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Abstract

Objective: To quantitatively and semi-quantitatively evaluate MRI features of frequent gout flares
(FrGF) and infrequent gout flares (InGF) in the foot and ankle, and to investigate the differences in
MRI manifestations between these two types of gout, thereby providing imaging evidence for gout
classification. Materials and Methods: This prospective study included 78 gout patients who under-
went MRI examination (54 FrGF, 24 InGF). Clinical and imaging data were collected and statistically
analyzed. Binary logistic regression was used to identify independent risk factors for frequent gout
flares, and receiver operating characteristic (ROC) curves were plotted. Results: Patients with FrGF
had significantly longer disease duration, higher BMI, and elevated systolic/diastolic blood pressure
compared to InGF (p < 0.05). MRI findings showed that FrGF had a higher tophus occurrence rate, to-
phus scores, bone erosion scores, bone marrow edema scores, tendon/ligament lesion scores, as well
as higher rates of soft tissue swelling, synovial thickening, osteosclerosis, and joint space narrowing
than InGF (p < 0.05). High tophus score, bone erosion score, and tendon/ligament score are independ-
ent risk factors for FrGF (p < 0.05). The combination of these three factors achieved an AUC of 0.936
(95% CI 0.882~0.990) for identifying FrGF, with sensitivity of 92.6% and specificity of 83.3%. Conclu-
sion: Compared to InGF, FrGF demonstrates more extensive tophus involvement, more severe bone
erosion, and worse tendon/ligament damage on MRI. These findings provide imaging evidence for
gout classification and precise treatment.
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SRS IR iE: @B > 2 IR AE AR BRI, <2 JORAE A R Y98 K.

HEBRbRE: VISR IR B K R e A2 .

RIS TR NI X 78 4, H N Tk, 4ERS 44.06 £14.95 %, HrbJiik AU X 54 5], £E#S 44.36 +
13.92 %, fHRFEX 24 7, #4041 +£16.01 %

AW DB F B M BB AR B2 ot IR A 2 it R &

22. MIRF*

221 IERFBRRE
AFEER] . FERE . R LK. REREBMI. WS 2593677 mAE S S R
. AR,

222 MRI S ¥ RO ES %

R B Bees: A PET]T Prisma 3.0T -3 AR IL IR (Siemens Heathcare GmbH, Erlangen, Germany),
R[5 | 5 e 2 1) A R 1 P AR FBIA T 2 R MIRI A 2

FAREAL: ek A RN, 2 5E1E.

PSRBT o RS E WL 1.

Table 1. Basic parameters of each sequence scan in MR
# 1. MR ZFFIHELRSH

FHIZH TSE-T1WI TSE-FS-PDWI TSE-FS-PDWI FSE-FS-T2WI
Jifis IRARBL FAREL Jeb IR AL i L
TR (ms) 570 3000 3200 2200
TE (ms) 12 35 30 33
FOV (mm) 280 x 280 280 x 280 200 x 200 200 x 200
Thick (mm) 2.5 3 3 5
Gap (mm) 0.3 0.3 0.3 0.3

7E: TR: Repetitiontime, FTEW|[E; TE: Echotime, [RIJH}[Al; FOV: Field of vision, #{#F; Gap: /Z[EFE; Thick:
R

2.3. B ot RMEIEIE

231 BRARE

(1) FRAFAWEE: EFEHE 1~5 BMifkoSTT . 2~5 BiE A5G, 1~5 BMBHOCTY . B W) 965 (2 AL B
[AORTT . BREORTT . BT FHBOOCHT . BREOCT . BEERARSGTY . BEEROGTY) . ABRSRAT. ARERK.
78 MR, A B RSE(0~3 )R IAA TR, BARWR . BN 0 7 #Ei
B0, AP 2 7y, ZAEUIR 3 70 GiHRNA TR EAT.

() WRAET: MR NRASE. K. WES, SE5SRY YR B

(3) WA FARARIN & B MRI B AL & SR B R A8 HT PACS AR Sk b UG
232 BRUE

(1) BRMAAIWE: WHEE 1~5 BE R, 55 1~5 B Sk KR E R W e R AMUBLE . B
PR BEE S BRSNS R R E SONE AN ARG AL R, RSN A £
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HERWIZ. UL RAMRIS V7 5 409 Bl PPl i 2 0k i AA 6 J™ AR R, RS 12 a5 AR i L
B4y TE RN 04y, FREE] 0%~10%N 1 4y, BRI 11%~20%N 2 47, B2 A
20%~30%4 3 73+~ MKULIHE, B el 10 4. Giih AR B S0

(2) HRMERIERENE: /£ MRI BHIALIES SOAROL EUEAEFH PACS TAE &b RN & .

(3) HHEKM: HET RAMRIS Vo REUEFE LB BEKM Iy 0 4, BB/ B8 Bl 5 OG5 30 R H i
(11 1%~33%4 1 43, B HE/K MG Bl 5 oS TT8CE B TR 34%~66% 2 43, B il /K B ) o DG s
R 67%~100%H 3 4.

2.33. QL. #HENE

WSS EFESE 1 BBk ST AR . B P E VU e R LR, I R /5 #0717
PEHERT 5 B0 - N AU R0 JHE B UREE S JHEB R LR - R i UL o LG R0 95 22 1) DAk LA RAMRIS
W KGR OFE: EH0 7). #HHE0 7)), OfFE5: %0 7). B58ENSE0 7). B9
HEIEEQR 7)), @FIMNIATR: T80 7). AL 7). gt ¥amB R SS .

2.3.4. XPHE

IR B PDWI JR A7 I & 565 R B AL AT JE AR (mm), ST IR IITAS S 8] il A0 & 51T
T FE IS TN FHAEE 7 R ANILIR(2017 48)) A oG TSR B B IO VP40 ARt (0~3 43): KT < 3 mm
904, KT 3~5mm A4 1 43 (B4E 5 mm), XA 5~10mm 9 2 4, KB >10mm 2N 3 55

2.3.5. Hfth

WG TR AL LUK . A TONE B 5 . A To B B A TR . A TC e ] B A 4

ERBERH 2 L2 T KARRNE T BEOIFBET 0, U B R — B 3 E R ik
5.
2.4. GiHE SR

i SPSS 26 #AFHEAT ST 40T . A IER O EILL Mean + SD %7, JEIESHMERILL Q2
(Q1, Q3)Kr, LA B A FHBCHT t 56 (IE A0 A1 %RE) M B Mann-Whitney U (3E 1E 252045 Bz 8 P %0k
W, SR ERAETRR. WG EEIRIT 42 logistic FIAME, FF4Hl ROC 4k, 5
2 FHA(AUC), HRYE ROC fhZRHEN Ak i, FRBIRIILL p < 0.05 NERH G5 L.
3. R
3.1 MEABSEELBEARIGKFRELE

PRI IALERAE . BMIL UHE IR /67 5K I 1X SeFebr b2 T8 & 89 X U(p < 0.05) (3 2).

Table 2. Comparison of clinical data between patients with frequent gout flares (FrGF) and infrequent gout flares (InGF)

=2 MASBLARBREEIRA LR

R H (n = 54) 1R (n = 24) 2z p
(%) 46 (36, 55) 43 (33, 52) -0.74 0.059
TATE(AE) 7(4,11) 5(3,9) -2.71 0.004"
BMI (kg/m?) 27.57 (25.64, 29.41) 26.72 (24.97, 28.72) -2.95 0.003"
W46 & (mmHg) 136 (128.5, 149) 133 (125, 143) -3.07 0.002"
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&F 5K JE (mmHg)
WA
R R

2RI
e/
o L
i PRI
Vel
FARE

89 (82.5, 94.5)
33 (61.11%)
47 (87.04%)
26 (48.15%)
26 (48.15%)
14 (25.92%)
8 (14.81%)

2 (3.70%)
2 (3.70%)

85 (77, 92)
13 (54.17%)
19 (79.17%)
9 (37.50%)
13 (54.17%)
5 (20.83%)
3 (12.50%)
1(4.17%)
1 (4.17%)

—2.68
1.02
0.38
2.08
0.71
1.27
0.48
0.24
0.08

<0.001"
0.312
0.536
0.109
0.401
0.261
0.487
0.625
0.777

"R p<0.05, ERAGIUFE L.

3.2. BiRBEBEABERN MRI RGRIUVERME

321 BRAME

R AR R A AR iR B e A R R (p < 0.05); WAL B 5y 52 WU 3R %
T RO PIAL I SR — BHBE DG . PEROGTT (32 3). ML L] 1.

Table 3. Comparison of tophi findings between FrGF and InGF
=3 MARSELNBERNBENAMLERLER

BUR 4 (n = 54) HR 4L (n = 24) t/zly? p
JEREN (%)] 53 (98.14%) 18 (75.00%) -3.28 <0.001*
AN A B A2 (mm) 13.85 (9.60, 23.20) 4.65 (1.65, 7.60) -5.59 <0.001"
R TIWI S S [n (%)]
i 50 (94.34%) 16 (88.89%)
0.63 0.428
&% 3 (5.66%) 2 (11.11%)
IR FS-T2WI 155 [n (%)]
fi% 9 (16.98%) 2 (11.11%)
& 2 (3.77%) 1 (4.17%) 0.74 0.691
= 42 (79.25%) 15 (83.33%)
I8 AT 5 (57) 1(0,2) 3(2,6) 3.0 0.002"
I XA PTRER A7 [N (%)]
Bk [ 61 1 (1.85%) 1 (4.17%) -0.59 0.553
1 BREECTT 33 (61.11%) 10 (41.67%) -1.58 0.113
55 2~5 BREESCTT 7 (12.96%) 0 (0.00%) 2.33 0.127
= G 6 (11.11%) 0 (0.00%) -0.37 0.711
P O 6 (11.11%) 2 (8.33%) 0.14 0.710
B 8 (14.81%) 0 (0.00%) 2.81 0.094
R CTY 23 (42.59%) 6 (25.00%) -1.47 0.140
ARG 2 (3.70%) 0 (0.00%) -0.95 0.343
“Fnp<0.05, EFHFUFE L
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(A) HtE, 28 %, BUREN . 7o 2w U . AL B2 22 A HIBUR T2 TR g s 5 5 XA (AL i k); (B)
Gk, 328, MBRBUEN. AR 1 BRRESCTT PO WA TR T2 R AR S IR A5 50 KA B (AL i k)«

Figure 1. Comparison of MRI images of tophi between FrGF and InGF

1 RBESBLXEBENEXNA MRI BRI

322 BRI

(1) B R AR T R 1R P ) R A 0 K AR i 2 P4 v TR R R X, AR B RPE L L %

B RS R BRI R R B R AR X (p < 0.05). WALE R E R i ) 52 RARALAT 2 {2

PIRE LB S B8 LI REE R (R 4). SRR LA 2.

Table 4. Comparison of bone erosion between FrGF and InGF
=4 MARSBEAREBERNBRMELER

% 4H (n = 54) B8R4 (n = 24) t/zly? p

B RN (%)] 53 (98.14%) 16 (66.67%) 14.82 <0.001*
B AR Tl RIR B (mm) 7.25 (5.53, 8.90) 2.05 (0.00, 3.28) -6.10 <0.001"
BRI S(57) 4.50 (2.25, 13.00) 1.00 (0.00, 2.00) -5.15 <0.001"
AR AL (%)] 7.25 (5.53, 8.90) 2.05 (0.00, 3.28) 6.10 <0.001"

51 ITHEE R 28 (51.85%) 7 (29.17%) 3.39 0.066

5 2~5 T Ak R 5 (9.26%) 1 (4.17%) 0.87 0.351

1 ek 36 (66.67%) 14 (58.33%) 0.17 0.680

B 2~5 #E 3k 5 (9.26%) 1 (4.17%) 0.87 0.351
91K 8 (14.81%) 3 (12.50%) 0.09 0.765

B 2~5 BE R 15 (27.78%) 2 (8.33%) 3.84 0.050

e 12 (22.22%) 0 (0.00%) 7.29 0.007"

B 11 (20.37%) 0 (0.00%) 6.43 0.011"

B 9 (16.67%) 0 (0.00%) 5.33 0.021*

BEE 22 (40.74%) 4 (16.67%) 4.88 0.027*

PR 8 (14.81%) 2 (8.33%) 0.49 0.484

12 128 o 11 (20.37%) 1 (4.17%) 4.62 0.032*

JHE B 2 13 (24.07%) 1 (4.17%) 5.39 0.020"

TR p<0.05, ERFLHIER L.
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(A) B, 36 2, HIRAEEX. A% LIETIFEE. 3 1 WEkLERM@E@asik); B8) B, 2%, B
M AR LB Sk LR R (A e 3k) .

Figure 2. Comparison of MRI images of bone erosion between FrGF and InGF
E 2. 5i&ZB5BLERENERM MRI B&XTEE

(2) BB/ AR X B A A A R K B 0 8 v T AR X(p < 0.05),  PIZHL R FE R
BEAK IR AT T 2250 . PALEE B AK I iR 5 32 FRARL AT 2 A2 5085 1 i Sk 58 1 9B (K 5).

Table 5. Comparison of bone marrow edema between FrGF and InGF
F 5 AR SBLEEXNFEHEKMLR

BR 4 (n = 54) B R4 (n = 24) t/zly? p
B HEK M [N (%)] 49 (90.74%) 13 (54.17%) 17.64 <0.001*
B REAK R 5 (53) 450 (2.25, 13.00) 1.00 (0.00, 2.00) -5.15 <0.001*
B HEKMEALIN (%)]
LI ATHEE R 25 (46.30%) 6 (25.00%) 4.06 0.044
B 2~5 T T E 4 (7.41%) 1 (4.17%) 0.27 0.601
%18k 33 (61.11%) 11 (45.83%) 2.34 0.126
% 2~5 Wk 4 (7.41%) 1 (4.17%) 0.27 0.601
3 1HmEIR 16 (29.63%) 3 (12.50%) 2.68 0.101
5 2~5 B E R 10 (18.52%) 2 (8.33%) 1.37 0.243
e 7 (12.96%) 1 (4.17%) 1.40 0.237
e 6 (11.11%) 0 (0.00%) 2.89 0.089
FHE 4 (7.41%) 0 (0.00%) 1.89 0.169
PR 19 (35.19%) 4 (16.67%) 2.69 0.101
PR 8 (14.81%) 2 (8.33%) 0.63 0.429
V2 128 i 8 (14.81%) 1 (4.17%) 2.36 0.125
JHEB 228 3 9 (16.67%) 1 (4.17%) 2.32 0.127

"FRp<005 ERALUFE L.

3.2.3. LB, #IWHUE
AR T UL 3075955 A8 1 R AR R B U . 0595 A8 o 38 v 4B R R X, AR P 554 O R
Wt 5 5% B0 o5 1 Bk BN, 5 %2 SRV BRI (7% 6). #5013,
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Table 6. Comparison of tendon and ligament lesions between FrGF and InGF
6. MARSELUBERARE. FHRETLEE

BR 4 (n = 54) B8R4 (n = 24) t/zly? p
WU P22 [N (%)] 42 (77.78%) 10 (41.67%) 10.26 0.001"
UL/ 93 78 S 73 (97) 4.50 (2.00, 9.00) 1.00 (0.00, 2.00) -4.16 <0.001"
WL R AZ A7 [N (%0)]
551 BHEEICHT P9 R B 22 (40.47%) 6 (25.00%) 1.70 0.192
g A A T At 14 (25.93%) 2 (8.33%) 3.72 0.054
K L 13 (24.07%) 2 (8.33%) 2.78 0.095
A R LA 21 (38.89%) 5 (20.83%) 3.20 0.073
J& HERT/ 5 B 4 (7.41%) 0 (0.00%) 1.89 0.169
BRI & 30 10 (18.52%) 3 (12.50%) 1.37 0.243
BRICTT MR B 8 (14.81%) 1 (4.17%) 0.92 0.125
JHEE KL 2 (3.70%) 0 (0.00%) 0.92 0.338
=g ilIN 2 (3.70%) 0 (0.00%) 0.92 0.338
Ji & AU 8 (14.81%) 1 (4.17%) 2.36 0.125
PR 8 (14.81%) 2 (8.33%) 0.68 0.408

"R p<0.05, ERAGIUFE L.

(A) HtE, 28 %, BRI A2 BRI O EITD A5 5 R A AR T2 Bl {5 5 M XU DO (ALt
3K)s (B) Bitk, 32%, AR . A EROGTT N EIT 5 S e R (A k) o

Figure 3. Comparison of MRI images of tendon and ligament lesions between FrGF and InGF
3. MABESEABBNAE. $IHHE MRI B&XL

3.2.4. XTHRA
PR A1 RO A 2 e T4 R B KU(p < 0.05) (%2 7))

Table 7. Comparison of joint effusion between FrGF and InGF
F 7. AR SBERBNXTIRLER

AR A (n = 54) B8R4 (n = 24) t/zly? p
KATFHMEN (%)] 49 (90.74%) 13 (54.17%) 17.64 <0.001"
KRR B4y (47) 2.00 (1.00, 2.00) 1.00 (0.00, 2.00) -1.42 0.155

"R p<0.05, ERAGIUFE L.
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3.2.5. Efth
BIUR B AR L A I 3 . T RIS SRR L i B AR A A O R) BR AR A 1 B 2R 5 e TR R AL R
(p <0.05) (¥ 8).

Table 8. Comparison of other imaging signs between FrGF and InGF
8. MARSELNBEREMEZEGZERILE

AR 7 (n = 54) BRA(n = 24) 2l p
HAHZ KN (%)] 40 (74.07%) 15 (62.50%) 1.07 0.301
TEIEHE I [N (%)] 23 (42.59%) 3 (12.5%) 6.77 0.009"
BRI AL [N (%)] 19 (35.19%) 2 (8.33%) 6.09 0.014"
KATAIBRAE 2 [ (%)] 22 (40.74%) 2 (8.33%) 11.58 0.003"

"HRp<005 ERALUFE L.

3.3. MR EER MRI ERMNBERER S

I AT S A3 T AR kR 43 v B LR )5 993 A% e 4 v A AR AR IR M fE B R R, iR el
O3 TR N TR AR R, A B S IR 2R, AN 1 43 SETUR R KU A K 4 v 271 1%, ERA S
TR L (p < 0.05) (< 9). AL E] LK 4.

Table 9. Analysis of risk factors for MRI manifestations of FrGF
9. MARBEN MRI & RMEKRE RS

B p OR 95% ClI

iR TN (%)] 1.59 0.981 4.92 0.00~156.83
IR 2 (4)) 0.48 0.005" 1.65 1.16~2.23
AN KA AR (mm) 1.05 0.075 2.87 0.90~9.18
H RN (%)] 19.22 0.993 Inf 0.00~Inf
AR R ORI E (mm) 0.75 0.064 2.12 0.96~4.71
HRME(5)) 0.87 0.007* 2.71 1.27~4.46

B HEK N (%)] 0.72 0.488 2.05 0.27~15.67
B REK RS (57) -0.56 0.283 0.57 0.21~1.59
WU P22 [N (%)] -1.79 0.149 0.17 0.01~1.89
LRI o A2 s 73 (53) 0.44 0.019" 1.55 1.08~2.24
KATHEN (%)] -0.21 0.803 0.81 0.16~4.11

B IERE R n (%)] 2.32 0.605 10.19 0.00~27.04

G AE [ (%)] 0.05 0.978 1.05 0.04~30.06

FAAIBRAE 4 [N (%)] -4.15 0.399 0.02 0.00~243.05

i <0.001

"HKRp<005, ERALUFE L.

3.4. MRI B30 % B X it & TIEFFEMZ (ROC)RIER AL
RV A B RS DU, F1795 48 240317 ROC 441, ROC #iZk ~ HITH AR (AUC) K
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T0.5 (415 LA B3R = RIZR B & 3 7] VR o A& RIS (4 5638 I5F AUC e 1> 790,936 (95% C10.882~0.990),
HAGURE N 92.6%. FERE N 83.3%, ZRA S L (p <0.05) (£ 10).

(A) B, 26 %, SURTRIA. TSE-FS-PDWI SCIR G4 (45 1 Bk Yooty Ty BROGH | % S B B 2 R Bk
DR, A AT B RN R TR (A (0 3L), A FEBCAL SN A, 50 1 56 K LI
B RRUBE . BEG  OURIBIH S BRI, (B) JhE, 43 %, MBAEA. TSE-FS-PDWI ZARRLF A1 258 1 Bl 5 1
TGP AAG A B (A 8 3K), ARATT I TR BR B T T B, A KLU, 55 1 BB B

JEWUBES R, PDWI 15 S BT

Figure 4. Comparison of MRI images between FrGF and InGF
B 4. 5k B 5ELERERN MRI E&xtE

0 ROCH £
’ — _— HE S
 al SHEERA
— R A
- — R
LB, B S
BHLR
06
i
4]1’@ K
B
04
02
0.0 1 1 1 4 1 4 1 1 L
0.0 0.2 04 06 08
-4 Rt
Figure 5. ROC of MRI imaging manifestations of FrGF
B 5. 5% BER MRI 221&3&I ROC
Table 10. Comparison of the AUC values of risk factors related to FrGF
7= 10. Sk BIENEXERE R AUC EELE
L7 ARSI T p AUC (95% CI) BURE  FERE Cut-Off
=NEBA 0.546 <0.001" 0.936 (0.882~0.990) 0.926 0.833 —
I8 A B4 (47) 0.481 <0.001" 0.824 (0.719~0.929) 0.870 0.708 1.000
BRI (4) 0.481 <0.001" 0.864 (0.783~0.945) 0.741 0.833 2.000
WU BI85 (47) 0.509 <0.001* 0.792 (0.695~0.889) 0.661 0.917 3.000
“Fnp<0.05, EFHFUFE L
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