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Abstract

Objective: To explore the short-term effects of robot-assisted endoscopic transforaminal lumbar
interbody fusion (Endo-TLIF) assisted by digital navigation and transforaminal lumbar interbody
fusion (TLIF) in the treatment of double-level lumbar interbody fusion. Methods: A retrospective
analysis the Department of Spinal Surgery, from March 2022 to September 2022, 33 patients with
Lumbar interbody fusion who underwent lumbar decompression and fusion surgery were included
in this study, of which 16 patients underwent robot-assisted Endo-TLIF surgery (Endo-TLIF group)
and 17 patients received TLIF surgery (TLIF group). The operation time, the number of intraoper-
ative X-rays, the amount of intraoperative blood loss, the amount of postoperative incision blood
leakage, the postoperative time to get out of bed, the visual analogue scale (VAS) and the Oswestry
dysfunction index (ODI) scores of pain before and after surgery were compared between the two
groups. Results: The operation time and radiation exposure were 255 + 30 min and the number of
radiation exposures were 15.06 + 2.72 times in the Endo-TLIF group, which were significantly
higher than those (175.88 + 36.41 min and 4.59 * 3.79 times) in the TLIF group (t=6.788,t=13.71,
P < 0.01); the intraoperative blood loss was 86.25 + 53.15 ml, the postoperative drainage volume
was 0 ml, and the VAS and ODI scores were (1.69 + 0.60) and (26.13 + 9.78) on the 2nd day after
operation, respectively, which were significantly better than those of the TLIF group (283.35 *
113ml, 371.18 £ 115.4 ml), (2.18 * 0.64) and (33.88 * 9.58) points (t = 6.343,t=10.373, t = 2.265, t
= 2.301, P < 0.01). Conclusion: The Endo-TLIF surgery assisted by digital navigation is effective in
the treatment of double-level lumbar spinal stenosis with lumbar instability compared with tradi-
tional TLIF surgery, navigation-assisted Endo-TLIF surgery can significantly reduce the intraoper-
ative blood loss, shorten the hospital stay, and accelerate the patients’ recovery. But it is more dif-
ficult to operate, more times of fluoroscopy and longer operation time.
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1) DR MEIR) LI HUAE + MEEME AR A0 A0 P AN AR AT AR A 14 B3t 9 A QR AR AR M REAE N 22 i T
ZAENRE, I ARRIEZONER A TIRTS R R [RIEE B AT 35 AR A A SR AR 1] [2], il R
SPRTTRERRR . T IBRRAS s T ERVEBATRE IR TCIA G2/, e WMEIRIZ D N, & S EURH H & B Thhe
SRR, T EL R A TR FEHEAE RS T AR IR T AR IR AR RO (N LT B, TSI A R
KBRS AEE . IR B A I TER IESS H K, 2R EFE M S B UDTHEE I . PR AR
BERZ A BR . MEAARIA] Bl AR (PLIF) AT O RS RO B) SLEAME RS s . MR AR FA MR . BEAZ MRS . HMEMR ] Rl &
AR(TLIF). {H & FART7 T2 R B EAMEMESS LA, R 22 i (i, 320 28 R ,
DRk 2o A A Bt [ R R T IROUL T PR I ACRE ™ BRI AR I PRYA YT RCR (3] [4]. ITLE4EBEE A A
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AR (Endo-TLIF) © 2 N £ 52 R B RS B AR LB 7 ), 5328 S T8 AR AR P 00 BV TT (5] [6]-
BB N MR FLNBAT AR . RN R BEAZIERR . AR A& RIEA BG4 5 77 B 1
FORA LG, T UM B AT N B SR AR AA AR MERTRUE . HE AL D R AN (8] e & 25 HORELN
Y o TE 5 A 5 R 2 SR S R BRI R, FRARC A P R 5 3 114 /S o6 B R BRI AN 1 28 10t B 22 b 3455 7] [8]
SRIMLAHE A FLN B B PRl & FARIIGEAEARFBIIREZL . BB 90T K, FAHE A K45 o 5[ 8],
HEEE TR SHEARKCH A RE, B SAE AR T RE NS N MR R RS F AT B
B R AT AR BB R RE DL S22 4 280, IRORIM e | EMESE T IR Rl S I B B R P R Je

2) BEIGTR FEIRI B 436 1 2022 4F 3 H & 2022 4E 9 H 33 {51 RRASPEEAER K AT XCTT B Endo-TLIF
HVHFUIT T TLIF Va7 88 B Im R Bk}, Gl i ] EER#ER D) Endo-TLIF AR AE AR AR AR B, ks
KIT & Endo-TLIF J697 2 HE P SE MG AR AR o

2. MRMREFHE
2.1. WEXR

1) BT 2022 45 3 H & 2022 4 9 H H AL BRUss (10 DRSS BB A P JIEARE 2 095 A T I A A
A TR il ARETT Y 33 451 # 2, b 16 14T Endo-TLIF (Endo-TLIF #H), 17 #4744 JF i TLIF (TLIF 4H).
Endo-TLIF 4145 ¢ 5 . &bk 11 6, iZ4FE5EE N 60.88 + 10.54 % (30~77 %), 1AEIEX(BMI)
926.00 £ 1.93 kg/m®s AR W58 AV IEAEAE B B A RE B 0 ), JB AR PR REAE A 7 £ 5% HORE & R AN
B 4 151, SR AT VEREAEAE (A I B3 3 9. TLIF 21, Hoh B0k 8 4, Zok 9 19, 4Fl A 63.65 + 6.36 %(50~74
%), PREIRHCN 25.02 + 3.03 kg/m®; ARATE W58 28 VL IEAMEMEE B ARE B3 10 ], B AR I HEHE )
BEOEHUE & AR 5 6, IBATVEBEMERE AT I R 2 . PRALWT O AERS . PERI . BMI ¥ E40it2F
B (t=0.921, P =0.364; * = 0.86, P =0.353; 1= 1.099, P = 0.280).

2) PINFRE: © BFEFEE >45 8, @ RuTHEHERAE AL X 4 K EHER) JI07 X 26k 5 S Ak
NGB > 117803 B NHEARAL >4 mm: G ARFTHG BB IRAE N RSUR AR B [a) st B 470 52
JEHE =4 CT JEHE MRI ~PHAG A $2 7~ 18 A8 P AR AR B B A | JEEMEAE 1] 55 58t BRUBEH , 58 S PR AN HE ] B
@ IERLRSRIT I 3 N BARSIRITRORTER: © BT RCAERANCT BOR A M EME i . HEBR AR
e © BEAA MEME BE T AL, JEX0T BOR AR M A ;. @ A7E ™ B8 1 51 28 JEAE 150 1
IRPEMIES | KA RIS R 25 B e e R S5 52 - ARG Y77 AU Ol ® &9 11 EE & DL iR AR ™
AR I, A7CE ™ B A TRBEAS R Ge . MR SO @ G IR A I RFEERIE R A RN 52
JEME R & FARFN BRI

MR B FAR TR, ¥ 33 FHRAS M EHEZR B 2 AL 17 BB EATH T TLIF FR,
16 il & 1T 87 M T Endo-TLIF FA.

FHBE —RERLE, ZRESATERNEP>0.05), BE 1.

Table 1. Gender age and body mass index were compared between the two groups

1. RABREMNN . FR. FERREER

FRAEAS & Endo-TLIF #(n = 16) TLIF #H(n=17) Gt P18
MRS 2, ) 511 8/9 7 =086 0.353
FH(Y) 60.88 + 10.54 63.65 + 6.36 t=0.921 0.364
4 FE B (kg/m?) 26.00 + 1.93 25.02 +3.03 t=1.099 0.280
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gk
TR 5E(%) 7=173 0.188
= 4(25.0) 8 (47.1)
4 12 (75.0) 9 (52.9)
TR (%) =114 0.286
= 3(18.8) 6 (35.3)
& 13 (81.3) 11 (64.7)
251 UL (%) 7 =030 0.582
P 1(6.3) 2(11.8)
3 15 (93.8) 15 (88.2)
2.2. B

1) FARITE: 33 ) 8 Y i ] 1 [R]— 20 TR BRI AT IEEMEME A Rl & A [ 2 TR

@ Endo-TLIF: BHFEM)E, IREMI FEHETARKLE, 22, G RBEHL X ZOtHUE T #E M
AT BB, TR DI U 25, BT T A, BE S _CORREIm I B R L E SRS TR,
G RUEHAR T AT BEE, REREEJE bR 00 B R BUR 1%0 2 A A S A R 8 A WM O B 7
AR =4EEE, TR, WIRS% TR, e THRHE S BRINTT Mg /5 S8l %, g lIT
FRHELE SHTSEIT FR 5 PR FRIBN 6 Ml SR FLEH], BUBMPISE ] XEBAEMT 11 em VIH, &
FRZEZY 5KETHE U-T TARER, SEAMESRSL &KW U BRI E RIS %R PLUS NELARSE,
THERAE U, RN, SSTTRICTY . Bl L4-5 WBONHI, EARRR L R RATRIAIRR, A L4 FIR
TGk TR I AR L BR B I, e VI BREHEE S ML S A0S W) oy, SRR AR EE . e (RS
B RANERRE AT IR . R U-T TAREE BITATE K DA AR S B 1 DLOR P, B e AR
[A) A CLAR AR [F) T (I 1)7E PLUS ABEF DIBRHEIRIE . o 284, ARERAE IR 2 JE 4t B, FH
E IR E SIE IR 38 R, SRR SRR, B BT B AR e AR o7 B AE 22 2 VG L Ja B A e
PR R S T RATHERI RIS, SRR 2R B R AL R R SR IR TR R & 8%, G TS
ML AU A HE (A 8] i 5 07 BB R PR PLUS GG i BEMERS i BSOS B I BERZ L], IR B
INFPZEAR S RS FE AR st e IS IA B 5K JT, I T T35 SR ) BN 0o 5 ARIRET, 4 B A TS 1)
BRETIES R PR IR R . X G 2 XORHLE MU HE 55 AR AT AAE (A o) it 5 2% A B L 78 20 e )
FEF LLZ R SE & (AL B LA 2).

@ TLIF: SF2RR A MEN TR L, BT8R, G E S E T AR STERCT
Bt JEMEJR I BPARICIZ R VT, AT AR B ST BUBEMEAE S PRI ZY, 5 Jxd N AR5 B A ME AR 1
HERR . R OGRS S AMEAR R BSOS, AR B N AR EATHE S RO I L L, BN 6
MOME S ARIRET, 7E G BB T HfAE SARIRAT A0S . PREEERAE,  DIBRIEE MRS b A MEAR 1 T 561 S50
FOR AR BT RN MIEEE, 258 H AR . MR ARANAT EM AR, I FMERR R B 4T H
IFEMARRIRA . WE, FIBURIEA 2 DR IF  DVNAT A E AR, HI R R 1) o 2R s A OR P T
NP, shfFiese, wfidd:, REHTARRIIVITTA IR DI, AEBAMER] R T H G20 A7 40 B A 4
T AL B R ECR A, ARGE AN R B S A 2 il A A 1 B A RT R AR TR R K i L A R B A
HE, A TSeVIBR A B ARBOR B SRAEAMEIR B RSB S, SRR ACIH B IR A& 28 A B ARHE
IR, G RUEEALME S HRERET LA R Eh & 480 Bl e, FHRIRE S0 RIFTCHt I, M Nk
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B A I L B A SR 2 2R, TR PR S b e AR R St TE 5K 70, 22T (R SRR A (AN I, 377 55 MR
G MBI ESE, VIHSSME 1 %510, bkl DI Z R4S AR EILE 3).

(A) BR8] B) B MmO J]; (C) 8 FMWLJrd; (D) 8 FMuGe); (B)s (F) B8] (G) 18
iR A EEETE, H) THEEE.

Figure 1. Working tube and lumbar space treatment tool

E 1. TEEEMHERLIET R

(A). (B) mmwﬁ@muu X & A5 (C) (D) mu@mwﬁzmu X LB F; (B). (F) Muﬂ%
M MRISEHSMRAL; (G (H) ARTIEAHE CT L4-5. L5-S1 )B4z BE: 1) AFEMEL: ). (K)-
(L) ARAFUE SR, AT EMAEN; (M) 5T S RSB T &5 0HE S ARIRET i & 158
EERE T2, (N) (0) RAHESHNSE TEEEE EMMEMER: (P) AR L4/5 BN E &
BIEEMMLIEG: Q- (R) AR L5/SI1 MR E & 55 5 ZEMIEMLLE Fs (S) (T) R F i
ACFRMEMRI R (U)s (V) R85 BIMERIBR; (W) RGVIOAME; X). (Y) ARG E A EHEEM
7 X B Fro

Figure 2. A 64 years old female patient L4/5, L5/S1 degenerative lumbar spinal stenosis with lumbar instabil-
ity was treated with Endo-TLIF

2. WHEE, 64 %, L4/5, L5/S1 BT MEHEREFEETIRAN I EMFFARM, 1T Endo-TLIF
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J c.' N 3 A B b s
(A)s (B) RFTIEMERRAE EMAF Bl (C) (D) ARETIEMEFRHESN SIS BB (B) (F) RETIEME MRI SPFHERARLL
K% (G)~ (H) REIEHE CT P4 L4-5 mFHALE A 1) (1) ARETEHME CT L5-S1 [EBHALE ; (K) R SARE
NTEN B EBEMAL G (L) R HE S ARBCE B AL S B BHR ;s (M) AR AME 5 ARBRET S5 3@ WA A O 17
Blg: (X)) (Y) RJGE A AR EMALE 5 B

Figure 3. A 62-year-old male, L4/5, L5S1 lumbar spinal stenosis with lumbar instability, underwent TLIF
3. BE, B, 625, L4/5, L5S] EHEEIRE MR, 1T TLIF

2) RJGhbH: WAEZERG 12 /MRS TIPSR, RGE 1 RIFE NG, BE
e R ING, BRYIOSIHRESE < 30 ml RIGT0 5198 52 A EMEARvE IEMALF Fr s 78 JEHE & E 3
BAR R IE B N RES), R [ e S B 4 .

3) MR SR : R HIE. R X LB FARATHN R RG0S5 R E, RiT.
RJG Oswestry HIREFEIFFEEL(ODI). FERRZ TR ISR B R (VAS) T4« ARJE I RAEE L.

3. GitFAE

KA SPSS 20.0 B RGMEEE . PALEE FAREMEA AR, X KBRS RPERME.
AREHOWSIHE. REEE FIREE. VAS 5 ODI #7734 Kolmogorov-Smirnov /5 A I0 A 2 IEZS
P A, KX +s Ran, AL ECEEEE YK BB REAS ¢ 1656, THECEE R 6% % r, Pid B
LR . P<0.05 NERH ST FE L.

4, R
4.1. FARIFR

[N N BB Bk 6 EZaY [ (U TR L <L s N o e [ = L TI  Se  A= ath R= B VL CA R VA=
HARZEIRIER A, RIGLEUID BRI, Bk AR,

Endo-TLIF AR ERME. AEHL WS HEHEE/DF TLIF 41, {H Endo-TLIF 41T AREAE
FrHImIa]. X BB IRBUEEKT TLIF 4, ZREIE 552 (P <0.05), W& 2.

DOI: 10.12677/acm.2024.1461816 607 I PR s 2 it


https://doi.org/10.12677/acm.2024.1461816

RN 45

Table 2. The operation of patients treated with bilevel lumbar transforaminal interbody fusion in two groups (X +s)

2. MEEITRT R B A FLAE B & AR T BERI FARBI(X £5)

k| 11 FAHF [A] (min) SFFAIBEK) A ifiL(ml) AJG 519 (min)
Endo-TLIF #1 16 255+ 30 15.06 +2.72 86.25 + 53.15 0
TLIF %1 17 175.88 + 36.41 4.59+3.79 283.35+ 113 371.18 = 115.4
t1E 6.788 13.71 6.343 10.373
P{E <0.001 <0.001 <0.001 <0.001
42. FRTH

PIZH B E ARATAIN VAS 5 ODI VF4r 2 F¥ TG 3 ARG R AN BB IR 35 B 2 5
AJ5 1 J Endo-TLIF 41 VAS 5 ODI ¥F4r ¥R BAK T TLIF 41, ZRHASH%E LEI P <0.01). W% 3.

Table 3. The two groups underwent double-level transforaminal lumbar interbody fusion to treat the pain and dysfunction
before and after operation (X £s)

3. AT RAHEFNBRBEEEERMAARET BEFAN,. FRBSIERIRIER(XLs)

P VAS PFor ODI V4>
A " "
AH AJE AT NE
Endo-TLIF 20 438 +0.89 1.69 + 0.60 66.38 + 11.71 26.13+9.78
TLIF 4. 441 +1.00 2.18+0.64 65.53 +13.76 33.88 +9.58
t1E 0.111 2.265 0.190 2.301
P1E 0.912 0.031 0.851 0.028

PIAAARBT S ARG E R B %, AR, ARG A D3 AT BOE ] B B2 LA %2 5%
Endo-TLIF ZH JEAE 1AL BOHE R B = 2K T TLIF 41, ZRA G 28 L. Wik 4.

Table 4. Lumbar foramen height and intervertebral disc height before and after surgery in two groups (mm, Xzs)

F 4. MEREFAR. FABHEASESHEESERBN(nm, X+s)

HE R FL v ¥ 458 v 2
2
AHT VNE] AHT ENE
Endo-TLIF %1 31.16 + 0.40 39.60 + 0.68" 19.91+0.72 28.37+0.56"
TLIF 4 31.20 +0.88 37.79 £ 1.05™ 19.22 +0.40 26.35+0.49™
tE 0.034 1.435 0.856 2.723
P{E 0.973 0.161 0.398 0.011
"5 ARHTHAE P < 0.001 .
5. ¥+Hig

1) -GSO o N 2%l s A A ] 5 1 52 TR 5 2 WA 5 7 I R A AR« MEASCRIOUNY 56745 2R 5% 15
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S PEGERE,  AAHMEIRT SO 2= R A 2 AR B 22 v 28 BRUT 5 JEAT MERI B DR % cage BENMEMIBR, FARA]
iR, Rhkiiigz, SHEENERR, EREIES, KRG, BER. 05 DRSS ROE R E
RARE o N R X P ZA L - S BIA FIME S N P22 194248, Harms I Rolinger [9]F 1982
FRR T AMEEFLN B IEMEE T . MEMRIRI RS TR S, R SR Bl 1, a0 R R e L
HYEMG . AEMAWR. BEBSEEN . EPFERACGHERIMIBEN G, AR HRIIVII, RE
BEATHER M LSO . A AR RS . WA BERZ AL 2. W R S 75 FAE: 18] Bt Pk
ITEDEE TG . T ARTT O n] 2B R e SR A b 2 B IR 1A L E RS 360°
JEHE DA T AR BOMEAAR )il & B R TLIF $2R, BN\ B8k N\ 5t m] LA S BRGSO AR o, o 20 2 B
SRR LA, MERR L RIS M EE . 7 4h, TLIF FAR 7 A SEAERIS T A o] 25 BT W1 IR F AR 1
PVREIR, AR o] PEMERE G IR .t 1 AT MR AROR S T 51 RS 1 97 & . TLIF FR 7 2R FH M)
FLNEE, WA R0k G iE e PR R L I AR (9], PR BA X A MR T MERR S b 56T,
ARG AR EYE, IS v AEREHE 5 RURTMERR B PR S50, 38 b R AR SRR AR TRl AR ] . AR
M EEMRBFE: O TLIF r S HTEMEA B G, a7 UG, @ mlsk o i e X k25 &)
B @ AP ORI EME S AESE M, RME R @ B0 BRI SRR, I A AL 1E] B 5 Ak
S D AN (] BR R 2880, ORBE T IEMESS D7 AR G5 M SRR, b T AR AT E AR
AR B A L AT v SR 0 2l A AR A A (A, X ST BN QAT TR S A ) A g A e
SR EEAR/N10]; © Skl BF ARG AT ), FEARIFRRE R AR, MR Rl ] KR
FEfRUR B T . KR © 2Bl AL OEiReig; @ EIM I ihggk. EE: B
AT VR EEME TR 0 EEME AR 0 7 R 52 R M M ME A () 25 2R HE 5 2 P I ME IR AR PR o AR IRORE: | V2 IR B S 41
(LHZURGIE  TEBNVEA R GS 5 h: 4 1 7™ T A S B ™ L RS o

2) ARk, WA 2 R o R TECE AR AR 5 AR R T RNk 6 A X R ¥ K R, 3838 T TLIF (MIS-TLIF)
NIZTMA, Foley Z5[11] [121#E iR TLIF (2EhE E T RO R, 22 RNVLRIBRNEE, 2T
I, AR NEMT BN B R MRS R 2O R Bl A SR AL, g T AESS LA
FIBSE IR, el 22 R BME S MR ET [ e, ol ik — PR IR S L I AR 2 A R
e KPR FE A B F AR &, SeEBEHFARBUS. MIS-TLIF (RS © 7l 54505 T 51E b
IFIA), gDt Jel LA R PR A i 6 00 AORE(13]: @ SEAF M fRIPHESS LI MR BERE ;. ) PR
Jo BE TR . B WUTG /) AR AR BOR AR KA . R O FEAC BTN REMEAMEE P B0 AL
AP RORS . TR 22, ISR ARIRAEAALE RN 3% ). @ EDIRAEFF XU 11 55 B R ANHE 55 LA SR 2 2R
ABERL G C R R, SRRV RS MEAEME 57 UL PSR FE Fze SRR R 5 55
RAE[14]: @ AN T PIFAREAEEAR IO P9 Al FARAEF DR, 818 IR 2 S S8 8 1 230
BLRCHRAN R, FEAT HEMEMEE XIS AT 980 I T AR RLET B 22 BIeAR . @ MEMIBR b ZAab 3 F R 3%
PEE M TIER, MELOES AR B3 gE, 5 R IMEIR] b T 30 2R A FRAN 8 33 AR B3 7 B AR OR B 1 2%
BRIFPROL o SERE: IR PENEMEZ T RSV M SR AR s IR AR PEIEE AL A4 (5] 9 E (Meyerding 43 2
IEEENIT ) & JRIEMEMEARCAN RS IO IEMEME ) 2 5 tHoRE . 2RSE: >2 DMEMET R ITETT B, gt sl e
PEREMES . Meyerding 73 TN 2 K UA b (R FBERERE AR JBORE o B P b SREAE Y PR PR 3 BEAE TR
JE DR A7 R S S A 2R B B ROR P L AR AEMEAR (R SR B R kA . B OFh . B M En A B
FEREEE .

3) WEFRIR F, Endo-TLIF TR B ARH ZU5 5 B I bn B IO 18] ] 3B 48 50, TSGR L Bt .
ARG FE 4, Endo-TLIF ZH T AR I B HE 55 514 202 55 & PE AR &1 br B I (8] B 28 TLIF 4, &T
Endo-TLIF AR AT EMEMEERUE M FARRAEMET /N B R G £ FEAENBREAMALGRE .. BTSN
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HERMAEERFA L. (LETEHFNESGT, ETFREAEMIRRSEERER . TR AT 158
FZA I, DR N8 R SR 7 S i 2 (R & 30 Js A AR bRk R AR AL &
BRILFZIHRTE, FARPAE F I TR Ak B P e 0

4) AT TR E: © EIBHET TR T AP R TT,  BEE BE70 P 2 IR AL T8 g\ B AL
MBI TE: @ ARJ5BFH MBI AR, AT A IV T 28 @ MhIis i P A &
FEOT 2D, G NS0T G2 R0 ot R T 007 B R A A A [ 8 5 HHRE P A e ARy AR A M A g o E AR
ARPEMEE PRATRE B, AR PRI 745 1038 T ZEG I 8 a . il
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