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HE: (BR] Wik b2 E A EHE S B 5 AR B SR ET MR 2= S 50T i g B B ATl AT, [k ] 23 50 filrh &
AR MEME =4k CT PERHF 3 A Aquarius iNtuition Viewer V 4.4.6 844, 5451 B R B W8T 4 TRA T T -5 2 MR /) 6T A
ARG T AR MACEE | SRETHOL IR ET S B MER 2R PR B IR s RO AR R RS . (R ] Lo BRIk B ik
HEET B EMER LA IR B 22 R RGeS L (P>0.05), MFET s RS AR M IE 83 22 B A e it L (P<0.05) . R |
Lis & W BHETIE BB WK, ZREAGIEE X (P<0.05); &5 BEAATIE PR KB 22 5 Gl 2E 2 L (P<0.05), Bk
BV BATIE LR K ERTaott, ZRAGRIFEN (P<0.05); TEHEA BT EBAIMfli—i, ZREFEI3EX (P>
0.05) FIRM F Lis &1 BT IE HARZ W, 273 B A5 (P<0.05), FEHES T BUETE BN 27 gt X
(P>0.05) . Lis %75 BT AR SR M 22 B RG22 05 X (P>0.05), &7 BAT il PIAE KR A 1 2 R B S X (P>
0.05). [#it] i EHEAAR 2o N 2o i 4R M HE 25 ] 011 28 B HE 5 T B U R T iR SR e A, JLAEAS T BRI e 22
S, AR N EAMEZE KOE S AR B R PO IR T 8 A SRS
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An radiographically anatomical measurement of cortical bone trajectory for percutaneous lumbar pedicle screw placement
// XU Wei—jie', ZHU Yun—peng”, WANG Hong—wei’, XIANG Liang=bi’. 1. Postgraduate Training Base of Jinzhou Medical University; 2. Post-
graduate Training Base of China Medical University; 3. Department of Orthopaedics, General Hospital of CPLA Northern Theater Command,
Shenyang 110016, China

Abstract: [Objective] To measure the anatomical parameters of cortical bone trajectory (CBT) for lumbar percutaneous pedicle corti-
cal placement in middle—aged and elderly persons, and explore the feasibility of CBT percutaneous screw placement. | Methods| The three—
dimensional CT data obtained from 50 middle—aged and elderly persons were imported into Aquarius iNtuition Viewer V4.4.6 software. The
screw insertion angle, safety range, diameter and length of the nail path, the distance between skin screw insertion point and vertebral upper
endplate and the distance between screw insertion point and spinous process axis were measured. [Results] There was no significant differ-
ence in the distance from the skin entry point to the vertebral upper endplate (P>0.05) , whereas there was significant difference in the dis-
tance from the skin entry point to the spinous process axis from L; to Ls (P<0.05) . In transvers plane, the diameters of the nail path gradual-
ly increased from L; to Ls, which was statistically significant (P<0.05) . The actual length of the nail path in different segments was of statis-
tical significance (P<0.05) , which in the male proved significantly greater than that in the female segments (P<0.05) . The ideal external de-
viation angles of the nail path in each segment of lumbar spine remained consistent, with no significant differences (P>0.05) . In sagittal
plane, the diameters of the nail path gradually decreased from L; to Ls, which was statistically significant (P<0.05) , while no significant dif-
ferences in the diameters of the nail path were found between two genders (P>0.05) . The ideal cephalad inclination angle remained un-
changed from L; to Ls (P>0.05) , and was not significantly different between the two genders (P>0.05) . [Conclusion] From the upper end-
plate of vertebral body to the midline of spinous process, a body surface positioning point for CBT percutaneous pedicle screw might be as-
sured, which varies among different segments. This point can provide reference for the CBT percutaneous pedicle screw placement in mid-
dle—aged and elderly people.
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W6 & & 4T (1 T AN A 1) 09 3 Wi G
CAEBFE BT AR W " G
HHRET (traditional pedicle screw, TPS) [& % B 5 A
— M LR AL RS N EE BOR, BT R TR
FrMEMERATVEAS « BT . B SR S5 O B
TARERY IR RGP RCR =, [BARSE TPS [8E T k4
LA FPIFAAE CHNRETAA S . e AE) , TaE s
FAFIEEAE B U 00 Sy 1 3RA5 4 A P [
FERCR, Santoni 55 7 4@ H THES AR B BT B IRETHOR
(cortical bone trajectory, CBT ), BRE] 53l 78 J R AT I
F RO re S, Ty O e S, T AR
BY 55 8 B p e i AR, AR B T ARET Y [ E R
. [HIRAESE CBT BT HORTE B E TS B vh 7 25870
FI B PIMAMESE L ™, 72 5 R EOR G HESS L2
AR EP AL > M RHES RIRET (percuta-
neous pedicle screw, PPS) 4% RKAZ AYE/NH A S5
HESZHL ™, R BEAR CBT IRAT £ R IE & E, # PPS
TRGIAR] CBT BRI AR . AT 8 =4
CT AR TR, WHFT IR AT NEMEZE K2 CBT 12
FIEABUBRAR A SO B BERTR Al AT, B
WA

1 BREFE

L1 A HEER bR

MAFRE: (1) =50 %
TEH s (3) REAETCEMERS S

HEBRPRvEE: (1) MEMERGIE; (2) & BadR; (3)
HEPRIR s (4) ANEMERETE T AR L
1.2 Rt

[BFPE 23 BT 2015 4E 11 H—2015 4E 12 A TAP:E
FTHEME =4t CT H# B WRAR TR, 3L 50 B8
FFEMASRIE, WAL, F5 204, 2304, F
YAt (59.34+5.87) % Wt 0 EME =4 CT %
B A Aquarius iNtuition Viewer V4.4.6 24, I
251 B B TR IR R TR T T 5 O R TR AR T AR B
TG ATIE EAR KK | RSP BRI ST i 2
HEVR 2R RS IR ] RIS R RO BE R o 10T
FEARIFA e B AR PR DL e fib e, H AR 24 1 (W)
1.3 AR &7k

W Aquarius iNtuition Viewer V4.4.6 F 4] & &
H Li~Ls % 77 BOR SMIAR )2 280 EHRIEHE CBT #3
AN ANSEIvAS Ml o S EED NI I 5 A TN R 3
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28R BT IEET AR E L S B SR T 0
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PERET AT R R IEET 8 MR 2R LR R, BT
T e b A EARUE T A Pk A T 0 B R 52 s R
M, i M AERRZS 4R i Lk, P BLK B HD N
PRETHE B BRI ET S B R T R TR (& e,
1), feJailid SHEA b2 Koo v 2 i FE 2 1
217 CBT MRET HIIRF E AL 5 -

PEBTIATIN S S AR R T TR L AR T
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B AR B (FRARATIE ), R BN LR
SHETIE PR B . SR B 5SS rh 2k i I £ B s Iy
I FETE AR AMI A . ESTZ AC. AD, WS
2 v 2 1 ST A1 B0 M T TE SMI A I el . T
AUC, D ) FIRFRARETIEERRER, i SR A R A
REmREWT I ATIE A2 (K 1g).
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Li~Ls 277 BUB BT IR E (07 i AR b 2R i g 22
ST (P>0.05) 0 Li~Ls 2717 BUIRFT AR
FI M MO PR AR B B B, ERA T

FEY (P<0.05) o BHEFILoEA& Y BORET R L HEET
MEPER2E R IEGET R L (P>0.05) .

Pl BEEHEZE BOMES 5T R B0 BRI la~1d: ALY CT BHESRISIRET SEPRPUE P10 1e: BT EERETHL
WS RIEET RSB I 16 SOIRTET_EARET L B R BEET SR SR B 1 BEWTTAT_RBRETRAR A 2B 1h: JOlRTET
BRETRAG 2SI B

R1 HETESHNELER () S
FebR Bk (n=20)  ZLPE (n=30) P1{H
BE FAAREEES (mm)

Li 34.174.13 35.77+3.94 0.174
La 34.91£3.42 35.63+4.15  0.525
I3 37.79+4.25 36.69+4.55  0.395
Ly 36.48+4.29 35.70+4.16  0.525
Ls 36.33+4.16 36.35+4.09  0.986
P{A 0.053 0.828

HBR P2 Ey (mm)

Li 6.97£1.70 6.43+2.01  0.333
L2 7.18+2.01 6.79+2.14  0.529
I3 7.56+1.67 6.88+2.34  0.270
Ly 8.02+2.03 7.45+2.65 0.420
Ls 8.97+2.09 8.85+2.10  0.842
P{a 0.011 <0.001

2.2 REWTE

5 DRI T 00 5 SR A 3R 2 TR o La~Ls 45717 BEAOET
HHAEGEMK, ZREASIHE X (P<0.05),
L. LATIEHER LR BN TR, 2R 65001

B (P<0.05), HAbEBICMHMNZESR (P>0.05).
Li~Ls 25715 BE R AT 38 SE PR K B 22 0] 22 S 1 e T 24
X, Hrp LATESERRRKERK (P<0.05). BHEET
BUETIESLPR KR Fate, ZRA%iM#E L (P<
0.05) . MEHMES T BCET I FRAR AMm f 8 — 3, 225730
it L (P>0.05), BRI M4y B e T A
SMI A 25 R G2 F R L (P>0.05) o TEAESS T BLET
HAMm /N E2Z S TG E X (P>0.05) ., [EHE
BB R KIME A ZERAGITEE L, H LK
(P<0.05), Ls LM KRAMm AR ERTHE (P<
0.05), HAhT Beth ol Z M) 22 % gtz 2 X (P>
0.05).
2.3 SR

R 25 BN 3 i . BRI Li~Ls
S BT HRYERUN, 2R EAg%HE X
(P<0.05), L. LWBETHEERKT L. LB, %
SAGITFEE L (P<0.05), WA BT et
MZ B ZEFTGTFE L (P>0.05) . Li~Ls %17 BtgT
T HRE S AT A 22 S RG24 L (P>0.05), 4710
BT E A LA e 2 R gt =2 L (P>
0.05) o Li~Ls #5719 BCET 18 S0 B 5T 04 B/ INFA BE B e R
RS TG A (P>0.05), BB
TG E L (P>0.05),
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R2 BEHEZEUELR () SHEK

EiE 7 Bk (n=20) Z#E (n=30) PH

IZETEAR (mm)
L1 6.13x1.42 5.22+1.00 0.011
L2 6.38+1.11 5.72+1.06 0.042
L3 6.84+1.09 6.40+1.17 0.187
Ls 7.82+1.36 7.56+1.37 0.526
Ls 9.90+1.06 9.32+1.15 0.082
PAE <0.001 <0.001

IRETREE (mm)
Li 38.53+3.31 36.19+3.32 0.018
L2 40.53+2.93 37.37£3.31 0.001
L3 40.67+2.68 38.224+2.97 0.005
Ls 41.19+2.25 38.99+2.72 0.004
Ls 39.22+2.42 37.50+2.89 0.033
PH 0.015 0.010

MRS (°)
L1 9.47+1.77 9.39+2.08 0.886
Iz 9.89+1.16 9.44+1.65 0.296
Ls 9.01+1.33 9.27+1.99 0.611
Ls 8.68+1.45 9.50+1.90 0.110
Ls 9.07+1.41 8.58+2.05 0.353
PH 0.088 0.344

FNAEE (°)
L1 2.79+1.27 2.68+0.90 0.739
L2 3.06x1.59 3.01%1.39 0.904
L3 3.01£1.50 3.561.32 0.184
L4 2.67+1.11 3.33+1.44 0.087
Ls 3.26£1.17 3.39+1.27 0.728
PAE 0.659 0.072

FRMEE (°)
Li 24.90+2.82 23.19+3.27 0.062
L2 26.34x3.14 24.34+3.62 0.049
L3 24.78+3.34 27.7743.51 0.004
La 25.32+2.96 27.15+3.71 0.071
Ls 29.04+3.12 28.88+3.34 0.866
PH <0.001 <0.001

39 it

CBT BRET [ % £ A — T B8 AU ME 5 MR ST #
AR, BRETAESR A L phy FE AN ) Sk, b e L
PRSI, LS B e A 5 MR SR MEAAR B4 5 R B
Hefoh, 5 TPSAHLL, BA L RIHTHIa K A
FARAENE T T Pk, CBT BRET I E HORTEAERFAR
66

JEAAERRSE M7 T RERS A4 L RAE T, Rl e xs 7
BB AN B B 0 B IEHEIR A PR B o
AR T HA BRI R S B R R, 5
TPS [EEHARMIL, CBT $RET [ E BORTEMEHERL & AR
BB % 2 (AR AL A I PR 28R MIME [ 5 %, SR
CBT BR5T & 2 FOR HA QN . Rt fE
e i e SR R L . T CBT BRET [ E R A
AUIEUN SRETHER o | A B 2 A XU /N
Do, NIMAZ 2 T il R A (T Z R A, [N
AR BEA A RIFFEIE R 2 AR 5 I Fisi
PRGBS0 BHAR A A A [ 5
R

£3 XHKEARBUEER (r+) SR

£zt Bk (n=20) 2tk (n=30) P{E
M2ETEHAE (mm)
Li 10.09+1.32 10.32+1.41 0.567
L2 9.89+1.08 9.45+1.02 0.156
L3 9.30+1.19 9.35+1.20 0.882
Ls 8.54+1.00 8.74+1.32 0.557
Ls 7.65+1.45 7.49+1.26 0.678
PE <0.001 <0.001
ARk (°)
Li 22.68+3.99 24.51+4.28 0.134
L2 22.63+3.53 23.83+4.45 0.318
Ls 23.30+3.50 23.84+3.61 0.604
Ly 23.56+3.76 23.87+3.74 0.771
Ls 23.18+3.93 23.45+4.33 0.827
PIE 0.920 0.901
FNMAE (°)
Li 15.20+2.76 16.60+2.67 0.081
L2 15.77+2.83 16.69+2.17 0.201
L3 16.05+3.04 15.46+2.34 0.446
Ls 16.48+2.87 15.97+2.10 0.475
Ls 15.9042.49 16.54+2.39 0.369
P{A 0.705 0.206
RRIMEE (°)
Li 36.34+3.32 36.52+3.20 0.850
Lo 37.19+2.70 36.8742.97 0.701
Ls 37.72+3.40 36.32+3.46 0.165
L4 37.61+4.04 37.44+2.96 0.860
Ls 36.42+3.33 36.28+3.45 0.886
PIE 0.572 0.616
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AT 7R N L SRETHLAE B2 R 5T 55 2
1 AT B IR 2 34.87~36.97 mm, 2534
2R S (P>0.05), BRETHUIE KRR IFET A5 Z o
LT FEE S Lol K, b L s W BER T Lol
Bt, ZRAYE L (P<0.05), 148 CBT 24T
ERARTEB TR, BB HARA R DT (g
FEAF) , 0T B B WA 55 LA B B A BRET
SHEAR P MR RERER TR . 5550
TR TR, 8] TLIF A C 8 iE B ] A s
JEHEAE IRl T AR B B IR Y B B A
CBT MRETHA, v LIS A U005, K8 F R
BIRCR . BHRTEBEA T4 CBT W4T RS2 A5 i)
SEWFIE R ANGE o

A4S R B, CBT BT #3138 A1 oh
T A TENEMES T Be 2 (B i 22 R TES 248 . Mat-
sukawa 55 " PYBFSE A SRR Lo 10 B SR ET B30 3
AR A JE LN 25.59~26.20, BRAH M R 29 7E 9°
KA, VBB MEER LG E X
Zhang 25 {0 8 45 L 8 7 IR AR FRARL S AU A S R R
22°~26°, FAHIMm LR 9°~15° BRIUKSE " 1Y
DN 5 SR, 7 A 2577 OB T PRAR LA A S5 4 MR F
Z A2 5T . ARSI 25 5 o kAU B
M-S FIRESEAE AR, AR T BT PRAR Sk
Wi ff 4 25.31°, PRAHAME AR 9.17°, TEEET I FEH
DAAS 7 BRI A SR T ELAR A IMEAE IS5
HAR, & BETIE B BE Lis 7% 558, 5.98.
6.58. 7.66. 7.55 mm, L, s T7BAETIE EAR%E L K,
EZRHGIFE L (P>0.05) ., £ EPRKE M Lis
I35k 3713, 38.49. 39.08. 39.65. 38.33 mm,
L BATE SR K ERT LB, ZRA%T
RS (P<0.05) . B BATELIRKER TR
P, 2RAEGHE L (P<0.05), FEAMFIELSR T
TNFET =4 CT & (Y IEAME CBT BRET H AR N 6.2~8.4
mm, KN 36.8~38.3 mm ', [E Y LE SR i
HE CBT 12 4T H 420 5.5~8.0 mm, ¥4 37.5~40.0
mm ", JEHER- S5 BRI CBT 25T BRI i 25 5 nl RE
ESRTR] TR AR AR AR 5 AR A R /INE 6

AWFIE A — o B R BR M, A SE R R Il
IR, B SRS I R o L AR
=Yk CT SRR M LS B CBT MRET B AR
AR R F SRR S BT AT AT, &
CBT $25T Y 5 2Life— L WF oy B B AIm R R

S Sk

[1]

(2]

(3]

(4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Chin DK, Park JY, Yoon YS, et al. Prevalence of osteoporosis in
patients requiring spinesurgery: incidenceand significance of osteo-
porosis in spine disease [J] . Osteoporos Int, 2007, 18 (9) : 1219~
1224,

Nakajima Y, Hara M, Umebayashi D, et al. Biomechanical analysis
of a pedicle screw—rod system with a novel cross—link configura-
tion [J] . Asian Spine J, 2016, 10 (6) : 993-999.

Hailong Y, Wei L, Zhensheng M, et al. Computer analysis of the
safety of using three different pedicular screw insertion points in
the lumbar spine in the Chinese population [J] . Eur Spine J, 2007,
16 (5) : 619-662.

Sugisaki K, An HS, Espinoza Orfas AA, et al. Invivo three—dimen-
sional morphometric analysis of the lumbar pedicle isthmus [J] .
Spine, 2009, 34 (24) : 2599-2604.

TR, PR, BB, 5F . HES AU T PUL R T HOR A
gk (] . PEBFESMERE, 2019, 27 (2) : 159-164.
Ponnusamy KE, Iyer S, Gupta G, et al. Instrumentation of the osteo-
porotic spine: biomechanical and clinical considerations [J] . Spine
J, 2011, 11 (1) : 54-63.

Santoni BG, Hynes RA, McGilvray KC, et al. Cortical bone trajec-
tory for lumbar pedicle screws [J] . Spine J, 2009, 9 (5) : 366-373.
Mizuno M, Kuraishi K, Umeda Y, et al. Midline lumbar fusion with
cortical bone trajectory screw [J] . Neurol Med Chir, 2014, 54 (9) :
716-721.

Waschke A, Hartmann C, Walter J, et al. Denervation and atrophy
of paraspinal muscles after open lumbar interbody fusion is associ-
ated with clinical outcome—electromyographic and CT-volumetric
investigation of 30 patients [J] . Acta Neurochir (Wien) 2014, 156
(2) : 235-244.

Bogduk N, Long DM. The anatomy of the so— called "articular
nerves" and their relationship to facet denervation in the treatment
of low=back pain [J] . J Neurosurg, 1979, 51 (2) : 172-177.

Harris EB, Massey P, Lawrence J, et al. Percutaneous techniques
for minimally invasive posterior lumbar fusion [J] . Neurosurg Fo-
cus, 2008, 25 (2) : 1512-1512.

Matsukawa K, Yato Y, Nemoto O, et al. Morphometric measure-
ment of cortical bone trajectory for lumbar pedicle screw insertion
using computed tomography [J] . J Spinal Disord Tech, 2013, 26
(6) : 248-253.

Zhang H, Ajiboye RM, Shamie AN, et al. Morphometric measure-
ment of the lumbosacral spine for minimally invasive cortical bone
trajectory implant using computed tomography [J] . Eur Spine J,
2016, 25 (3) : 870-876.

WRSCZR, ko, 22 45T, 45 BN B2 ST £ 38 o gk &) 25 B
X [0]. PAEERRE, 2015, 35 (12) : 1213-1221.

Matsukawa K, Yato Y, Imabayashi H, et al. Biomechanical evalua-
tion of the fixation strength of lumbar pedicle screws using cortical
bone trajectory: a finite element study [J] . J Neurosurg Spine,
2015, 23 (4) : 471-478.

Inceolu S, Montgomery WH Jr, St Clair S, et al. Pedicle screw in-

sertion angle and pullout strength: comparison of 2 proposed strate-

67



5304 51
20224F1H

T LSRR S
Orthopedic Journal of China

Vol.30,No.1
Jan.2022

[17]

[18]

[19]

[20]

[21]

gies [J]. J Neurosurg Spine, 2011, 14 (5) : 670-676.

Matsukawa K, Yato Y, Kato T, et al. In vivo analysis of insertional
torque during pedicle screwing using cortical bone trajectory tech-
nique [J] . Spine, 2014, 39 (4) : 240-245

Hu JN, Yang XF, Li CM, et al. Comparison of cortical bone trajec-
tory versus pedicle screw techniques in lumbar fusion surgery: a
meta—analysis [J] . Medicine (Baltimore) , 2019, 98(33) : e16751.
Hung CW, Wu MF, Hong RT, et al. Comparison of multifidus mus-
cle atrophy after posterior lumbar interbody fusion with convention-
al and cortical bone trajectory [J] . Clin Neurol Neurosurg, 2016,
145 (1) : 41-45.

Lee GW, Son JH, Ahn MW, et al. The comparison of pedicle screw
and cortical screw in posterior lumbar interbody fusion: a prospec-
tive randomized noninferiority trial [J] . Spine J, 2015, 15 (7) :
1519-1526.

Kasukawa Y, Miyakoshi N, Hongo M, et al. Short—term results of
transforaminal lumbar interbody fusion using pedicle screw with
cortical bone trajectory compared with conventional trajectory [J] .

Asian Spine J, 2015, 9 (3) : 440-448.

[22]

[23]

[24]

[25]

Sakaura H, Miwa T, Yamashita T, et al. Posterior lumbar interbody
fusion with cortical bone trajectory screw fixation versus posterior
lumbar interbody fusion using traditional pedicle screw fixation for
degenerative lumbar spondylolisthesis: a comparative study [J] . J
Neurosurg Spine, 2016, 25 (5) : 591-595.
FVE, T AR, S, S N S U R T Y I E TR
T3 i i WAl SR A P 52 0 (4 AT R (0] . P T AR 2 A,
2016, 24 (21) : 1938-1942.
Matsukawa K, Yato Y, Kato T, et al. Cortical bone trajectory for
lumbosacral fixation: penetrating S, endplate screw technique:
technical note [J] . J Neurosurg Spine, 2014, 21 (2) : 203-209.
Chen YR, Deb S, Pham L, et al. Minimally invasive lumbar pedicle
screw fixation using cortical bone trajectory—a prospective cohort
study on postoperative pain outcomes [J]| . Cureus, 2016, 8 (7) :
e714.
(ch :2021-04-01 & 151 :2021-09-26)
(FFTPPE 5 XITEE)
(ARSCH%E: THE)

(E#: 62 T1)

[18]

[19]

[20]

[21]

68

Jena B, Mandal M. The emerging roles of exosomes in anti—cancer
drug resistance and tumor progression: An insight towards tumor—
microenvironment interaction [J] . Biochimica Biophysica Acta
Rev Cancer, 2021, 1875 (1) : 188488.

Liu H, Qiu Y, Pei X, et al. Endothelial specific YY1 deletion re-
stricts tumor angiogenesis and tumor growth [J] . Sci Rep, 2020, 10
(1) : 20493.

Wang J, Xu J, Xing G. Lycorine inhibits the growth and metastasis
of breast cancer through the blockage of STAT3 signaling pathway
[J]. Acta Biochimica Biophysica Sinica, 2017, 49 (9) : 771-779.
New M, White C, Mcgonigle P, et al. Prostacyclin and EMT path-

way markers for monitoring response to lung cancer chemopreven-

[22]

[23]

tion [J] . Cancer Prevention Res (Philadelphia, Pa) , 2018, 11 (10) :
643-654.
Korbel C, Linxweiler M, Bochen F, et al. Treatment of SEC62 over—
expressing tumors by Thapsigargin and Trifluoperazine [J] . Biomo-
lecular Concepts, 2018, 9 (1) : 53-63.
Kotnova A, Lyanova B, Dukhanina E, et al. Thapsigargin, inhibitor
of sarco—endoplasmic Ca— ATPase, effectively suppresses the ex-
pression of SI00A4 protein in human breast cancer cell line [J] .
Doklady Biochem Biophysics, 2019, 486 (1) : 181-183.
(ki :2021-04-19)
(R PR S ZERAR)
(AR SCHif . T HE)



