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Abstract

Objective: To investigate the recovery patterns of different magnetic resonance imaging (MRI) find-
ings after anti-infective treatment for spinal infection and to evaluate their consistency with clinical
improvement and inflammatory marker changes. Methods: This retrospective study included 44
patients with spinal infection who received anti-infective treatment and underwent MRI exami-
nations before and after treatment. Based on follow-up MRI changes, imaging findings including
paraspinal abscess, epidural abscess, vertebral bone marrow signal abnormality, and interverte-
bral disc involvement were categorized as showing improvement, stability, or progression. Cohen’s
kappa analysis was performed to assess the consistency between MRI changes and clinical improve-
ment or a 250% decrease in C-reactive protein (CRP). Results: Among the 44 patients, 41 (93.2%)
showed clinical improvement after treatment. Different MRI findings demonstrated distinct recov-
ery patterns. The proportions of patients showing improvement in paraspinal abscess and epidural
abscess were higher than those with improvement in vertebral bone marrow signal abnormalities
and intervertebral disc changes. Clinical improvement and CRP reduction showed better consistency
with improvement of abscess-related MRI findings, whereas the consistency with vertebral bone
marrow signal changes was relatively lower. In some patients, soft tissue abscesses improved while
vertebral bone marrow signal abnormalities persisted. Conclusion: After anti-infective treatment
for spinal infection, clinical improvement and MRI changes are not completely synchronous. Differ-
ent MRI findings exhibit distinct recovery patterns. Abscess-related soft tissue findings may reflect
treatment response earlier, whereas vertebral bone marrow signal abnormalities and interverte-
bral disc changes may persist despite clinical improvement. Follow-up MRI findings should be in-
terpreted in combination with clinical manifestations and inflammatory markers, and persistent
bone marrow or intervertebral disc abnormalities alone should not be considered evidence of treat-
ment failure.
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1. 51§

BREIRGE AT R MR . Lt e R S 55 BRI AR ZE 2N, VR YT IO TN R R . 256 % 5
B2 AT . WESEYRAUE (magnetic resonance imaging, MRI) R A R 47 AL #E /), Belg R
. BBEE SR IR R SR, RIS WA T 5 BE U5 (¥ AR TE 1] UG
WIT R, BEIREIRACEIR & C N H(C-reactive protein, CRP)ZE 48 iE f bl i 12 Wi 3%, {H MRI
E G5 0 VT RPERAPAE, RIS a R IR e Bt R U7 191 (2] BEARAT F £ EORVERE V) MRI AiE S SR
W51 RIS IRIRTT R R, 3R F AR — 53] [4]. SAT, ANE MRIAER BI85 K
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TRELL AR A, HAAC AT RERA A F R 7. HAT, XHESSHRM . BN HEAAE BEE S
FHE R OB AEVR YT 5 MRIAE GRS W 5 T RGEE AER IOV ECH IR . AR 5T B 7270 B a Ak
QB F PURGIRIT Ja AN F MRIAESAACTT FII4E AL PROT MRIAESAAGTT 17 5 IR 2 S CRP T R
—EE, IR AN MRIAE R AT 7 il R 3

2. MREE®
2.1. AFEIIR

AW TR EIBPERFFT, 49N 2020 45 1 H £ 2026 4 7 A T /52T PR EE B LS 28 i N BB B 1 e X
IR G R 44 B, T B Y B 0T BRI YT BT SE 2k MRI AU GIRYT )5 BT MRI, A4
BER—HIELL - BT W . R B E ARG R TR, SR =FabR. 1677 7 AL 58177 MRI
2.2. ANSHBRFFE

IINPRUE: 1) IRPRIZWIR ARG 2) S BRSPS SRTT: 3) B e
HIT BB a7 AT 3R ZE MRI 53697 JEREVS MRI; 4) A I R K S50 3 B U Bk AR ARt |
Sitztt. AEMEECAMEAR . HEERARE: HEBR MRI BURLAN TSR V69T R J5 ke A ok LA oG B I PR Bk}
BRKE o ANF MRIAEGAZ AP ARG DURE AN M8 B AL RAAL T NN AR AT AR L AL R FLIE
VIR e B MR, RSB A B 5 s o dr o0 B

2.3. IEERZR Y

WA B A S L P RGeS IR G B iR T T A TR R SRIG S AR PR ALHE C [N H (C-reactive
protein, CRP). I 41l iU 3T B4 * (erythrocyte sedimentation rate, ESR) 1 {4 41 i i1 % (white blood cell count, WBC)s
I RITT BT FEFR ELAE I R I 5 . POmE . AR & CRP R FE>50%. Mo, IsREFFETEIRIT
JE B BRI ARSBEAT PR, DAIRIRBE 2R 1E S BRI S BL S5 RAE N T Eim R 2 48 b5, s . M
LIRS M CRP B F>50% 73 I E A SRR AR BEAT 70 B o X T Im R BRI 25, ANEAT N J9HEIT, LA
JRARIE G R e

2.4. MRI & &5 S5#&IEM

P B 520 MR A B, K 2550 B A 7 SRR I PR 75 250 e, B4 W FP 43 S 2 ) 3
SRR . TR E B AR 5 6% % KFIE Achieva/Ingenia 3.0T+ PG| Skyra3.0T. %K Aries 1.5T
J Wi SuperVan 1.5T, FLESHE %L FIEHAIIEMELRRE . 2R BUMEN. SkAEHEANRL, 18R J7 Sl
B, BB .. H T FIE S SORAL TIWI-TSE (TR 450~600 ms, TE 8~12ms, FOV 220 mm x
220 mm~340 mm x 340 mm, JZJE 3.0~4.0 mm, Z[AIFE 0.3 mm/0.4 mm). FARAE T2WI-TSE (TR 3000~4000
ms, TE 90~105 ms, FOV 220 mm x 220 mm~340 mm x 340 mm, /Z/% 3.0~4.0 mm, JZ[A# 0.3 mm/0.4
mm)~ AW T2WI-TSE (TR 3000~4700 ms, TE 20~130ms, FOV 180 mm x 180 mm~340 mm x 340 mm,
JZ)5 3.0~4.0 mm, JZHEE 0.3 mm/0.4 mm); PREEHEMAEBERZE I RARME DT HIHI 751 &38R R
I AT RAERAR, 3.0T HLAR A SPAIR (TR 2500~4000 ms, TE 80~220 ms, FOV 220 mm x 220 mm~340
mm % 340 mm, JZ/% 3.0~4.0 mm, JZ[EFE 0.3 mm/0.4 mm)/mDIXON (TR 2000~4000 ms, TE 60~80 ms,
FOV 220 mm x 220 mm~340 mm x 340 mm, JZJ% 3.0~4.0 mm, JZ[A]#E 0.3 mm/0.4 mm)fg i #0l, 1.5T #l
RYSFF9K A STIR (TR 3000~4200 ms, TE 60~100 ms, FOV 220 mm x 220 mm~340 mm x 340 mm, 2%
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3.0~4.0 mm, Z[A]FE 0.3 mm/0.4 mm)/F4.

MRI G 2 ZHA 10 F L0 B AS B A58 03U RHE AL 5E . B BRI A
ST IGIRES JR . SEIS S ARbR SR TT RN A AR FFEVE, RS MRI BTN S AE AL . P A7 T4 51
TERUEEA BV MRL VAT, X T2 WA —Bm 6, S Eikm—3G AU s 8, WHE 3 45
RN ERAE . VPN N CIEHESS MM RSN . MEAR 8815 S MER] 52 ZRIAE AR K I a
R BEDT MRI AE AL 7 [H) 50 NEE T 1A e g MHEE 5 7). R[A] MR AE 5 4% FR FE 28 77 7 155 D 3k A AR
NEAPATTER o AT 55 I i ARE B M IR i 23 A7 23 ) R T R 2 A7 AEAH RO kb3 s ME TR BEAE 5 o0 B IR T SR e A AR ME
(52 R W TS0 K 5 R 7 1 .

25. GtFESH

HEAS B AR R AT KA + AR EBUP A B (U AL RR, KA B R A BIE(E 7 )&
TRe YRIT I G SEX AR AR R FHBE A FEA AT . XA A MR AE R A0 5 b T iR e geit, H9 ek
EJ7lh . Fag fHEE TR . K Cohen x K38 AT MRI AE 284k J7 [H] 5 R IF44 J2 CRP T BE>50% (1) —
i, K H McNemar i 56 FAUAS [R] MRIAE G 2035 77 1) 1 — Bt 8 % 22 5 LU K H Benjamini-Hochberg
THEAZIE . BT S I AU Se, AP <0.05 AZERE G2 . Giit 8K 1BM SPSS Sta-
tistics 27.0 J& R B 58 /-

3. 58
3.1. HBEXT R R B LRIFME

FEINN 44 BPE ARG R, SFIFER N 63.4+12.3 %, Hrh B 27 4(61.4%), Lotk 17 151(38.6%).
TR DA N E, 3 29 41(65.9%), H UL 14 #1(31.8%), HABZEA 1 #1(2.3%)-.
16T SRR AL HURSIA YT 35 B1(79.5%) T LG HURGIATT 2 41(4.5%) X T RECG PURGRTT 7 61
(15.9%), F2k52 BHEARE AN 2.0 NPUAIEE 2.0~2.0). 28 MRI Bor, HEEESZ 2 37 1, HESS
e 40 9, TREAELARAIRIHR 22 1. FELRJREFRFRF, CRP FALECA 43.4 mg/L (MU 27.2~81.2 mg/L),
ESR 4 55.3 £27.9 mm/h, WBC A7 %K 7.7 x 10°%/L (WU H2 i 6.1~9.8 x 10%/L) (% 1).

Table 1. Baseline clinical and imaging characteristics of the patients (N = 44)

= 1. BERELIRKMGEHEN = 44)

A =07 HEgER
L FH(Y) 63.4+123
Lax s 27 (61.4%)
il

pegiis 17 (38.6%)
s 29 (65.9%)
BRGuRA sEE 14 (31.8%)
HoAt 1 (2.3%)
Al IR Gy 35 (79.5%)

BIT R SIRBA PR G 2 (4.5%)
FARECA LIRS 7 (15.9%)
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TR E RIS

CRP (mg/L)
ESR (mm/h)

43.4(27.2~81.2)

WBC (x10%L)

HETRIAE 32 R
55 I
TS e

55.3+27.9
7.7 (6.1~9.8)
37 5
40 11
22 4§

3.2. ATTRIEFRER

BITIE, KEHEHIEIIGIRSGE. 44 BIEZ T, 41 F1(93.2%)IGRIEFEH:, EREEGE 39 51(88.6%),
PHZRER LS 40 11(90.9%), CRP T FF>50%% 33 #1(75.0%). LI = Fabn s, 16975 RAE KT 26T
B, 28 CRP il 7.0 mg/L (WY4rifE 3.8~12.4 mg/L), CRP FEEHRPAIEN 82.6% (VU4 frfE
52.9%~94.9%); ESR 1 WBC JREGETT R FEAR(E 2).

Table 2. Dynamic changes in clinical parameters and MRI findings after treatment

2. JATT BIRKIEFRA MRI IEREH7SEN

AR A J7 T BRI n (%) SHE
A. HERZA
5723 I PR Ut % 41 (93.2%) N=44
5723 PR 39 (88.6%) N=44
5723 FRAREIR B3 40 (90.9%) N=44
A4 CRP N[ >50% 33 (75.0%) N =44
B. MRI &4
37 1H) 24 (60.0%)
HE 55 Jik TaE 10 (25.0%) N=40; FEEAFFEMES IR
brid =y 6 (15.0%)
37 IF) 16 (72.7%)
TR B Sk i FasE 5 N =22; FRELAFTEREEIMNR
eI 1
37 IF) 18 (40.9%)
iR faoE 22 (50.0%) N=44
brid = yaa | 4(9.1%)
03 77 ) 12 (32.4%)
ME I 2% fase 24 (64.9%) N =37; HELRAFAEMEN T R
R TT 7] 1(2.7%)
03 7 ) 17 (38.6%)
MEARIK G faoE 23 (52.3%) N =44
brid = yaa | 4(9.1%)
WA R = ) N =44
i 44
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3.3. 7R MRI {E& T 5E

ANTR] MR AE RAEBE V7 AR AT ) W38 20 B2 A7 0 ME 55 Mk el RAE FEE o0 Jik i 1) 26238 b, ) 24 491
(60.0%)F1 16 H1(72.7%) I ANEE T M M2 R, HEAARESE(E 5 FIHE A 552 R SGE LR, 430
9 18 151(40.9%) F1 12 1411(32.4%), ZE R AR 7 ). HEM K G Bl 8 7 ) Ll 38.6% (17/44), Fa

SEFIHERETT 100 53 ) i 52.3%7F0 9.1%. BEV WA AR S B A MEIR 2 R . BASKE, AR MRIAER KK
BEAFAEE S M RAE R E WA T 2G5 T7 10, T8 RE(E 5 Mk IR A oo 58 8 RN FF AR € (3 2,
Bl 1),

100

16/22 (72.7%)

80 24/40 (60.0%)

18/44 (40.9%)

60 -

40t

BETSTALH (%)

20

0

HESSRRET (n=40) EIRSMRER (n=22) HEAREHEES (n=44)

Figure 1. Comparison of the proportion of patients showing improvement after treatment based
on different MRI findings
1. N[E MRI{ERATT /G 28E 5 R BIELE

3.4. MRI fER SR E R — B 1%

Il R &% 5 AN [F]) MR AE RAZAG T 0] (1) — SO 8 RN 30 BRI R I 5 4 55 ik b 2 1
FEL A7 R P 53 7 ) P — SOk v T SR B BB S 5 AR — 25 . v, R 55 IR I R RE 4 R P E 350 4 i
PRUF 5% 5838 AT R R I A 88 77 1), 11 22 B0 PRI 18 35 A 8815 5 0 4R 3R AR e B0 g J7 1) LA CRP
T EE=50%E NS MR, ISR R A 1 e i e 7 1) — B B R (e = 0.637), SHESS I e Ty ) R —
(e =0.444), T-SHEARE RIS 5 E5CGE 7 M —BMEEK(x=0.208). ZEILRKIESG, CRP FE>50%5
HE 55 JHk it J R R 4/ i e A2 A 7 1 ) — BRI B AR B ik 2 8 LG 3)

Table 3. Consistency analysis between MRI findings and improvement in clinical and inflammatory parameters

% 3. MRIER SR K R AR & B —H M o 4

MRI fE& e Jickity AHEm  REH(%) Cohen x 95% CI P
i i i AR e 40 67.5 0.217 0.000~0.455 0.027
A EEES I PR L 4 44 432 0.018 —0.108~0.148 0.782
TERE SN i I R 22 77.3 0.225 0.000~0.645 0.095
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MESERRMP  CRP FF& >50% 40 75.0 0.444 0.157~0.711 0.003
WA FBEES CRP T >50% 44 56.8 0.208 0.000~0.430 0.077
TSNk CRP R % >350% 22 86.4 0.637 0.154~1.000 0.003

3.5. AR MRI IERKEARRELT MR

TEAETELRATAEMESZ IR AT ¥) 40 BB, 10 B1(25.0%) R B 55 Ik b 5 M 5 645 5 A8 4 7 A —
Bl M 9 1(22.5%) R IUMESS Rl 8 T 1], TOMEMCE BE(S 5 RIADEGE . #E— D EoR, 7824
IHESS I . 28G8 Tr BB, 9 BI(37.5%) MEMR B 8815 5 3R BUNRRE BUR RETT 7 (K 2). fESREAT1E
B LA ) 22 B /v, TR BIRAUAFIE IR, Herh 2 610(9.1%) R B BE HR A FH fee 508 T M A
Bl 5 R SGE .

A B

Figure 2. A typical case demonstrates asynchronous recovery of different MRI findings following treatment of spinal infection.
One month after receiving anti-infective therapy, the patient’s low back pain and fever had improved; however, abnormal
marrow signal intensity on follow-up MRI still persisted (A) (B), while the paravertebral soft tissue lesions had significantly
diminished (C) (D), suggesting that the resolution of soft tissue lesions occurred earlier than the recovery of marrow signal
intensity

E 2. ARRFGHEREHREATERE MRIERRETRES . BERZINRARAT - AGRRRENE . KAKE,
BE MRI A S HEE S RENFEFEQ) (B), HERBLARLAELNC) (D), BRRVARFUNEETBHE
SHhE
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4. +1ig

AT T 44 BIEFB G BEDUBSIT IS IR IR . B4 MRI ERASLRE R, 455 805,
LR EIRIT WS AR AR AR W1 3, 1T MRI S U286 6 R 25 o 5 2L U A
SHLL, MR B 5 R IR AL SR AR RS, 05 W PR e S T R A B S SR
BESh, PR CRP 5L 5K MRT AF 5503 77 i F 00 BP0 B 6 5 11 S5 R B 15 5 A8 ) — 3L
PEAIREES, SR A L U 4 7 st I (0 AR A8 52 o A2 o LA RS [ R 5 e

BEAERF 98 3 EORIERE YT MRI SR RIT 82 A %, AN MRI AE 2 AR 5 2 A 2 78
SV . Kowalski 2551 T, MLAkIEA LR E VAT IR MR 5 W 4L7EAE, BT MRI AL 5
I FRAFAE 5 BRI EME ;. Baxi 2531 FREMLEE 5] MRI 254K 5 16 FOlRAS 2 A7 A —31. Heequet Z5[2]3
— R, BB SRR E AT, ST IRRSERE, WHES BB EER. £
SRAE[61FF SR, ARZLURAME MR b (R 2 5y BARIZHT I LS o s 2R,
FRIFIHLS MR F I 2 5 S 0] BRI 5 GRS R B % . 5 LRI — 50, ARt —
BRI, X MRI S5 A 85 2 W AR — SO SRR T I IE R, 110 1 BBy B A S
S - HERBLA A SR AR

MRI. CRP K IGPRIGH: M4 R, VIR ROEAT 4 24 F I . RV . R
ThAEAEAL, FUCWEE CRP Fl ESR % (UAEIGHRIT R . SO REHERR 5 0 07 A 2 AT 25 0
T, SRAERHE MRI SRR ATFRE—5 RIL, CRP 254k SRk MRI FE Q61— S m T 5
B A — UM, R RE SRR S A S WS B AE S, TR RS S R S AL G S A E
SRR, PRSARRIHE G « IX AN Ok B MRIAERIEA I, 12385 CRP A fuet, & F St
R JAE 0 s ESR KR ML T RIS, MIRT I ZE AR SIR I . B2 4007 JR A 20 ) 52 FE 7 I A T %
RI71[8]s Filt, =FHTFEsee 80 BATT KM, MRI R BRSE S5 556 B R A 1 4, T
AR A — B (S S 2 . IR T AR 5 SR A o 2 A VP LB 5 3 I B A A
A R B VIE-H6 5 7 35 R 0 L 1 PR B 2 M — 391 [10]«

S 2 5 T FE AN [V L A T I R o 5 S TR P4 e e 2 I W A 417« TR B R A
i RLROSE,  JOREAS B S TR/ s HEE BE(S SRR 2R AR . PIZELLL . SRR IR
FIIGO, WG ARG . MRS MGG IR, HABE SR e, HRw e s
o 5 R K PRI 11].0

MRI JI7 G (9 Il A i e, TR M A0 . L4005 B S SV R VR 4 . LR
TR R AR 5 A RIS I R 5 LA 5 2 B R B O RN L, DRI AR AR T I AT
e MILLZ R, HEGCE B 52 R0S RAE M R A KM 26, AT B8 NEH . A FE4L
SUIC. A2 LA A B I e AR AL R BB B DRIk, BB A R T2 . A AR
RO %, BB MRI S U AT RS RRE AR 0E . MR I A S AT TR, s B 45 M P AR L — 2 AR
AL, HOMRI RS A AEHE— B 5 . BULTT L, ATFSCOWERBIR R, TR IE AR 2 SR
LT T AN ) H R S B 1 s e 2 o S [ F s B AR TR A B

AT 45 T SO R 2 S bR & I T SR o T8 1 M B B M I 258 5 6 7 B 2 AT T
P, TEKI TR T RAOMKIE RPN I 4 A PR AR AEREIR . CRP ZBL s, WA
DL J% HE 35 AR AN A2 MRT 8. b TR Al CRP FREiate . W20 e se FLAREH SUR -4 N3,
AREACHHNE B S WE0 5 M E S MRT, FERINE . CRP S 3  BUHT KA 2 Th R Rehs, W Ri%E
2 MRI I 5 AP . AL B & 45 H 32 FE[10] [12].
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AT FAFAE LA JRRYE,  [BIBE S EAEA RN, SRR G S A R BEY7 MRI I A

2, MECURE B A 2 A0 R A (B AR s BAB RS AN Ry 7 3, e —sE it b
bb, B G IRKIBEVT RN A5 45 JR, MAREVFAN A A MRTAR A KIS 2O EIRE R
FEERFEA . gt FEVIIN mOF & K LS R AT T A 35 E

SE K
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