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[Abstract] Objectives: To investigate the applied value of 3D printed navigational guiding template in
pedicle screw placement. Methods: From June 2013 to October 2015, data from 43 cases who had undergone
opening reduction and internal fixation of atlantoaxial vertebra with pedicle screw placement were retrospec-
tively analyzed. All the patients were divided into 3D printed navigational guiding template assisting pedicle
screw placement group and traditional pedicle screw placement group. The accuracy of screw channel was e-
valuated by comparing differences of preoperative and postoperative indexes in 2 groups. The comparisons of
operation time, intraoperative blood loss, the number of intraoperative fluoroscopy, the accuracy and the time
of screw placement were performed. Besides, cervical spine visual analogue score(VAS) and spinal function
score of Japanese Orthopedic Association(JOA) were also compared between the two groups. In addition, post-
operative trajactories of pedicle screws were measured after the positions of preoperative and postoperative 3D

atlantoaxial models in a redefining coordinate. Briefly, all the 19 patients in 3D printed navigational guiding
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template group had preoperatively performed CT scanning and the data were imported into Mimics 17.0 soft-

ware. Afterward, the 3D models of cervical vertebrae were reconstructed and the optimal trajectory of virtual
After navigational template was manufactured by 3D

Results:

navigational template with guiding hole was established.
printing and sterilizing, it was used to assist with the placement of pedicel screw intraoperatively.
There were no significant differences in general data of the two groups which included age, sex, clinical
diagnosis, lesion segment, complication and proportion of preoperative traction and reduction(P>0.05). All the
19 patients in 3D printed navigational guiding template group were totally placed 68 pedicle screws, with the
operation time was 197 +41min,

All the 24

with the accuracy of

accuracy of 94.1%, pedicle screw placement time was 2.2 +0.4min,
intraoperative blood loss was 395+64ml and intraoperative fluoroscopy number was 4.6+1.1 times.
cases in traditional pedicle screw placement group were placed 76 pedicle screws,
76.3%, pedicle screw placement time was 3.4+0.7min, operation time was 245+67min, intraoperative blood loss
was 552+79ml and intraoperative fluoroscopy number was 9.4+2.7 times. The differences between parameters
mentioned above were all significant (P<0.05). The trajactories of pedicle screws in 3D printed navigational
guiding template group had significant better results than those in traditional pedicle screw placement group

(P<0.05). VAS and JOA scores of 3 days,
improved compared with preoperative data(P<0.05), while VAS and JOA scores of postoperative 6 months and

6 months and 12 months postoperatively were significantly

12 months were of no significant differences between the two groups(P>0.05). Conclusions: The assistance of
3D printed navigational guiding template in guiding atlantoaxial pedicle screw placement can significantly
increase the accuracy of atlantoaxial pedicle screw placement and reduce the time of screw placement,
operation time, intraoperative blood loss and the number of intraoperative fluoroscopy.

[Key words] Atlantoaxial vertebrae ; Pedicle screw; 3 dimensional printing model; Computer—assisted; Rapid
prototyping technology
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Table 1 Comparing the sagittal angle and transverse angle of atlas in pre—set screw track and actual screw trac

(xs,°)

3D FTEN AU AR AL (n=19) {5 B ET 2 (n=24) T A
AT ) i 3D-printed group Traditional group Pre-set angle
Placi rew 1
acing screw ange (L) AU (R) 2 (L) FHM(R) ZEf (L) A (R)
P B s 9.1£1.87 8.6+1.8" 7.5+1.62% 73£1.22% 9.9+1.5 9.1x1.4
Transverse angle
Sl i 9.2+1.17 9.2£1.17 103222 1061329 9.0£1.6 9.5+1.7

Sagittal angle

(D5 BUR A B HL AT P>0.05 ;D5 Tl A JE HL 8 P<0.05;3)'5 3D 4T B Ait#i i 4l Ho 4 P<0.05
Note: (DCompared with Pre—set angle, P>0.05; @Compared with Pre—set angle, P<0.05; @Compared with 3D—printed group, P<0.05
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Table 2 Comparing the sagittal angle and transverse angle of axis in pre—set screw track and actual screw track

(xs,°)

3D FTER SR 2 (n=19) TG40 AT 4 (n=24) T ff1
AT R 3D-printed group Traditional group Pre-set angle
Placing screw angel JEMI(L) £ (R) JeMi(L) il (R) L) Fifil (R)
- V‘”@fﬂd | 21.9+4.87 21.9+4.67 18.9+4.629 19.124.12% 227452 23.16.4
ransverse ¢ ng e
KAt 23.4+4.17 225519 20445229 18.6+4.32% 24.9+5.6 23.5+6.8

Sagittal angle
0 (D5 WA LR P>0.05 ;@45 TS A 2 L P<0.05;)5 3D TED AR AL 42 P<0.05
Note: (DCompared with Pre-set angle, P>0.05; @Compared with Pre—set angle, P<0.05; )Compared with 3D-printed group, P<0.05
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Table 3 Comparison of perioperative related

parameters in 3D—printed group and traditional group

SDATENS:  fBGEETAH sy
A A 2H Traditional f‘ ﬁ {E PlE
; Statistical
3D-printed group value P value
eroup (n=19) (n=24) ’
EET 1] (min/AL)
Placing screw 2.2+0.4 3.4+0.7 2.03 <0.001
time
B IEL ()
Fluoroscopy 4.6x1.1 9.4+2.7 2.04 <0.001
number
SRR min) 97,4 245567 202 0.006
peration time
A it gt (ml)
Intraoperative 395+64 552+79 2.02 <0.001
blood loss

R 1) B A Hp i 5 T 3D 3T B SR AR i B
FIA Y ARG B ET A AL X T figdE th T 3D
FTED S TR AR i B B T DR ot B, fifl
AR AT 4 J6L T A IR 8] sl A A Hp I [ B 3L
IR NG bR 4 S IN] NS B NI B E 29 e
SYER R TR, X450 5 i — 2Lk
A8 — B, 24 32 A A B RETS, P2
BEARIFWIGRIIGE (FUR & VAS 3153 F1 ke
JOA P73 ) BB R A W] oC% 1M A9 41 /9 R e
3d.6 A 12 AR LR R LG 5 R
W1 3D AT BN TR AR e B B 5T 0] L3RG AL 4L
FYARY I RS Y &L, 25 1, 3D T EN-S A Al 7 il
B R X HEME =5 AR B AT J7 T s 1 B Y 2 A
AT R A RO (AR HE)T

JUEUNIE 3D AT B AU AR AR A — LBl
ARSI, OXF TR 778 25 F AL
RBFE A R A, TR R A A e 2T
PIF7AE R MERE AT 3D 4T EN AU AN IS & B M,
Q% W 5 WFRAHMER G T B 1EZ i, A S
M5 MEMR G J7 B VRS A S W A I, AT
B, EEWRE A S 28R P E R R
Bosh A~ =F 5k . — M2 142 4 Allis
BT e I AR B MR s D) — RO IE AR
ST T 55 ST P A /N 250 ke R AT
W BE 2% 94 Lk i B AR 3 B9 P Sk, DT BE ) L 1t B
e ] 5 S ATREAR ;57 — o 7 S TR A 00 35 A
Beit— A4k T T LU F [ 19 3k TR A2 5E S AU
M. @3D T BN M A5 AR T 1) FL s BE 47 1.5~
2.0cm fe At o v S iR R R4 A 2 PRI
ETWER M . @3D FTENS TR S 1) FL B AR 7
2.0mm, 32X AT LA R Sk AH DT E DA T 41 A 5 4
AL Rr BE B Akl Sk AR S AL A . Rk AT

x4 IDITNESTASEREESTATBI VAS 5 K JOA {F57HLLE (ws,57)
Table 4 Comparing VAS and JOA score in 3D—printed group and Traditional group
VASIF¥43 JOAPF43
Visual analogue score Spinal function score of Japanese Orthopedic Association
- AR - A
A Hif Post—operation AR H Post—operation
Pre— Pre—
operation 3K 61 H 124-H operation EPN 61-H 124-H
3 days 6 months 12 months 3 days 6 months 12 months
3D ITED 5T 4 - ] - - ) ;
(n=19) 6.6+1.7 3.2+0.6" 2.4+0.6" 1.9+0.4% 7.6+2.7 10.2+1.6%  12.1+2.27 13.9+2.6%
3D-printed group
feSBEM(n=24) 73,16 301097  28:087  22:047 7326 9.9¢130  128:217  135:220

Traditional group

(D5 R 4R AT Lz P<0.05
Note: (DCompared with the same group preoperative, P<0.05
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Figure 2 A 45-year—old man suffered traffic accident injury a, b Preoperative anteroposterior and lateral X-ray viewof

cervical spine showed C2 odontoid fracture ¢, d Preoperative coronalposition and sagittal position image of CT scans also
showed C2 odontoid fracture e Simulation operation in the printing navigation model preoperatively f Placing the 3 di-
mension printing model intraoperatively g, h Postoperative cervical anteroposterior and lateral X-ray showed the internal
fixation is well positioned i, j Postoperative CT scans confirmed the pedicel screws were safely inserted into the C1 and
C2 pedicle k, 1 The CT show that the odontoid fracture had healed postoperative 12 months and the internal fixation

has been removed
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