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3D printing navigation template assisted pedicle screw placement for the treatment of type Il old odontoid fractures
DONG Wei-xin,CHU Zhen-tao ,HU Yong,LAI Ou-jie ,YUAN Zhen-shan (Department of Spinal Surgery,Ningbo No. 6 Hospi-
tal ,Ningbo 315040, Zhejiang , China)

ABSTRACT Objective To compare the safety and clinical efficacy of freehand and 3D printing navigation template assisted
screw placement in patients with old odontoid fractures of type Il . Methods Total of 38 patients with old odontoid fractures of
type Il were treated from November 2018 to December 2022, all of which presented as chronic neck pain. According to the dif-
ferent methods of screw insertion into the pedicle,the patients were divided into a navigation template group and a freehand
group. In the navigation template group, there were 17 patients including 9 males and 8 females with an average age of (51.30+
13.20) years old, disease duration was (22.18+7.59) months. In the freehand group,there 21 patients including 7 males and
14 females with an average age of (49.46+11.92) years old,disease duration was (19.52+9.17) months. The intraoperative
blood loss , operation time ,and postoperative drainage output were recorded and compared between two groups. The accuracy of
screw placement was evaluated by CT scan. Before operation and 1 year after operation, cervical pain was assessed by visual
analogue scale (VAS) ,neurological changes were evaluated by the Japanese Orthopaedic Association (JOA) score,and the de-
gree of spinal cord injury was assessed by the American Spinal Injury Association (ASIA) injury scale. Results All patients
were followed up for (25.31+1.21) months. The operation time of template group (112.00+20.48) min had significantly shorter
than that of the freehand group (124.29+15.24) min (P<0.05),while there were no significant differences between two groups
in terms of intraoperative blood loss, postoperative drainage ,and hospital stay (P>0.05). At 1 year after operation, in template
group and freehand group ,the VAS [ (2.88+0.86), (2.90+0.83) ] and JOA [ (14.94+1.82), (14.62+2.19) ] improved with pre-
operative [VAS (4.71+£0.92), (4.86+0.79) and JOA (12.18+2.30), (11.95+2.31) ] (P<0.05) ,with no significant difference
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between two groups (P>0.05). No significant improvement was observed in ASIA grading in either group at 1 year after opera-
tion(P>0.05) ,and there was no significant difference between two groups (P>0.05). The template group had significantly better
accuracy of screw placement in the pedicle of the axis than the freehand group (P<0.05),while no significant difference was
observed between two groups in the accuracy of screw placement in the pedicle of the atlas (P>0.05). Conclusion In the treat-
ment of type Il old odontoid fractures with posterior pedicle screw fixation,3D printing navigation template screw placement can

significantly shorten the operation time,achieve similar clinical efficacy as free-hand screw placement,and significantly im-

prove the accuracy of screw placement in the pedicle of the axis.
KEYWORDS Old odontoid fractures; Navigation template ;
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Tab.1 Comparison of preoperative general data in patients with type I old odontoid fractures and atlantoaxial dislocation

between two groups

y &E'J/WIJ ) BMI (x4s)/ %193%/%
L 1% ARG (s )/ 2 o iR (ves )/
i s (kg-m™) WG ol i
SHRAH 17 9 8 51.30+13.20 24.17+3.34 22.18+7.59 7 4 6
T 21 7 14 49.46+11.92 23.67+4.51 19.52+9.17 12 2 7
656 (E x’=1.482 1=0.490 1=0.388 1=0.956 x’=1.657
P1E 0.324 0.627 0.701 0.346 0.437
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Tab.2 Comparison of perioperative data between two groups of patients with type Il old odontoid fractures and atlantoaxial

dislocation (x+s )

M/ (g L)

Bl 1%k FAREE/min - AR i 5/ ml FEBERT ) /d ARG 51 HE/ml - —

A HI AR 3d
Sl 17 112.00+20.48 173.35+53.64 10.76+1.75 87.06=31.77 11.12+1.58 9.97+1.41
EFH 21 124.29+15.24 198.08+63.85 12.38+3.09 90.95+28.71 11.48+1.48 10.14x1.42
1l -2.120 -1.284 -1.919 -0.396 -0.722 -0.373
Pl 0.041 0.207 0.063 0.694 0.475 0.712
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Tab.3 Comparison of the accuracy of atlantoaxial pedicle
screw placement between two groups of patients with type II
old odontoid fractures and atlantoaxial dislocation
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Tab.4 Comparison of ASIA grading between two groups of patients with type Il old odontoid fractures and atlantoaxial

dislocation
A 5]
. C% D % E %

21 51 Bi% — - - — — - — — -

AR Hi ARG 14 Z{H  PfE A HI ARJg 14E Z{H Pfa A HI AR 14 Z{H P
S e 17 2 1 0.366  0.545 15 14 0.234  0.628 0 2 2.125 0.145
WEFEA 21 5 4 0.141  0.707 14 15 0.111  0.739 2 2 0.000 1.000
A 0.907 1.425 2.418 0.620 1.709 0.050
P1H 0.341 0.233 0.120 0.431 0.191 0.823
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Tab.5 Comparison of VAS before and after operation

between two groups of patients with type Il old odontoid

fractures and atlantoaxial dislocation (x+s)
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t 1l -0.544 -0.081
Py 0.589 0.936

AT TEAR AR G S AR W R ET SR BEET M, Rk
S AL e RCE AT, e b AT S B 100% 1) & 4
BT BEAN , AHIF ST T 3T A X B M A A S
05 B PR A A A B BT, BRI A R AR e
by A Bt AN 2 52 M S B A BT RS R
3.3 3D 4TER A B B AT AGE T B AT VR A L
BT

AW S R T AR ALTE BEME SR AT B AT I 32 AU
ETSe i THES AR, BE NI RE THEFH (P<
0.05) , H A 2 MOBET 28 1 5 2 5, 25 B8 R
T (DARPHRALREA LS, FE RS HArHE
JG T ANRETE MGG, 28R 35 o oA T R ) ik A 1 I 38
ARSI AR i, SR TAE AR AR
A i /N FAETF4L, X T RES AR AL W
()T AR IR [ A 56 o o T TR TR ik 2 Bl L I A8 T 4 TR
BRI B T R i > (2) SARARBUN, 8
PRETIE B, B FAS 5y SCVE 1 7, S0 5 1 1k 2 1 2 (]
S, SRR E S R A A R 2
(3)CT HAZJE AR A g F b h B 22, &
FATEN & 2 5 B R AU N ZE S . X5

*x6

NIU S5 B REE 5 RARML . (B H R I, X PRl B 5T

T A HE B PR AE AR AME B 22 R OR g B L (P>

0.05) o2& WA b TEMERIVAXAE fife 31 28544 | 1% 22 57t LA e

AR BT AR GG 20 BT ARG BE I U o XA i

P ZEAG S KR A 5 AR, TR T S 2 A

S, TCMER L G2 38 S b poAE S AR, 2 il 5 5 Al

B R SR B 252 X T AR R+ m B

SRR, T LT X JEE AT /N AR XA L 18 T Al

Bl BT I B B ME S AR ET B TR, TR

HE 5 MR A1 /)N, B BT ME L R P A, S A B TR

B AR B A 08 o T I AR D 0 L A

Al BEME o LEBBR A ARATARJS VAS K JOA 373 $ 7R

I PRASCR R4, 2 WIS Al B S A 5 AR BT A

ANJe e AR
25 LRIk 3D FTEN G A A B A S R R AT 8

7 BRIFE TRk AR 5 3 P A S 1 B3 7 280

DI, AT 48 v T R A T L AR SR R D B v

O BB 5T, BEAS TR B/, UG B 77 B 2 RAEAS |

Z L AT YO TS — 2 IR A5 e .

% % 30wk

(U] B30, XUPE. T MK IBE AL A 43 B B ARG T BUIR () ]. b 5435
2016,29(10) :875-877.

YUAN W, LIU Y. Clinical classification and treatment status of at-
lantoaxial dislocation[J ]. China J Orthop Traumatol ,2016,29(10)
875-877. Chinese.

[2] MEYER C,EYSELP,STEIN G. Traumatic atlantoaxial and fracture-
related dislocation[J]. Biomed Res Int,2019,2019:5297950.

[3] KIRANKUMAR M V,BEHARI S,SALUNKE P,et al. Surgical
management of remote, isolated type Il odontoid fractures with at-
lantoaxial dislocation causing cervical compressive myelopathy [J].
Neurosurgery ,2005,56(5) : 1004-1012.

[4] WA SKROGHN, 25700, . BEHEN 4k K H 22 05 =5 A P g g T [E
FE R IE MRS [T]. h EA A A A 2935, 2002, 12(1) : 5-8.

FARKREE TRERREMEERXTHAEEF ARG JOA FESLE (355)

Tab.6 Comparison of JOA scores before and after operation between two groups of patients with type II old odontoid

fractures and atlantoaxial dislocation (x+s)

B 43
b= BVl KL
25 51 [k — - - - - - . .
AT ARG 14 i P{H AR ARG 14 i PfH
Byl 17 5.59£1.28 6.71+0.85 -5.374 <0.001 4.35£0.79 5.35+0.70 -0.476 <0.001
EFH 21 5.29+1.06 6.38+1.16 -4.600 <0.001 4.33+091 5.09+0.83 -5.587 <0.001
t{H 0.800 0.963 0.070 1.018
P 0.429 0.342 0.945 0.316
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Byl 17 2.24+0.66 2.76+0.43 —4.24 0.001 12.18+2.30 14.94+1.82 -3.983  0.001
T4 21 2.29+0.64 2.76+0.44 -4264  <0.001 11.95+2.31 14.62+2.19 -4.057  0.001
t {8 0.237 0.020 0.298 0.318
P 0.814 0.984 0.768 0.752
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Fig.1 A 30-year-old female patient with old type Il b odontoid fracture

and atlantoaxial dislocation underwent posterior approach 3D printed

navigation template assisted pedicle screw internal fixation and bone fu-
sion la. Preoperative lateral X-ray of cervical showed an odontoid pro-
cess fracture  1b. Preoperative cervical sagittal CT confirmed a fracture at the base of the odontoid process 1e. A guide plate was used during operation
to assist with pedicle screw insertion 1d,1le. At 3 days after operation , the lateral X-ray and sagittal CT nail rods of the cervical spine were fixed in the
atlantoaxial vertebra,with acceptable position ,fracture reduction,and the vertebral body was still aligned 1f,1g. At 3 days after operation ,cervical CT
showed good pedicle screw placement  1h, 1i. The cervical median sagittal CT and the lateral X-ray showed maintained screw and rod were in good posi-

tion at 3 months after operation  1j. The cervical sagittal CT at 1 year after operation confirmed effective fracture healing
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