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[Abstract] Objectives: To offer the anatomical data and feasibility of self-designed odontoid screw plate fix-
ation system(OSPFS). Methods: 40 healthy volunteers’[20 of each gender, age 22-32 years(mean 26 years)|
CT data of cervical spine were collected and imported into Mimics software, the data included: dens height,
dens anteroposterior diameter, dens width, C2 vertebral anterior height, C2 vertebral posterior height, C2 ver-
tebral body diameter, C2 vertebral body width, C2 anterior inferior lip height, C2 anterior inferior lip width,
the angle between C2 inferior end plate and the line of C2 anterior lip and the highest point of C2 vertebral
posterior marginal, the angle between coronal plane and the axis of odontoid, the angle of C2 vertebral body
which was measured in the plane with C2 vertebral body width, the angle between C2 sagittal plane front
edge and C2-C3 vertebral anterior edge sagittal plane tangent line, C3 vertebral body diameter, C3 vertebral
body width, C3 vertebral anterior height, C3 vertebral posterior height, C3 anterior inferior lip height, C2/3
anterior intervertebral disk thickness, C2/3 middle intervertebral disk thickness, (C2/3 posterior intervertebral

disk thickness, the angle between C3 superior end plate and the line of C3 vertebral sagittal highest point of
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the leading edge and the lowest point of vertebral posterior marginal, the angle between C3 superior end plate
and C2-C3 vertebral anterior edge sagittal plane tangent line, the angle between dens’ ideal screw channel
and C2-C3 vertebral anterior edge sagittal plane tangent line. All these data were analyzed by SPSS software
to work out relevant parameter range to OSPFS, the design and manufacture of odontoid screw plate fixation
system are on the basis of these data, and simulated surgery in Mimics software and on cadavers. After simu-
lated surgery, the accuracy of screw channel position were detected by the transparent function of Mimics and
Results: The OSPFS was designed based on

OSPFS consisted of screw fixing plate,

undergoing CT scanning and three—dimensional reconstruction.
the C2,

C2/3 disc fusion device and related accessories, which used medical titanium alloy material(Ti-6A1-4V) man-

C3 and C2/3 related anatomical measurements completely.

ufacturing. The complex included dens fixation parts, vertebral body anchoring parts and locking parts. The
simulated surgery in Mimics software and on cadavers was successfully carried out which demonstrated the
placement of OSPFS was feasible. The screw channel position of odontoid screw plate were accurate which

detected by the transparent function of Mimics and undergoing CT scanning and three —dimensional recon-
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struction. Conclusions: The placement of self-designed OSPFS in C2-3 complex is feasible anatomically.
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Figure 1 a The measurement on coronal plane which through the top of dens: DH, dens height; DW, dens width;
C2AILW, C2 anterior inferior lip width b The measurement on transverse plane: v, the angle of C2 vertebral body which
is measured in the plane with C2 vertebral body width was measured; C2VBW, C2 vertebral body width ¢ The measure-
ment on sagittal plane which through the top of dens: C2VPH, C2 vertebral posterior height; C3AILH, C3 anterior inferi-
or lip height; C2/3ADT, C2/3 anterior intervertebral disk thickness; C2/3MDT, C2/3 middle intervertebral disk thickness;
C2/3PDT, C2/3 posterior intervertebral disk thickness; B, the angle between coronal plane and the axis of odontoid; e,
the angle between C2 Sagittal plane front edge and C2-C3 vertebral anterior edge sagittal plane tangent line; 8, the an-
gle between C3 superior end plate and the line of C3 vertebral sagittal highest point of the leading edge and the lowest
point of vertebral posterior marginal d N\, the angle between C3 superior end plate and C2-C3 vertebral anterior edge
sagittal plane tangent line; «k, the angle between dens’ ideal screw channel and C2-C3 vertebral anterior edge sagittal
plane tangent line e C3VBD, C3 vertebral body diameter; C3VAH, C3 vertebral anterior height; C3VPH, C3 vertebral
posterior height; C2VBD, C2 vertebral body diameter; C2VAH, C2 vertebral anterior height; DD, dens anteroposterior di-
ameter; a=the angle between C2 inferior end plate and the line of C2 anterior lip and the highest point of C2 vertebral

posterior marginal
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Figure 2 a The anterior view of odontoid screw plate b The posterior view of odontoid screw plate ¢ The C2/3

interbody fusion apparatus d The odontoid screw e The anchor screw of vertebral body

Figure 3 a The anterior view

of odontoid screw plate fixation system(OSPFS) b Posterior view of OSPFS ¢ Lateral view of OSPFS d Lateral view with

45° of OSPFS
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Table 1 The measurement results of axis related

parameters
5 bR Tt {8 (s ) (G )
Measured parameters (observed value) (range)
PSR (o) 14.89+1.13(13.72~17.69)
BRI ) £ (mm) 10.74:0.85(8.56~11.77)
Dens anteroposterior diameter
PR A (mm)

10.40+1.18(9.21~13.66)

Dens width

ARAEAE A T 2% 5 2 (mm )

(2 vertebral anterior height)

RRAEAE 5 2% 5 2 (mm)
C2 vertebral posterior height)

HRHEAE A AT S 42 (mm)
C2 vertebral body diameter)

HEHEHE AR A2 (mm)

C2 vertebral body width)
HRAE T I 9 75 1 (mm)
C2 anterior inferior lip height)
HXHE T T8 (4 58 22 (mm)

C2 anterior inferior lip width)

24.73+2.14(21.86~29.90)

19.61+2.31(15.63~24.99)

14.30+1.13(12.70~16.57)

28.05+2.07(22.15~29.91)

3.03+0.61(1.94~3.82)

16.60+1.03(15.24~18.22

al®) 47.13£3.75(37.12~52.30)
B(*) 19.49+7.03(6.74~35.90)
y(°) 107.765.68(100.28~117.21)
e(°) 20.17+3.07(13.58~23.13)

T co, AXCHE T 5 AR AfE (AR 2% i i A ZEZR S C2 M PR R 2 AR
199 A1 (LA I A i 5 e R I3 7 R T 190 £ 3 RN ) 5 B, D R s dal
53 SE R THT 149 26 £ 5y, A AR AT A4 R A2 00 - 1T, 30 32 470 T K A
HEPRTIT 20 B ey e, ARAREAME R SR TAITIT 2% 5 C2~C3 HEPRTT
ESSINTNIES S

Note: «, the angle between C2 inferior end plate and the line of
C2 anterior lip and the highest point of C2 vertebral posterior
marginal; 3, the angle between coronal plane and the axis of
odontoid; vy, the angle of C2 vertebral body which is measured
in the plane with C2 vertebral body width was measured; €, the
angle between C2 sagittal plane front edge and C2-C3 vertebral

anterior edge sagittal plane tangent line

2.31mm ARHEME R AT G 428 14.30+1.13mm, C3 HE
T 2 55 Bl 14.70+1.67mm \C3 HEAK 5 %% 25 )
K 14.53 +2.10mm C3 HI F J§ 09 & & R 2,15+
0.52mm, 45 & JEET 1 BE AR 25 57 4l o IRET
F R E BT A 14~22mm , B B A 22 2mm, AR
It AR M A TR T AT 2% 5 C2~C3 HME AT 2% 2% MR
2R Je M e Ty 20.17°43.07°, itk 28 BEARET
5 C2~C3 MM Fr 2k R TE VI 1 Je i
28.25°+2.94°  Z5 GV IR G HRET Y BAR HE BT A £ T
i, EF W VIR IR ET 5 15 IR S MR T A9 A Ay A
it 25°, M C3 HERFT G 420 17.05+
2.10mm ,C3 MEMARHE 12 R 21.75+1.94mm  C2/3 Hi
HE ] 5 ) BE ol 2.26+0.45mm ,C2/3 &R Hi: |] 4% &
B R 4.73+0.63mm ,C2/3 & #HE ] £ 2 B8 2.55+
K2 C3EXSHMNEER
Table 2 The measurement results of C3 related

parameters

BT L 2
Measured parameters
C3 MM 72
C3 vertebral body diameter
C3 A2
C3 vertebral body width
C3 AT 25 o
C3 vertebral anterior height
C3 ARG 2 )
C3 vertebral posterior height
C3 A Jis A e 2
C3 anterior inferior lip height
C2/3 T HlS A i) 2 J52 22
C2/3 anterior intervertebral disk
thickness

C2/3 v FS A [ 4% J5E i
C2/3 middle intervertebral disk

thickness

C2/3 Ji s A 1 45 12
C2/3 posterior intervertebral disk

W (s ) (FE )
Observed value(range)

17.05+2.10(13.78~19.65)
21.75+1.94(17.35~23.91)
14.70+1.67(12.45~18.98)
14.53+2.10(10.65~18.62)

2.15+0.52(1.07~2.81)

2.26+0.45(1.23~3.06)

4.73+0.63(3.68~5.65)

2.55+0.74(1.84~3.90)

thickness
3(°) 42.57+3.47(37.55~48.46)
A(°) 83.03+1.54(80.81~85.75)
k(%) 28.25+2.94(23.36~33.93)

128, C3 AR IE v 5 R 0L BT 48 05 g i 5 5 G AR R B 2R S C3
M b 2 AR J2 iy 5N, C3 AR TET S C2~C3 AR AT 2% 25k
T YT 1 e A 5, IR 8 BAR BT T 5 C2~C3 MEAHT 2% 5% MK T
EABSE

Note: 8, the angle between C3 superior end plate and the
line of C3 vertebral sagittal highest point of the leading edge
and the lowest point of vertebral posterior marginal; N\, the
angle between C3 superior end plate and C2-C3 vertebral
anterior edge sagittal plane tangent line; «k, the angle be
tween dens’ ideal screw channel and C2-C3 vertebral anteri

or edge sagittal plane tangent line
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0.74mm HE 8] £ 1) - 339 JR 29 0 3. 2mm, B H 45 78 RV Z0PK SAE (8] g 52 9 R AF - mT LTy b M (] il 5
PR C2/3 MEMIRS & B AF B 0 B ol s R R BT, R RS A S A
BRET TR GE MRS R — A B 3.5mm, BTG 3mm 247 RBEES AT LA 1% 1F 38 S O\ )
2 9 13mm, B4 16mm , IXFEBHAUEAAE T, R 30 A S DA R A REAR A 0T 52 2 ] 29

B 4 a~c [ AEGREH IS Hangman B 37 7 WG I C2/3 Hi (8] & 45 45
d~f 7 Mimics C{F 1AL IR S BRET 904 N 181 %E & 98 AR, 840 Mimics
B L 3 W] ) e W8 AR S R BT A B P [ AR S IR E T E 7E G2 A C3
ML ES R B S VIRTIRET AR N [ E R G AE T AR AR b5 UL
FARJG BT CT P4+ =2 5 45 09 SR T | e R 1T R A DR T ] 8 7 147 24K 5
BT AR AR A T 50 2% 8 T 0 A AR il s B MR T o7 AT A AT

Figure 4 a-c Type Il odontoid fracture, Hangman fracture and C2/3 in-
tervertebral injury d—f After simulated surgery in Mimics software, the
screws channel position of odontoid screw plate fixation system are accurate
which detected by the transparent function of Mimics Figure 5 After simulated surgery on cadavers, the screws chan-
nel position of odontoid screw plate fixation system are detected underwent CT scanning and three—dimensional recon-
struction, it's the sagittal, coronal and transverse view on CT scanning, which show that the position of the C2/3 inter-

body fusion apparatus, plate and screw channel are ideal
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HE S5 ATV A BIHE RS 2 S5 0 I — 34y, R JE
PN e B 2 A Ab IR PTRL R 45
T B A ] il 25 B K A 8 UM 2o el AR
C3 L Z&Hif 5 C2~C3 HEMRHT S o R 1 U 46 1) I
Nl 83.03°1.54°, ZE B C2/3 A [ FB A
5B AL E A B fR BETT R 830, X RE LI A5
FARM C3 b 2R iy #5845 & i, ATy
AFARE], HRZ R T L2, i e 1
I 7 32 Y A e R v e A e B TR ) A R

OSPFS B3R 4 ZUMH A M4 AR 5 R E v
W FARE AT, B RS 4 HYIREw
EIN- VN Uy ) €L NI TN Y & i R
M4 PP, BT s8R 2 H BT OSPEFS )
SRAEARAS 2 05 5300 P 14 5] e £ B3 B2 A 5G4 1y A B
e, OSPFS (i R H 5 63 2 4b 7 T2 RE 8
— W IR YT R R S P Hangman ‘B 47 7]
5 9 C2/3 MEE] £ 4507, O BT BEAX OC T Y 2k B
i, OSPFS ffifd C2/3 Mm@l #% | Fo 8 43 13
BT T 7 BRI 2 R — A A, OSPES ) — R Al K
M B TR L YRR M, I BB ARG iR DR 1A IR
S BT MK M 44 2% T B D) T B A T BB EN .
T C2 5 C3 HEMA BB W I 5 5 BT 5L, i C2/3
HE ] il G 25 R R i S M S B, BTN M
AT 2 e T, s TR CE FARE
XAE BTG AT LR 2000 52 A I vy B, fR g C2
5 C3 Z IR W Rl A, tnT LA 1k R e
3, OSPFS MY BT UE T 2 IR 28 B4 T 55 ME PR
BRETHEET M W A G A BRI HE
3.2 OSPFS [ ZMM A B% T AR B A 0] 474 53
Br

SUURE T B B Al P L R ) R A Sk 1)
1 STUAHE S | 0UME I T2 S SR I JRE 45 BB, SOUME T
A B o S R 5 BB A B 2 R, (ARG
TR A ARSI 5 WA TR R R IR T A S T
B F AR, ST M)A B B AR 2
OSPFS & #5847 M A s AR 2 8835 A0 Mz A9 AR
B WSkl A2 e , il S0 b i A7, 7 Bt A4
(VAN T ORI BN S 3 W) 1
N7 AFE [R] B, Jin K, B A R T ] S DT RRI, NFR
FE R Hangman B 475 & I HE R B8 05, i T HER)
f A SEERE AR 2 M H AU C2/3 7 B AR
FE RLURIS X F Hangman B 3, 51 3 89 4 A
SE AR LA BENS AE FR 20UME A P B | BB 2

HENR] 2 A B8 A0 B TR AL B9 R A A
(] AF B Rl B AR i B 220 B A5 0 09, OSPES 1Yy
FARE NG RIS URET [ 7 + 1T B8 C2/3 HE ] B il
HARMF AR AR —B, Blondel F7E 2009 4 i H]
VbR S BRET [ 5 + 10 B% C2/3 MERIBR A& AR IT 1
B35 IR 245 BT Hangman B3 & 1% AR
i RIS, LA K2 454 OSPFS 7E Mimics 204 [ 11
BT AR YL T HE I OSPFS 19 B A BLA i K
IR
3.3 OSPFS AL i b ik 53

OSPFS 4k 7K 1 #50if # N [ % 6 J7 Hangman
HHTIIUE R T ARG /N B AR AR XS a7 18, [ % 5
S5 X SHUHE A= BT S D RESZ WA /N 2 AR AT 5 i) 22
47, OSPFS fEfE 5 B J8 38 B0 IKTE 3l , B
RSB 300 A8 0 5 SR ) 2 A2 AR OSPFS A KEAfE
W B2 AR T AR KOG A T
HIRERIF IS &, EHE GBI R LA A
JEICHR , OSPFS Bt bl LUABELLF AR . A
ORORGL G E N e AR ki (-3
M C2/3 Afa; @1k IR 28 BRET [ 52 1438 N
E ; @Hangman ‘B 41), OSPFS ANREALHELL T LK
i) 1. (DSFME SR 5 B8R J5 ™ T 25 SR R
BAERAMER B, QAR EE;
C2 ¢ C3 HER M 0 M 4 5 B0 2 IR 5T o1 &
A @A HR SR ET 1 5E 19 A5 R IE . OSPFS 5 i
TERRHEME AR T PRAT 25 N, 75 AR IR 52 48
BTN [l AR BEAE SR ML B 2 A i SO, SR LB G
BT EE M G, BRIS T OSPFS 7836 7 B i 6 A
FAE IR A5 1 B & i S BT

ZEH W OSPFS Jf& LA Vichard 282U = it
FAVEI AR Platzer 5520 15 1R 58 84 Al Ay BL it (B
& it H B 5 Vichard 1 Platzer 55 A i A [,
Vichard Fl Platzer S5 1% i MM EZHEN T
fiff DR Bl 1A R SEMRET [ AR TG vk A B ) T AR A
VIR ZE B TSR, MEH TSR H e R 78
— AT R 9T IR B Tk & Hangman & 47 [7)
If A 9F C2/3 MEfa] #4540, 223 I K Platzer 5520
BB A AR DRI DG T 23 B ) B X G Y AR BRI
Bl ORISR AT R RN RIR S B T R 2
it OSPFS ff B TR MG iy AL JLThBE , g b
A LA R A3 A ) A T B

4 SEXH
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