HEE A 2021 4F 1 A5 34 455 13 China J Orthop Trauma, Jan.2021, Vol.34,No.1 « 45 -

- B eHEF e -

Mo Y 3D AU BN R BT SUHERT R HE D AR
BRET Sk T BT % LRSY

FRLBANENGE L TAFLREE L EER LEBRT LREM e LR R RR
(L. P BE 7 P28 SR BE B AR RV T 31500052, 5 I 17 4575 B B8 RESLBL UYL 738 31500053, #i iT
KB BE MR R R S B BE, WRUL BUMN 31001634 7 V45 B LA IR 25 15 94 168 B2 6 A BT 9 T A S 2, o
L L 310016)

[{BE] BE &b B 3D FHMY TReFTENTAMABAMEI R FANET 257, FNAN T 45 %
WE e, Fik:SETHZEBEHBRATRMEL RIFA, B 4 L, %4 8 ;58 32~65 (40.3+5.6) % 47 X & K e & 4
BB AR SR Ao T 5 REPLEE B 4 B (3D Sk ) 47 CT 2244 5 35 43 DICOM # X 248 , % A Mimics 3k 4 2 45 | 3%
i+ 30 Me T %A 5 H 22 4T (anterior cervical transpedicular screw, ATPS) 22 48 3t 4T % Fe 4T i |, 3% £ 4T 38 09 AN AL 546 A
STL 4 4% % |, 38 i3 Peik s A= 3D AT EP R AT P ANRAL T AR, R K 3D S 80 T A Z AT ey 4 B F 5k P 4k
KA b — 3t — # A BAL E N ATPS 8247, % 5h 4 A (45 240) F B4R P 445 A R A 42 FHOK BN ATPS #2471, KJG # A7
A AFAAT CT 3 B da 6 = 4% & 3, 5E A Tomasino 3% 2 3 £ CT Hr W7 45 Fo & KA B 4 L3R 4 84T 09 % 4k VA PR 28 2
EHMAM TS AGER TR AR CT AL R | s latis, M-VAA Ek, ekt o4 ATPS 2
ATO AR R L R 8 B PR A2 Co-Co W8, A3 BN 2 AR 47 . 33 BN 247 80 44,3D $4141 40 44, 4k
F-41 40 # . A& ¥ Tomasino #Z4T3F 4 ik BEAT AT A9 % 420, 3D $aran [ 21 4, T2 14 4, T4 3 4%, V&
L#, Va2 #kmFmlm 148, Tm8s, Ma 84, VA 64, VIR 2 K3 4reh4 4 % 3D S 2% 87.5%, 4 F
41 55.0% (x*=8.7,P=0.003) . £t :3D 4797 Peik s I F MBI T BN T FAE W B 3 AIR4T, TH R 5 FA4TH9 LA
VAo e b, A U5 B0 06 R B R AR AR 2R AR I

[£5@iA]  #iAE; wTRARFARSAT; Bk 3D $4m

HhE S %ES R319

DOI ; 10.12200/}.issn.1003-0034.2021.01.009

Comparative study between 3D guide plate assisted and free-hand insertion of anterior cervical transpedicular screw
LI Jie ,ZHA O Liu-jun,ZHENG Min-zhe ,GAN Kai-feng,CHEN Yi-lei, FENG Zong-xian ,PAN Ling-xiao ,XU Jun-xiang,FAN
Teng-di,CHEN Jing-yang,and ZHA O Feng-dong™.” Department of Orthopaedics ,Sir Run Run Shaw Hospital Affiliated to Zhe-
Jiang University School of Medicine ,Hangzhou 310016, Zhejiang , China

ABSTRACT Objective:To compare accuracy of anterior cervical pedicle screws between assist of rapid prototyping 3D
guide plate and free-hand insertion, and evaluate the safety of two methods. Methods: Eight adult cervical cadaver specimens
after formaldehyde immersion, including 4 males and 4 females,aged 32 to 65(40.3+5.6) years old. After X-ray examination to
exclude bone damage and deformity ,4 of them (3D guide plate group) randomly selected were for CT scan to obtain DICOM
format data,and the data was imported into Mimics software for model , designed the ideal entry point and nail path for anterior
cervical transpedicular screw (ATPS). After obtaining the personalized guide plate of the nail channel, it was exported as STL
data,and the individual guide plate was printed by rapid prototyping and 3D printing technology. In turn,with the assistance of
3D guide plates,one-to-one personalized ATPS screws were placed on the four lower cervical cadaver specimens. Another 4
(free-hand group) lower cervical cadaver specimens were implanted with ATPS screws using free-hand technique. All speci-
mens were performed CT thin-layer scanning and three-dimensional reconstruction after operation. The Tomasino method was
used to evaluate the safety of the screws on the CT cross-sectional and sagittal images ,to determine whether there was a cortical
puncture of the lower and inner edges of the pedicle. According to the CT rating results, grade I and Il were safe,and grade Il -

V were dangerous.And the accuracy of screws was recorded and analyzed between two groups. Results: Two screws were in-
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serted in each segment from C; to C; in 8 adult cadavers. A total of 80 screws were inserted 40 in the 3D guide plate group,and
40 in the free-hand group. The Tomasino screw rating method was used to evaluate the safety of screw,21 screws were grade I ,
14 screws were grade I ,3 screws were grade Il ,1 screw was grade IV ,2 screws were grade V in 3D guide plate group , while
14 screws were grade | ,8 screws were grade Il ,8 screws were grade Il ,6 screws were grade IV ,2 screws were grade V in
free-hand group. The safety rate of 3D guide plate group was 87.5% ,and 55.0% of the free-hand group (¥?=8.7,P=0.003).

Conclusion : The 3D printing rapid prototyping guide plate assisted insertion of the anterior cervical pedicle screw can signifi-

cantly improve the accuracy and safety , and provide a theoretical basis for further clinical application.
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Fig.1 Design and manufacture of ATPS 3D guide plate 1a,1b. The transverse and lateral views of ATPS channel design 1c,1d. A 3D guide plate has

been designed to fit the anterior margin of the lower cervical vertebra 1e. 3D printed ATPS guide plate

B2 3D SHUHDL T BT SUMEET B AE D ARIRET  2a. E AU DD T B IRER 2b BRETEA 2¢,2d. BRETE S IE AL RORH X 28T
Fig.2 Insertion of subaxial cervical ATPS assisted by 3D guide plate 2a. K-wire was inserted assisted by 3D guide plate 2b. ATPS has been inserted

2¢,2d. X-rays on normal and oblique position after ATPS insertion
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Tab.1 The accuracy verification of postoperative screw insertion at different levels (screws)
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Fig.3

screw placement assisted by 3D guide plate

Evaluation of screw safety after
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the lateral wall of the pedicle and violated the

transverse foramen

FARFBITETBTRIOMERBR (KO

3D S (n=40)

B T-41 (n=40)

58 I % I % I 4% V&g V4 h58 I % I % 11V Vg V&
Cs 8 4 4 0 0 0 8 3 2 1 2 0
Cs 8 3 2 1 1 1 8 3 3 1 0 1
Cs 8 5 2 0 0 1 8 3 2 2 1 0
Ce 8 4 3 1 0 0 8 2 1 2 2 1
C, 8 5 2 1 0 0 8 3 2 1 2 0




FEEA 2021 4E 1 HEE 34 555 13 China J Orthop Trauma,Jan.2021, Vol.34 ,No.1 + 49 .

I A, OB EE 5 U bR ME AR Y 454 ) L R
“E RN, SEEEBE 1] )5 R RS, AT s ) 18] 422 f B
7 36 B H G o Rk, DA S0AE i S 110 B B30 A B
A [R) 300 B AR B S ARIRAT N [, ek E |
S0 T 0880 JEC UK R R A A ROR B S TR A
BRI

2008 4, Aramomi 5 "R 5K I E AR B 2
I IR , Bl J5 Yukawa 86/ FIAS PRAAL ST W4T T A
CIEH X &5 FRETFMIIEA ATPS H/NMEA G
PR R F A 40, 1 I e R T AT 1 B AN Y
T BLHAS D L o Koller 25151919 YR A fifk 1) 2% A BE AR 2
A BEUE I T B AR B AT AT, 7 M R AR A
AL T SUME I ME AR MR ET 23 #, ARJEAT
CT 94, R IEATH 21.7% M 558 % . T s ™
TE 18 H N SiME P AR A b B AT B HE 5 AR 12T
144 Ky, R )G 3 b A A7 CT 46 Fn = 4k 5 4, &/~ HE
SRR C=Cy 53512 33.3% 3] 8.3% A 45,
Cy.Cy 45145 5 B 8 = F oA 15 B . Patton 282V )7
TRFRABEFCIER , eI R LS W05 B & AT B
B ARIBAT I HERI R R 66.7%, 1 C T X 48| §%
MR ET- BT I HERG R B A 42.6%. Bredow 22/
JURRRAEATOF SR UESE, A 3D B Es A 1R AL
B AR BN ATPS B HERF Ny 95%., [Ft,
ATPS B SR AE A E0I R 61 A5 21 1 2 i g T, 285
A B RSN AR A Y B AT I AT LASET ATPS fY
EETHER R BEIF AN, TSR T EAT B
P BT A VA, DA AR ARG BE L Ri 2R A Bl ik di
A5 11 08 E KU o

B2, B F H A S & s & ot BRE R IR,
TR A K BEAS &, 0 B AN 48 B, 1t DA AE
PG R ST o B A B B 3D Sl R
FIFATIRAE T 7 oAl S ARG RSP AR Y BT R
HAT R S R B R R TR TR, TR LA
BT RAE BT S50 i T AR 5 | 3 B AT, AT 2
BT R TF AR . AP B T i AR
i = R N A O I = 97 N = X S A3 £ 9 = VR
By 2% FHAR AR 0 B S5 5, DR AR08 T4
NZKy, N S50 F A 5 AR T 2 A7 {1 T —Fif
S AR UEAL I T o
3.2 P 3D SAAHTBI T ATPS B A B HER M

PR R B AR T 20 40 80 4F AR5 Wi IR T 3¢
SRR B AR OB EAR AU MRS B
F ARG K J H e 1) — ol 35 0 EOHE R SRR B
MR A o FT, 28 M HE AN S IS A AR AR AT
BAPSR TR A ZHN A Lo &P b S
M A B T X 25 {5 S50AE 290 1) HR S ST A AR

BRET I SE , AJSAT CT 474l = 2 d PP AG IR AT /Y 12
B, OE A 88 BURED, Hoh 71 MUBAET AL E R
U, 14 BUBET R4 T <2 mm W58 5, 1 AOIRET 558>
2 mm, R EARET IR E MO . Yu 5 27E 3D £
o ACHE By R AR 12 BR SUHE P AR A B EA
164 HUJ BHE 5 ARBRET , AR5 R CT )2 3 5 W
BRETHOOE 25 R B R R AT RO MER 20T ik 96.3% ., Ma
S5 FURRRAS b B R AT A S AR B R A
1E CIER X &gl 308 T8 A A 5 Ak 5 AR IR ET
R UER 1, EET IS X BT A bR A EAT CT 434 = 4w
B L WRAET (1% o G SRR T 2 485 (1) KUK SR T
225, H AR B 4 A R R ] s T T A
e 2 POUE R S Ak 5 ) B B R X 30 4 AR A (B8
16 {31, 2 14 {51]) 52 it Je5 6 B2 MK AME 161 A =R, 2L A
60 i BEMEHE 5 AR IRET R 60 HOHX MEHE 5 AR IRLET , L
MY R HEBL AL 12 B, 5o KA B 14 58 8
WX HEHE 5 AR B 4T 6 B, 28 KU 5 55 48 58 X HE L o2
4. SRR 60 R HEME S HUIRET K 60 AU HEAE
SHURET AL T RO AHES ARETIE N, R H B 1) Sk
s A HE Sl DAL K 1w oA D 1) AR A O B R, B ET SN R
5 100% . A58 0B AR B HE 5 AR IR ET 80 A%, 3D
SR 40 M, T4 40 #r. MR 4E Tomasino BRET I
ik, 3D AR BT BT SUHE i B HE S AR AT /Y
B4Ry 87.5% , ME T H M %2 ANy 55.0% ., AHF
FEHY 3D T A 2H i R ET 2 4x AR AR T R AR STk 4
B, AT RE S VRN T A A O, L T RE 5 A AE S AR R ET
AETIE A ¢, e BATIE B, 78 A RET I &
A= i 22 1 P REPEBOR, BRI iR o A S ST
Tt —2B o .
3.3 AHIFERIA R IR

AT 5 R A e et 0 A 5 o A AT ) G
P, BRI AL T AR D B 4 A B BT I ), 32 8 B AT Y
HERVE 22k WD IR RIE R R A o B [FE R
TE—SL[a] @, 5200 B ET ) TEAA 1, 3 SR ET Y 2=
P Qe AR ] 5 5 2 B T I, S5 A A i T )
BAREEE. B, 5T AN, MEL TR
iV i B — S R I [R] , T A8 25 1 0 AR i 55 455 19 I 1]
A TR 2 A s A BE S T, ik Se R
H AT 3D A B & AT A e AN 2 o (H) B
3D FTEPECARIRS B2 09 K J , A HE AR SR S AR B
BRI 2 A 22 4 IR BRI

2% Lk

[1] Koller H,Acosta I, Tauber M, et al. Cervical anterior transpedicular

screw fixation (ATPS)-Part I . Accuracy of manual insertion and

pull-out strength of ATPS[J]. Eur Spine J,2008,17(4) : 539-555.
[2] Lee DH,Lee SW,Kang SJ,et al. Optimal entry points and trajecto-

ries for cervical pedicle screw placement into subaxial cervical ver-



« 50 -

[10]

[15]

FEE 2021 F 1 HEE 3455 1] China ] Orthop Trauma,Jan.2021,Vol.34 ,No.1

tebrae[J ]. Eur Spine J,2011,20(6):905-911.
Zhao L) ,Xu RM, Jiang WY , et al. A new technique for anterior cer-
vical pedicle screw implantation[]J]. Orthop Surg,2011,3:193-
198.
Kim MK, Kim SM, Jeon KM, et al. Radiographic comparison of four
anterior fusion methods in two level cervical disc diseases : autograft
plate fixation versus cage plate fixation versus stand-alone cage fu-
sion versus corpectomy and plate fixation[]J]. Korean Neurosurg
Soc,2012,51(3):135-140.
Aramomi M, Masaki Y ,Koshizuka S, et al. Anterior pedicle screw
fixation for multilevel cervical corpectomy and spinal fusion[J ]. Ac-
ta Neurochirurgica, 2008 ,150(6) : 575-582.
Prasarn ML,Baria D,Milne E,et al. Adjacent-level biomechanics
after single versus multilevel cervical spine fusion[J]. J Neuro-
surgery Spine,2012,16(2):172-177.
Song KJ,Lee KB,Song JH. Efficacy of multilevel anterior cervical
discectomy and fusion versus corpectomy and fusion for multilevel
cervical spondylotic myelopathy :a minimum 5-year follow-up study
[J]. Eur Spine J,2012,21(8) :1551-1557.
Ponnusamy KE,Iyer S,Gupta G,et al. Instrumentat ion of the os-
teoporo tic spine:biomechanic al and clinical considerations [J].
Spine (Phila Pa 1976),2011,11(1) :54-63.
Greiner PR, Allam Y,Ei SH,et al. Analysis of reoperations after
surgical treatment of degenerative cervical spine disorders:a report
on 900 cases[] ]. Cent Eur Neurosurg,2009,70(1) :3-8.
Brazenor GA. Comparison of multisegment anterior cervical fixa-
tion using bone strut graft versus a titanium rod and buttress pros-
thesis : analysis of outcome with long-term follow-up and interview
by independent physician[J]. Spine (Phila Pa 1976),2007,32
(1):63-71.
Liu Y,Qi M, Chen H,et al. Comparative analysis of complications
of different reconstructive techniques following anterior decom-
pression for multilevel cervical spondylotic myelopathy[J]. Eur
Spine J,2012,21(12) :2428-2435.
Abumi K, Itoh H,Taneichi H,et al. Transpedicular screw fixation
for traumatic lesions of the middle and lower cervical spine:de-
scription of the techniques and preliminary report[J ]. J Spinal Dis-
ord, 1994,7(1):19-28.
Aramomi M ,Masaki Y, Koshizuka S, et al. Anterior pedicle screw
fixation for multilevel cervical corpectomy and spinal fusion [J].
Acta Neurochirurgica,2008,150(6) : 575-582.
Yukawa Y, Kato F,Ito K, et al. Anterior cervical pedicle screw and
plate fixation using fluoroscope-assisted pedicle axis view imag-
ing:a preliminary report of a new cervical reconstruction tech-
nique[J ]. Eur Spine J,2009,18(6):911-916.
AR ARSI, A5 T B ME S R BT AR AE N B
A7 007 H B i PR 1 T [0 ]+ 47,2014, 27 (2) : 106~ 111
LI J,ZHAO LJ,XU RM,et al. Clinical application of anterior
transpediclar screw reconstruction in treating lower cervical spine
fracture and dislocation[]J]. Zhongguo Gu Shang/China J Orthop
Trauma,2014,27(2) :106—111. Chinese with abstract in English.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

X ZE B2 H AR, 55 T SUME AT B A 5 IR BT 1 5 R LS
S T S M R BB BT I R SE R ) A AR L)L v
2014,27(2):118-122.
ZHAO LJ,L1J,JIANG WY ,et al. Comparison of statics character-
istics between anterior transpedicular screws system and vertebral
body screws system in lower cervical spine[J]. Zhongguo Gu
Shang/China J Orthop Trauma,2014,27(2):118-122. Chinese
with abstract in English.
X ZE PRSI AL, 55 T S E T A 5 AR R BT e A T 05
FHEET 7 1) B AR P R 58 B o IR ds (D). ob 4 43,2012,
25(12):1030-1035.
ZHAO LJ,XU RM,HUA Q,et al. Radiological studies on the best
entry point and trajectory of anterior cervical pedicle screw in the
lower cervical spine[] ]. Zhongguo Gu Shang/China J Orthop Trau-
ma,2012,25(12) :1030-1035. Chinese with abstract in English.
Koller H,Hempfing A , Acosta I, et al. Cervical anterior transpedic-
ular screw fixation. Part I': Study on morphological feasibility , indi-
cations ,and technical prerequisites[J ]. Eur Spine J,2008,17(4) :
523-538.
Koller H,Hitzl W,Acosta F,et al. In vitro study of accuracy of
cervical pedicle screw insertion using an electronic conductivity
device (ATPS part Il )[J]. Eur Spine J,2009,18(9) : 1300-1313.
R, XU AR AE T SUME T A AR BT AR DL
WEFE[T]. 58 = A0 K 2E24 4 ,2012,34(18) : 1839-1843.
WANG YZ,LIU Y,DENG ZL,et al. Insertion of lower cervical
spine anterior pedicle screw in 18 cadavers[J]. Di San Jun Yi Da
Xue Xue Bao,2012,34(18):1839-1843. Chinese.
Patton AG,Morris RP,Kuo YF, et al. Accuracy of fluoroscopy ver-
sus computer-assisted navigation for the placement of anterior cer-
vical pedicle screws[J]. Spine (Phila Pa 1976),2015,40(7).
E404-E410.
Bredow J,Meyer C,Scheyerer MJ,et al. Accuracy of 3D fluo-
roscopy-navigated anterior transpedicular screw insertion inthe
cervical spine:an experimental study[J]. Eur Spine J,2016,25
(6):1683-1689.
Lu S,Xu YQ,Lu WW et al. A novel patient-specific navigational
template for cervical pedicle screw placement[]]. Spine (Phila Pa
1976),2009,34(26) : E959-E966.
Yu Z,Zhang G,Chen X, et la. Application of anovel 3D drill tem-
plate for cervical pedicle screw tunnel design:acadaveric study
[J]. Eur Spine J,2017,26:2348-2356.
Ma T,Xu YQ,Cheng YB,et al. A novel computer-assisted drill
guide template for thoracic pedicle screw placement:a cadaveric
study[J ]. Arch Orthop Trauma Surg,2012,132(1) :65-72.
FAAE TYPOK B, A5 BT B BOR A B AR A AL BT
TARAERITLT]. H AR ,2011,9(3) : 165-168.
WANG JH,YIN QS,XIA H,et al. Application of digital or-
thopaedic technique in personalized pedicle screw placement for
upper cervical spine[J ]. Ji Zhu Wai Ke Za Zhi,2011,9(3):165-
168. Chinese.

(WCH H 91:2019-12-14 A% : T5)



