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ABSTRACT
Objective. To establish a hybrid testing apparatus that provides “moment-control mode”
and *“angular-displacement-control mode”. The effect of the rod stiffness and that of the
rod length on a prototype of dynamic stabilizer (PDS) were investigated using the

current testing apparatus.

Summary of Background Data. Dynamic spine stabilizer is a newly developed
method to diminish the prevalence of early degeneration in adjacent levels. To estimate

the effect of dynamic spine stabilizer, it is necessary to establish a testing apparatus.

Methods. Using the established testing apparatus, a prototype of dynamic spine

stabilizer (PDS) was tested on a cadaver lumbar spine (L1-L4). Following the hybrid
testing protocol, the specimen was applied with a sagittle bending moment of £+ 8Nm to
obtain the range of motion (ROM) of the whole specimen (tROM,,,..) and the ROM of

each individual level (iROM_ ) included in the whole specimen. The L2-3

intact
intervertebral disc was damaged at the outer anular fibrosus using a scapal, and then
implanted with Dynesys and the PDS. The specimen was sagittaly bended to the ROM
which was obtained with the application of +8Nm in the first place. The ROM of each
individual level (iROM .. ) Was measured simultaneously. The hybrid testing
protocol was repeated while the PDS was replaced with other rods of with different
stiffness and different length.

Results. The angular measured precision of the current apparatus is £0.12°. The
precision of system in “moment-control mode” and “angular-displacement-control
mode” is +0.5Nmand +0.2° .Dynesys restored the stability of the injuried L2-3 by

51.1%. The ROM of L1-2 (upper adjacent level) decreased by 42.5% and the ROM of
L3-4 (lower adjacent level) was increased by 42.3%. The change of ROM of each
individual level after implantation of PDS was in the similar pattern to that of Dynesys,
with L2-3 decreased 21.5% > L1-2 decreased 55.7% > and L3-4 increased 22.8%. The

stability of the L2-3 was increased with higher rod stiffness and shorter rod length.



Conclusion. A hybrid testing apparatus that is able to perform hybrid testing protocol is
successfully developed. Using the established testing apparatus, the present study
reveals that 1) Dynesys reduced more ROM of damaged level than the PDS does, but
increased the risk of early degeneration in the lower adjacent level; 2) the efficiency of
the PDS can be improved by the rod with higher stiffness and shorter length.

[ Keywords]) hybrid testing protocol ~ Dynesys, dynamic spine stabilizer
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Click on tha four extreme comers of the rectangular pattem [first comer = oeigin). . Image 1 Click on tha four exirame comners of the rectangular paltem {first comer = arigin) . Imags 1
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dezow o L gFERE 7 4 =0 ehif % (precondition load ) - #€% = = f VB 4

\fﬂk

REA K NP B TR R o P HERT FIRT A SRR
BERK s FHFERER -

LR E TR BNRE L p A F1G e L2-3 B e IR 0 R
“Q%ﬁﬁﬁ’ﬁ%%ﬁﬁéﬁﬁ%%ﬁﬁ’ﬁ?@%ﬁéiﬁﬂﬁﬁﬂ%&@
G F AL LIE B R (IROM ) » B30 | VB A2 K42 et g s &
(IROM; ) ° 3% F £ 18 2 L2~ L3148 % & » Dynesys &%k st 2 PDS i 5t o 2
(60 B @I T SRR RGA RS ST y b st P R 0

BFRYARMET 2 R R R 2K F4E PDS kSR enfs 2 o & FHEE
et g iAo 3-1 477 o F R 2 R R R R PR R s
BB R - R(EES5 08 ER 35 A GFE) F B 2L
BPF B EE R PO RFRA IERERAE A 2 Rl e A8 (2
RIEAR 28 ¢RIEARIB=H) HrdoBTaEB2 Fr4045®

oo & FHe— fEE 215 THERER T - AR RIS Ndom et o

18



SR (N/mm)
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Bl R AR AR R Z FMP Ea A R RE
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442012 B
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-
=
E ° 130
=
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Angular-Displacement-Control

Rotation angle (deg)

Time (sec)
Bl 4-2 & R =# 4
4-2 ¢ ;“—fi%% W 3R]

Bl 4-1> 2388 a28Nm § 7 e f -8 0 B> Gdhd TR R W
BARITUSTA] o Fla A PRk B ARSEALOEFR o EF f iRk BB E
R E Bl - BEd AR A F BEF R FERT -1 PranitE # R =28.9° 0 Panjabi
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20
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AT S b (L1-2)iE 5 R 0 42.5% 0 T ART & (L3-4) 3 4r 42.3% o PDS i ik
% 7 4oiE 0 L2-3 75 F B R R 215% > b ART &4 (L1-2)i% 5 55.7% » T ARIT &
(L3-4)3& 6 2 4§ ¢ 22.8% o (] 4-2 ~ B 4-3 ~ % 4-1)
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18 .007 .000 .004 M Intact
' ! I i I 1 ,
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0 ]
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Intervertebral level
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LA St -t P e B R (IROM) (& B)
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N =i 11.31+0.22 9.1+0.43 7.44+0.20
R A 6.41+0.20* 14.87+0.14* 7.67+0.15
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PDS 5.01+0.05* 12.97+0.17* 9.26+0.15*

kol ket Ee R A E L B (P<0.05)
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Lhras L2-3 cnfE TR NEF R 2 R ns] 4o @ B o B AR R AR > B R
P L E AR R W BT E MR U (TR b 26.15%) o 1 * 45 L A i pE s
AT L1-2 e R ABORPE AR 3 B F L e o BARH TR E A1 ¢
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LABEEET L ELE AR R

o 013 .000 026 B Intact
18 I 1  — | p—
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B 2| . o 25 || amie
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= prebin ]
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o §m
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L1-2 L2-3 L3-4
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k RO E W HER S B JE gL AR AR A Ba £ R (P<0.05)
MR R IBALHE B 78 B JE L H AR R A B £ R (P<0.05)

Bl 4-6 1% ERIEHT 26 R T %55

23



oty %
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3 .187|L2:3 3 22/ 123
E L34 322 g L34 U1
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Flexion/Extension Flexion/Extension
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g -29.2 L2-3 é 346 L2-3
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& &
*hoaln FedEe R G A E ML B (P<0.05)
% 4-3 L fER ERET 2L S AR R
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B AREOTE R 2 AL S R

g4

FORA 2 EE

24

i ¥ L3-4 eriEd B (3 4 45.4%)

o £ 1% i g

b ART E 4 (L1-2)

BT (34 10.9%) c (K 4-6 ~ B 4-7~ 4 4-3)



= .000 .000 |
18  — | & W Hintact
16 | I 1
.000 .000 Einjury
e i 1
o . .000.002
% 12 i OShort
= o OLong
QO =
[
- 5
i -
2
0
L2-3 L3-4
Intervertebral level
¥ RO IRAUHE Bp 05 B R PLEAHE B AR 1 A7 BA M £ R (P<0.05)
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