. 083 0. 995-+0. 089 0. 990+0. 045 0.994-+0. 065 1. 001+0. 050 1. 04140. 096

LF 1. 004+0. 035 1. 0014-0. 047 1. 0004-0. 060 0. 954+0. 043 0.9724+0.033 0. 9844+0. 056

DF 0. 930+0. 040 0. 956+0. 037 0. 93240. 045 0.991+0. 038 1. 001+0. 029 0.98340.024

GM 1. 0014+0. 042 1. 02140. 054 1.01640. 032 0.993+0. 045 1. 031+0. 032 1. 0104-0. 043

No significant differences of ADC ratio and FA ratio of the VF, LF, DF or GM are found among different ages in the control

group
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Tab 2 Comparison of ADC ratio and FA ratio among different levels in the control group
n=36, Tts
Cs/4/Ciyz Cass/Crp2 Cs/6/Ciz Co/7/Ciyz
ADC
VF 0. 99840. 055 0. 98640. 050 0. 968=+0. 056 0.94640. 0444
LF 1. 019+0. 092 0.96940.083* 0.952+0. 074~ 0.91840. 077 LA
DF 0. 94540. 023 0.96240. 026 0.97540. 023" 0.97440.016
GM 0. 968=+0. 050 0. 95840. 033 0. 953=40. 030 0.97140. 028
FA
VF 1.017+0. 082 1. 014+0. 077 1. 008£0. 0754 0.99140. 069 * ~A
LF 0. 98740. 046 1. 006+0. 052 0. 99340. 058 0.97340. 05204
DF 0. 99440. 035 0. 98040. 032 0. 958=40. 061" 0.94940.034* 4
GM 1.01140. 049 1.0194-0. 044 1. 0154-0. 041 1. 0084-0. 041

* P<O 05 vS C21/C12, AP)<O 05 vS C|§/C1’_), Ap<0 05 VS Cr

/6 /C/l /2

x 3 CSM EE DTI S8 /SHILES JOAFH K JOA ERKHEXREXILL

Tab 3 Correlation coefficients between ADC, FA and ADC, FA ratios, and JOA scores and JOA recovery rates
JOA score JOA recovery rate
ADC ADC ratio FA FA ratio ADC ADC ratio FA FA ratio

VF —0. 760 —0. 820" * 0. 784 0.830* * —0.276 —0.354** 0. 319 0.435%*

LF —0.716 —0. 748~ 0. 750 0.819** —0. 217 —0. 281~ 0. 302 0.353*

DF —0.625 —0.673**  0.705 . 0.731** —0.324  —0.368**  0.334  0.410" "

GM —0.734 —0.823** 0. 740 0. 840" * —0.228 —0.324~ 0. 282 0.348*

* P<C0. 05, * P<<0.01 vs ADC or FA

2.4 FRREWAEEKRAETRG CSM &% DTI A%k 0.05) ;5% T BE A E K 52 BE R LA e, P R 45
{8 8 P g AR R K BT ADC LB TR FA L

2.4.1 FREERERS DTI S &l 4R GR DR
B S5 IE R BT LU R B 0 4 A 3 1 PR R
ADC FEfET R - FUSTHITER L ST FA FUEREAR (P<<

{ERFAR(P<C0. 05) s 5 HAR 3 LA LL , F RT3 20 9 ot
FRRGR R 52O Fh SRR TR ADC HAEY
T FA HEIREAR . 22 A Gei 08 L (P<<0. 05),

&4 AEIGKEREE DT SHLLERT L
Tab 4 Comparison of ADC ratio and FA ratio in the clinical symptom subgroups and control group
Tts
Group VF LF DF GM

Control (n=36)

ADC ratio 0.975+0. 055 1.01240. 076 0. 987+0. 091 0.990+0. 053

FA ratio 0.969+0. 023 0.97040. 045 0.963%0. 037 1. 00340. 043
Mild (n=14)

ADC ratio 1.07140. 038" 0.992+0. 075 1. 00140. 040 1. 02240. 058

FA ratio 0.827+0.018* 0.991+0. 016 0.975+0. 017 0. 838+0.020*
Moderate (n=23)

ADC ratio 1.13740. 051 %4 1.10540. 046 * & 1. 02040. 042 1.16840. 052* 4

FA ratio 0.75940.022*4 0. 881£0.040*4 0. 966+0. 020 0. 7650, 026* 4
Severe (n=13)

ADC ratio 1.16140. 120 *~A 1.220+0. 083 * /A 1.190+0. 095 *~A 1.335+0. 118 *~A

FA ratio 0. 68440, 049 *~A 0.75740.078* /A 0.83240. 067 *~A 0. 669740. 060 * ~A

* P<<0. 05 vs control group; © P<C0. 05 vs mild group; 4 P<C0.

05 vs moderate group
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LAN P AEHRE 4 DAL ADC H A 5 R4 L #
2R RG22 40 4 AR ADC 55
A P s 2 S A e L (P<<0. 05) . 2R

AR CSM B E A E BT R A LR BT FA
(B IEHOM HRAH L 22 S A GE 122 38 L (P<<0. 05)
R R E TR &R R A g K BT FA
LS E & X AR Z R A G2 B L (P<
0.05) , %A 2240 H B A R A LR BT FA L
B 5HA 3 22 RIH GIT2EE L (P<0.05),

x5 ARIGKTE CSM E£& DTI S LLERLE
Tab § Comparison of ADC ratio and FA ratio of the prognosis subgroups and control group

xts
Group VF LF DF GM
Control (n=36)
ADC ratio 0.97540. 055 1.01240. 076 0.98740.091 0.990+0. 053
FA ratio 0.96940. 023 0. 970740. 045 0.96340. 037 1. 00340. 043
Well (n=18)
ADC ratio 1.16940.072* 1.1004-0. 093 % 1.01740. 035 1. 13940.095*
FA ratio 0.78240.036* 0.910+0. 065 0.97240. 020 0.781+0.036*

Moderate (n=23)

ADC ratio 1.18340. 109*

FA ratio 0.77040.053*
Poor (n=9)

ADC ratio 1.23640. 172+ LA

FA ratio 0. 74240. 075 AA

1.107+0. 106 * 1. 0464-0. 081~ 1.15240. 121~

0. 8904-0. 093 * 0. 94140. 066 0. 774+0. 065*

1.134+0. 12204 1.079+0. 121 *~A 1.186+0. 173* /A

0.86940. 117*~A 0.914740. 080 * A& 0. 74640, 089 * ~A

* P<<0. 05 vs control group; © P<C0. 05 vs well group; 4 P<C0. 05 vs moderate group
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AT 7 P30 A58 4 w0 A A ) T 3 1Sk A
BRI K ADC LB & 1 FA LUEREIL, 52
BARGE A AT . b B 4 1 R L R A
SR ADC HUAEAT FA HUAE 5 15 5 % R AL L B 4
PRdiAH b 22 5 G270 L (P<<0. 05) , T REH
YA R Sk ADC H AR FA B S5 H
& 3 A E R WA G #E L (P<<0. 05), BRfE
SCHRE G L 7R R A TR B SR A ROk
FRTT - BT 7 35077 ) T P R S50 3% 2 i) 55 )
JIMPE S At nT 3 B BT S R B . 1953 4R
Taylor'™ i Se 8 T 5 BERT I BEAZ B ORG J5 5E
WA AT S5 7 Rl i) 36 B8 1 B4, I Bk =2 o it
SRR o T e Y R SUERS JS 5 BUR Y
(877 A AU A oA Sy 3 e YR T S R A
AR PIERIVER . FS R — A 2 gk & T
] AR AR A B) BGUBE A S5 T 5B A s o R
FHAENEIE ; 5340, B AR P3G I, B AR B
RS A] LGB I R g AR R IR . A E
FEORIE T BT A EAE 3, i BB

DTI 2406 CSM F- AR 1 (1 5000 {1 th A7 3¢
BRI HGE . Jones AFN X DTT 54D fE & Hi5
8] 5C R IR 55 & 8L, FA {6 5 #h & D Rk &S B B A4
K AE FATWI @555 MR =& FA EX]
RO £ 3 A 28 T R 155 100 1 G 8 2 B v 1T ADC
Sz ohfe )5 CH WA M . Kerkovsky 2511
Iy EHE T W {55 FUR 6 U v AR 20 A+
. FALADC fE X CSM TR 15 ) 0% AR 57

MH R, AW R B R JOA MERM . .2 3
M EATTATR R G R IR ADC HAE S
TEH X BRLIAH L 25 5 G243 S AL LR 22 57
WA ERE L AN Y G RZ /i,
HHEH O &R E ™ E, TR 2 12, s A,
AT R AL JOA T EALF JOA MR 2
2, J5 3 ADCFA LU {E 5 1E 5 % BRATAR [ 22 5=
Gt X (P<<0. 05) , ADC ik, 1 FA L
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i, AR SRy £ I A T TS A 22 A AR T
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DRI IEE o Aan o s — 2 3 PRI A0 O 2 I RS . U R S5
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PRIG SR (2) IEH X BB BEAR B /N, B AR I AL
PRI AS % T SBERE R ) DTT S8 L AR 73 7 4
TEA TR KA ST, (3) Ciyu Cus Cop G
A AP DT A 22 5 BT LIRATTH: 4 A1l
(1) DTT 240 AR Ry B AR AT 0T B BF TR 45 R 257
i 2SR AT 3ok, T3 DT S50E BUE 1)
JRELA ZE AR Z , ADC EL{ERT FA AR BE 75 K5 i S
HREL 0 LG O friE — 2o, (D3
CSM FilJ& BRI ZE AR Z L AR R I BF [) L AR Tl 22 )
RE 78 B T AR Oy 2 A5 1 T R S A v TS L AR
W5 i T DTI 280, DTI H (B 5 BUS # 4 5¢
P AYA Rt AT

4 FlamipR
JITA A 7 A SO AT AT A i vh %
(£ % 3 #K]
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