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Abstract

As a non-radiative, real-time, and cost-effective imaging modality, ultrasound technology is being
increasingly utilized in the field of spinal surgery. Its remarkable advantage in soft tissue resolution
enables it to play a vital role in the diagnosis, interventional treatment, and surgical navigation of
spinal disorders. In diagnostics, ultrasound can be employed for the initial screening of spinal
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fractures, localization of responsible vertebrae, and assessment of soft tissue injuries. For interven-
tional pain management, techniques such as ultrasound-guided selective nerve root blocks, facet
joint injections, and various nerve blocks facilitate precise drug delivery while effectively avoiding
radiation exposure for both patients and medical staff. In the realm of surgical navigation, ultra-
sound navigation systems provide real-time 3D guidance for complex procedures like pedicle screw
placement, enhancing surgical accuracy and safety. Although the technology faces challenges such
as limited deep tissue imaging and strong operator dependence, its potential and value in spinal
surgery are expected to be further expanded through future integration with advanced technolo-
gies like artificial intelligence and augmented reality.
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1. 5|8

AR T —FARMR A, ToRRS B RE R AR A J2 51 5 TR, 78 B 2 A 6 T 96 el 1
SLHIHT S, FEARAEEHEANR S, FESEH X 2, CT S5 T B L, 8 A 72 R IR AL SN A 5 W] R
MR . EREIE R BB R LA, B0, fae LSS S MG 1], X0 R F A R 57,
M2 I LR s AR S SR DL 0w, B, B PSR A8 R R SO A b e IR R, T 45 SUHE 7 R
BH P2 B 2 SRR E I TR 3R 51 [2], XfERXT X £, CT SFE i fE T R i 8 G 1B 7 &
TR M EZERRL. ERMEAIRT I, AT T P2 B SOR Tl A RS R AR S
M2 BE T T P AR AT LR [3], B HAE DI II S O, 28 thil 7 5| SO RS AR e BTN,
FEAREE R AT I R AL 4], FEATIZEERR L, B A AR AT, FARF R LA ANERST Sk
RO R IR -

ARG b, AL S TN NIRRT EETR, BAS SRARTER R, g
PR LA S IR EE K, AR AR SR af ) RS e A 53R, SRR, 2R3
SN RTESS,  YOSEREA AR FRVE ph e AR BELI 45,  CHEI] 2 22 R [2].

FHE TS| A KR, FL R VA L &l 75 5 R AR AL S LTt BELT ,  BRAFE /NSRS, e
SCRRT, OB SRV S A S IAME ST 5 55, SR LSRR M AR R, R 0l 2 £ i ME AR B /e AR 12
S7rh, A CARDIN BN, R, shE A SR A SRE, JHEEIRT R R E R, [F]
G VOB G TR, BRI 1 B8 S AR T R A R S A 4]

513 TR U/ TR S BT SN R ER BRI, T RURAT, kR R R, AT DA
ROMIRE R, AT AR DI, /N 2 R 5] -

2. BEEBSHEEIMSHSBATPRNR

BAEEITE TSRO W — MR A, 2 KiayT 07 Ex T BE TR R A S e, B
FROR L F BN PR S B EIPE RS AE, XS EAEF I IS T, STEMEARIE, Mea TR
FR R 51 55 T A 5 5 A 1 IS P 7L ) 2 A B A S 4 B DR PRI ARG PP T A 55 AT (R AL
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2.1. BEERRGRMEEEEREE ST RERA

B R G R PEMEAAR 45 M B 37 (osteoporotic vertebral compression fractures, OVCFs)J& T8 Ji i FAJiE fi i
WIHRAEZH[6] [7], FABARRREHER AN 51276 .

2.1.1. &7 OVCFs iSHish R M A

X 2212 Wr OVCFs IIARHERL G A B 515 7] [8], AL B hAE7Edg o U, #8758 T e, &5
AT A TF-B, 75 OVCFs B Wi A I 7E N B . 88 75 1T SR 25 B i B2, A J5 S 431
PABCAHE S I USRI, FE BT R 5 R AR B 3T, R R BRI X AR A R R AR (18 5210)
HH TR PR A R, BE RS MaHNN TR

2.1.2. #BAFE OVCFs ;8T HI N

MEAR R A, HEAR B R (polyvinylpyrrolidone, PVP)FIBRFEY 5K HE 1A 5 1™ B AR (percutaneous ky-
phoplasty, PKP), EAIT#R & F>KE< i OVCFs % LB F AR FB[8]-[ 1] 7E#E 5 5] 5 2 N 3 TR AE A4,
AU AR AR R I RARE, PN ERATRI SR TR, I H AR MERAS HEE AL, F s S )
&, WIFERERTI T ARYE, BAE L2 T MR BOY AR B ST RN A AL E, DL REE T
ARJHERPER 22 2, el INE 7K e iB TN I I F ACRE K AE I AT RE A

22, BEEREMEEENPRNA

TRERE A B I i A2 B WL I A B SR B M TS DL T, DR D8 6 R B B AR (B i
Felt, HRER, AQBHEDOR RN SR MR BAT[12], X 4, CT A MRI J2 5 BB 37 R W b e e
FRETBL AEA RTINS, AR H AT DUR 55 B B B BR, AR BEVEB AL 37 4]
e UL A NiaTT 1 5] VAR N S

22.1. MHHESEFSH

R TR EM A S IOV R AR, ESAE TR T SR, MR EES, REEEL
BB BR, B AR P X B A M IR 2 /N, (BRSO S AN X S R R OMEAA T, W LUK B e
A E R E AR, WH, ARSI BRI AL, TR B AR R RS R R
it
22.2. BAES|ISTHANGT

HEAR BRI AR (PVP) A S ERFED SR AMEAR IS ™ BB AR (PKP),  $9R 7 R B B A5 3 10 H WA N TFBL
EATRES IR TR RaE E, IR SRR PRI, R 5 S RE MR IR MRS, it A &S
M 3, T HAEEE A 51 52, o] DABE S W0 27 gl A AR I 77 67, AT CRIE € A b 1A A P 30

HFAEEAR G HAT I RER, BT L e (I RS ) 2 520X S R BRI 20, 5 A b 24 15 995 5 37 10 34 17
KHE[13], HIE@HBARRSERIE, @S, EHE A ES I IG, KRS - T 752 W 35
B 7 B P A e R R R S

23. BEAEHMRBEEHEERFTHNRES

BIRCOA W TTHS K 75 A T BAR R AEAA T 46 V8 3 DL SO B A B P BRI O, (Ex 3
MRS Pr(L A PR AL 3T, B PR TS R, B BB T A U R — R T

2.3.1. MBI
SMEPER R AT R T ROV HE WA RSO 00, R AT T e s e R 0 075 (LU I 58 T i s A v Ak
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BT, MarReRARREEITI[14], X T HRE I HABAEEZREE X 2, CT M AREEA, Al
RS LV BEAE A0 T 7 45 T AN A B SR

PRI EN SR IEAL: RS, B AT DL RIHE) AT RE LS T3y, IF g R SRR
FRLALE TARG] B RRAR PRVT I (AR, MERIX L8 B 45 M 2 T3 BF, AT R BCH e G I J 47 (15].

BHLBOIAL: PHRBITE S b, B R 5 BRI, S A S R koL, Ao
TRABBOIIRERE SV, 8 R A R IR0 B R [ 15], S0 PP AL AR A P AR i

RS ENEVRMG: RN VEE: B IR A T E SOTCEB s B, B A AR R AT 2 ok
W, CLHR BN B PR AR LU AR G0 = T

BRI MO A B 7 IR ), (B — SRR AL, B A X B A 5 0 D LA
59, ARAEE R M IR R 54, T AR 5 gl AR A ™ AR O DS i Re i, TR, B — B AR N
HENTEMIFINT TR, HARREEUC X 28, CT X451 B 22 idg ik

2.3.2. WHEUEEH

W7 VR 3T SRR P T, FLRAE T i (B R 2 R AN T, 51K BRI As /12 0 32 40,
BEMSUR B ITELR[16], B AR 57 VB 3 B W A R B vE 2l B0 R L7 T AR A

PG E: o TR A TG R AR 5, A EaEA My HaE TR, el
DB BRI A0S, B R, RRANESESE DL, IX e R T 57 M 47 i) LUK -

PEIRENL: AT BERS 5] 0 BELL T Ab S ft R B AR A, AT A S AR, 8 R A 51 3 T 1R R SRR
W, AT RAX P IR 2 R AL

7R s AR 55 VE B3 O/ <7 I8 T WA IR, GBS W] T MU A RO, RS LR A A
CLHOR IO 3T AR 1

2.3.3. R EET

FHEI AT REESNE, SWBEI S AR, SR W TZEN, A rEbE A A
BA[17], Ak, w7 IXSes AT LN I R IRANIR T, S M ok, 8 i g
KA B ENOCT R M, IR S L ERAT A, T HEME T, BRI MHESS T 52
HRIL[ 18]

3. BASIF TEEERBMTNGT

AL 8 T I PR B LEREH WHAER, 2% B8 10 RIS BRI ORIR R, T 51 9 R A A
JTRARIEYE, TEHRITI), ARSI, FrOMTEig) 2 AR A B

3.1. BESISTHERMATF

JEFEE M 2 AR FH 7 (selective nerve root block, SNRB)J& T-# WLIZIFE AN NIGIT 7%, B ITET g
PRS2 R B R 2 T P2 AR 9, LA SNRB 5 K EE X B MURPUTHAE, Al A5 S HARA
B, nT LRI R ER SR s, B AR SRR AR AL AN RL T T 12 4 AR %3

3.1.1. A5 S TIHEEEYHERE R

FHMEPZCIR B T IR b WRREIR, QR RS IR ST A ORI SUE I SHA T8 AT ARy — M 4%
[2]o ZATHIBFFERT R, A 51T T Rk R el 2 AR BT (SNRB) ] S /E—Fi2 i TH, HR T2 7 B
SYUME T S8 AT 18 98 11 T S A [R) B DI B & R 5 2 R BRI IR R RO, — T IR e o, T8
Lot TiHEFE 5] 5 T SNRB MEH, AR G &m0 54540 & 3R (visual analogue scale, VAS) P43 I BA%
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TR, T LIRS IRl A )RR J5E A B S9UHE T e PR 15 23 A 1 DUt B O R K [19], IXRBIEE 51 3 R
PR 2R BEL AT (SNRB)X T € T AR BUA A& =

XA 7 5 S e AR B VR T J0 RO A SRR 2 AR FE B T 55— R B AR 75 N i 7 5
T M ) FLA A 220 R L 28 T L e PO R S8R T I AR Y B IS 2 06 AL R M IS BT ) 7 O 2K
FEPIRBNEERIOALE, ATTERTHAST MRS HERE,  — Il B ) R ST AL SR, el s Nl 51 5
0 M 15 LB 22 K PELT VT A 20 R HPRRIR L, HOREIR 250 At L

IR FLE 2R, B SIS N IR EEVEeh 2 AR BHV (SNRB)XS T 18 P30 2 0 VG T B
JER — A 720 44 SUMERPZ MR 8 10 Bl Bk 20 A o, 7S 513 T IR #PE A AR BH I (SNRB) RT
AR, T H T B4R IR T ARTE R, 75% M B FH AL 51 S R AR PV e AR BE I (SNRB) i AR
R AT [20], X R W R ph 2 AR PR (SNRB) & — A IUR Y 0 DR ~7I6 97 T 1

3.1.2. A5 TEHEEE 2R

JEEME SNRB 52 i y7 R EME IR R 5 1, MEAE e A S AE 5| A AR VE ORI — R LB, B
BAKEE X LB 5 SRk N3 hms, T HaE RERE I B B H IS oL . A — T m] B A FE 4
515 N HIEAE SNRB Al X ZREWL 5] 5 N (0 EAHE SNRB 7EAER LA B0tk bl 7 bl, S50, X pf
TR R BOREA L, (B R A5, TR A, 5 B Rtz bt X
LEMGIFHRED21], XEUER A 5 T REME SNRB fESRIERCRM 22K LA —ELl. W
AR L 22 ] A 1

Table 1. Comparison of ultrasound-guided SNRB and X-ray fluoroscopy-guided SNRB
7 1. #87A5|5 SNRB 5 X £&1E# 515 SNRB HIXILL

HH #875] 3 SNRB X £3%¥5]F SNRB

1% A ST ML SR SRR XIS S

%% P S SR X A R A T A R

e 15 X 4R AL 5475 S AL

A 15 X L HLE AL 5475 S AL

SR AL A R AR PSRl S e Rt

3.1.3. /A 5|5 SNRB EEHHEE R hPHHEMB A

5 N HIL T SRR A NIRIT TR, IR MRS SNRB, Hmhf a5 s
TNVESE TIRAMER, BCIEIR T RO NITIE, TESUHER M eh AR 11218 o — i J[22], — TR
M0 R, 5 T NS IR AT N R R 5 5] F SNRB Z IR, (AR HIRE LR E
1f[22].

R 5 FHEARGE MRS, CROVES RIS —Fh BT B, BB RS R
JRUL K IRIRGIRIE GG 2, 85 5] 5 SNRB A H A SCH AN 2105 HE P (1012 W7 5 ¥6 7 77 TH R 1) 58 K1)
YEM.

3.2. BESIS T RTES

ANRAT ARG 7 AR OSBRI, X PR R AR, R 2 al R, HES, R LA TS H
(Y&, 28 H 75 5] 5 St /N 1993 3, AL P9 ) 32 BH #ir (Medial Branch Block, MBB) LA & 575 i P VRS
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KON — A B AR T ARG T T .

3.2.1. FHENKTIES

SUME /NI PR T 3R IR A, 25 DR SFIR T R LA, ISME /N SC e S A N B AT 58,
Gl E X RIS S 20, By, ATRIN AT B A R R SE, S, fiE
i3 4 T HLSUHE /D ST R R 45Ky, RETIA S TE M I H 9, 58, BA 5 S T IS S B2
o PR S EL AT DR 1 A I R X A A 3 2]

P 513 T SO A0S FE# (MBB) = S5UHE P30 SZBE B A9 AE T BRI /N SST a2e 735C, - LBk
IR PRI RCR, AR 51 T, DA RENETS R BIRHE N M SCRi e (7 1, MRS ST 25 Wik
VNG FE= g

HEF 515 N SUHE N RIS NS B ST T AU R I TR IR MO %, SR EEEN D
RATHE AR B35 55 JORE KPR, R 51 3 REVE SR THE S RS TEE , IR/ Rl I A2 451 3
IRV B, A 51T TN SUME /N OGS R 0 v AR AR AL T R KT (92%~98 %K FH N RL N 1), 1 HL
5 X 51 IR, B G S AME R R 1], BRI, I RE bR B, (BRI TR SR
HERM, @5 TES T RARR OB T R AR SHR.

3.2.2. BRHENKTES

FHE DR AR R AR S %, PP DA, R A 51 UM AE /N ST S AR — e . A, BAAME
X KBEWIRE, ERGESLA G RE, SrBEN REIAZ, MR, thabl &g ERa 4y, XE
PRI TIES K et SRR 51 MOBAHE NS ES B S PR i, BP0 SR AN 5T A S
%[4]

HEF 515 T HE A SRR A A S 32N, BRAERE BIIRIR ST, XA A S EE LA
MISZAZE 2, BE RS HELE 25 MTE N BI95 5 X 5

S 51 R OAE DN O AT B 51 S BOHE N IS IE RS, 28 Bl 5] SHEIRSHEIEA
FIME /NI AT 22 i S 5 7

A T BAE ) SCHRE D, AN EAE WAL AR B A AR S, I AR N R T S o — 58
(52 FH AT 5

3.2.3. BEMEN TSI

FEAE /N A A R PR R IRk 2 —, B S REBSHER o BEAE /N OCTTRIBE, & 75 5] 5 St A
NSRS, I8R5 PN SRR R OGS RS, X CE IR L AT T R [23] [24].

A FE 51 5 A YOS BE : RE RS 5] ST S A S PR R, BRAE RS E BIRESE, I SEE
PLEME NS A RIbR s, BERNE, 85 915 T HATIEME N SRR AFE — B HARME AL, — RGN
MZERES MR, T X LEWEE CT Mk, #5515 T REAE PO SRR B BR ZF AR, X
DU 5 A, 8 75 R [ B AR AE I JR R DA B S8 3 A 22 T 11 22 S ORI A 2 s ik 2 L4 199 & B B 7E [ 23]

R 5|5 AL/ DG S N T s RS 515 EME /N O s P S 2R BT I S B, RIREARAE—
ERGE R, —IUEZE TR, ZOTEMR RN 13% (23], BEMEL, —BEmEet e Es, 1
T3 50T F T SRR AR I P I 4 B AiE S5 3 I PRI I o3 L8 Bh i [ 251

RS 5 G NN SRR T A — e R A, (AR AR RRYE, W HEEA
WA ZR, BrCRES TR EE S R TR AR AR, XA BRI TS IR A e A, B
BE—IBHEAL, RVPNEE 515 R AN ST R AT R0 L AT 8 A IR o

DOI: 10.12677/acm.2026.161051 360 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161051

3.3. BAESIS THiEBNNIGT

W 7 AR SRR AN ISR S, S 5] SRR AR B rh e A2 e A TE AR I R AT

S A BEL A P RS R SR S, SRR LA 25 2 SRIKIAE ik B 75 5] 3 il A A 22 L
I, AT CLS 2R RIS (g RIS O, SR RERERT 51 3 FORIEH 93 BARTT %, IXAEai T 1 #R0E
(RIS HE FEAN 22 42 R B3] VAT REAR R 5 8 2 I RIRL R B AN Ipid, MR AR Z AL ML AR BEBR N
T, AEARHCBEEIT R, P DU RETE A Sn €A S5 R S A AR, AT 35 B 28 B HE R RS
PRI, N7 I B RT REE I S B B RICR (3] AR JA R A R AL SARL I 8 R AR, At
TilL, SETEMAE AR AL AR AR T XA S OL, BT RIS IR — % Wi .. A5, 7
DL X X L 2 UM YL PA) SEEREAS RV E A, T2 ERIE R AL X3S, TN SRIG ST ROR 0 i A X 4
PR PR UL, SRV 51 S N A AT BRI B A s, eange i & 51 S s g a ik o<
AR 259, SRAT B AE AN SEREITAR UM R SCE 5 LR U S S S5 S8 (4] o R 75 5 T A B
WUAE, Mafse, e, MAESHRHLN, HMEELI B, ML TARTOCERT S, Al T &
MR R B, T, B W I B R R 5 3 O W, 20Tk T MEAR JE A
A BRI EIZIR[4].

4. BEESESIMBFRSAMFHNA

TR FARBEERE 2%, EIERT, PRSMEARR T TARKE S eV E 2,
A AR B A ToAR S, ATBEN BRI Le R, IR SNSRI B A B . A2 26124
Rl N T S ARET B R, AT DA I T8 A S B

4.1. BESMAGFESRNSE

A SHRGRE TR FPE AR SMEOR, R A BB S A i RN AR D e, IXREslRess
SRR g T HEB IR S5 2 D TR R R IRAE RS 1R 51, ML TS SHAR S,
FnfiEe X LM e CT MSMAS, BFA SMAGETHIHEERRKNY, Keis R 2EH
Ty JUAt:

T G SNARGMREE X 28l CT BulR, R 2 0, B KRN 1 =32 ) i B As i,
HE7E T LR G O P AR AR, ANAEAE B A, AT R A5 R SRR, R 0 ) L B R 7 I S5
TR

S SR A S AR REN SRBOF R KGBAE R, GRHERAES TS m T AREF27], XK
eSS R F AR AR 1A 4e, AL, HmSEE I, i BT AR R, PRI AR
PEA 2 4

BHLT AL AR THRHLA RS A2 TT, RRGTERZ NN, Wi, fheERAN
GiR, TR, B SR GBERR 51 B RS e AL S A, SCRTBY ) SRS A R S HE (1 Bk A A 54,
AR P B AT RENE, DMER) X 28 CT SHIRGERAL T LA RIR AL, WM 772
fE .

4.2. BESISTHSRETEAN

HES MRIRET ENJE T AR AR PR WA B E SR, Bl 56 2 B A G PARICR U
FITURTE O, A SERIHE ARBRET BN R ZRFER TP X 2B R SR, ALK AT A A Rm 5 2 i DA K
YRR A [AE D A, TR 5] T SRR W AHE SARIRET BHOR TR R, 3R
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A BIARE AT RIS RE PR AT E AL, RIS I E, DL T BT RS HERE AL, 8/ xt I
2RI A5 T 1 XU

A 513 T ME S ARIRET BN G A TR AR A R G BAE R = RS, kT DL AR Dy SR S A
hENL A SRS RO EEA Rk, BGAEB R ITEL R SRR, TR, 2 i Rk
AT, B3 RIGEE R, XRS5 REVS T BMER i) = 4R, T 5 A
SIRFTAL AL E, SRR

43. BESMEBSHENEMASEEFHNA

HEE FRBARIE T LB P 2 A5 [ FARDAMEFIE Rl A€ B Jrrim e AR DL, 2R Pyl
SETT S, BN I A R T3 T éw1m¢%?twgﬁfﬁE%%EMI%FQMW BEAZ, (H
E T AT IV AR AN (ER L T S AS W] 220

E AT WO RLPE A B IR L R A ST RE AR EE AR X LB CT 34, T A S ATRESY
TRIN 2T I GG, XA 58T AMRHE A RS e PP & o i 2 AR . B 7 AT 28 S I
PR AE BT, SR T W R 2 R AR AL, A T 1 TE BRI R MR S 3 AR X T T
AL GE A A, (ER R A B BN PR A T S B K, TRV E R — R BRI 51 0 ) B AR #%

W ETT R PIE T S R, MR EH IR, B EEHEFROLERE, LI
AR ZREEARTT B AR EIF A AR EN, TS FHAT T AR QU LR, i ks e
EMESIRIOKE S EAR, DU E RS SR R, O A [B5E BERa [ 3 224, T H., 8P SRHiE
Bl RE M 5 ARARET AR A BE[27], Ui/ NIRET 0 B A A 417 B % (4 PT RETE

T E AR S T S T RS BRI I A R AL R T AR, SRR AR AT AR AR
P BRI 2 4 Wi 1B AP AL T, 42 IR SEPR B B R AT 5, DM AL AR I B BAR K, T
H, @A TP B AL Ja A E 4512 SRS E , i@ A REh o Hr, T LA Y [ 8 BRAT 2 A AL
ENECE MAZ LR, T B A U -

5. RERBRESHE

R FE R ARAE MRS A B IR KN G 70, i, Bz s S B 2 il A M, E SR
TR BAGAFAE SRR, A B EERI A, 1 HERAE# A CBOX e, A Taxsesf pi, 3R
SRR IPE

ﬂﬁ%ﬁﬁ%Z%,AI%%D&E@?%W@@%H%EE%,EE,%Eﬁ%iﬁﬁﬁﬁAIW
fE(artificial intelligence, Al), M55 (augmented reality, AR)SFSEER AR ARG GO, A & 7 5
P, YRR I L A ROR R TR ENAS T BRGTR B HINSER TR A R T

SE

[1] Patel, M.R., Jacob, K.C., Parsons, A.W., Chavez, F.A., Ribot, M.A., Munim, M.A., et al. (2022) Systematic Review:
Applications of Intraoperative Ultrasonography in Spinal Surgery. World Neurosurgery, 164, e45-e58.
https://doi.org/10.1016/j.wneu.2022.02.130

[2] Moreno, B. and Barbosa, J. (2021) Ultrasound-Guided Procedures in the Cervical Spine. Cureus, 13, €20361.
https://doi.org/10.7759/cureus.20361

[3] Li, J. and Szabova, A. (2021) Ultrasound-Guided Nerve Blocks in the Head and Neck for Chronic Pain Management:
The Anatomy, Sonoanatomy, and Procedure. Pain Physician, 24, 533-548.

[4] Ferreira-Silva, N., Ribas, R., Hurdle, M.F.B., Gupta, S., Clendenen, S.R. and Ferreira-Dos-Santos, G. (2024) Ultrasound-
Guided Procedures for the Management of Chronic Thoracic Back Pain: A Technical Review. Journal of Ultrasound,
27, 1-11. https://doi.org/10.1007/s40477-023-00825-0

DOI: 10.12677/acm.2026.161051 362 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161051
https://doi.org/10.1016/j.wneu.2022.02.130
https://doi.org/10.7759/cureus.20361
https://doi.org/10.1007/s40477-023-00825-0

(3]

[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Viva, M.G., Sveva, V., Ruggiero, M., Fai, A., Savina, A., Perrone, R., et al. (2024) Efficacy and Accuracy of Ultrasound
Guided Injections in the Treatment of Cervical Facet Joint Syndrome: A Systematic Review. Journal of Clinical Medi-
cine, 13, Article 5290. https://doi.org/10.3390/jcm13175290

Kutsal, F.Y. and Ergin Ergani, G.O. (2021) Vertebral Compression Fractures: Still an Unpredictable Aspect of Osteopo-
rosis. Turkish Journal of Medical Sciences, 51, 393-399. https://doi.org/10.3906/sag-2005-315

Mcdonald, C.L., Alsoof, D. and Daniels, A.H. (2022) Vertebral Compression Fractures. Rhode Island Medical Journal,
105, 40-45.

Alsoof, D., Anderson, G., McDonald, C.L., Basques, B., Kuris, E. and Daniels, A.H. (2022) Diagnosis and Management
of Vertebral Compression Fracture. The American Journal of Medicine, 135, 815-821.
https://doi.org/10.1016/j.amjmed.2022.02.035

Raja, J., DiFatta, J., Huang, J. and Dunleavy, D. (2024) Vertebral Augmentation: How We Do It. Techniques in Vascular
and Interventional Radiology, 27, Article 100979. https://doi.org/10.1016/j.tvir.2024.100979

Beall, D.P. and Phillips, T.R. (2023) Vertebral Augmentation: An Overview. Skeletal Radiology, 52, 1911-1920.
https://doi.org/10.1007/s00256-022-04092-8

Akbas, M., Salem, H.H., Ding, B., et al. (2020) Kyphoplasty Experience in an Elderly. Agriculture, 32, 238-239.
Mohamad, J. (2025) Pathological Spine Fractures. Radiologie (Heidelb), 65, 854-858.

Wuennemann, F., Kintzelé, L., Weber, M.A., et al. (2020) Radiologic Diagnosis of Pathologic Fractures. Radiologe, 60,
498-505.

Olinger, C. and Bransford, R. (2021) Upper Cervical Trauma. Orthopedic Clinics of North America, 52, 451-479.
https://doi.org/10.1016/j.0¢1.2021.05.013

Altunrende, M.E. and Ekin, E.E. (2025) Traumatic Isolated Spinous Process Fractures. Ulusal Travma ve Acil Cerrahi
Dergisi, 31, 394-398.

Tsatsaragkou, A., Vlasis, K., Raptis, K., et al. (2022) Fatigue Sacral Fractures: A Case Series and Literature Review.
Journal of Musculoskeletal and Neuronal Interactions, 22, 385-392.

Fiedler, N., Spiegl, U.J.A., Jarvers, J., Josten, C., Heyde, C.E. and Osterhoff, G. (2020) Epidemiology and Management
of Atlas Fractures. European Spine Journal, 29, 2477-2483. https://doi.org/10.1007/s00586-020-06317-7

Mennen, A.H.M., de Ruiter, K.J. and van Embden, D. (2020) Traumatic Costovertebral Joint Dislocation. BMJ Case
Reports, 13, €234931. https://doi.org/10.1136/ber-2020-234931

Abdelrady, M.M., Lam, K.H., Shabaan, N., Hassanien, M., Mokbel, E., Nada, D.W., et al. (2024) Selective Ultrasound-
Guided Nerve Root Block Improves Outcomes for Discectomy in Patients with Cervical Disc Disease: A Randomized,
Controlled, Single-Blinded Study. Minerva Anestesiologica, 90, 748-758.
https://doi.org/10.23736/50375-9393.24.17989-8

Joo, H.J., Choi, S., Kim, B.H., Kim, M., Shim, G.Y., Chung, S.J., ef al. (2024) Therapeutic Efficacy of Ultrasound-
Guided Selective Nerve Block on Chronic Cervical Radiculopathy. Medicina, 60, Article 1002.
https://doi.org/10.3390/medicina60061002

Wang, B., Sun, Y., Zhang, J., Meng, H., Zhang, H. and Shan, L. (2024) Ultrasound-Guided versus Fluoroscopy-Guided
Lumbar Selective Nerve Root Block: A Retrospective Comparative Study. Scientific Reports, 14, Article No. 3235.
https://doi.org/10.1038/s41598-024-53809-3

Pu, J., Cao, W., Chen, Y., Fan, Y. and Cao, Y. (2023) Ultrasound-Guided Injection Acupotomy as a Minimally Invasive
Intervention Therapy for Cervical Spondylotic Radiculopathy: A Randomized Control Trial. Annals of Medicine, 58,
Article 2233556. https://doi.org/10.1080/07853890.2023.2233556

Ashmore, Z.M., Bies, M.M., Meiling, J.B., Moman, R.N., Hassett, L.C., Hunt, C.L., ef al. (2022) Ultrasound-Guided
Lumbar Medial Branch Blocks and Intra-Articular Facet Joint Injections: A Systematic Review and Meta-Analysis. PAIN
Reports, 7, e1008. https://doi.org/10.1097/pr9.0000000000001008

Ye, L., Wen, C. and Liu, H. (2018) Ultrasound-Guided versus Low Dose Computed Tomography Scanning Guidance
for Lumbar Facet Joint Injections: Same Accuracy and Efficiency. BMC Anesthesiology, 18, Article No. 160.
https://doi.org/10.1186/s12871-018-0620-7

Crrak, M. and Okur, S.C. (2020) Does Ultrasound-Guided Facet Joint Injection Reduce Pain and Improve Mobility in
Patients with Failed Back Surgery Syndrome? Joint Diseases and Related Surgery, 31, 564-570.
https://doi.org/10.5606/ehc.2020.75727

Kantelhardt, S.R., Bock, C.H., Larsen, J., Bockermann, V., Schillinger, W., Rohde, V., ef al. (2009) Intraosseous Ultra-
sound in the Placement of Pedicle Screws in the Lumbar Spine. Spine, 34, 400-407.
https://doi.org/10.1097/brs.0b013e31819286¢ca

Richter, P.H. and Gebhard, F. (2023) Application of Navigation in the Fractured Spine. Operative Orthopadie und

DOI: 10.12677/acm.2026.161051 363 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161051
https://doi.org/10.3390/jcm13175290
https://doi.org/10.3906/sag-2005-315
https://doi.org/10.1016/j.amjmed.2022.02.035
https://doi.org/10.1016/j.tvir.2024.100979
https://doi.org/10.1007/s00256-022-04092-8
https://doi.org/10.1016/j.ocl.2021.05.013
https://doi.org/10.1007/s00586-020-06317-7
https://doi.org/10.1136/bcr-2020-234931
https://doi.org/10.23736/s0375-9393.24.17989-8
https://doi.org/10.3390/medicina60061002
https://doi.org/10.1038/s41598-024-53809-3
https://doi.org/10.1080/07853890.2023.2233556
https://doi.org/10.1097/pr9.0000000000001008
https://doi.org/10.1186/s12871-018-0620-7
https://doi.org/10.5606/ehc.2020.75727
https://doi.org/10.1097/brs.0b013e31819286ca

(28]

Traumatologie, 35, 29-36.

Schileo, E. and Taddei, F. (2021) Finite Element Assessment of Bone Fragility from Clinical Images. Current Osteopo-
rosis Reports, 19, 688-698. https://doi.org/10.1007/s11914-021-00714-7

DOI: 10.12677/acm.2026.161051 364 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161051
https://doi.org/10.1007/s11914-021-00714-7

	超声技术在脊柱外科中的应用进展与展望
	摘  要
	关键词
	Ultrasound Technology in Spinal Surgery: A Review of Advances and Prospects
	Abstract
	Keywords
	1. 引言
	2. 超声在脊柱骨折诊断与治疗中的应用
	2.1. 超声在骨质疏松性椎体压缩性骨折中的应用
	2.1.1. 超声在OVCFs诊断中的应用
	2.1.2. 超声在OVCFs治疗中的应用

	2.2. 超声在病理性脊柱骨折中的应用
	2.2.1. 初步筛查与鉴别诊断
	2.2.2. 超声引导下的介入治疗

	2.3. 超声在其他类型脊柱骨折中的应用潜力
	2.3.1. 外伤性脊柱骨折
	2.3.2. 疲劳性骨折
	2.3.3. 特殊部位脊柱骨折


	3. 超声引导下脊柱疼痛介入治疗
	3.1. 超声引导下神经根阻滞
	3.1.1. 超声引导下颈椎选择性神经根阻滞
	3.1.2. 超声引导下腰椎选择性神经根阻滞
	3.1.3. 超声引导SNRB在脊柱疼痛治疗中的其他应用

	3.2. 超声引导下小关节注射
	3.2.1. 颈椎小关节注射
	3.2.2. 胸椎小关节注射
	3.2.3. 腰椎小关节注射

	3.3. 超声引导下其他疼痛介入治疗

	4. 超声在脊柱外科手术导航中的应用
	4.1. 超声导航系统原理与优势
	4.2. 超声引导下椎弓根螺钉置入
	4.3. 超声导航在脊柱骨折复位与固定中的应用

	5. 未来展望与挑战
	参考文献

