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Abstract

BACKGROUND: Because of its excellent biomechanical advantages, pedicle screw of subaxial cervical spine is widely used in various cervical spine diseases
caused by trauma, tumors and deformities. How to improve the accuracy of nail placement and reduce postoperative complications has been hotspots in the
research of the placement technology of the pedicle screw of subaxial cervical spine.

OBJECTIVE: To review relevant domestic and foreign articles, to review the related anatomical characteristics of the placement technology of the pedicle screw
of subaxial cervical spine, the biomechanical characteristics of pedicle screw of subaxial cervical spine and the research on the screw placement technology in
and outside China, and to analyze the advantages and disadvantages of each placement technology.

METHODS: Relevant articles in PubMed, Web of Science, CNKI, Wanfang and other databases were searched using “cervical, pedicle” in English, and “cervical
vertebrae, pedicle” in Chinese as search terms. Related Chinese articles published from January 2015 to December 2020 and related English articles published
in the past 5 years were searched. Finally, 52 articles were included, including 22 Chinese articles and 30 English articles.
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RESULTS AND CONCLUSION: (1) Regarding the thickness and strength of the cortex, the inner wall of the pedicle was higher than that of the outer wall. The
abduction angle of the pedicle gradually decreased from C,—C,. The shape of the pedicle was similar to an ellipsoid. The distance between the upper edge

of the pedicle and the upper nerve root gradually increased from C,-C,, and the distance between the lower edge of the pedicle and the inferior nerve root
gradually decreased from C,—C,. The anterior lateral wall of the pedicle was close to the vertebral artery; and the anterior medial wall of the pedicle was close
to the epidural sinus. (2) The penetrating force of the inner wall of the pedicle was greater than the other three side walls. In terms of direct extraction force,
pedicle screws were superior to intervertebral foraminal screws and lateral mass screws. In terms of fatigue extraction force, pedicle screws and intervertebral
foraminal screws were better than lateral mass screws. (3) At present, screw placement in posterior route pedicle on subaxial cervical spine mainly included
freehand screw placement, computer-assisted screw placement, 3D printing guide-assisted screw placement, and surgical robot-assisted screw placement.
However, various screw placement techniques have certain drawbacks. In the future, freehand screw placement technology will still be the mainstream of the
subaxial cervical pedicle placement technology. With the improvement of technical level and the support of artificial auxiliary equipment, artificial intelligence

assisted screw placement technology will become the future development direction.
Key words: spinal implant; subaxial cervical spine; pedicle screw; anatomy; biomechanics; screw placement; 3D printing technology; review
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WA SR L R, EETIRORRE KKKt T
VAR FAAMEIE MR R 5 A 128 W JR iR %, 2SR,
ALSHAMIY 38 it — R @ B AF R & R I, e Mk im &8+,
AT EH L 27.1%, HE 30 ¥ AT EEH 60.5% & ILHH
& RiE, KOLENKIEWICZ % @ ¢4 — 0 & BF 5% £ 9, 30 A1)
FE IR IR A FAME IR 6 B IR B 5 A 51K 12.47% R 4.59%, P Aotk
(67%) % T 5t (33%), H.Z94 1/3 44 %% /£ 31-40 % 5 Wi H
XA RRZ—, TR C-C,, HAHMERE., LT . X
R %W R B FeEAng, L FHAMNT G S MM DR,
RBAEF R ZHERIKR. THAMAMF AR T HAEE A, ATEMAR,
BB, WARFRE, SMARMERE, ZREK., B%AM TS AR4AT
HARFRI A LR T RMEL IRAME, B 1994 4F ABUMI 5 © 4 ok 4R
8RR T AARARE 3 ARATHARIE 7 T FAE B I 4L 3 R AR BLAA K,
BHRACHFIRELE., & T FHAMMF AR 56045 F wbAr A
fRIEMEF, FHTHAMAMSRARARS LT HMEHEA
B 2 AR, ARGOF AN, mELF ] mard, Bt
BHRARMARRZ—FME S FE2RBREOHER, TR G
ATEHM, R REFTFLE, — AR TIAMMFABATERIRL
BB, LR T FAMEAE 5 ARAR KRB F 4B BR N
2t T MG S5AME G AR B ATHOR 09 R Bt T iR st T #AEAME
ARG 45 B IRAE, ST A BATHAROK A S RE, L
B GEIL IR MM KT SR S ARATHOR 69 Uk, ez R
BBt RAF— 42, VAR A W R AL ) SRR,

1 ERF5E Data and methods

1.1 BRFE % —4FE 457 vL “cervical, pedicle” & “FiA,
HeFAR” H¥e &G4 & PubMed. Web of Sciense & CNKI. % 7
S, S 201541 f 2020 4 12 fl K R 6948 £ ik,
FEX AR IE S F LR E LK, ok LA QR RE.
ik, R, ZBRR. ROARESF. FIAALAL R 04
bR F A 6 Ak, I A% Title/Abstract ) B 6,4 £k # &
WSk [E: P XAEEVL (B L FAMHE)AND( B4 AESAR)”
Ak X, F I A & A “(cervical[Title/Abstract]) AND (pedicle[Title/
Abstract])” A& X 1.

12 WAFRE OFFR M AL THAMMXGMIFE. THMGA
W) ) S E BT BMe G 35 BATHR AR A K6 L tk; QR —AF A
N BB AFRL IR R IR E LR R F., .

1.3 HRANE OFAMAR. MEEAR. NEIRE R Meta
PR T, QAR A B A TR M 5 ARATI AR B ARMEAE
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2 Z£E8 Results
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(1) M RERGBELRE: MG ARATENFAAME 49452
PEAR AR T AE 3 AR R IR LE MR KD, MM S AR KR 69 Bk
THEMRE, KM E Didid T BENET 77 613 H C-C, th4
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B A MR 2 2 T 40 B WESTERMANN 4 ¥ 547 7 100 45
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BB CT BT T Aahed 4548, M S RN MAE R R BE A
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Fb M 3 ARG 5B C,-C, 4 A 2 (5.47+0.86), (5.39+0.83), (5.82+1.47)
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75.00) % (-283.33+70.41) N, Mg 4k E. F. sr=MEHRIEKH
¥ F AmIEE,

WA 4 W45 30 AN CCo MR AL A 340, 5 A1 F R
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) JLAT 5 M e AT 69 AL AR B R ¥ 4 A (635.67422.82),
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VEIRERAT 45 h (187.06418.04), (199.63+16.93) Z (161.75+14.71) N,
M SFAT O I o7 KB o T AR 5 ARAT S AR L4T, M G ARAT S A
B FLATZ 1) FLEA B £ 5t
2.3 TIESBHESIREIEIIRAR B FTHAMERAMIRITE
ATHAR E RO/ T 4T, T ENFAUH ) B4T. 3D ATHP F41
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S AR BERLUEAT X LU W R F IR R
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FARBEERTEITAR MRS SEER
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BoRATH B 9K, R B Ak & — £ A B MR 2 AR EAE A
AFE, A FHAM S ARATHAT E A SATH @09 AR, HBob, @
R F ARARBATE T BATH R ARAR R E .

(DARMAERBAFESET AT EATRAR BRI
&0\ Rk F B 4T, BPEM4TE A —HRIRIR: oA F Mk A
SN2 K, . TRITRTLEMBM2EKTL, h245E
KB FNKTFREARGETL T EAH RS, B —ARHLITE,
AT E ML T AR RG99 L Rk, #4TH @ —A A AR 450, K
BAR0°, EFBEA4T 6184, /EAE 97.6%.

PAN % B0 WU 5 M, LUO % " 32 o ] 3k b idk A 5 ok 42
F B AT, ISy Bp A3k b & ] B0 4G A B, ek
WAL TFAESHRIIMAE L THMEX T RE TP R RIL
B AT B R C-Cy 29 M3k dpsdE A AN 2.2 mm, #AN3k b AK
14mm; F£C, K % A4 M3kbpiE i 2.2 mm, %403k 4% 5
1.2 mm; #4775 & EshE &, NARA A 49°-34°, MkMB|E
MZFTR A, FATF MR E54. PAN 5 O B 47718 4, S #
% 92.9%,
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WU U F P SE R F Rk AR 232 HMSRARHIEATHA ISR A AT

FEAT, TR LEXTRANG,. LXATRTL. TXFER
Y M3 AT RE) RIRA ukI7, AT E T AR
AR P B A KPR G T FIN1B A ERG A, GG
AT 77 @) A KR & S kSR E S & A A 4 A A (95.10£3.96)°.
(86.60+3.35)° A (84.60+4.95)°, 1 k4K &) 5 bk 2R 5 M| & A% A 4
| % (71.25%4.54)°. (69.90%5.06)° % (76.15+5.11)°; C.~C, 49
AT B KT & Bk 305 SM N @ R A 4 5 A (59.71£1.10)° A
(89.6121.24)°, 2% K@ 5k 31 /5 N & AR A 44 4 (75.86+1.12)°,
4 K% P F 47296 4, EAHEh 97.6%.

LEE 4 P32 b “AMIR-FiE” BA4T. “R-Hik” BATHRA D,
PP ASTRAE B AR T AL 893, TR — ARk, BREMES
ARGANT A2 FAUME S AR B A4 T AT, “H MR-k
At R e R, BT EAMER A A MIAEIL, B EAM
FARG IR E, EAMR LT TR, sBEw, BEMHES
ARR B T, ML EAG] 5 F T mBsh & ke @it4r 8, MK
HEAT BB F B 69 M 5 AR B I — MBS B, B i AL
TG M F AR M B BAN R B AENIRAT. AR T “RE
Tk R K PRI G AT S0 F B, A e 3R AT H 3K E 5%
B, HIBEBAT 88 A, EHAE 94.3%,

LU PR R <@ s A7 4 F B4T, ¥ B ARAER AN
Wi KR o h 3 FW, EIMULEBE—EFREFTREFTT
G T 7 FERAAEFENE, LFKHRT W e RA RIS
N, KEE AT W, AEEERA, Rabé AR K A EAT
At 45°, B B [E A i 4R 447, Bk A5 AR 4F 180°, 4k Sk
w1 T W, ARARATAR S RARAR. —EAR KA 3] 15 mm R E,
B Rt 180°, £ k3@ N T o 4 LG AAME G ARIK TR
£ 20 mm iR B, & iRA R 4E 360° 2 0k, A ¥ KB 5K
AT IR G BNRAT, FESbiTAR R, M 3 AR ALY KR A
B E S E R, T C-C, B 4T 257 4, A F 97.3%. LEE
& Pag | A ik, RAETEAD BAR—/A I $H L,
AT ARG SLE E T, E A, BARAEN, AMIAL
REAEBAT; HARE B 4T 724 L, EHE 95.9%.

BURCEV % P 22 CT | $ 4% b Rt #h4T 545 T RE M3 5 &
BoN% 2 mm A L% 2 mm 4 4T &R AT T R — MR a9 2
MM, FHTMMEE ARG, LIREF4T 324, FHE 93.75%.

(2) #F BATH ARG F RAKILR: PARK 5 P 2 £ % &
ukFEAT, KB EATF o REMIRA LB, HEE
FarR ISR AR 2 B, AT AR L. A% ARAM T RS
MR B BE R i it R AT 3D-CT 4244 & af A4 3 4R 69 M 20 B F
REBAAZHANE, REEANT EEFIT—AFEELSH 3 mm
#4930, EAMAMEFARAMEGE LT, BEFAR M F R
AR, B ALIRE BEANRAT, LREEAT 78K, FEHE
92.3%. HBRAF . FIMEF P gk RN BAKLE
4T, BEEET 0, 45 LA L ILER MW . BREGHE,
TR IR [, 2B 18] 19« S 5 FF 20 FBRALE K SR L,
R B A E, REMER AT R, ARERITBGEF
4T, ERAF PIRE F4T S8, A E 94.8%. FMEF P
B B 4T 494K, EHE 96.0%. AR T —R)EIEF A, ZIL
B FEANFSBA RGN BATE S KRB FFEIER Y AR5

BAT, s FHFBATHARNRER S, 282 KFHIER
T RAE R R T RS RAN K., AT BATHRAMRE T4
HREE SR BB, BRBTHRESY TR 5“2
1% 5 f2R AR E R 5 ARG IFLIE IR dE BAY 269454,
WATINE) . BT R, AR EFFEREFLMZIRE.

BARZ—EANF CT FALA L, ERF AT EI Z 12K FH
8, 5 RAT R TAATAT b RBr A AT AR, CA
Bt AWFMA % £ 205 A TR, FHe) T LB BB
) 4 B, F R O RITHBE TN FR AR,
R BEANBATH AR, RERALSEW4TE;, AR FESR S5
AHR, AL B AL =K BARR L xR AR A ) T RS ATIE M
HATE N R, EFMBES ST ERE R
FHAEIRATHE, 5 KA AL A S ATAT I R A 4T, £ CA
B X S EHE At il KRS EASRAT, LA 2.

gt s BETERST gpa CEUHE WE o gy

B FESS e T . -

szam, BE | | wkegnal | | semeds | | AN

B E-E BTER TEHETS EpRL LR
B TS =

E2 | CRAETBENSMAZHEMEITRE

A BY F 47128 4, MR F 953%, £EALF P F 4y
186 £, B % % 96.2%. SHIMOKAWA % P 4% i K & 3D-CT §
A EAT 3104, BAHFE 97.1%. i+ EMFALE Gitioh BATIL
REZEG X R EANFATIE, AEATAN. e L5 T4,
fBEBEATRREER. 82 LARKTEH.

BEFROREFMELE TIHAMAMSARITEAN T
tAE R AT 2R P, R RF PR B4T 1424, 04
96.5%, 1 %% 3.5%. SOURABH & P 3R i & 47241 4, /& # %
96.68%. WADA 4 P35 :d F 47317 4%, /EHE 96.2%. T
CRBFMAEL, OREFMAKREAWHHES. RIGETLELF.
R R F A
2.3.3 3DATEP-FARIABI BEATHR 3D TP FARIAB) EATH AL
— i@ i AR B S AE S 3D ATEPALHIVE SR IAR AR,
GG F T BATH AR, BEA 3D ITEP T8 BATH ARG X
A F ARG SAR B B, IR CT SRR TR, Bk
FIEF N Mimics #i#F, #/7=tFd, WA STLREX SR FH
STL #4045 N %) TAZERAF, A 3.5 mm B ARARALIL B 47, &t
B RAEATIE S I RS AEA G IESE TN 3D ATHPAL, HIME
HIAAMEAR R B AR FAR . F AR N B R EAMAR, FrFmE
W FAEAR, WBSwEE BT, LE3. £AEEY FA4rA
BAT 64K, FHE 7% YU S B TARKE 4T 164 4, AR
96.3% Afw w5 B F £r 1324, i H% 94.7% SUGAWARA & 0
B 47358 4L, MEAFE 98.32%. ZERALT FARABME, KA TA
WAGIE T A2 Rz R EK, RERATELFA, BFHR
AR Z YL, 3D ATEP . FARE R AR P L B R,
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6. ENIRET 5 MESH
B3 | 3D 4TENSARFHBEITRIZ

£ RS Y BATATA 3D 3THP S HAHBh BATH R B 4T, 48
B TR AR W, AATE ST G AR A e E JUBAR, T i8 18
A G dE, ST EAFEILAE, BATH AT AR
FAof HIRE BAT304 K, A E 99.3%. AR TiBEA S,
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i, Rl RSh—H, BEAE—TOBR, —2FER
SR BYUMLE;, —RKPEBZRFFMEAERS LM ETNEE
ZRTRER TR, P HREAEFBERF LM EHAHE.
RAAF W RARREBFHENGLT, SEEMIESF
AR, 2 RBFHEMA AR, E SR 2AE I, ThHIE
FATH FARABAL; HIRE FARMEIRAR R T 4T 48 48, A FE
87.5%. %R BATEAFIELMIEFHR IS, 12R-ZFNL
THAZEME, LF kAR —FIiE,
234 FANBEASB EATHAR FANEAL EATZ —EME
BhF KRB A 7 R P AU H A A8 709 F R IRAE AL H B)
FAREAFATHHR., FRAMBAZ G HAIRAE 5 TAESELL R,
FRABITEZOE6ANHLS P OMBALEL: BFIEAZ
HETFRE—MN, IR FREEEANTFREG, O=Z4BHER
o AR =Y <07 AV CT AUt F READARAMAR BEAT = Y424
O f et HFHETHEAMBARZALIRZLETEF A
fed; @4THEALX]: ARIE =4 B BRIR| S4TSR BATH 6); O
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IE: EAT AIANBAT AN, JLE 4.
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BHRAE Y B TIEAMY BATEH 5T BT £
S, B HE BATA9M, FEAFE 98.0%, EEFAT6LH, A
% 83.6%. SUF iR T B AL B BAT 5 EMT| 5T 4T,
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FEPR ST EMREATH X, 2B AR REZRE S, M
VAK @AY,

ZHU % 9 5 L F 4 MR IRIZ 6 RAT ALK AS B B
4T, AR F—RFRIBALE 4T, Lk RE EE T4
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REBREAFHRILELIF AL L F RBERLZIN G T X
Zo 1B ARGE U 4T 5 09T 3945 B3R £/ H (0.28£0.16) mm,
¥ A B AR ZALA (0.4940.24)°, %k B BTIE AL F ARSI
B, IS — P 6 PAR IS ROl BRORL R 45 R
2.3.5 HAbEATHAK

(1) 2B ) 0 BATHAR: S48 Y AR B3 2 e B
AT, ZEEFARREREFTEEVMET R, £ipo @M,
KB AR B R GIEH, 1E1.5-20cm 94T A E T
ML, B F R4S FARA, FARERE X HKEARF T
HEFARNEE, KP @Y ETFLRBARIEART, T R4 BN T4,
WAL KGR i F NGR4T, HARE AT 122 K, A E 98.36%.

BREBS AR ARG MO B AT, EFMALNT S
T FARVEAEAR B MIAHE 5 ARAR R A E K b S — e, A
ERYIRATHETRT, FHRB4IR4ATIE, ARG E4T, %
B AT 344, /A E 82.4%, KOMATSUBARA 4 1“9 £ § 47 F 29
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MINFAHA) B AT, BAT 120 4L, FAh % 98%.

BEREA— DI BT ZRF R, #ET xR Bk
#9 LA, (2R o B R 2 B R4, T FREA R
FiR G BATHARARE TRHOER. BHEAE4THAMIL, %
R R G M AAE R 8T B, B btk E MR TR
KAhEEZ.

(2) AT CT o9 T R AM AL R BATHAR: BLF ™R
T CT R R e “ AR AFE ik FATHA, 4% 60 4
A Gy C FAERY CT AL THF A Mimics 2k 4 B it 2 2 A K,
Fodge ot R A BATAS BAT, KA AEH 97.5%(117/120), M H
JEATE e A R T4 2 X FHEEME £, R IA B/ X 4
&t R CT @ARE, BP EAS X A 247 K A SANAE 5 AR &
#R L FTAME R AN iR X R 5 B (0.66£0.61) mm SEE ;A
12 X &R JTR CT RIRE, BPAME X MR A Eieain RAEAHE S AR
g 2% 5 AR S BE AT 7 C5(2.0840.41) mm 3K, C,(2.34+0.60) mm
gb. ZiEE A CT HARBBMEN R DL “ZABR” i E X HL
EMUE R B, AR EFRIEATAL R T ERIRE; 22
EHEATR), AE—ZHE, LBWMTLATRLNE, HEE
AT AARARAGRIR BN SRR R — 7 IE,

(3) B4 F& Baigh BATHA: #btes BV A 4T A A
REFLEL RN TFOR B4, ZFRE G FOF. A,
R AT e, it =3k, RATARBHIL TN E
B RAEQBAT S RRATA L, RY AR FG S EAAEHH4TA
JE. AV FF 6 SRR ATIE , IR 4TI 2 10 mm B ALA AN A B,
deFAL A B K, W R SR A B 10° RN E 20 mm; 4= A 4B
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A ATIE W SMUEE TS BENSRAT; HARE B AT 714, BATE
91%. WANG % "2 Al £4049 50 B FARR B 4T 50 4%, A%
96%, EikvAFE BAEH A IR, ATENEEARE, £ T
AR AR SR ERE, RGT BATEMME, 22 AR
FI Wk, BN EZEGHRE, FMBGTHMAE K,

3 RZESREE Summary and prospects

3.1 1B T MG %A 5 ARATIR B 20 #42 90 SF R LR 4
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B IE AR BV LE A 0 R AR B —F TR BRI < F B B 25,
HiEAT % # B FM4TH, 128 ATH 442 KBk KR A6 RIE
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