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Abstract

Identifying the responsible segments in multilevel lumbar spinal stenosis remains a critical chal-
lenge in spinal surgery clinical decision-making. Although conventional MRI can clearly demon-
strate multilevel anatomical narrowing, the persistent mismatch between morphological findings
and clinical symptoms has long perplexed clinical practice. This article systematically reviews the
progress over the past decade in imaging methods for identifying responsible segments, addressing
four dimensions: traditional morphological assessment, functional imaging techniques, invasive di-
agnostic procedures, and the emerging paradigm of artificial intelligence. A critical appraisal of
study design, sample size, and level of evidence for the cited literature is provided. Building upon
this analysis, this article further explores the integrated application strategies of these techniques
in clinical practice, proposing a stepwise decision-making algorithm for responsible segment iden-
tification: commencing with clinical assessment, prioritizing non-invasive functional imaging (DTI)
for initial screening, escalating to invasive diagnostics (CTM or SNRB) for cases with equivocal find-
ings or high-risk profiles, and utilizing artificial intelligence-assisted analysis as a quantitative de-
cision support tool. Future research should prioritize prospective, multicenter, large-sample stud-
ies, establish standardized imaging acquisition and analysis protocols, and develop clinical decision
support systems integrating multimodal information to enhance both the level of evidence and clin-
ical operability for responsible segment identification.
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1. 5|

JEHE Sk A5 5E (lumbar spinal stenosis, LSS) A& — 5 F A SR AT HESIN,  IRPREFAE VIR 38
JEE IR, PR AR R A B B AT o IRAT R B E o, 60 % LA B A B % R AE 2 19%~47%, /& 65
% UL b BB AN AR I 5 LR R[] [2]. B N 2 WAt R s, AR 2 i iy SR ) =
7 A H 28R .

RSB, H LA MR BoR 2795 BAEEMER . DRSS SO () FLpe A, (H R B AR IR 5 44
IR R B — T B gl i, X — “THETB” WORG R e B0 R BT AR Y ik £ . 3 ok
R E AR E v, SN AR Y BORAR KU, T8 AS 2 U AT R 3 BORERER B, s m T ARYT 2K (3]
I, T BOMR AR TR AR IR 0 T AR T B B T B AR AR R 12T A% ORI

WL MRI A HE R O B R R S A, O RO IEAE B B A E 1) 1 S R A T B [4]
SR, RERFFIESE, FEHEE AR BT MRl 2RI 515 RREIR 2 8278 A IR [5]. X F
L - DRI IR R, Halliki i 52215 B LA TH B st AR TR S . AT IR IR EIR 5
MRI RIUA—B) 3, Wfapks ik e A7 ST EAR AT H Al R 52 e Hh R = SR X 6]

AR, BEERERGEAR . G RN TRRNPGERE, THE B E R IES T N E &
g ) BN ASDIRE  ME AR [ 58 B 4 BT VR 2% 78« 4 Hkrk & A8 (diffusion tensor imaging, DTI)E AR ]
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X HERE AR AT 58 b7, SEILTHT M AR IC 0Pl s CT F#EiE5(CT myelography, CTM) & 5214
2O M REAEE BN A AR T /R M52 R I AR T s e B 22 AR 25F [ (selective nerve root block, SNRB)
TENE QWIS bRk, FORTHE S A0 B FE 2B -G PRASTF I 5 A3 91 o BB a1 S A 1T DAUR B2 )
O HIE R F S AR HFHA, EHES SHE W BHE NEE E A E &R MEL . AXRGLGR L
R e R, FEXT S| SCERIGT ST BT REARE . IR SR AT HE R A A . AEUEERAL B, AR
BE— DR S TR AR TE I R 52 e rp () R & B FH S, B2 HE P s S AR I SR B A iR, DA
GRS 5 St AR R A BRI S R S HES.

2. BB FERBRELFR
2.1. B8 MRI WIGFRMESES

W MR SEAE 2 ST A% B8 SRR S A LT LR S, REBSi I BonHEIM AL . PR AEE .
RATIGA SERAT M A, O BN VAl AR 5 b A 7™ SRR P I S AR e (4] B RTIG IR E FH I R AR5, W Lee
SEPHERT B AS 73 9% 7] Schizas 25 HORE IS FE T 2570 P4 [5), M7 FERE PR R4 T AR bRtk Ak i T B 4R 115
XL T 2 R 52 (B — B R AR JE A “— M ” & “fLJii” (Cohen’s kappa 0.323~0.702) [8], KK
VARG IIAFAE— & F M. Miskin ZE[8] 1R T A B G BB, 40N 50 B+, | 3 43k
B FPE R ZMAL b fr, R R BROAIRIKIG BRI S %, HHTHEAEAER B R f.owtt, SN
REME M T PIE, WS ] — B A EAR, SRR RE R bR R R G, MR R L5
Eoel] 7
2.2. CT REMEFR R A

CT FEVF A% FEEMERE 1 PR SS # 07 T R A AR LS, REE TS MY B rn Ml R S B8 N RATIEAE L S
PREDAZ[9], (ELLE DAk Rof 5 8 R A 2 AR A2 T 5 T (A PR o B SR 308 o B8 P S K LU 7R, Ao
ARPZEARBH R, AR ufi S Ay B il J A S5 B A T T LS UL £ 78 B R S A 22 AR B2 I A 9L [10]
CT gl NG & 7 PIF IS, BEn SBon B gy, SR LIl RIE MM 2R AT .

X2 BUBMEE DR e &, CT A BE AEW AR IR A MR T AR, S LS S AP 22 AR AE A
LA T IR 52 HOIRAS[11] Morgalla 25[11]k % T 2018 “EIIG PRI FCIESL,  ThAE VA BEi 70 2 77 B
FEE P A RE S W b BT 8 R AU (0.99) 545 57 £(0.79),  HEZWIE B i 22% B HMFARATR. Hi%
WEFE R AL HTIEVERE TE, FEASEAL 50 B, EHESEH A,

3. HREMGRARMME S IEREFRS
3.1 A ER G RIEE REM SRS

P K B RS AE —FEE T K TP HUS 31 MRI AR, @ e EVEA O S5 M e 3, &
WRINBERAE ARG T 2W A . MERZES, SHBSRRSIEGT. BERbA . MRS — R
RELAR, XK S EUK S TR A MR R B [12] . DT 1 36 S AU % 1) 5 1 5
(fractional anisotropy, FA)FIZ W4k & ¥ (apparent diffusion coefficient, ADC), i S AL 21 4k i) % [f)
PES EBENE, 5 K A3 1 ISR S HiRE I [13] .

B2 E B4R LT 2024 TR RS R DT EREMEE B A RE o 1 S 2 f 1245 5
AT 2500 DTI R ARHTF 5T, (BRG] SCERZ Aty ANFEAR, [BIBEDT 7T . Sakai 55 [15] 1) DT A 78 & K
RITEARAL B GO e B e - B FP 91 (TSE-DT ) VPG EMERP 22 AR Th e, 8Id 2 Rl & FA (1 LLR B0
BB N FER TR . ZWTFEAIN 5 BRI FEAE B A8 (H R B SR B (8, BB e
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35 iiE (proof-of-concept) PEWF 7T, HFEAREE/NAL 5 F1), HOygdute. JEBENLETT, HARM o HErEA
R T KFEA B P ATIEVERE 7t — B30 E . Li Z5[16]11 DTI B 74NN 45 {9 A () £ IR A B 2, MRS H s
SRR [ 25 R A1 W7 g [] BR80T, R I 52 s Tk 22 A FA (B2 25K 001 (0.196 + 0.020 vs. 0.272 +0.016),
{EREAS B PR L Z BT 36 UERA S . Equchi Z5[17]8 R T —TURTIEVEVIS T, 99N 13 451 S (0 F A () 4%
RHES| M0 B, RA 15T MR H#0GHAT DT AR, S 32 BRI AR . BT
RO, SEMALL, SZEM FA {4 53 %@ =0.0005), ADC {4 &% & (p=0.0115); KJ5 6 ™ FA{E
2EFTH(p = 0.020), 1M ADC 18 BA FREERIEG 2R E M. % AV A7 (preliminary study),
FEAR SR/ B) B b ih, SR i AMIEVEAT 75 B8 RFE A S A 2 doL it FU it — DI IE

BRI, DT AU B FE I S R mAC, EERIMAN: © ZRNREPOT, =2 Osmes
iE: @ FEARIEIE 20~50 Bl (8], SGitAEAR: @ Rt LARIBIE g 3, A7 7R 2 0 7 XU
@ Bz G — MR SHE G AR, PR T L2 .

3.2. HZRFHARICEHNMESIERFR

LRI AR B P 2 — P B2 W SIR7 E R TEIA AEOR . FLR B AERAAR 51 3 F 4 5 30 R e
PRGN 2 B AR AR A [, A0 5 B AR B N 22, IR Sz A ST AR [18] . iX
—J7iEd REAR - B P ERERREE, AN - mIRARE R S AR BRI E M E S
FrifE[6]. Sasso FE[6]&K K T 2005 FEMIFTHETER S48 H, X T MRI RILAHM . 275 BURIE S G RAE
RANEF 0 20ME T A o 2o MR8 R0, IR 3k A 2 AR P 7 (SNIRB)E TN - R &5 S 5 AR T MRI, B4 7
MHEIL 91%, H %4 SNRB 5 MRI 45 R A1FR, F-ARSE J5 B4 m T 5 KF SNRB @ i 17 B . 1452k T
XF 101 1 B3 P RTHEVE BB A3 BT 45 2R, AR S IR S % A .

Shim ZE[19]3#HT 7 — I EIBUHEBAFIRF 7T, 49N 93 51 MRI 2 B 5511fs ACRE TR AN — S0 1) A 7 e 4 i iR
o WA BTN B RSB A ZARB # (SNRB)4E 1] MRI SR Bk A1 B, — BRI I7 3G &
o, DUVER I PRI DR Rz 1 7R IR 715 BT 28 IR BRI . 45 REOR, FEMEMFLBR A 4 i (n =31), 77.4%
(1) R T MR SE A 1R T IR BRI TG SO, T AT 255 T I ARE R A 38— 4k BELYA S 82 R 4 (p < 0.01) 0 1%
WAyt BB S, REA B R BB ], (HEZ AMEIGIE, BEVII R 3 A,
378 BT 80 AN B A

3.3. CT BMERNRBREAF ST SIERFR

Fan &5[20] K &1 2023 SFRIHE TN 219 151 2 15 BBEAE A% 72 i (multi-level LSS) &% 1) CTM K&k
ITRARL ST, AN 1095 AFEAE T B Hh R B il B R AR 2 SR AT o A IF TR 50 B AL 20 D I 22 5 0
AR (8:2), RABSZMNASE AT N ERIGAE, HAME FHAMBEEE S . AT ORI, 18 15 AR 4 2 il K1
o, RRAE B AT ORI RT 5 AN EERFIEA RS 2 NEEERFE. 2 N B RERFIERT 1 MRKFIE. 5
T IX SRR ST ML 3 2 ) B AR A ST R S ) ROC-AUC #3d 0.90. i 78 IR 4 7E T AEA B K
XSG SRR AT T T RRREVE M o AR TR BB BT, AR IR B R R AR, L AR ) T
TANLTT, MAREIA BB
3.4. AILEESEIS 5 XREREER

Verheijen 26 [21] /K % T 2025 F [ R LRIR A THVPAL 1 5E T LA 2% 21 50025 I REE B R A 2 B 5 49 28
WEFCHUR, 99N 27 TR 9C, o O WUIRAE AT LSS, 16 TR AN AT, 2 BRI i ¥ . %45h 45
o, ACH DR AT T AMTIE, 280 A G B BT, B FIRIE R B I 25 SR VPN TR AR AT
ERARES, SR
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Fan %[22]4: T 518 il CTM EIEIF K T 46T 3D U-Net BEIEEE B30 %I T H, %E T Lfiae X
E JRSZ IR ER S AR SR = IS UE LA, FESMERUESE AR 1 0.928 +£0.034 [f) Dice &%, XHF 5
FEAMBYGUE BTt EHEAT THIRR, (HAMBIIEE AR N (n=30), HEEKEF—POrARSE, Xt
P R L BBz A e S 75 ik — PR E .

4. BEXIRKRKRIE: NEARBSRAOEHEE

HIIR P TR, S THARAEUEI S ImIR AT S A BURE LSS T7 AR B35 22 5 o IR IR L 1L
REEG NN BA LR S B IRR IS W, 2R AT R OPh . AR AR TRk
RSO TE T BAE RS, B NI IR L SRS BRI E 4R 51

4.1. F—%: IBKITEENSHE

AR S AR A 7 1 e N S S A FL SR IR R VPG Rtk 2 b o 6F T 2T BB B R i (o, 1k
LI FEAN A S R RAAAS 2, IR A BRI R MEMIRE . BRI E, Mk
PURPPA -

PREME AL MRIEIIE . BRI R T340, WD AWl BE M ST EARKF . B, L4 PEmsz &
FHUN KRR A MRS T, R EHRES; L5 MR sz BRI/ INBE AT SMI K 2 15 I SE 78, 2y
LSS S1 MRS BRI JE MU KR SR GE 5, BRIk, 2 B JE L9858

FERFFAE AT BRI S AFTEAN IR PE R B B AT, LR s 3l ST AT 2B 5 L R . A
TSy, BHESAL TG . EERSEA SRR VI, PR RER KRR EZER, NS
T T RS 2R 2 (I CTMY A g B H A2 I

EER BN 0 TARE L TSI R, N B AR RA R T e, JEH R O
HE ) FLBE A5 (R Shim Z5[19]H9RF 5%, 1Z 41 77.4%[) B 3T MRISEAL I BRI TE RON); @ £
WES A, MELUR G RIAEIE ST B © BEMEAARET AR, MRS TR .

4.2. FZH: TBITHEEREAH(DTI)

XTI R VPN J5 AT 1T B AN B 8, RS R A B D) se UG AT WI0% . DT AERTER. 6
FH B AR AN I T RE AR O, RENE MIOULES 44 J2 THI Al o 2 AR I D REARAS, & T-RLU RIS

TR O R R BMEDR, H MRI BRI Z B @ IWAAIRS MRI &
IRBEETBRATE—H: @ N ERMETFR, WO ALERE OHEE.

FITLE S BHATSCER ST DTI [ FA EZ Wi BIME M G4 —briE. Sakai 28T 5 R TSE-DTI /7
FFHEET 2 mi FA A 55X SU A 0 A (H SR ISR AMRE R 6 B8 2 EAT VP A, 45 S R stk FA {5 (K
FIHAERM, #2785 TSE-DTI H# S T X0 SR (HiZF 7EREAR B/ NAL 5 #), (CAHARIGIE
PEIR S, RIEH AT PRHE S S Wi B, HE500 v 75 SRR AR I BT RE PR T — P 30 0E . TEBLRY BRI
PRIEFH A, SR BN FA (BT EE AT R FA (A 2 BT ERR MBS, 3R %M &R nT s
NTENT B TVER, HETMEi= 2 O IRiE e WiiRI e, JASei N 5 A IR AR RER 8 2 18T

JRIBRYE: I DTI BFRIFE S R mMIRGEYE S5 4~5 28), HOREMEE 2, HHIN K, BB .
AFEFHINSHEA . Bk, DTIRAERWITE T, MAEFSKAE. 4 DT SR 5 IERERA —2L
BUEE A m G R R, M EARBH S

43. B=H: BESHRHBEN(CTM 3 SNRB)
o F DT AR FERBRE, WHERIER SN RT IS, TEEARET L.
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CTM 1 SNRB % Ul 5, R REE Tl R AR 0L .

CTM Wik £ERFHl: CTM & T LA 5N O PRI SE BN il R 2 (A 32 84T E RPRE AR I ) 5
@ TEFEB I ZANTERIIZERLE: © 1ENTFARUTRVEAL N — 5, BfEIEEE. CTM rEH
TETFREAERE IR RARNL B R A5, T8 LI s e 2 AR AR A2 B 6y 132 IR 2 « Fan 25 [20] FIF 7 3 BH
BT CTM SR A SR AL S AL 2% ) A5 ) 6 6 50 Dy At U0 A A 8 A i ) AR R 1 B, o
732425 (EmbeddingLSVC_SVM)7E ST R4 H1 1) ROC-AUC ik 0.90 (L% J5 SC A FE 1 95% Cl),
SR IR R BN EE ST o AR TN BB T, PRI R R R, e VA ) 4 7 N T
MR SEIA A Z . A, CTM KA GAP7E iR, H TR N SHER A, 775 20 O XU,
i AR N FH 5 45 6 2% 3R a5 AU

SNRB HEFEE HL: SNRBIEH T LA FENL: © SRR GIEARAR™ EARF, FE R -
WOEERAE; @ fEREITHETFEL RACKAGITWEHK; © RifH# T, 8 SRHERE
FAR . Shim SF[19] 1) B BEHE FTUESS, SNRB ZEME A LA B hoOIUHAMME, B8R 77.4%00) B35 %t
BT MRIERLI T IRBHI TC /R S . SNRB [ UEHE S G AR B s GIE R S5 2] 2 21), AR A QIRAE, f71E
PRERG . I RS RS RS, HAEARZRE S .

CTM 5 SNRB M EANE R BIFP 7R AR, 1M AT MR I R 75 R ELAMSEFH o 0t 75 22 B 1 e 51 I
AT B H G Bh A& fm s B, R Jeik R CTM; TR BRI R R H B RIT HoRiES, It
Jeik %k SNRB. 7EE A0+, FIJaiE T CTM SREUAEHIE S, FHENX AT 4815 BtAT SNRB 5ilF

44. BOL: A\TEEHBERDH

NTEREBAR, Rl iR % IR 4%, WHAE R AR RN TR, fEe2 Wiz i
—Hk.

Oy E| 5 R TREE S 2 A B BB AR A A AR AR AR TR AR RS R AR AR
Fan %5 [22]JF %11 3D U-Net 43&| T H AT [ Zh o BIREIEHE, 7ERPR RS+, 54 59.0% (263/446)11) H
By I TR ZEN TABIE, H A5 8I5 N TAEIE G i R 2 A T AL (CSA) L e & 2 7 (p = 0.652), H.
P oM< (r=0.805), 1AEL T iZ T HEMBIHLE . P L& b fH R . FEIRPRSEE AT
UE 28 T B4 Bh R AR 22 A P 58 R B VT A

WA B USR: T CTM BUE, mIHREGE R =ARE, 45A P88 5 I BTN 51T 15 B . Fan
SE[20] I AT S s HEA R LS 2% ST B AL T R e R 4F, AN B AR 2 R AR AE MO L H ) ROC-AUC
#EIk 0.90, RILTEEMAIGIGE ), CakBIGK AT 2K

TE R AN AR ST G, "B SIS Bk TR, REERmCEES%.

BEVFESFERG: ARKEITARAKBEGIGIRAHE. DTI 24, CTM R4 = E. SNRB 45
RIS TS, Sl PR R AR S BEAMAR A ) ST 1T BOREZR T3 . Collins 25 [23] &% T — WL 77 &,
BTE RS MEHITIT & TRIPOD-AI 72545 #5 F1 PROBAST-AI fhifa KU BF-A5 T B, g A T8 A T A5 R R 5%
(1732 B 25 5 A PR SR L 7 VR A HE SR
45. BEXNRERIZNIRKIZESRS

BT FIRHT, AR DR EARIRRE, LIGREES %

Wst—: MUAUERS MRI RIL—2L

TR B, EERIE MR SR T Bk g AT R,

Wt EIRIRE MRI BoR 2 BORAE, KRR
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ik DT HEATIIAEEA . 2 DT RRRI FA {8 800 T AR, $R731% 2R T R A 34T
R 8

4 DT &AM, 7% 1T SNRB LKHlk .

Y= SERIAME MRI B R 29T B, AR A i fa DR 3R (Anfk (] FLBR )

% B E T SNRB. M4 Shim S5[10](IRT 5T, MEMFLIA B b Z O T MRI ERLII B TE R
W, SRR I PRORE DR B 5 52 B AT LS o

Bl SRR IR, 0 R Eh A e 2

A IEFE CTM. CTM AIZEREIRE R AN F A, B SR WA S T 22 0L

G AR B A AR 3 FE D T R

AR CTM il SNRB. 4L CTM IR & 52 FE 158, Ll SNRB JiiF D 6 &, SeBlfd 5
ThRELE A

rgos: Bk N T AL B SR BT ot

AIESIAEIN ALRBY T B E b S0 Bh e Sl . R4 B CTM IR, a2 Hs
S B TR T B e

5 Pk SRE
5.1 HEARELERSFRERYE

LREAR T, AT SR BOHE R A TNE MR S R AFAE R . DT BEFE Lty /R
Ay EEPEBCT T, RS S (R FEEIE B 5 TR S5E  4~5 20). CTM SR A AR SRR AR
EARRECR, AHEFCRA T AMBIAIE, USRS h S5 (IEE 582 3 2%). SNRB Uk AT AT IE L BAS I 7T
(IEHEEE 2 20), (AR Z 2 ol KRB LN BGRE . N T A8 RIBOR B BIRS E ER I (6, (2
BT FUoh Z SMIMIAE, R SRS EA T

5.2. IGARFEILIRZR KRG

MBCREN GRS ER AL T I 2 E[EAG: © S48 iZWREMSEhrdE, W DTI i FA {HiZ
BERAEZ P LRIE; @ BRBMEEIREE R, &ELIE AL REAME, R TR BRI B
@ wEAMAEMERE, AR K. AAEZREERNSEATH,; @ JRIEESSIEGREERAL, shZ KR
HTBEVEIGIERE 5T © BY7 SR R MANE DTIL AR 2 0 B SR BOR 9N 8 10 = AR 7 5 VG

5.3. RFKMEHE

DNERETTAT 1T BOHE BRI IR A, RSB TN J1 T BA R LA 5 T

O FFEATIEMEZ PO iR : DL ARIE AL SNRB NS E e, 174 DTI. CTM. 542
THEME W RLRe, IR B IR AEIE A . WF 500 TT OB 2 Wi 50 4R 25 A7 1 (STARD), PR 45 11
EEA T =R

@ FSIFMEEARMTE: #5E DTI S H. FA IR, AR A AR R BURFE I br e T8
F, SemBt s el be e, L G — (12 W R B9 E B

@ FFRIGRIFE LR RS BAWREHE . hREAESH. RHSFRHE. AOISHER, WEE
BEAS TARE Y

@ e N TR B (I REGAIE: X OO Al BB R 2 O AMRERIE, PPN AR AR A
WA T IZAGRE T o SR PR R HEA AR SR B, (R Y PR AR AL A AR
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© RRATEAL: THRAMAS - Rai A, P& TERAEA FIG AR 57 T sttt B RSAT
B AR -

6. 4B

27T B AR BT T BEARE M , R SB ORS R . B TR B SR .
IEHAEK, WA T E M MRIUES P0G, 2 DTI IREMRE, #HRIRARAY 5N TR RERE
MItRIE R e . 2R, BT DTSR SRS AT, SHE TR O DA BIBEBRT, Sz ariEE
Z D ANERIRAIE . A S RGULRE S TEOR W Uik e SRS R Atk b, b — DR TS AP
RFAE, K IRRVEAL . JGUThRERR(DTI). A G2 Wi (CTM/ISNRB). N THEGEMBI T A HLEE S, Ok
B RATT BH KSR BOAE IR 7 R HRAE R S RO IR RS A2« ARRWE TERAE 71T e RiTiE vk
ZH LIS IRE:, AR BRI, TRRIRR IR SR RS, mASLIILE - Thee - AR SE—
HIANARACREHEZ W, D BEEHE B AR R 1R B LT AR T 07

SE

[1] Mousavi, S.J., Lynch, A.C., Allaire, B.T., White, A.P. and Anderson, D.E. (2021) Walking Biomechanics and Spine
Loading in Patients with Symptomatic Lumbar Spinal Stenosis. Frontiers in Bioengineering and Biotechnology, 9, Ar-
ticle 751155. https://doi.org/10.3389/fbioe.2021.751155

[2] Gao, Q., Wei, F., Li, T., Zhu, K., Du, M., Heng, W., et al. (2022) Oblique Lateral Interbody Fusion vs. Minimally
Invasive Transforaminal Lumbar Interbody Fusion for Lumbar Spinal Stenosis: A Retrospective Cohort Study. Frontiers
in Medicine, 9, Article 829426. https://doi.org/10.3389/fmed.2022.829426

[3] Li, X, Luo, S., Fan, W., Zhou, T., Tan, D., Tan, R., et al. (2022) Macrophage Polarization Regulates Intervertebral Disc
Degeneration by Modulating Cell Proliferation, Inflammation Mediator Secretion, and Extracellular Matrix Metabolism.
Frontiers in Immunology, 13, Article 922173. https://doi.org/10.3389/fimmu.2022.922173

[4] Pangarkar, S.S., Kang, D.G., Sandbrink, F., Bevevino, A., Tillisch, K., Konitzer, L., et al. (2019) VA/DoD Clinical
Practice Guideline: Diagnosis and Treatment of Low Back Pain. Journal of General Internal Medicine, 34, 2620-2629.
https://doi.org/10.1007/s11606-019-05086-4

[5] Schizas, C., Theumann, N., Burn, A., Tansey, R., Wardlaw, D., Smith, F.W., et al. (2010) Qualitative Grading of Severity
of Lumbar Spinal Stenosis Based on the Morphology of the Dural Sac on Magnetic Resonance Images. Spine, 35, 1919-
1924. https://doi.org/10.1097/brs.0b013e3181d359bd

[6] Sasso, R.C., Macadaeg, K., Nordmann, D. and Smith, M. (2005) Selective Nerve Root Injections Can Predict Surgical
Outcome for Lumbar and Cervical Radiculopathy: Comparison to Magnetic Resonance Imaging. Journal of Spinal Dis-
orders & Techniques, 18, 471-478. https://doi.org/10.1097/01.bsd.0000146761.36658.45

[7] Lee, G.Y., Lee, JW., Choi, H.S., Oh, K. and Kang, H.S. (2011) Erratum To: A New Grading System of Lumbar Central
Canal Stenosis on MRI: An Easy and Reliable Method. Skeletal Radiology, 40, 1127-1127.
https://doi.org/10.1007/s00256-011-1153-z

[8] Miskin, N., Isaac, Z., Lu, Y., Makhni, M.C., Sarno, D.L., Smith, T.R., et al. (2021) Simplified Universal Grading of
Lumbar Spine MRI Degenerative Findings: Inter-Reader Agreement of Non-Radiologist Spine Experts. Pain Medicine,
22, 1485-1495. https://doi.org/10.1093/pm/pnab098

[9] Nishikawa, M., Yoshimura, M., Naito, K., Yamagata, T., Goto, H., Hara, M., et al. (2023) The Symptomatic Calcification
and Ossification of the Ligamentum Flavum in the Spine: Our Experience and Review of the Literature. Journal of
Clinical Medicine, 13, Article 105. https://doi.org/10.3390/jcm13010105

[10] ‘Yamazaki, T., Suzuki, K., Yanaka, K. and Matsumura, A. (2006) Dynamic Computed Tomography Myelography for the
Investigation of Cervical Degenerative Disease. Neurologia medico-chirurgica, 46, 210-216.
https://doi.org/10.2176/nmc.46.210

[11] Frantz, S., Dezena, R., Pereira, C., Tatagiba, M. and Morgalla, M. (2018) Diagnosis of Lumbar Spinal Stenosis with
Functional Myelography. Journal of Neurological Surgery Part A: Central European Neurosurgery, 79, 316-322.
https://doi.org/10.1055/s-0037-1618563

[12] Pesesse, P., Vanderthommen, M., Durieux, N., Zubkov, M. and Demoulin, C. (2024) Clinical Value and Reliability of
Quantitative Assessments of Lumbosacral Nerve Root Using Diffusion Tensor and Diffusion Weighted MR Imaging: A
Systematic Review. Journal of Magnetic Resonance Imaging, 60, 1823-1839. https://doi.org/10.1002/jmri.29213

DOI: 10.12677/acm.2026.1641455 2107 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.1641455
https://doi.org/10.3389/fbioe.2021.751155
https://doi.org/10.3389/fmed.2022.829426
https://doi.org/10.3389/fimmu.2022.922173
https://doi.org/10.1007/s11606-019-05086-4
https://doi.org/10.1097/brs.0b013e3181d359bd
https://doi.org/10.1097/01.bsd.0000146761.36658.45
https://doi.org/10.1007/s00256-011-1153-z
https://doi.org/10.1093/pm/pnab098
https://doi.org/10.3390/jcm13010105
https://doi.org/10.2176/nmc.46.210
https://doi.org/10.1055/s-0037-1618563
https://doi.org/10.1002/jmri.29213

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Liang, W., Han, B., Hai, Y., Yin, P., Chen, Y. and Zou, C. (2020) Diffusion Tensor Imaging with Fiber Tracking Provides
a Valuable Quantitative and Clinical Evaluation for Compressed Lumbosacral Nerve Roots: A Systematic Review and
Meta-Analysis. European Spine Journal, 30, 818-828. https://doi.org/10.1007/s00586-020-06556-8

BotE2, MEE. MRl ¥ HUK S BUREMEMEE PeAaiE B h S A E R[], T EPE 2% &, 2024, 34(1): 91-
93, 106.

Sakai, T., Aoki, Y., Watanabe, A., Yoneyama, M., Ochi, S. and Miyati, T. (2020) Functional Assessment of Lumbar
Nerve Roots Using Coronal-Plane Single-Shot Turbo Spin-Echo Diffusion Tensor Imaging. Magnetic Resonance in
Medical Sciences, 19, 159-165. https://doi.org/10.2463/mrms.tn.2019-0014

Li, J.,, Wang, Y., Wang, Y., Lv, Y. and Ma, L. (2016) Study on Lumbosacral Nerve Root Compression Using DTI.
Biomedical Reports, 5, 353-356. https://doi.org/10.3892/br.2016.734

Eguchi, Y., Oikawa, Y., Suzuki, M., Orita, S., Yamauchi, K., Suzuki, M., et al. (2016) Diffusion Tensor Imaging of
Radiculopathy in Patients with Lumbar Disc Herniation. The Bone & Joint Journal, 98, 387-394.
https://doi.org/10.1302/0301-620x.98b3.36036

Narouze, S.N. (2010) Ultrasound-guided Interventional Procedures in Pain Management. Regional Anesthesia and Pain
Medicine, 35, S55-S58. https://doi.org/10.1097/aap.0b013e3181d24658

Shim, D.M,, Baik, J.S., Yang, J. and Kwon, B. (2020) The Usefulness of Selective Nerve Block in Lumbar Spinal Ste-
nosis in Cases with Inconsistent MRI Findings and Clinical Presentations. Journal of Korean Society of Spine Surgery,
27, 70-76. https://doi.org/10.4184/jkss.2020.27.2.70

Fan, G., Wang, D., Li, Y., Xu, Z., Wang, H., Liu, H., et al. (2023) Machine Learning Predicts Decompression Levels for
Lumbar Spinal Stenosis Using Canal Radiomic Features from Computed Tomography Myelography. Diagnostics, 14,
Article 53. https://doi.org/10.3390/diagnostics14010053

Verheijen, E.J.A., Kapogiannis, T., Munteh, D., Chabros, J., Staring, M., Smith, T.R., et al. (2025) Artificial Intelligence
for Segmentation and Classification in Lumbar Spinal Stenosis: An Overview of Current Methods. European Spine
Journal, 34, 1146-1155. https://doi.org/10.1007/s00586-025-08672-9

Fan, G., Li, Y., Wang, D., Zhang, J., Du, X., Liu, H., et al. (2024) Automatic Segmentation of Dura for Quantitative
Analysis of Lumbar Stenosis: A Deep Learning Study with 518 CT Myelograms. Journal of Applied Clinical Medical
Physics, 25, e14378. https://doi.org/10.1002/acm?2.14378

Collins, G.S., Dhiman, P., Andaur Navarro, C.L., Ma, J., Hooft, L., Reitsma, J.B., et al. (2021) Protocol for Development
of a Reporting Guideline (TRIPOD-AI) and Risk of Bias Tool (PROBAST-AI) for Diagnostic and Prognostic Prediction
Model Studies Based on Atrtificial Intelligence. BMJ Open, 11, e048008. https://doi.org/10.1136/bmjopen-2020-048008

DOI: 10.12677/acm.2026.1641455 2108 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.1641455
https://doi.org/10.1007/s00586-020-06556-8
https://doi.org/10.2463/mrms.tn.2019-0014
https://doi.org/10.3892/br.2016.734
https://doi.org/10.1302/0301-620x.98b3.36036
https://doi.org/10.1097/aap.0b013e3181d24658
https://doi.org/10.4184/jkss.2020.27.2.70
https://doi.org/10.3390/diagnostics14010053
https://doi.org/10.1007/s00586-025-08672-9
https://doi.org/10.1002/acm2.14378
https://doi.org/10.1136/bmjopen-2020-048008

	形态与功能并重：多节段腰椎管狭窄症责任节段判定的影像学进展
	摘  要
	关键词
	Integrating Morphology and Function: Advances in Imaging Methods for Identifying Responsible Segments in Multilevel Lumbar Spinal Stenosis
	Abstract
	Keywords
	1. 引言
	2. 传统形态学影像及其局限
	2.1. 常规MRI的临床价值与困境
	2.2. CT及脊髓造影的临床应用

	3. 功能成像技术的兴起与证据等级分析
	3.1. 扩散张量成像的病理生理基础与证据等级
	3.2. 神经根封闭的诊断价值与证据等级
	3.3. CT脊髓造影的影像组学分析与证据等级
	3.4. 人工智能分割与分类的证据等级

	4. 整合式临床决策流程：从技术到实践的转化路径
	4.1. 第一步：临床评估与初步分层
	4.2. 第二步：无创功能成像初筛(DTI)
	4.3. 第三步：有创诊断精确定位(CTM或SNRB)
	4.4. 第四步：人工智能辅助定量分析
	4.5. 整合式决策流程的临床操作指导

	5. 挑战与展望
	5.1. 当前研究的证据等级局限性
	5.2. 临床转化路径的关键障碍
	5.3. 未来研究方向

	6. 结语
	参考文献

