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Abstract

Objective: To evaluate the diagnostic accuracy of dual-energy computed tomography (DECT) virtual
non-calcium (VNCa) imaging for detecting bone marrow edema (BME) in the knees of patients with
gout. Methods: Fifty male patients with gout were prospectively and consecutively enrolled. All pa-
tients underwent both knee DECT and 3.0T MRI examinations within a 7-day interval. Using MRI
findings as the gold standard, the knee joint was divided into seven anatomical regions according
to the modified Whole-Organ Magnetic Resonance Imaging Score (WORMS). Two senior radiologists,
blinded to clinical and MRI data, performed qualitative scoring (using a binary system) and quantita-
tive analysis (measuring CT values in regions of interest [ROIs]) on the VNCa images. The optimal
CT cutoff value for BME diagnosis was determined via receiver operating characteristic (ROC) curve
analysis. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and accuracy of DECT for BME detection were calculated. Results: Among 350 anatomical regions in
50 patients, 42 regions (12.0%) were identified as BME by MRI. Qualitative analysis showed that for
Reader 1 and Reader 2, the sensitivities were 83.3% and 85.7%, specificities were 95.4% and 96.8%,
and accuracies were 94.0% and 95.4%, respectively, with no significant difference in diagnostic
performance between the two readers (p = 0.387). Quantitative analysis demonstrated a significant
difference in density between BME-affected and normal regions (p < 0.001). Based on ROC curve
analysis, the sensitivity, specificity, and accuracy for diagnosing BME were 88.1%, 91.2%, and
90.9%, respectively. Conclusion: DECT-VNCa imaging can accurately identify bone marrow edema
in the knees of patients with gout.
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2. MBEE®
2.1. BEANE

RTHEVEUSCAE B 2025 4F 6 H & 2025 4 12 A, TF 8 REMBERL S IR REE . AR
#i: 1) #Hf 2015 4 ACR/EULAR KA A/ RIEFHAIZ RN E L 2) rfd B e 7 R
V) B) B P9 B2 52 IR O6 1T DECT I MRIAG A . FEBRFRME: 1) FAEESBNEEY); 2) BEETFAR s s
Ji: 3) MRI K iidc. AWFFRAIIN 50 &4, WORNBEME, FRA 22 $~71 %, FHFER 45.76 +
1277 %,

2.2. DECT &

AHF 7K VG171 Somatom Definition Flash XU CT #EATHOCT 4. 2 BUNEMY, BBr&)E
KRR AR 2 Bl e A8 B2 5 em M EREFE T 5 om, SEBE E BT EH#
KFRBIHAL ., RESH R EWF: #HE 0.6 mm, 2P <0.7, HEFERIA] 0.5s; XUERE R/ HLR 2 5N
140 kV/125mAs 5 80 kV/330mAs.

K% H TAES(SyngoVia VB10; PHIT1FR97, FEEIZIIMR)% DECT BT /402 N =i
SRR AT RE . EEBEAEN YIRS . SEOE: R 3, B{E®N 100 HU, &K CT {H
PR A 800 HU. MG RIS : SERFE KM X, EEMRRIETEH.

2.3. MRI #&&

£ F Pt "] F Prisma 3.0T # SR ;R4 (Siemens Healthcare GmbH, Erlangen, Germany), AR &K
B IR O & AT IR G MRI k. SREUMEM . 2 eit. 375108 2D W5, BARdH
SHRAE N 1.

Table 1. MR imaging parameters

= 1. MRI &%
FP31 B FS-FSE PDWI FSE T1WI FS-FSE T2WI FS-FSE T2WI
Jihi SAG SAG AXI COR
JZ )& (mm) 3.0 2.5 5.0 3.0
FOV (mm) 280 x 280 280 x 280 200 x 200 200 x 200
TR (ms) 3000 570 2200 3200
TE (ms) 35 12 33 30

¥E: FS: FatSuppression, AEMi#ffil; FSE: Fast Spin Echo, Pif HJig[aJ; PDWI: Proton Density Weighted Imaging,

BT MBS TIWI: T1 Weighted Imaging, T1 JIAUSME; T2WI: T2 Weighted Imaging, T2 MAUE%: SAG:

Sagittal, ZIRf7; COR: Coronal, jEiRfi; AXI: Axial, #ifilifii; FOV: Field of View, #EFJilH; TR: Repetition
time, BEEW[Al; TE: Echo time, [FIYEIA],
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7t MRI J DECT B4+, RH 03k BME A L: 1 50 ~N17{E BME, 0 4>~ BME.

N T TS BME, &R R WORMS R4i[14], ZAGUE AT X EEM 15 MgbE 74
(BB A B sM. WE. BREAM. BE R, BasMuFEg M. L MRIAEASE Rt BT
A MR BG4 256 4 & B RHE L2563 38 20 580 16 4F) LABEHUIR P 3E17 3P4l s 9
NFEARBEIGIR VR K CT 45 BN EAT BRI, WS RO s — 20k, Ui e ss
YE AR T BME 28 )& 4nitE. MRI Hg 7K (BME) ) FERHES: TIRM FAIEEES, H Tl
IBUAR(TIWD RAKAE 5. BEJS 05 A 3R, P BRSSO B IT (4 3 B 15 425 5 A5
#4 ] SyngoVia TAESS_ELABENUBF1EAS DECT K%, FIFEEE TR & MRI K 245

AL R T B p — 20U X VNCa 18 - BME #4758 &0, RN 52 3 DXl & 99 A [ 1 8%
X(ROI), %A~ ROI HFA/NT 0.3 cm?, B CT EHEILPFIMEA T EE . ROI HIHUE % HH M
MRI Elf§H BME %% 2 [X J ok 52 8 X (IEH X4 A e .

25. GtFERE

FITA GitH 220 M35 R SPSS 26.0 AT . & IESSAlA & AL + brfEzEEos, P4l
BORFAMSIAEAR ¢ K050 AFFE BRS040 ISR B U A 30U 2 A7 IFTEE) M (IQR)JFR R, Pi4LIR L
B Mann-Whitney U 056 . 08K 523038 TAERHEROC) #1126 & 95% B A5 X [A|(COHEAT 40 #r, @it
ROC Hh£& 115 2 BME I iR B i) VNCa B8 CT fE. LL p<0.05 AZERE Gt m L. LA MRI
VERCWIbRAE, 23 RIS B3 A 7 X BR SR AT e 1R 5 8 B vv A, THE BB Rk, PRTE
TMAEPPV). BIPETNME(NPV) K HEf E (Acc)

3. &8
3.1. BEEER MRISGR

WL TRIE 67 BIEE, HEbR 17 Bl)5, BAIH 50 BIEFEMAARTTL, ¥ASEME, FRIERH 22 £~71
%, VPR 4576 £12.77 % o HR 17 i1, Hod 14 #IA6 = DECT 8¢ MRI fs &R HER . A
3B EHE MRI A B BAEE M = 1) AR = 1) LA RESE®n = DRHERR .

50 AMERIATIERI S A 350 N IX K, MRI BIR 42 AN XIAEEE KM oL, BARRIS TIWL A
&%, Teimm T2WI &S5 . MU b 11 &b RRE#tmis =77 9 &by W E T 7 4
MR T 5 Ak IR S Abs MRS B 5 b BARRILERIE 1.

E: —4 38 DHVEERE EURRKRYOR, AL (~(c) ARIAFARAL TIWILL JARGLAR 740 1
T2WI S e IRAL AR T30 T2WI R4, SR B BRI R 75 AAAE B BRI E 5 (d) ARG
ZAG(VNCa) Mg, I R4 IX IR & BME, HIBE X (RODIFT- 1% By 8.5 HU.

Figure 1. MRI and DECT images of knee gout with BME
[ 1. 777 BME RIAAE X578 X MRI & DECT Elf&
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3.2. DECT-VNCa fRi&iZ#r BME RO RE

W 44 R M I8 4y X PP BME, dTiEw, BEIf A (AUC A 0.894, 95% CI: 0.836~0.952) 5% B
(AUC 5 0.912, 95% CI: 0.858~0.967)ff] AUC {2 A1 2 F TG it & (¥ 2), Delong £ p = 0.387.
DECT-VNCa E41F BME 43#7 /F IRi2 i 30 RE VE L% 2.

Table 2. Diagnostic performance of DECT maps and VNCa CT values: a per-partition analysis
% 2. £T5XH DECT Eli& K VNCa-CT ERIISHIREE > 4

ZH =T A (%) =i B (%) VNCa-CT {8 (%)
UK 83.3 85.7 88.1
Rt 95.4 96.8 91.2

PPV 71.4 78.3 57.8

NPV 97.7 98.0 98.3
HEAff 94.0 95.4 90.9

VE: PPV FHYEFINAE, NPV A .

ROCHi% : [EITA vs EJHB

1.0
0.8
> 0.6
2
k)
=
?
0.4
0.2
— [E4A (AUC=0.89)
— [E4%B (AUC=0.91)
0.0 - Delong p=0.387
T T T l T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2. ROC curves of two readers for the assessment of BME using VNCa images
B 2. AMBREEET VNCa B%iTf BME # ROC #i%k

3.3. DECT-VNCa EES¥isH 1t sE

EBSNTER, BE/KBME)Z ZX-51.6 (-56.9, —41.7) HU 5k 2[X —81.3 (—88,—76.9) HU 2
8] () 22 A48 it 275 U(p < 0.001), HARVENE 3. ROC ik i iR ntt AUC N 0.892 (95% B 15 X A]:
0.834~0.949).. il 1T 21 B35 50 52 —61.2 HU /£ N2k BME (I#WTE, DECT 7543 X JZ [ 43 H7 o A R5UsE
FESERE . BHETRIE PPV B TIE (NP V) K6 4 BN 88.1% 91.2%. 57.8%. 98.3%#11 90.9%.
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Table 3. Comparison of VNCa quantitative parameters in knee joints with gouty bone marrow edema
3 3. fX BME BiXT5 VNCa EES ¥R

2 n CT {H(HU)
RN 350 —80.2 (—87.5, —72.3)
AFLEEBEAK B 42 —51.6 (—56.9, —41.7)
AAFAEE BEAK i 308 —81.3 (—88, —76.9)
Z1MH —8.235
pfE <0.001

4. WHig

AT K DECT ) VNCa £0R, % —4HJ0m KR E AT TR BME WAL, 45 RERZ2 W7k
MRS5S . DECT BUE M E 5 & B RG TR e 2, 1ERET X Rl A 94%. &
Jifi B A 95.4% b 2 BEAl N 90.9% . B ST 4 IE SZ, DECT fE 08 #ER IR 51 KU & IR 55 B U R BME.

DECT AR T 20 e 70 4R H[15]. DECT FIHAAFHLREF X SLAEEKTFGEHR N
80~90 keV F1 140~150 keV) T R ILH I B A RE MO I 22 5 A S IR EEAT AR, LSk fa ab ¥ g
JIEAFHAE WA B 88 G OB % B H 28 AR IR RIS AS USSR, dnver Sk ARl . &)@ O sgimb . IR
BB 53 BT DA R0 2 AR [ 28545 199 0 e J B 1 4 AT [ 16] . VINCa UGS AR FE4RF 8 0B ) ot
M B REPAT IR, EAIER T IRARE S TG, IS BUR ARG SR A TRET A . XA 3R
P IE M BME DX AU R K5 . Booz 8 N[171WFFE 1 57 Bl G, RS 78 SR G B0 T U e &
BME FIBUBRIE R 94%, FEFMEN 95%. Wang S5 N[ 18 @B 7ida tH, DECT XJ 8 #& A M 1R 50 2 AR
S R 555 AR 90.4%. AT AISE RS AT 2 Wi me e, #E—BAE T VNCa HiAR
TEVEN B RE AR B A BT AR F 2 W NE,  ReBE1E N MRI RS2 (A B R BUE R T B

TEARTET, 5e R PhAHE, DECT BEUE A e -l 4 B AT e B R A v - AR T o /K (= U
A N 94%. R B A 95.4% K8 BTN A 90.9%) . IR EeLE AT REJR T H0CE R XA AL 51 2 CT %%
MR, AT CT $l . @ &5, MW 7tsE s 1 Lh-61.2 HU /£ 2 i BME H#;
WHE . Booz Z5[17]42 tH )-51 HU BB 7E 4L ERr 57 B2 (97%) I RIS, JRBL 1 il R BURFE(96%), A 2K
Bk TR 2% . SRR R BAEBWEA R, XFA FS TR E S, RECT DECT HEX 4
7 28 B R AR B 1 e P AU . Booz 255K FH 90 kV Al 150 kV, Wang 2K 80kV A1 150kV, 147
KH 80KV 1 140kV. Ib4h, BRAEWFTEZ AT T-aI05 1 BME, WRefrEenE st 2 K&89), %
PEBESCE T S B NP HUERIR, X DECT ¥Rl A BRI 18], M X PE BME 33 &
i SN 51 RS, R BN M @ E PER N, IR /NI SRR WL X R G AT REE A R B T
TR o PR . KRNI T 20 PRI GaEE, AR & S
ZHCF IR S E S 2 W RME.

BME P e R AR A — 8o B/, i S R AR B BN B I PR EE I 20 15 5 MSU @ik
DUR, BRIl & (0 — R AR 28 G RRE N[ 19]0 TG, A% S EVEAN I AE A% o 28 RESN I, @it Toll £
SZAR(TLR2/4) 545 2R 32 AR U3 I MSU ik, 5 EUIRE/IMATEE FERE IO IE 2 Rl IL-18[20]
S, FMA RGOS IS 4 % B RO AR — P OR T SRR IR N, 175 e I 4 = AR i PR
[21]. fEMGIERES, KREFHRAME IL-8 W7 RNF NS, H b TR T E RSB EY
e, ERRIFIGER TR A AT MR 5K [22]. _EIRANBGE . AMAOK F AORE R E T FIVE R,
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AW IR R VE E AR LU LT 28—, FEARBRZ MR ZAEE, ANAREEIN I, i
PSS AL IVEREAR T A R AR 55—, RIRTHAOitsieet, REACKIE R IR 1 22 0t 1634
T HTEAE R P BEXT I FUA R AR =, AW A RN 40 B1), HLGETHRREH ik
ARRPGEE 2 by KEEABT SO H AT R BT AN 78 5 58 3

B, BATRIRF TS FAUESE, 5 MRI AL, DECT-VNCa BARTE V6 XU BT B B K i 1 A
A RIEFHZWITERE . 2T DECT CIZHi i K2 Wit T B, i S G iR DOCE 4= 5 B0 PRS2
HARENTAELTENME. FR, DECT AI{EN MRI A BN R B R T %, AFEFE MRI ZERE R &
B T E B AIERE .
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