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Abstract

As the global population is aging, the incidence of combined osteoporosis in patients with dege-
DERAER .
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nerative spinal diseases is increasing every year. Lumbar cortical bone trajectory screw place-
ment technique is one of the effective ways to address screw loosening in osteoporotic patients,
and cortical bone trajectory screws have better biomechanical properties than conventional pe-
dicle screws. However, the lack of a clear anatomical apex point increases the difficulty of lumbar
cortical bone trajectory screwing due to the inward bias of the cortical bone trajectory screwing
point and the greater adduction and cephalic tilt in the screwing direction. In recent years, the ap-
plication of 3D printing technology and orthopaedic robot-assisted screw placement technology
has been used to improve the accuracy of screw placement in cortical bone trajectories in osteo-
porosis patients, and it plays an important role in increasing the number of cortical bone contact
layers and reducing the rate of small articular synovial joint invasion. This study reviews the na-
tional and international literature on two assisted nailing techniques for lumbar cortical bone
trajectory placement and at the same time new insights and reflections on both technologies.
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1. 518

B A BR N D2 A0, FATRAT PR B8 2 G B OB AA RE P R 03 2RI A 1 i [ 1] TRl 50 % DA
FE R B EIE 19.2%, H R B ABECIE 9000 J1 A [2]. T BT ARVA T EMEBR A& B BT RAE 1)
BEAEAWIGE N3] e S ARRET S B N B E BRSOV B R B A EETF AT, HERHTEIF
B IREAN BF B NRMEA L, BTG RERD), R IR, BAL5E[4] [5] [6]. HULEANAMEH K
PR IR ETHO R D TERRAT HO AN BT BAT 18 [ A AT 1 2 2538, Bl mT i sk geT, A R E SR A R ER
WRET F B 7K e s Ak 2% O M FUAME 5 ARARET 25 [7] [8] [9] [10] [11]. FRTHIRA FRIERE K A 1 E BT ik i v,
M LIS S o DA IRV S A B B /K R BAEAE — 58 I 22 A AR, 9 i /K Ve A 22 85, v 0 56 7™ B I 40
KA iR ZE IR BI[11]

2009 4 Santoni 3% #7252 5 B #LiZ8 (Cortical bone trajectory, CBT)$ A, S54&4HE = HRIB4T 4T 18 AH b
SO SOE BN T, ETESE RS BT, BRSO HERCE O R MES AR EE . AE S AR AL
B S AR A& PR i (B ), LT TEAE SR TH /R VR A6 ME 5 AR T kM0l 25~30°, il & o 4h e 107, 3600
30% %[y /1, WEETHL A 1.7 £5[12] [13]. [FIFE Ueno 5 Matsukawa 5 A iESE CBT B84 ik . 18414l
NFHASE (8] 58 58 FE A5 AR ) 0 2 1M B U TR L AR Gedfe = MRBRAT S0 H AT L34 [14] [15]. N5 T bS5 AL
— I3 124 15 FEEAE B £ AT T AR 9 H R I R S LR AT [ AR B I TR A P A e R
AL G 5 AR N ] 5 SE AR I R [16] o FRIEMS S5 ANAE — DA 7 2500 78 i 15 H B i 00E B AT HRTE
FEMERIAS A A B E ETTE S5, (B Tk s IRV AG 4% GoME 5 ARBRET [ e g 25.6%. BRitbz 4
A LI PRI FE 25 SRR B, 6 BRUBAT VB 132 5 R EAME R A AR R 58, S5 LT RAE 2 CBT 84T
(R E PR« ThAREANER BT /AL, H FF JORE SEAR[17] [18]. IR Py Ab 2 A A M 2 o1 3 B 4T
ARAEH SR B B3 e JEMERIE T AR B 7E 13 £ [19] [20] .

RIMEGHET AR CBT BATH A ME I REAE BAT L, BT i B msbe Ea8, ETFEINH
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BERT SOMRERE T FIME LR [21], E 1T BB B B = Kl BOMERf O CBT MRET (1 AR 1 3 58 [22]
[23]. 534h CBT BAT AR IR, i T HBEEE s MBE BT fy O T MEM A S HEME SRR 22, AN IERf
Mo B NIRET BN BT mUAS . BEAMER, SROHEMR W] B iahee . s RO M (] £ IR 42 [24] [25]. BRIt
ZANHT CBT SRET B AT D) 1 2 5 B LB B A% StfE S ARIBAT BAT BOR B, Tadihn il BoRF B 2 57
UKL, FETEN CBT WRET 27 2] ih 28 LUME SARIRAT B, 0 TR A SRR L Aok Bkt [26] [27]. A
PEIX A CBT BATHARNI I K52 2 1 — FEE L AT BR 1 o

AT 3D ITENHAR K ALA N T B AMREF AR B BRI 7Z, iR A AR T AR s 1 2 4 1k
Sttt TR TTVA28]. WIABIEE A T AR R AR BESL AT, R EEE S BATRUL, T RIURAEAT “RETHL
N EFFRBORUE MR IRTT, B AR T AR, e T AR HENE[29]. PRt T EAHBL T B ot B Bl
BT BRI IR FARBARN A RANTE, SCH R s 85 YR AP AR AGE
FLHEAN BRIV RE . AT FUIE L [0 051 [ Py SN SBIE TEXS PR BOR BEAT 4558

2. 3D TED SR BN TR R B3R B 5T

H A TR EF BET U R i I E T30, SR TR B T . B3t A4
PR K R J U0 BT ER T DA E AT MR RR R, fETF EAT 5 O BRI A IR R RE. M7 3D
FTENHARTE B B2 B, 3D FTENH AR WAL RRAE “PRod B4 AR 7 FE 2 DURHGT B35 CT 3%
B, @R SRR, RATAIE I ML FTED 3D REIEAY, RIHETREME. MR T
ARI7E. A58 3D T ENFRFIAS RS SRS e (I W 5 4540, 32 F AR, b AR il J 3 A 3307 -
IAEsRIEIE 3D FTENHIARRI KR, FHih & TR AME S, TR S BET, b i
ERE M 31].

FCREE[32)ET 4 HbRASLI W FT 3D ‘SR T CBT IRET EETRSUERE, A brA R IRE] i E
P51 HH T R A M 2 0 MR T T A B0 R 3 AT B A, LB ATREHEZRy 97.5%, 1EHH T 3D 4T B S AU
AT CARE— AP 3R i 7 B R R O ME R R e A . B S 12 R ORI 3D FTENSAR, K AR
AMINZ « MERRUR I AE AR5 b 25 10 SR B CEAE SR b0 390 3D AR5 B MR T WG A IR T AR
A SR EI R R IEAR R RS, BE—B RN IGIE T 3D SARGHEh N R BB S BT R R, A U
ffi1:[33]. Salvatore Petrone & A\TE— T 238 il AT A B2 o3 B L2847 il & AR LA AL B, 38 P8
F AR 124 min F1 142 min; B £ RS #ERE 5 314 93.9%F1 90.5%, 3D SR 4 Bh T~ B AT AN R AT =4k
CT AR5 F- A 18] A0 B TR o P55 S A 34 [34] . A TRASAE 3D 4T B K SR BA S B A iz 2 B 30
WRET B ONTRTT R B B A RE AR AT VAR B AR 14 T SO T AL R R, 3D SRR BN S AR R S B
ETHEM I TRETFEETA, H 3D SHAHE R U Pukigs] BET S AR SHUAAEA P HERH, R
Hp I B AR S T RAE T BAT — e AR 3 [35] . MR E 45 A [36][FIFEAE— 101 3D S 4l Bh i o i i 78 ik
1T CBT WRAET MEME J5 2% il & P4 [ 8 AW 7 p R REAS HE 2R A 46 i . BRItk 2 41 Kun He %8 A FE—T4RTT BB
1T YR (ASD) B E F R >R 3D SAREHBL FIIBIEF A, 3HRA 3D S4B CBT W4T #E4T ASD
MEFAR, BAFARNELE. U/~ Bl RS N R 4518[37]. Perna 25 il it
AL 3D ST CBT SRAT (1P 1 B AR R mT L2 A 39 0, ARAE DLAE A 0% CBT AR ) 54 )
TEARE, X S pRT DU [ 58 L% G A S5 ARMRAT Y IN[38] . 2B I\ BE i BZEMRAT 7E 3D SAR Gl B
BT Rl e AR HE A KR RT a B I AE Y 1R . N T B BB A B R A S i A [
SEMISREE, B AP T TEME 5 AR A [F i B NAL Gl 5 AR BT R0 Rz T B PR MR ET 1 777 [39] - (HER T F R
MEFE ARG RN D, 127 2 VR UERR T ANTE 2 . Zhao % AW AL R 3D T EN XU MR4T B
ANFARG S0 LT RAEEAAR FE AL, (/4 3D SHGHIZ—fhea. 7. dERRgsT &
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N7 i[40].
3. Y AET CBT 424T 24T

AR, BEE RS S HAA RS R, FHMAFEAR M ZEDGE, OB EENEREA. B
BHOR. EIREGHA . RN SIER . B I S AR PR NG 2 PR . 8RB
TRl Ok HLEE BB F AR P48 F AR R, (53 FAREIEHE, FR RS HMRAR RS
He RN B AORE , X SERORTEIG RN AR 22 R, LB RS TR TT & A i [41]. #t
LA NAEPEHEFAR S, H 2004 4F 2D B FHUHAK SpineAssist L4 AH T HHF A, F3H| 2011
4 2D EMEH: 3D EHUEFTHUR T 2% Renaissance HlLa% A5l BB ET RS LLi5) v 94.5%, (HiZAL#s A\ Joikidt
AT AR SR HEVE, FAREFEBAEDL, 2016 4F Zimmer Biomet /A & ) ROSA Spine #1233 Nif i FDA AIE,
AL A N AT TEA A S PR IR BB A T 1 [ AR AT R R R RN A () 7, T3 B T PRI S B
FRr B A [42]. Louis Chenin &5 NS FHAZ AL AR AN B N 22 4 M A 7 18 A8 M AR (] 235 508 (1 i & R [43]
MECE AL N BN R ZARIVE R FARNLEEA . B SMLHE Globus Medical 2 =] (1) ExcelsiusGPS #L#s A«
Medtech /A ] ft) ROSASpine Hl#% A F1 Mazor /A 7] ) Renaissance H1#% A [44].

PLES NGHENAE S RIBAT AN O R T REIRKRER:, A SCRRARE LA A4 BhAE 5 AR IR ET 18 N 7EAH
Genzbein-Robbins 7> 2% R 45 (I HETI R AE 97%~99% [45]. [H P 228 k454 A fs R ILE RIFL2S A AL
Genzbein-Robbins 73 % R G vl CBT IRETHEAMER Ay 93%, Kk [ AHELAET CBT IRET W E, HLas
NGB BAT HA R =, FARBAEUD, RA@E IR B> SR 2L, IR IT A 5 0B (AR AR
PRI 22 4k BT [46]. R T CBT MR4THAL G e 5 MR IR AT B 47k P, Ding 28 A [25]32 ) 1 4t
Xf CBT WRET M1 73 P 1) T7 58 o RIS ROTVE KA 56 NAEAE FH RYLE RIS N8 CBT B24THE
NEREERERTREFH, XTRXTRUREREZMTHETH. BT /ARTRILE G IR A A
B IR RREZ —, ITAERZ BRI (1 5eVE[47], B RAFRULSH T RENEL, #mS
FIOHE [A) B ) AR EE SRy I A, g — B R AR T B AR R AR . AR T BT T RE 2 S BOCT RO At
(545, TR A I A J5 430 15 BB ZE (Adjacent Segment Disease, ASD)#) & 42 % [48]. [AFE Le XF 2 A1E
BB PO ET RN I R B ST SOOI 1) R AR ZR AR fE I (R 28 20 v 43 R LR NS B I vk T LAk
D IAT R R AU (facet joint violation, FIV)Z & 4E[49]. BRItz 4h Rho K %8 A [50]4R1E T HL# A 51 51
WU o B IR TT ASD, e 7R EVIE R R, BRAG 7RG WLAIRZ I, I AT Be 4 40 AT B
). Wang C &8 N [SL]#RIE 1 % 3 a1 P AE 1] £t 48 S50HE [B] 35 AR M ZE i ok I 5 R 2R -G Ak 1) R 3R AT N B2 B i
SRS HLZE NGB T CBT W4T S5ALGikE 5 ARIBET RN AT X2 N [ 52, F8 B FE N B4t S L A
5 BB R W] g T AT A T 8 9% R R B 1) 5 B RE SR B AR T T . AR AR N [B2] R WIS NH B R
CBT BRET P[] & A VA T7 AR AR AT PR T i CRURAET 15 52 IR 2 1A) 78 - 4 o B A = A48 50 0 18 0 G2 R
() DA Kt I ks> o 2023 AR SR AR MG A [S3]7EXT T4 47 B 5 R IEAE Rl A A b, RIS ML N B
NI B R R AT BN R LU AL A A B ME S ARMRET [ i B A ORI R . UK L AR H
ARG 51 DL AR 5P BE H 77 T35 2 B3

4. BESRE

3D ITENFARAE CBT WRET 4l B B AT S SRS HE 22 A, BRI Shiew] DU 3D T BN T AL AR
SE MR LA, “BLEGH)” HND), BA A NP MAIR T 55 7). 3D 4T EME A IIWID 45 802
AR, RIS SE, A RRE, Fln 3D ITENFHEOSHLES . MORHEORE S, A
AR R B R R &, MAAL R SBORBERILE A, T T 22 FAR. RS TRIT RN
WIETF I N A, Vet S HER S G i O ,  EEEAEMEAR S A0 TR SRR A8 0 A )
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A S B B e 8, It BR 1) T S AR A AT MERR DI BR B i 3D AR GHBY CBT B4T B 4T. £k 3D
FTENEEARAEF AL SME R B RS AT 2 — B s, (R FEAMRHNAR T BE . FARMEK. oS T
1 3D T EPRE A\ A5 A0 H 2 2R R B — e IS RANME, X5 T 3D 4T ENEIH 4 S AT A sz 3
IT 850 — 20 B FL A B

PLES NAH BN PSRRI B 2 RS, BAdEe s, RENERE D TR/,
AR A SEA AL AR T LA AN SAREOR, TR 9% FH 5 5 55 DR 38 0 R AE 1) PR g i 41 ), T4
2 NHBE SRR BAF RS T A 22 A, (EASFEIRIRIE — D3 B AL .

L LFTR, AR 3D ARG B B U B AT HARE R A AMEILAS NAE) R CBT IR4THR, ¥
AR SR AR HE R BN E AR R B DR H  BRIbZ Ab, RRBEE B AR FRE R B
KGRI, N TR (artificial intelligence, ANF ARG P FHE T ARIEMLTE 2 1)k #5, HT Al AR F4
B SR T — 0 N & R HFAR RS M.

SE K

[1] Wolfert, AJ., Rompala, A., Beyer, G.A,, et al. (2022) The Impact of Osteoporosis on Adverse Outcomes after Short
Fusion for Degenerative Lumbar Disease. Journal of the American Academy of Orthopaedic Surgeons, 30, 573-579.
https://doi.ora/10.5435/JAAQS-D-21-01258

[2] ZEFFE, RFIE. R BB FARE 29T 8 R (2022 hR)) fgisefd]. [FSF R 2222k (BE 22 hi), 2023, 44(6): 777-784.

[3] Forsth, P., et al. (2016) A Randomized, Controlled Trial of Fusion Surgery for Lumbar Spinal Stenosis. New England
Journal of Medicine, 374, 1413-1423. https://doi.org/10.1056/NEJM0a1513721

[4] Rickert, M., Rauschmann, M., Fleege, C., Behrbalk, E. and Harms, J. (2015) Interbody Fusion Procedures. Develop-
ment from a Historical Perspective. Orthopade, 44, 104-113. https://doi.org/10.1007/s00132-015-3076-1

[5] Jacob, K.C., Patel, M.R., Ribot, M.A., et al. (2022) Single-Level TLIF versus LLIF at L4-5: A Comparison of Pa-
tient-Reported Outcomes and Recovery Ratios. Journal of the American Academy of Orthopaedic Surgeons, 30,
E495-E505. https://doi.org/10.5435/JAA0S-D-21-00772

[6] Hsu, W.L., Lin, Y.H., Chuang, H.Y., et al. (2020) Cortical Bone Trajectory Instrumentation with Vertebroplasty for
Osteoporotic Thoracolumbar Compression Fracture. Medicina (Kaunas), 56, Article No. 82.
https://doi.org/10.3390/medicina56020082

[71 Chen, Y.L., Chen, W.C., Chou, C.W., et al. (2014) Biomechanical Study of Expandable Pedicle Screw Fixation in Se-
vere Osteoporotic Bone Comparing with Conventional and Cement-Augmented Pedicle Screws. Medical Engineering
& Physics, 36, 1416-1420. https://doi.org/10.1016/j.medengphy.2014.05.003

[8] Wang, W.T., Guo, C.H., Duan, K., Ma, M.J.,, Jiang, Y., Liu, T.J., Liu, JJ. and Hao, D.J. (2019) Dual Pitch Tita-
nium-Coated Pedicle Screws Improve Initial and Early Fixation in a Polyetheretherketone Rod Semi-Rigid Fixation
System in Sheep. Chinese Medical Journal (England), 132, 2594-2600.
https://doi.org/10.1097/CM9.0000000000000335

[0 X2, ERE, BFE, % KBLETREWBZREE KA S GRZEE8 G WRET ). Wb ER R ZER,
2017, 38(5): 575-578.

[10] Ohe, M., Moridaira, H., Inami, S., et al. (2018) Pedicle Screws with a Thin Hydroxyapatite Coating for Improving Fix-

ation at the Bone-Implant Interface in the Osteoporotic Spine: Experimental Study in a Porcine Model. Journal of
Neurosurgery: Spine, 28, 679-687. https://doi.org/10.3171/2017.10.SPINE17702

[11] FRfefg, BREEc, #Amar, 5. B KUE SRk a5 O FLAE 5 ARBRET P [ A J5-E K Ttk 2 1 HIHGEI]. FEE
K4 &, 2022, 32(8): 765-768.

[12] Santoni, B.G., Hynes, R.A., Mcgilvray, K.C., et al. (2009) Cortical Bone Trajectory for Lumbar Pedicle Screws. The
Spine Journal, 9, 366-373. https://doi.org/10.1016/j.spinee.2008.07.008

[13] Matsukawa, K., Yato, Y., Hynes, R.A., et al. (2017) Cortical Bone Trajectory for Thoracic Pedicle Screws: A Technic-
al Note. Clinical Spine Surgery, 30, E497-E504. https://doi.org/10.1097/BSD.0000000000000130

[14] Ueno, M., Sakai, R., Tannka, K., et al. (2015) Should We Use Cortical Bone Screws for Cortical Bone Trajectory?
Journal of Neurosurgery: Spine, 22, 1-6. https://doi.org/10.3171/2014.9.SPINE1484

[15] Matsukawa, K., Yato, Y., Imabayashi, H., et al. (2015) Biomechanical Evaluation of the Fixation Strength of Lumbar
Pedicle Screws Using Cortical Bone Trajectory: A Finite Element Study. Journal of Neurosurgery: Spine, 23, 471-478.

DOI: 10.12677/acm.2024.143850 1353 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.143850
https://doi.org/10.5435/JAAOS-D-21-01258
https://doi.org/10.1056/NEJMoa1513721
https://doi.org/10.1007/s00132-015-3076-1
https://doi.org/10.5435/JAAOS-D-21-00772
https://doi.org/10.3390/medicina56020082
https://doi.org/10.1016/j.medengphy.2014.05.003
https://doi.org/10.1097/CM9.0000000000000335
https://doi.org/10.3171/2017.10.SPINE17702
https://doi.org/10.1016/j.spinee.2008.07.008
https://doi.org/10.1097/BSD.0000000000000130
https://doi.org/10.3171/2014.9.SPINE1484

BT N AITEAR « KKAR 4%

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

https://doi.org/10.3171/2015.1.SPINE141103

TH, HEm, AR, SRR S AEET [ 5 E A RGN EMEE AT R AR R R A SR ). R EE
HABEZ &, 2022, 32(12): 1058-1066.

Phan, K., Hogan, J., Maharaj, M. and Mobbs, R.J. (2015) Cortical Bone Trajectory for Lumbar Pedicle Screw Place-
ment: A Review of Published Reports. Orthopaedic Surgery, 7, 213-221. https://doi.org/10.1111/0s.12185

Keorochana, G., Pairuchvej, S., Trathitephun, W., Arirachakaran, A., Predeeprompan, P. and Kongtharvonskul, J.
(2017) Comparative Outcomes of Cortical Screw Trajectory Fixation and Pedicle Screw Fixation in Lumbar Spinal
Fusion: Systematic Review and Meta-Analysis. World Neurosurgery, 102, 340-349.
https://doi.org/10.1016/j.wneu.2017.03.010

Liu, L., Zhang, S., Liu, G., Yang, B. and Wu, X. (2019) Early Clinical Outcome of Lumbar Spinal Fixation with Cor-
tical Bone Trajectory Pedicle Screws in Patients with Osteoporosis with Degenerative Disease. Orthopedics, 42,
E465-E471. https://doi.org/10.3928/01477447-20190604-01

rede, WK, PR, S BOBTE PULHE S ARETEREME B ST R IE AR R AI]. TP EBRANRERE, 2022, 30(6):
570-573.

BT, Jeds, TR, SAUH B SRR B PR U RET B AT L B [I]. MG ALk &, 2022, 24(3): 227-232.

Matsukawa, K., Yato, Y., Nemoto, O., et al. (2013) Morphometric Mea_X0002_Surement of Cortical Bone Trajectory
for Lumbar Pedicle Screw Insertion Using Computed Tomography. Journal of Spinal Disorders and Techniques, 26,
E248-253. https://doi.org/10.1097/BSD.0b013e318288ac39

Iwatsuki, K., Yoshimine, T., Ohnishi, Y., et al. (2014) Isthmus-Guided Cortical Bone Trajectory for Pedicle Screw In-
sertion. Orthopaedic Surgery, 6, 244-248. https://doi.org/10.1111/0s.12122

Dayani, F., Chen, Y.R., Johnson, E., et al. (2019) Minimally Invasive Lumbar Pedicle Screw Fixation Using Cortical
Bone Trajectoryscrew Accuracy, Complications, and Learning Curve in 100 Screw Placements. Journal of Clinical
Neuroscience, 61, 106-111. https://doi.org/10.1016/j.jocn.2018.10.131

Ding, H., Han, B., Hai, Y., et al. (2021) The Feasibility of Assessing the Cortical Bone Trajectory Screw Placement
Accuracy Using a Tra_X0002_Ditional Pedicle Screw Fnsertion Evaluation System. Clinical Spine Surgery, 34,
E112-E120. https://doi.org/10.1097/BSD.0000000000001059

Mizuno, M., Kuraishi, K., Umeda, Y., et al. (2014) Midline Lumbar Fusion with Cortical Bone Trajectory Screw.
Neurologia Medico-Chirurgica (Tokyo), 54, 716-721. https://doi.org/10.2176/nmc.st.2013-0395

Li, Y., Chen, L., Liu, Y., et al. (2022) Accuracy and Safety of Robot-Assisted Cortical Bone Trajectory Screw Place-
ment: A Comparison of Robot-Assisted Technique with Fluoroscopy-Assisted Approach. BMC Musculoskeletal Dis-
orders, 23, Article No. 328. https://doi.org/10.1186/s12891-022-05206-y

Kaito, T., Matsukawa, K., Abe, Y., Fiechter, M., Zhu, X. and Fantigrossi, A. (2018) Cortical Pedicle Screw Placement
in Lumbar Spinal Surgery with a Patient-Matched Targeting Guide: A Cadaveric Study. Journal of Orthopaedic
Science, 23, 865-869. https://doi.org/10.1016/j.j0s.2018.06.005

Zhao, Z., Liu, Z., Hu, Z., Tseng, C., Li, J., Pan, W., Qiu, Y. and Zhu, Z. (2018) Improved Accuracy of Screw Implan-
tation Could Decrease the Incidence of Post-Operative Hydrothorax? O-Arm Navigation vs. Free-Hand in Thoracic
Spinal Deformity Correction Surgery. International Orthopaedics, 42, 2141-2146.
https://doi.org/10.1007/s00264-018-3889-8

Wang, Y., Shi, S., Zheng, Q., Jin, Y. and Dai, Y. (2021) Application of 3-Dimensional Printing Technology Combined
with Guide Plates for Thoracic Spinal Tuberculosis. Medicine (Baltimore), 100, E24636.
https://doi.org/10.1097/MD.0000000000024636

Senkoylu, A., Daldal, I. and Cetinkaya, M. (2020) 3D Printing and Spine Surgery. Journal of Orthopaedic Surgery
(Hong Kong), 28, 1-7. https://doi.org/10.1177/2309499020927081

Shi, W., Aierken, G., Wang, S., et al. (2021) Application Study of Three-Dimensional Printed Navigation Template
between Traditional and Novel Cortical Bone Trajectory on Osteoporosis Lumbar Spine. Journal of Clinical Neuros-
cience, 85, 41-48. https://doi.org/10.1016/j.jocn.2020.11.038

Shi, W., Aini, M., Dang, L., et al. (2022) Feasibility and Improvement of a Three-Dimensional Printed Navigation
Template for Modified Cortical Bone Trajectory Screw Placement in the Lumbar Spine. Frontiers in Surgery, 9, Ar-
ticle 1D: 1028276. https://doi.org/10.3389/fsurg.2022.1028276

Petrone, S., Marengo, N., Ajello, M., et al. (2020) Cortical Bone Trajectory Technique’s Outcomes and Procedures for
Posterior Lumbar Fusion: A Retrospective Study. Journal of Clinical Neuroscience, 76, 25-30.
https://doi.org/10.1016/j.jocn.2020.04.070

AR, kKT, BinEE, . 3D ITE1 RS AU AN Bh M R T B BT AR BN v i 1 2T R[],
SLAUT 5, 2019, 23(12): 1864-1869.

DOI: 10.12677/acm.2024.143850 1354 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.143850
https://doi.org/10.3171/2015.1.SPINE141103
https://doi.org/10.1111/os.12185
https://doi.org/10.1016/j.wneu.2017.03.010
https://doi.org/10.3928/01477447-20190604-01
https://doi.org/10.1097/BSD.0b013e318288ac39
https://doi.org/10.1111/os.12122
https://doi.org/10.1016/j.jocn.2018.10.131
https://doi.org/10.1097/BSD.0000000000001059
https://doi.org/10.2176/nmc.st.2013-0395
https://doi.org/10.1186/s12891-022-05206-y
https://doi.org/10.1016/j.jos.2018.06.005
https://doi.org/10.1007/s00264-018-3889-8
https://doi.org/10.1097/MD.0000000000024636
https://doi.org/10.1177/2309499020927081
https://doi.org/10.1016/j.jocn.2020.11.038
https://doi.org/10.3389/fsurg.2022.1028276
https://doi.org/10.1016/j.jocn.2020.04.070

BT N AITEA « KKAR 4%

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

MREE, BRZR%:, Brordy, 4. 3D 97T W BRR 7E & B B As At J5 it b S R I RL A ). S B Rk &, 2023
29(12): 1057-1061.

He, K., Dong, C., Wei, H,, et al. (2021) A Minimally Invasive Technique Using Cortical Bone Trajectory Screws As-
sisted by 3D-Printed Navigation Templates in Lumbar Adjacent Segment Degeneration. Clinical Interventions in Ag-
ing, 16, 1403-1413. https://doi.org/10.2147/CIA.S318525

Di Perna, G., Marengo, N., Matsukawa, K., et al. (2023) Three-Dimensional Patient-Matched Template Guides Are
Able to Increase Mean Diameter and Length and to Improve Accuracy of Cortical Bone Trajectory Screws: A 5-Year
International Experience. World Neurosurgery, 170, E542-E549. https://doi.org/10.1016/j.wneu.2022.11.066

Ueno, M., Imura, T., Inoue, G., et al. (2013) Posterior Corrective Fusion Using a Double-Trajectory Technique (Cor-
tical Bone Trajectory Combined with Traditional Trajectory) for Degenerative Lumbar Scoliosis with Osteoporosis:
Technical Note. Journal of Neurosurgery: Spine, 19, 600-607. https://doi.org/10.3171/2013.7.SPINE13191

Zhao, Y., Liang, J., Luo, H., et al. (2021) Double-Trajectory Lumbar Screw Placement Guided by a Set of 3D-Printed
Surgical Guide Templates: A Cadaver Study. BMC Musculoskeletal Disorders, 22, Article No. 296.
https://doi.org/10.1186/s12891-021-04149-0

Verhey, J.T., Haglin, J.M., Verhey, E.M., et al. (2020) Virtual, Augmented, and Mixed Reality Applications in Ortho-
pedic Surgery. The International Journal of Medical Robotics and Computer Assisted Surgery, 16, E2067.
https://doi.org/10.1002/rcs.2067

Fam, Nk, BPBF. BRTFAVS AT R R R R EN]. BT BAR%, 2023, 44(6): 101-110.
https://doi.org/10.19745/J.1003-8868.2023126

Chenin, L., Peltier, J. and Lefranc, M. (2016) Minimally Invasive Transforaminal Lumbar Interbody Fusion with the
ROSA(TM) Spine Robot and Intraoperative Flat-Panel CT Guidance. Acta Neurochirurgica (Wien), 158, 1125-1128.
https://doi.org/10.1007/s00701-016-2799-z

JiETF, RTFE, 845, %, Renaissance B HEHLEF NFHBNFAR KRG TR P N AN e E R E
2017, 19(4): 299-303.

Kim, H.J., Jung, W.1., Chang, B.S., et al. (2017) A Prospective, Randomized, Controlled Trial of Robot-Assisted vs
Freehand Pedicle Screw Fixation in Spine Surgery. The International Journal of Medical Robotics and Computer As-
sisted Surgery, 13, e1779. https://doi.org/10.1002/rcs.1779

WA, HAEL, A, S B RIS NGB R B U R AT P ] E Ve T REAMERAT MR 0], T E AR AR
2022, 26(15): 2356-2360.

Aedit, XTI, B, S RRITF AP ARG X B T T U AT BT T R
PEIEHEZE R I I R XS LU FE[I]. 1 #R R R K 225240, 2023, 44(5): 836-844

Mori, K., Yayama, T., Nishizawa, K., et al. (2020) Incidence of Cranial Adjacent Segment Disease after Posterior
Lumbar Interbody Fusion Using the Cortical Bone Trajectory Technique for the Treatment of Single-Level Degenera-
tive Lumbar Spondylolisthesis, More than a 2-Year Follow-Up. Spine Surgery and Related Research, 5, 98-103.
https://doi.org/10.22603/ssrr.2020-0103

Le, X.F., Shi, Z., Wang, Q.L., Xu, Y.F., Zhao, J.W. and Tian, W. (2020) Rate and Risk Factors of Superior Facet Joint
Violation during Cortical Bone Trajectory Screw Placement: A Comparison of Robot-Assisted Approach with a Con-
ventional Technique. Orthopaedic Surgery, 12, 133-140. https://doi.org/10.1111/0s.12598

Rho, K., O’Connor, T.E., Lucas, J.M., Pollina, J. and Mullin, J. (2021) Minimally Invasive Robot-Guided Dual Cortic-
al Bone Trajectory for Adjacent Segment Disease. Cureus, 13, E16822. https://doi.org/10.7759/cureus.16822

Wang, C., Zhang, L., Zhang, H., Xu, D. and Ma, X. (2022) Sequential Endoscopic and Robot-Assisted Surgical Solu-
tions for a Rare Fungal Spondylodiscitis, Secondary Lumbar Spinal Stenosis, and Subsequent Discal Pseudocyst
Causing Acute Cauda Equina Syndrome: A Case Report. BMC Surgery, 22, Article No. 34.
https://doi.org/10.1186/s12893-022-01493-3

B, ek, Tk, S WLES BN R 5 HUR R AT Py 1 R e T AR R AT P R A LT R 2R 2 ST
o). T EFEHERERE, 2022, 32(4): 305-312.

RAKMS, PROTHRE, DRI, S MRS B BORR Al A AR o R R LA NG B R B SR MR T S S AR R AT [
B RIT B[], A AL &, 2023, 33(12): 1098-1106.

DOI: 10.12677/acm.2024.143850 1355 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.143850
https://doi.org/10.2147/CIA.S318525
https://doi.org/10.1016/j.wneu.2022.11.066
https://doi.org/10.3171/2013.7.SPINE13191
https://doi.org/10.1186/s12891-021-04149-0
https://doi.org/10.1002/rcs.2067
https://doi.org/10.19745/J.1003-8868.2023126
https://doi.org/10.1007/s00701-016-2799-z
https://doi.org/10.1002/rcs.1779
https://doi.org/10.22603/ssrr.2020-0103
https://doi.org/10.1111/os.12598
https://doi.org/10.7759/cureus.16822
https://doi.org/10.1186/s12893-022-01493-3

	3D导板与机器人辅助腰椎皮质骨轨迹置钉技术研究进展
	摘  要
	关键词
	Advances in 3D Guide Plate and Robot-Assisted Lumbar Cortical Bone Trajectory Screw Placement Technique
	Abstract
	Keywords
	1. 引言
	2. 3D打印导板辅助下皮质骨轨迹螺钉置钉
	3. 机器人辅助下CBT螺钉置钉
	4. 总结与展望
	参考文献

