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Abstract: The study investigates the mechanical deformation of a newly developed screwless omega-wire
dynamic system for stabilization of the spine. The omega-wire spring stabilization system was tested under
tension, compression, and dynamic compressive fatigue loads. In addition, its bending deformation was
compared to that of a spiral-wire spring system using FEA. A model whose hanger inter-center distance is 60
mm showed an ultimate tensile stress of 3981.7 N at a displacement of 3.61 mm and an ultimate
compressive load of 535.6 N at a displacement of 2.16 mm. Under fatigue loading of 5 Hz with 10 N/1 N
it did not show any failure over 5 million cycles, and the displacement was restricted to 89 mm. In the
FEA, the omega-wire spring system showed more flexible bending features than did the spiral-wire spring
system.
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Al 2= ®ll(Screwless Omega-wire System, Kang&Park
Medical Co., Korea)o® A&t A2 (Inter-
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Aol mdlg wo] lth(Fig. 2).

A= AA AFAEH, 4 dFAES 9
3l Stainless Steel®] AMEE A FEow, T4
2  A]l¥(Dynamic Fatigue Test)< ASTM(Ameri-
can Society for Testing and Materials, U.S.A.)°]A]
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Fig. 1 The screwless omega-wire spring posterior
stabilization system incorporated with a
polyethylene spacer (UHMWPE). The wire
is omega shaped

hanger ring

hanger ring

Fig. 2 The screwless omega-wire spring posterior
stabilization system
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Table 1 Mechanical properties of NITINOL

0.2% offset yield Ultimate
stress tensile strength N(Il(\,/i]ll’lzlu ')'S
(MPa) (MPa)
307.2 1053.6 14622.8

Frictiéﬁléss

Fig. 3 Applied bending conditions for the finite
element analysis of the ASTM F1717 test
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el 47l9] mdle) figh tSAIE o]l Al E AT
25 mm/mine] WHHEEZ AFT AFAHS 7t

w9 g oo AEe Aata

23 SHYSZRUZEAE
7] 2 (Fatigue)A 8> 4 ZYFAE7] MTS

793(Material Test System, Co., U.S.A.)olA X 1E
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Agakoleh. ohAl wEll, ZF 1SN/LSN, 12N/1.2N,
ON/INS EMEAFS Agae] ARG 53

FE7 HEH oY

stdvh 1 F oswuma) oo wEEFeAn
shere] Qojubx ghe hFEAL Fohio] =

3L A (Screw  and
spiral-wire spring system, Bio-Spine system, Seoul,
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(Screwless omega-wire spring system) ©l T3l ¢+
o8 fFhyHe vy MHs AAedd. £33
843142 Ansys Workbench 12.17} ©]-&% At}
Fig. 3°l4 Uetll= wpeh o] mAajet =19
olg-s WA FAlA AAE A XF Z

5 WEs 2 ZA7E YHES AFEdERas
At ks At oleie] UHMWPE &Fof i1
48 3 ALAdY] FAHFES Ades AU
%, Y5 WEo =z ONoA 20N7FA] SN w2
Ao 2 35S 7t wf ngAe] MyS &
A 8kSi T

A 9l ot Al™ Ao}
mm, 50 mm, 55 mm, 60 mm¢ 17|zt
% }{ FUAb Sulzke Ao Q1
A Aol A 22004 AFetds wWel o
] 45 mme A7 A e Zakst
Halom, 60 mme A 7H oFst
st we T AATE =Y A =449
mm, 50 mm, 55 mm A3+ A-E 7t
XJXH'E 60 mm TAANRC ok FwsF A
= A el FANA, 4=, 54
Aol A A9l = AT
71 okek Feteles 7H 60 mme] 37 A 9
I EAY AFghe Table 201 A2 H o]
CZ) gl s eie] Al Hdkat &
=4 747]’ AR EJek 1 AFelA At S
3} (Ultimate Force)< 3981.7 No.& U E}y o,
3981.7N°] =&kats ol A =g 9] (Ultimate strain)
= 86.74 mm= YEhY AL g3 5 9k
a5 Aol 679 A H F3stFT S
5356 No=2 usgtom, 1o wE F3HS
(Ultimate displacement)™= ¥ 2.11 mm©| At}

porhogo By woH
miﬂi*
o

bUogo L 3 U ol ox £ M

Ni& o
ilcﬁi



1102

o] o]

Table 2 Results of the tensile and compressive tests

oy

2= .
T

Tensile test

O~
<+ T

Table 4 Results of the finite element analysis

Yield Yield Ultimate Ultimate 200~300N
strain Force strain Force Stiffness
(mm) ™) (mm) ™) (N/mm)
Average | 33.81 | 656.1 86.74 3981.7 19.7
SD 2.09 | 41.39 3.61 391.79 1.88
Compressive test
Yield Yield Ultimate Ultimate 200~300N
strain Force strain Force Stiffness
(mm) N) (mm) ™) (N/mm)
Average | 1.21 | 392.3 2.11 535.6 682.8
SD 0.18 | 34.28 0.16 18.43 85.53

(Note) SD : Denotes the Standard Deviation.

Table 3 Results of dynamic fatigue test

Force Maximum Total

Implant type ) stress deformation
(MPa) (mm)
5 18.87 1.44
Spiral-wire 10 37.75 2.88

spring
(Bio-flex) 15 56.62 4.32
20 75.97 5.76
5 69.56 2.55
Omega-wir 10 139.13 5.11
e spring

(Exflex-sp) 15 208.71 7.65
20 278.27 10.21

M?XQXHH mct;flgltte Specimens
0 (Number)

375,000 Specimen 1

15/1.5 450,000 Specimen 2

12/1.2 750,000 Specimen 1

10/1 >5,000,000 6 specimens

0 1000000

2000000 3000000

cycle

4000000

il
5000000

Fig. 4 Results of dynamic compression fatigue test
for Screwless omega-wire system inter-ring
distance of 60mm with 10N(Max)/1N(Min)

Load

P g2 A)Fo A 15N/1.5N A
2748 450, 0003] 2 375,0003] o
o™, 12N/1.2No A 172 A4

Fig. 5 Stress distribution of the spiral-wire spring
(left) and omega-wire spring (right)

2 750,0003] o Al mpeko] WRAJESITE SEAIRE,
10N/INS] &=z A& 5,000,0003] 744 Table
3o AAE ZAAH Fedo] dojubA] Tl Fig.
4o YERG 1ON/INO| sfFell A 13zl zhol
5,000,0003] WHEI| 230l TR A = S W
7} 3~12 mm Aol WEI &S & 5 UTh
= 10N/INY 35S 2A7189lS © 5,000,0003)]

5o 8~9 mm2] ¢F WY/} A A SNE =
T3Fal gdko] dojux] FeEvieE AL o F 9

AT,

3.3 7ot A9 (Finite Element Analysis) Z 2}
5 of g Uy 2z uA A9}
oWty ~x8 uAA ] FFo] W HosH
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Maximum stresses

300

--Exflex-sp
~ -+Bio-flex
©
n' 200
2
[7)]
(V)]
o
|-
o 100
0
0 T T T
5 10 15 20
Force (N)
Total deformations
,-‘12
E Exfl
-#-Exflex-sp
£ .
-+Bio-flex
c
Q:
2
1]
£
.
L
0 4
(a)
©
0
o
5 10 15 20
Force (N)

Fig. 6 Maximum stress and total displacement,
when subjected to the compression of 20N

9 W] AHE ZASHITE Fig. 67 Table 4]
A dERE vkel o] 95 20N stes <
I

o] <oF
dge o T o)

7} g AAAE e H
O S¥2 ewrt A3y aAA Y] R
WA 5l 0w 27827 MPa®  YERWETH UAE A~
2y a GAE H-sHo] 7549 MPaZ A Q. 7h
ol °F 200 MPa =LAl VERT AS g1 5 Sl
ATt

ShA, 459 20Nol A flofel Ao 45
e Tk eWzkd uAAY A$ 1242 mm
ojom, YAy ~x= IAHAE 871 mm |3
th o] AL 7|EY YA 22y A A v
FUAR o7y mA A A oF 4mme] & 5

FE71ZF e A o7ty e g Ao o4y Hrt 1103
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W7}y 22 "o] §dd A3 $5s F &5k
Ao Aol Hoh FuAl w7ty A2
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AFAQ B do] g4 AT 5 s &
719 & (Shape memory alloys)o. 2 $H-%
FAd e B o]t}

o= e, HEFme FAsd, U
St (Posterior ligament)7} <% 790 483}

7l fsidE FAed ARE R AR 7]
(Spacen)E A -&381#] &2 Holtl. ASTM F1717
Ao AAAA FHFIAL IR A7)
& 4

(Spacen® o] A& A$ Ao w o A

= j=4
& WYY & o AHE e F du, A%
Fo A4 FEFEE B AP dYgurt ¥
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A=A yg Aoz oawtt T3, ASTM
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