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Abstract Objective: To compare the complication and revision rate of minimally invasive transforaminal lumbar interbody
fusion surgery (MIS-TLIF) assisted by Renaissance spinal surgery robot or X-ray fluoroscopy. Methods: 98 patients who
underwent MIS-TLIF surgery were retrospectively divided into study group (Renaissance spinal surgery robot assisted, R
group) and control group (Fluoroscopic-Guided, FG group). 49 patients in group R were implanted with screws assisted
by reinaisance spinal surgery robot (Israel) percutaneously, while 49 cases in FG group were guided by C-arm fluoroscopy
(Siemens, Germany). The accuracy of screw implantation and perioperative related indexes were compared. The accuracy
of pedicle screw placement was evaluated according to Gertzbein-Robbins scale and facet joint invasion. The total operation
time of screw placement, intraoperative radiation time and dose, complications, and postoperative revision rate were
recorded as perioperative related indicators. Results: The average follow-up time was 12. 1 to 21. 3 months in group R and
12. 3 to 16. 6 months in group FG. Among the 49 patients (196 screws) in group R, 192 cases had excellent screw implan-

tation and 4 case was medium. The medium case was the

penetration of the medial cortex of the pedicle, and there was
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no incision infection and screw loosening in group R. Among
the 49 patients (196 screws) in FG group, 178 cases were
excellent; 6 cases were medium, and 2 cases were general,

including 2 case of medial pedicle cortical penetration, 6



B iR AR 2022 4F 11 A5 30 45 11 4]

39

cases of lateral pedicle cortical penetration, 1 case of postoperative wound infection and 2 cases of postoperative screw

loosening. Conclusion: Compared with X-ray fluoroscopy guided surgery, there is no significant difference in screw implan-

tation time, revision rate and complications. but the accuracy is significantly improved, and the intraoperative radiation

exposure is less.
Keywords:

fusion

B AT 2 A HE Rl PR (MIS-TLIF) 45
R ORER IR DAAE B AT 200 0t X 4 o8 i, H e
Ui 7E T % A PEAN AT 45 TR G i K R R Y R 2 K = R
G, JLAFE R, Renaissance HL#E A 5 G819 B KR
FEPR T T EAT e . T SO E X T &R
G B B AT B VERR KA 97 %61 i SCEik % TR S IF &
iE FVEAE R B D . PR AT 5% 3 A [ o
Br 98 il F AR LA T Renaissance £ 4 Fl 1% i
5|5 (Fluoroscopic-Guided , FG) %f Bl & 4T i Bt 77 15
Bl B EIE
1 #HRMKMFGE
1.1 X4

PEIL 2017 4 3 H £ 2021 4F 1 A IR O3
B BB AR A RE AT R B A RS R R
B ALY 98 Bl 43 A58 4H (Renaissance 20, R 4H)
FXTIEZH (FG 4H), R 2H 49 ], % | Renaissance (P4
BIDFFTF RIS NGB EET. FG 4 49 6, 7 C
& Hl (Siemens AG, Wittelsbacherplatz 2, DE-80333
Muenchen, f8E) B L T 4 7 B4 . AR SR
BRET I B B B AR SR AT (B AR US,dbat) . R
ZERCHZE N SH @, BEC A EEE
24
1.2 ZWibRiE

ABIF S 30 3 A AR AR AT MR R R R S s Al
HL(2006) 7 (14 I K12 W K 5% 182 12 Wi 3008 12 W b 1
I RIS Wb o+ 1) il 1) 70 g B 378 & 1 JIER (Ol ST 5804 T
T B 5 2) MR B i R 0T G2 il (A o SR RN B o O A
BWIRAES s 1) AR DU A7 F 7R HE A 1T % 0T A 2 ok M R
P HER] BB AE R T A AN 55 5 5 2O IEME S 1 6

robot; perspective to guide; pedicle screw; minimally invasive;intervertebral foramen lumbar intervertebral

JNHE AR (8] 457 # = 3mm, Y5 28 M 8] B 9 ME 1] 1 22 (5 >
11°0 A5G R Wibs e+ U 2212 Wb o, B RT 6 12
RATPEMEME AR
1.3 Y Abrife

DAEIE =50 2 MBI BR 5 2) 3@ i DL iz Wi i 2
R BT BB R M I HE R AR R 3) TR 7 U MIS-
TLIF, FA ¥ i [A] — 4 F A B I 52 A%
1.4 HEBRARUE

DIIF AR Bal A48 W BA FARS ) 2 H i F
AR DX A7 Ja e e e L R X i R R
LA B CU LR 8 - A8 RO 45 5 3) 2240 O BEREAR 42 8l
MELATRL B 2164
1.5 ik
1.5.1 FARIFE A FARHFE—HBNE AT A 5%
o FETJEABRA 5 AFELL S 588 MIS-TLIF R
200, M i 2 B HLgs N BT FARE I ML (EEL
8~20 M By 5= 2 M 26 J5 » R & g % 35 3 3 & K7 19 AL
iy NN BE 7 - B % W 2 4 T AROKS B2 i R
DS, 4 B BRI BTN - R IR M R 2 5 3
FLIHEE E .
1.5.1.1 RAFARFE FARAT.@ET CHHLRIR =
AEAHG MR LI D o H Rk B N TAER  HARE
HEATHE = AR MR ET B0 FLR) . WL B 8 A & % T
B L IFARIE AR 144 K 8 B 5 R 5 P % 2k
X35 M TFARITZE NS B T & ik AR 2L,
FLEN B AME S ARSEA T SR Bl Sk T 1) 2 Ol LA
NBFREAGA L IF 24 M 422, UL B 1R FL AR 5 S FL I 78
3. ffH 30 mm>X3 mm Bk B Sk T e AT AL
WHCE F42, il T 228 AMES RIBET(LE 2),

B 1 ARETRRZFRABEG BHLEBVRIA TS, FTHESRETHITAL



40

2 AFEINEAFEES
1.5.1.2 FGAHFARGE Hr il E M ALE BN TF
W B L PR HE SR TEENL S, EENG S T
T AT SR M S AR L MEAAR L s A
AN 2L, 28 T 22 B AME S RIRET

P S — i U 1, ] sk X 3 T k47 o
) S8 A 5 R AR D o A i B O A (]
#r(Cage) . R EHH C B HLE AT X &85 L
VAR ET e Cage (& . ST A B B 0E 47 1 347 Bk
JE I [R] il A
1.5.2 J7PROTE ik

D) BT BT AR B,

) EEIALE VAL . PP ARE RS 2~3 d A7 ME
CT A+ 4 E @ AR & . TR —
2 B A TN — 42 TG B I A ik ST DA A 5 AR BEET ) o A
P A Ay W) B P AR TR 41N 0 I R B AR DT
Al o AL 45 BRET X T i /N S AR AL B . RS Gertz-
bein 5 Robbins 5 % X #E 5 MR 24T 7 B JE47 50 %

Chinese ] Trad Med Traum &. Orthop,Nov. 2022, Vol. 30, No. 11

A GBETSE R THES NGB g S R iR
<2 mm;C %H,2 mm<<HE SR FFRIL <4 mm;D
o4 mm<HE S AR R IE<<6 mm; E 90, M 5 AR
FifZ =6 mm, LI I (A GO I IR ] 32
Z(AR+BY)R,

3R X2k 4 S I TR] L R S ) A OR 5 R
R 2 . GR-200A , ¥ [ AN, db 5D,

O F AR B 7 IF R R G B,

SHARFAARGZ ARG 3 A4 H 12 4> 8
VAS PE4)  Oswestry THEFE S (ODD
1.6 Stk

fifi i SPSS 25. 0 #F (IBM, 3£ ED #4748 3T 5017
THECFORL LG BOR B A3 B3R 2 ) L R TR O
5 st R DL 7 s B KR, 2] T B R H I X A
A ¢ K% s P<<0.05 ZR A SR L,
2 BR
2.1 — %R

R A IA A 196 MOBRET (RSB 4 B WA 3D,
XTI FG gL A 196 MRS BE 4 MO . YL B3
— R LR 1,

3 RE3IEECTRETHSREITNES
HLEE A\ LRI B 3E — B

®1 MABRE-—WABLR

ZH Renaissance 20 (R 2H) i B 2H (FG 2H) P
%/ 191 49 49

2t/ 25(51.02%) 26(53.06%) 0.524
Fiy/ 2 (T 63.78+12.314 62.99+13.209 0.558
ESEH/ (kg » m 2 (TEs) 25,383,058 25.2243.416 0.422
BE Al 505 / 151) 10(20.41%) 9(18.36%) 0.533
W S /51 7(14.28%) 8(16.32%) 0.496

Fiti 5> 1 4F Le 3] 100% 100%
EHBE VIR H () 14.18+1.765 13.98+2.213 0. 684

RZH 3558 BT I (1) 5 AR v PR SR A i i Al 1
BRI LR FOAL &% Gl B BT I 8] 4R G B R A O BRK
R R = R R R AT 52 MR R E LT . FG
HFARMEE e C BTSN W L2 B E BT 58 iU
[i) A O B e 1 O C B IL5T) 8 B A, AL R Bt
(6] L BTSN TR) AR BE 22 S O i 24 0 L (P>>0.05),
{EL% S5 R i) R 700 R v I 28 S A S R

(P<<0.05) . R AL T FG 4. H M KR $85 4r b &L
%2,
2.2 JfRE B R R

SrhdsEARAT AR 2 FLOARJE 6 A RFE 12 4
A ODI ¥4y ke VAS 55, MABHEARE 12 4~ H
BRI VAS IE4> & Oswestry 3 45 50 2% 5 452
X (P>0.05), L3 3,



i o B 52 2 2022 4F 11 A% 30 55 110 1
F2 MABEHEREKBRIEEGES
" 11151 FAR BA i BT R ] % S s ] R 5 ) AR I 1% B B 1]
= /min /min /uSv /mL /d
R4 49 92.8846. 451 50.1547. 213 58. 12414, 423 54, 6647.577 175. 69415, 432 7.43+0.712
FG 4 49 95.3346. 456 55.9547.918 83.15409. 644 79.52410.104 281.23+32.350 7.51+0.688
P 0.223 0.122 <C0.001 <C0.001 <0.001 0.287
x3 WHEBEERKMBEEREE TS, )
. ODI #47 VAS 45
= S o g s — s — NN . — s —
A A AE2E  ARBR6AH AF 124 A i AR5 2 AR5 12 41
R4 41.390+£2.196 14.720+0.843 14.600+0.816 14.480+0.714 7.12040.600 1.96040.351 1.84040. 374
FG4 41.40042.062 14.760=+0.723 14.600+E0. 645 14.440+0.651 7.040+£0.539 1.920+0.400 1.800£0. 408
2 0.876 0. 855 1. 000 0. 866 0. 676 0.722 0.722

IR AEFLAG A IR ET A A 2 R JE R ET AL 3h K
JIEERGE . SRETAA B FI W AR v . D BRET R 5 2) 4T &
JAEA 1 mm s 8 RE X 2.3 CT BRtT
B BN B2 XK. B, b 3 Wit bR 1 W DL b
FHYTPHIRET A S

R 41 49 84 LB AT 196 A4, HBUR P IRETHA A
4 CHE S AR A B o 25 35 2 B0 192 U 75 -4 A b 455 FG
2 49 PIREILEET 196 M HBURHIRETHEA A 8 #L.
HES ARV K 2535 2 A0 ME S AR SMIN Bz i %025 6 M1

75 178 M. 4 16 M. —f 2 Mt PR EETHERG R A LA
A Gt 2E 5 R AVEETI0FS A i PR AT 4532 5 /56
WRICEHMLT FG 4. RAARSGIIEEG 1 6] AR5 12
EIRNEh 2 (3R 4. Fr A RETAL A 2% 1] 24 72 AR v
T LAE R i FH I ] B e ) o 0 BREAR S 1 A 1 )
DTG 8 o Hr U 5 R B BT IRIE I R T b,
AR 5 i I 1) B AT o of LS R AT 23 00 ) 440 TR B 5
GR B BRIAD IF B P BUBHT A BT R T BE T
ABUH—M A E L3 TR IR IR

R4 FMABREHESREBTENERELE

EET W AT S S Il R 7T 2 3% 3R
21 5 2 T U /N G T R0 %
Ho IBET /B AR B/ CHe D/ B A AR B SN SR ER o L
R4 196 192 2 2 0 0 97.99%(192/196)  98.9%(194/196) 0.5%(1/196)
FG 4 196 178 10 6 2 0 90.8%(178/196)  95.9%(188/196) 5.1%(10/196)
P 0.012 0.009 0. 004
ARG 3 A HXT R 2 BRET A 8l B E T DL AR e f TG AR DT A P9 112 51 A %) I IR s 75 EE RS R Y

PSRBT LA H B T T BME TR 55 1 4k
SeRSIRIT AR 12 A AW IE N . BB NI

58 N E RS B S, PR R RS IF R S Bl &
M RIS 28 L (P>0.05), )L 5,

RS FMHEABERRHEESBEE[H O]

2H 5 Y ‘|é//l;< %
1A [ IR YEETHA B ki A Y U RN B UEZEn RN TR [ A S BgE/%
R4 49 0 0 0 0 0 0.00
FG 41 49 1(2.04%) 2(4.08%) 0 0 0 2. 04
P 0.228 0.132 0.228
3 itig FARBCR . ey Bk | o B B ET A AR R B AN R

TEARWF 5T #, Renaissance i B MIS-TLIF 897
FiES XLEMRG 20T AR . & 5T T AR #
16 36 Kt A AE IF oW b 28 S o B BT ME A R I R 4R
ENGREGENERS ™ 3 (R

MIS-TLIF FAR Jy & i 1) 45 4 SR BT 2 R %
AR T B AT A 0 38 1 AR Ge A BN AT A O
JE o B8 A 5 LA SHE ] il G o O AT sl ) 28 e PN 1
LG 5 BT ARA L B T AR5/ WA
P, TRV S H R TG S D8R N Y A TR B A R
Mo BARXIEAE S R By EE W PR E S BT,
PR VA b T T 4 A T OR I D 9D O RRE L 4R

i PR 1 1) R B 22 9 I DR T AR 3 T I R 48 56
AR g
HREAMRIILER A B A A L P B AT R T
— Ry % . HAT 3 E FDA bkl I R & A
HE S ARIZET LA N RS A —Ff . Mazor &% .ROSA
I ExcelsiusGPS. [H Py AL 48 A o 55 2 B8 o 17 BFAF A%
RIARTE LT 0 = S AR AR 2>, v b 5t BRUK R BS B
H FETF R B RIHLES A& RO Z 0 L3 T I R 58 %
R g6 0 7= . B MG R AT 58 R B L2 Nl Bh T B 4T
ELA O R A R A B N 2 R R B T
. PRSI E ] Renaissance 4 B ffE 5 MR IR AT B A



42

A AR A IRET 148 B R G CT BR B A
WER HR K 95, 3% . J7 {7 21 %} Renaissance i Bl
6T M FEAE B 3 R A R 04 22 4 RN E B 1 AT R
GEVEAL L 45 3R & I Renaissance 4 IR 5] & AL R 9]
B TEGH ., B BN LA A Bl E A
ME 5 IR AT AR B AE T B BT fE R T i, R i
Ti/b % ST I Renaissance 4 F R AL
i Nl BIE T v b B e B BT M AR R T B ME A T
e AR T XU B R TR 2 AR T RO
LA BF 5% & A5 0 T AR 25 31, Ringel %5 1 B AL
X HRF 5T o, 5 S| T AL AH e AILES AL SR ET o
BPEEAR ., A BTk Al e 5 0 R W A PLEs A FR & &
B F AR S5 5 K AT 6, A58 & B Renaissance
B R AT ER RO B TFGHAL X 5 [ ok £ B o
H VRS — B0 F IEARH B H AR T Renais-
sance HAEFARHLE A GE

KT EETIE R BN H WAL 45 70 gy s 1 i
S L, BT S R rp R A R 2 A RS R ET A
B L HE S R ABHENG A5 . BT A BESE R BE X L
OIATANTRN T SRR AT BT LA K J5 R AT 7 284 K HE S I v
JEAR ML, . R VE B T IEHEAE = AR L ALK
AL R 1 T OE T Y R A X)L BT R RN T
FUUME S A L R BT R R S BOME S ARBE 2, i Bl AP &
1405 4H G I Tk i 1) MR 23 A A X A R T ] P ke
AR AR P 2 5 i B AT IR S B R & i 0 0T KRR Y
WS BB 2 0 AR XA R N 5 ZE A, R 5
BRI o A VO B A O R ) R . 7R
ABEFE T HERR T8 Al R b IR i A R
FR AT e S A AL X A B A 8 0 A5 0 45 L HOT R RE R
P T B AL ) IR SR AT R sl B R R K
EIEGE M S| S AL A2 RIFLG T EE L. o
Bkl Al RE i T H BE 650 30X 5 [ A58 o aF
FEIFA5E 4 —3, Christopher 20 i 3 — i &2 b ops
R T R MR AE ST E SE AL 3 ARl B T B AR S F R
IR AR T BN 4.

ZHR TR BT LSS B TR & T B AT
W, 55 F F R M b, BB F R 098 R 8 8 L.
Keric 25" H238 72 6 F-2H b 5. 0 %6 5999 191 P RS o7 1T 75
EE S M 7E Renaissance 21 13X — il 0. 6%, WA
AIF 5% 1IE S 5 20 B8 S 3 AR — B, Lieber % 2087 T2k A
S EEBER AFEA W 257 HIHLER AN 5] 5 CEAURBD F
REEW D 5, 5 FHEAR %, EHENIR
1, Renaissance ZH AR 25T I8 B2 BE 2 BE AT, (H R J5 3R
R A 2 RG2S 8 . FWRVE, B T4
FBH A R 1S RRAE - Renaissance #L45 A 75 2276 F
ARETHEAT LR 3D BRI X 3G 0T A % 58 i ) 45

Chinese ] Trad Med Traum &. Orthop,Nov. 2022, Vol. 30, No. 11

PR EE  JRREAR T TR B4R AE MR . R
FRIOIE AT DA A AE A 0 R/ INFD B8 35 A 5 AR 1) 4544
HIEGE . IZALAS N R SR a8 AR 45 8 i AR A ) 45 7
25 B BBCE BT AR A SR E T B0 I B AR TR I
FIEE M P B AP AL Ab . Al ] Renaissance #8417
DAY A0 3 3 G 75 58 56 19 42 A0 9 HL AT DA R B A (Y 5T 1
Jo ). SERE RN ) SR ET B0 T g 23 vk /D AE B A A 0o R
rhOXHE 5 MR BRET 9 22 5K, i B R AR ME S AR 9 R ), I AT
REREARNLIA 2 RR SR L U5k ). DA B IR — e R
AR T EETHER R . BTN R SEOR
J& T RAE W R 2R Z — o HRZE X 808 T AR N ik Y 41 48
LA [A] X Al RS e BAE TR B3k 45

W UESE R W], 5B 4 R B AME 5 AR IR T A
H. . f#i ] Renaissance i 53K #E & V7 . 0] DL AR I 53 HHE
5 R IRET BN B A A T DR, i KRR B e R ME AR
W RT3 i A 08 T B 5 A T SRR T A A S A N g 1
L E TR B A S A R AR TR
T S RBHERG I IE A

ARpfEa R FARE THEANRMPLEEZ
—, TEXIHIF .5 FG 4 I, Renaissance 2H 7F
EibrERu S RaR TR SANIU NIRRT iR
Hyun 2507 2 45 5k 45 00 I8UET A 5 o T B S 0 /0 i
SolomiichukZE0 i} 4 5 4& 45 F R 4 b » Renaissance
B 5 B i, 0 A B 5 S AR {# A Renaissance KL #%
ANWARIA K, NZE BN R, BRI AT R R
Gerl Lhi b PR E N RS HBRETEH#T CT
T LA 2 AR AT T 2 1 30 T R 00 4 S A R I ]
o S — AT

235 BT ST S s PR 2 22 (R TR B TR A P e 2
FoXARE S E T AR EEMI AL E L&A X,
Bifi 5 ML Aol FH 2 2 A B ) 185 3 P B[] 2% % T g
K.

Renaissance #L &% AR 25 1) R 55 2455
CT 4 #1815 Renaissance 4 2 48 K 4 VT it I £
YRR AT S5 R o A B 4 MPR Jf#E 47 = 4 5
AL 4350 H ] 2 TR BE ot B R R L e T 5. M
R R AT PRAE R B AR i 2 ST it 2. 2) EMR PE IE %
T JE LS N [T B — ] 2 7R e b R AR 55 s [
FE AR QAEAE ™ B R O A ) S R e i L e E 4
AL IS BB SR LISK -3, 3) 1% R G AF TR ME 5 AR
AR S ok A B R T 7 A AR NS R A
BIVEM . 4) BARHLAR AN F T BE AR R T E
O s (BN R BRATI A A T 51 O 25 B0 2 72 55 7T g L VIR
ATHH ARG &% . TR S0 BT 0 52 AR A ] B
B 5Bl ANBOARA B 2 A Ko 3 2 A0 RE LS
B — R B A ML S R TG IE .



I o B MR 2R AR 2022 4F 11 48 30 4 5H 11 3]

A 5E A 1] P T 5 5 ¥ A7 7055 22 Jg BR A f91) e
/22 PR B RAE AR 5 91 R L e /D B 3 9 BB T X
15 LG BRI Hh A I e 3%

Bt A FE SR B9 K R 8 AR R 1 5 2 A X
HHEBBIH AR SR T S 2R . HLas ATE N TR AE
R B T A — R b B A% A Bl PR 5 2R R 0 AN A
ANTTHE D R 58 ST oK A RS HE R ERAE . AR A TN I
PRI 19 Z AL 52 2 Ak R A% i AN [R) i 7 SE 9 5 5K AL
s N B AIE 208 5 7 Ak RS Al Ak R Gefl .
A S IR 55 T I R
S % Lk
[1] TAHER F, HUGHES A P, SAMA A A, et al. 2013

young investigator award winner:how safe is lateral lum-

bar interbody fusion for the surgeon? A prospective in

vivo radiation exposure study[ J]. Spine(Phila Pa 1976),

2013,38(16):1386-1392.

[2] KIM H J,JUNG W I,CHANG B S,et al. A prospective,
randomized, controlled trial of robot-assisted vs freehand
pedicle screw fixation in spine surgery[J]. Int J Med
Robot Comp Assisted Surg,2017,13(13) :el1779.

[3] Mp=iph, DR IR . EARMR, 46, & [ AR R AT PR o5 B e R 2%
W] AR R 2006,26(10) : 7T11-716.

C4] FhIRMEBET IR NEAE 3 B0 I AR AS B2 09 12 W7 Fif o7 [T .
o545, 2010,23(4) : 239-241.

(5] JoWIA. K #r. X2, 5. HLAS A HH B 28 5 B B4y Be
i A - T P I E R Y 2 ) it R LD ] I B Ak R 2
#,2019,19(9):808-811.

[6] GERTZBEIN S D,ROBBINS S E. Accuracy of pedicular
screw placement in vivol J]]. Spine (Phila Pa 1976),1990,
15(1):11-14.

[7] GAZZERI R,ROPERTO R,FIORE C. Surgical treatment
of degenerative and traumatic spjnal diseases with
expandable screws in patienls with osteopomsis: 2 years
follow up clinical study[J]. ] Neurosurg Spine, 2016, 25
(5):610-619.

[8] DI LORENZO N, CONTI R, ROMOLI S. Retrieval of

broken pedicle screws by “friction” technique. Technical

(k3% 37 )

(9] ok, #1 /%€ P, 28 48 5 . &5 48 10 % B 8508 4 3R J7 BF 9T itk
RELT]. 8405 4hBE 24 7. 2021.,23(10) . 794-797.

[10] i, sk a6, X0 5 . 4. B 18ET 4 B 8 AR K [R) i
FrE WA BRI )], P E AL TR, 2021.25(3)
356-361.

43

note[ J |. ] Neurosurg,2000,92(1 Suppl) :114-116.

(9] FDE.BRAR AU, 5. BN E RS GBI HES IR
B ACEAEN B E TR (B 14 Bl &O [, 88 — % =
K224 ,2015,36(11) :1161-1166.

[10] J7rEJ7 . R5 4. 8 5 . 2. Renaissance H HHLA% A%l B F
RE GEFEEER PR AL e fha Rk,
2017,19(4) :299-303.

(110 BRI 6o, 56 MLas N BB A SIEF BEAMS IR
SRET R X HE W52 LT ] v Bl 15 56 95 A 755 2017, 6 (10)
730-736.

(127 i v BR3P , AR . 5% . Renaissance ##EF ARHL &8 A
e AR A T b s R LT DL AR R AL 2021, 41
(12) . 763-769.

[13] RINGEL F,STUER C,REINKE A,et al. Accuracy of ro-
bot-assisted placement of lumbar and sacral pedicle
screws:a prospective randomized comparison to conven-
tional freehand screw implantation[ J]. Spine (Phila Pa
1976),2012,37(8) : E496-E501.

[14] CHRISTOPHER R,GOOD M D, LINDSAY OROSZ, et al.
Complications and revision rates in minimally invasive robotic-
guided versus fluoroscopic guided spinal fusion[]J]. Spine,
2021,46(23):1661-1668.

[15] KERIC N, DOENITZ C, HAJ A, et al. Evaluation of
robot-guided minimally invasive implantation of 2 067
pedicle screws[ ] ]. Neurosurg Focus,2017,42(5) :E11.

[16] LIEBER A M, KIRCHNER G J, KERBEL Y E, et al.
Robotic-assisted pedicle screw placement fails to reduce
overall postoperative complications in fusion surgery[]J].
Spine J,2018,19(2) .212-217.

[17] HYUN S J,KIM K J,JAHNG T A,et al. Minimally inva-
sive robotic versus open fluoroscopic-guided spinal instru-
mented fusions: a randomized controlled trial[ J]. Spine
(Phila Pa 1976),2017,42(6) :353-358.

[18] SOLOMIICHUK V,FLEISCHHAMMER J, MOLLIQA]J
G,et al. Robotic versus fluoroscopy-guided pedicle screw
insertion for metastatic spinal disease: a matched-cohort
comparison[ ] ]. Neurosurg Focus,2017,42(5) :E13.

¥ A% B #7.2022-05-06)

[11] =& WA &7 AR TRGTHE 5 EFTEm
SPRCE ALY ). SE AR RS . 2021, 35(6) : 185-187.
(12] VR4, 5 T30 SUE P A0 E kR LT . h B 4L X B W,
2018,34(32) :6-7.
Ok A% 8 #1:2022-04-10)



