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Abstract

Pedicle screws are commonly used for internal spinal fixation, but they may damage facet joints,
lead to degeneration or fusion of facet joints, and affect the function of the spine and the stability
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of adjacent segments. Reducing the destruction of facet joints during operation is of great signi-
ficance for reducing the degeneration of adjacent segments after operation. The main reasons for
the injury of facet joints caused by pedicle screw implantation include different nailing methods,
different nailing points and paravertebral soft tissue interference. In addition, the incidence of
intraoperative joint injury is also affected by risk factors such as nailing segment and anatomic
variation. Conventional X-ray guided screw placement is prone to damage to the facet joints, but
percutaneous pedicle screw placement, open pedicle screw placement, and even robotic screw
placement can better protect the facet joints. The risk factors of proximal facet joint injury after
pedicle screw insertion were analyzed to provide reference for reducing joint injury and post-
operative complications.
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1. 518§

HE 5 HRIBET P B2 B TR IT S MR AT R . B REE T AR SR . AR
A S A8 T BB AR (Adjacent Segments Degeneration, ASD) 24 5 HRIZ4AT B A K& W IFRAEZ — . B G I
PR FUAESE, A 5 ARAGAET T T30 sty A 4T OG5 SO AT A2 I PR OG5 TG T A8 I 1T 55 ASD H L) =
BRRFERZ —. KRR I it 3 BRI A X AR MG K, W SEBCE R, I
B2 KA 8, B S R AR, BN 5 AR T BUR BRI R . BN T A 5 ARMRAET B
I 5G9 T4 B s R Rt e it R R s

2. KRR BTN R

Wi PR 56 T4 5 ARURET X 51 RS A0 (1 0 T AR % o I PR _EHJH T Babu 20 JOR VP AT AE
HE 5 ARBRET X T I3 %19 R A1 DL, Babu 202411357079 0~3 4. 0 2%, WREL BRIE B A ik 2 5%
TRKAT L4 MR RITMEG, EHRENRTEN; 25, FEARTRREN, HIEAREE <
1mm; 34, BEANRTRIGEA, HENEE >1mm. R EESE AN, ST 5 AR ERET i %
TRLTIIbSAE, A& THIHEp—O, RN T . © MREKLFTRKT; @ RARIRKAIEA,
H<lmm; @ WIEARNKITRKANEA[2]. REHOTTRATTIRAIZ METIR SR, 1T HERET BOERAT
1 AR R AL

3. AR
3.1. BEfTAR

Hyun [3125%F 30 9l fg AE TP AR T BN 7 3t 140 Motk 5 HUIZAT, 45 BAVA 0.71%H) 5T 58671 K
A4 45 o Patel [41552438 XF KTt 225 1 i35 (450 MUBET) 7 BT T F AR S MIS-TLIF BAT, 4RI By
R SR AR ZEAE MIS-TLIF 2H(41.25%) /= T F T AR 2H(30.4%) . Zhang Q, Han X &%= [ 7t
WA T T BT L BR80T T S 5 O T BE AR AT AT BRI bR AR, (AR AT DAXS D& SO SR BT AR
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T, DRI ) 9 9 DT 3005 A KA (2.1%~15.8%) [5] [6] [7] [8] [9]. #iIN AT UME 5 AR B 4T %
RATRKT A IR E o AH BT ARAZLE M — LR S5 A RE B G YL i 8453473 LA R 910 101 8 4
JAIEKCAE[3] [10]. S ATl 1) B AT J7 AN 28 je o = H B 5T 5K (Percutaneous Pedicle Screw, PPS) L 7E I R
TR, S5EGIFFARME, PPS HAR AT EMER I KT R 2, (H R BETERRFRE Fig b AR
X T LA B R EH SR 1R 43 B8 5 DT SR T AR B T8 9/ AR H I s R S5 9 55 H 1 [8] [11] [12] [13] .
SRIM, {E PPS BATHIIAE, AHARI/NGTTE X 28 EANTE AT I RIS FFCTFARAAEL, PPS AR S
A ARSI SSRGS, BT g — D% UE . Marengo [8]F Lee [9]55 A/ 78 A\ 5t HLiL T 48 %
#E 5 AR B AT B S GIFGERE AT IR AT ORI 22 Ak, R IR o SR T P 4T e SE I b ORGP /N ST o [
I A 222 (14T 69 19147 i (i B pAY I g A 1] Rk /5 AR ) A6 38 R T IR P W 5%, F 98 B O 1 RO it
R AEZRIK B 25.4%. 72 7 UK I R A 2] B 5 AN [6) - R BR x40 B AfE 5 R B AT 1 R IR AR FE A O
Baird [15]55 A KH X k51 5 F &K BAT, K 120 FZ4T B 10 B 4RM L1~S1 1B, KRIAKFE M
ANRHEE T 3 % 1) 5 TR 2R A S i o [AJR Park [16]25 K X k51 5 N4 BAT 92 4, It 184 MUIB4T,
RILITT RIMIR R T FRZI IR, 22 LB S, EVP ST R G MR,
RLFEAY RS ST R

3.2. EFTRHIERE

AR BAT SRR S KRR T IR EEAMG, B SRR B A BT RKRIL, RAEKRTTRK
TR AT BRI RO, HETIEIR b, FFFEARS, H LR E AT AR A Weinstein R A%, F-+
TR XA . Chen Z5[2] [17] [18]18F 70K B, K Weinstein ARz & MRET 1745 5675 2 1 IR IR
N 15%~28.3%. HIKANTIK£(23.8%) [19]. FIAERISA Weinstein i LA EOGHTRAM T S FaAb A k4T
R ST B SST FEOCHTRE B R0, (A HEAT SRR NEE AL, 1S S AR MR ET R IR 1S 2 W I MURE A FE[L7]
Chung [20]#1 He [21]55:%5:3%, 4 a8 i ot P ARAR A S0 A PR [ B 73815 451 BT mEE B 1R
RATHI, RARNG I T R I I T e R, Horh7E He S5 OBt erh, BET R B 0 R
LI B I IR ) 5 BT B 5, AR U7 tH I A8 AR 5 AL 5 BOR AR FIAREIR (A 5 4R 5 BUR A
UL IR T B AT RARIE ST RO [21] . [FIRF, Chen S5 2235 7R 5 HR o 5 I B MR AT b g AH 418
AT GRITT 75 2R B I v T T AT RS [19]

MRS FAME SIRETENT AR, PR B2 R B EET 777208 94 - N EE T (Lateral-to-Medial
Trajectory, LMT): J BT s AT MIAE 5 AR B2 1~3 s AT 9~11 5547 & . Tannous [22]55 2= & W SR HH,
Ah - NI TE v B AT T O RS BIA R EBUR, N 16%. IXZFENRATRICHIE X LiEM FHIE.
AL F S RBONTEMT, A Z e, RN LMT VLB s i) e s 5 05 RO ARG . M7 LMT
EBET FEOCT RO M2 AR, B R Bz .

FEFTFTF AR A #E 5 iRIRET BN 54 e HE S ARET BN B R X 2 — 2 BAT RNk, REHES
HRAET BAT SAEMEAR MU e X dek, T IFARA, T 565 5R b, 3N 7 BT SRR Z B S, BT
FEFAREE, BeE R R . LR LA, BT A PRERIEE EE, 55X RANHIE
BRSO RO IR ZR IR N

3.3. EfTBE

A2 [23] I, B AE 5 AR P E 5 BO EREAEAT a8 B AIG, DY SR B I R AR 2R 08 T 1
b, RREMECRER L4, L5) bk FIEMESEZS 5) R AR RATROCTTIIAG,  H LS 17 BT RO TH 5 K A= 4L
A 2 S A% R AR 37%. Moshirfar [2]%5 FR7EFFICFE AR F Xt 204 ] 3@ T Weinstein 72: &
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BT, BEFCRBL LS MEMAG I T KT MR 3 82 T H AN BL T 48%. THIAE X 25 3 T4
FRENMESHIRETIS L5 MEMOIIm T RS I R0 i mi[24], v HAMAT BL 3.3 f#[16]. FTH:
JEPAL, RS EEAE (O s e, L BRI AT e — D T OB TARERAE T BU T B, MEAASGT ROGTT
(10 514 T30 [ A AN TR T (7%, AT TG S S50 LT R ORI S 1 51T, AT B n 453493 £ XU » Teles
[25]41 Patel [4]552A il FLAR X 26515~ BATAITTICTF AR T AT 705l AL, 4 HE S ARSI L i) /N5
ffi(Facet Angle, FA) KT 45 RN RAT A EER T 3571, RATRICHT BT HIMER B 380, /NS R+
35 R R RK T ISR A 2R o AR 1L B8 [26] 55 [BIBL 1 115 B2 BeME 5 ARET A [ E PR B E B
BT I FEEME ST SR AN AR IE R RO IR, S5 RR W, B TR EENIE N, RATR
SRS  A AN EAR LG I RO AE ENME 5 ARIRET IR, ELAT R0 07 R ALEIEAEAE 5 AR TP In & R Fr AL
B 5 RO I A LA R, SRR Rl & 1 R AR i, HETPHS BT 0, SECNESE
ARG, 3G AR E RN RO [26] . U, T RS A S B R A EROR, B
FTHIBH IR, B BRie EAT Rl LR e (O UR BT 306 B AT AOXERERE R, PRI 2 20 1 049 R 1T 40
DIl AR [1]. [, BT HRR AR AEERE S Y, DLRHEIS AL E RS, SR g TS, Pl LS. S1
T BUIME S ARRIRET SEINAR R IOXE S o BRI, AREAEREAT ISR T ORI, 75 20 B AR - Rl kAT 4H
BURPEG, JFRCE L FEMEAR, ST ENLSHERMYLES NGB EET, SRIS/INE EAT 7% 45
A5 R R AR AR o

34. MALEAR

3L AL RS . BMI S0 5615 R B 1 S H R UI AR IR K il e A 2 A
HEME 2 ARIZAT BN S I 10 65 SR TG 11 R AE S AR IS T AR JePE[16]. A AR Z 24 H U ER K T
70 % [kt B EAER I K, KB AR D L T ABAR T R AL . BB, BT S BRI
RIFTERBAT IR X k51 S FBETN, AR SE RGN, M 5 AR IBET BN, 1 hnis e
A5G SR R [27] o

B R DUA BRI LR AR, 2 SEURE MR AL AR R[], BAFFIRT AR
EAT R AT LA P L4 DA I B R AR AR AR, A e T S ARAT B R R s AL S A i, B
TSR G I N URRS , BBAT A1 AR RN, BRI 2 B ) S R s AR . TOFE R I AT,
EREIFEET NP AL, 7T SR R GUAE J7, 37 FLTE BAT A2 T R 84T A2 SR AL U
TRl /A5 6 5 541 P XU

T AR B B T 55 B AL B, e R IR B 22 TH i . Babu S5[1]2: 3% [ 447 1
279 BIHE 5 HRERAT B ORI, 73 H AR AR /N T 65 %, IR 6 S8 55 05 i AL fa K IR 22 . Zeng
Se[14]2%3 K Patel ZE[41%% 4 Bt B A0 A3 R 4510 . B IS LA R R, R RS ichr, PR
HE M S5 AL R M R I BE RO, T SO S LGV AR, AU b R DL I R R, T FL7EE
KT AR s 5 R R A UKD S BOBET B0, 16 K 56745 9 6 T 45005 0 X5 [28] o T A T BT P LAY 2 35
AL B, 20 B M 5 ARAT BN A BT (AR 2545 9 T
4, B4

AR 5 AR UBET BN W B AT B AR 40 ) 5 SR ST R AR, SR IIEAR A T BOR A . B A A4 MR
(SESNRIE, ML S ARISAT E IR R O VE ROH, X — R M B E L. 25 L TE, 7EREHEME S R
WEET B NS BELSCR F JS AMIU B AT 51 Weinstein A% TR, A B AT 550 85 615 26, BAT T IBAT IR B R
B 0T MR LS. SRR B, TR EA T MR 7/ R B AT S AT B,
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WEE LA NS, ARG RO 1005 1 AR o X T JRE A 3 R A 401 BORAR B 5%, NS
732 FE IR AR RO BT I B L [29] o B XT AN B 1l € 22 2 5 BRIK B AT 7 ik FEAT ABOR i $%
b, BARFEAF S AFET B AR, RiEs SR BT EOR . A 55 e B SHREEOR
2 J5 T FRAR ST RRATRI R %, kD AR ASD &
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