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Abstract

Many types of interspinous distraction devices (IDDs) have been recently developed as an alternative surgical treatment to laminectomy and
fusion with pedicle screws for the treatment of the lumbar spinal stenosis (LSS). They are intended to keep the lumbar spine in a slightly
flexed posture to relieve pain caused by narrowing of the spinal canal and vertebral foramen. However, their biomechanical efficacies are not
well known. In this study, we evaluated the kinematic behaviors and changes in intradiscal pressure (IDP) of the porcine lumbar spine
implanted with IDD. For kinematics analysis, five porcine lumbar spines (L.2-L6) were used and the IDD was inserted at L4-LS5. Three
markers (¢ <0.8mm) were attached on each vertebra to define a rigid body motion for stereophotogrammetric assessment of the spinal
motion in 3-D. A moment of 7.5Nm in flexion-extension, lateral bending, and axial rotation were imparted with a compressive force of 700N.
Then, IDD was implanted at L3-L4. IDPs were measured using pressure transducer under compression (700N) and additional extension
moment (700N+7.5Nm). In kinematic behaviors, insertion of IDD resulted in statistically significant decrease 42.8% at the implanted level
in extension. There were considerable changes in ROM at the adjacent levels, but statistically insignificant. In other motions, there were no
significant changes in ROM as well regardless of levels. IDPs at the surgical level (L3-L4) under compression and extension moment
decreased by 12.9% and 18.8% respectively after surgery (p<0.05). At the superiorly adjacent levels, IDPs increased by 19.4% and 12.9%
under compression and extension, respectively (p<0.05). Corresponding changes at the inferiorly adjacent levels were 29.4% and 6.9%, but
they were statistically insignificant (p>0.05). The magnitude of pressure changes due to IDD, both at the operated and adjacent levels, were
far less than the previously reported values with conventional fusion techniques. Our experimental results demonstrated the IDDs can be
very effective in limiting the extension motion that may cause narrowing of the spinal canal and vertebral foramens while maintaining
kinematic behaviors and disc pressures at the adjacent levels.
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(neurogenic intermittent claudication)®} 2173 Z(spinal
root canal disease)o] 3128, 2|, 3 oldj(ligamentum
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% 2] ARZA 178 AGT AFA $RES A
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b B Aol A 3 Al H S o] §3to] SE7] Aol
o IDDE 44913 $ thFt el ot stollA Al 9 R
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Fig. 1. Specimens for experiment (a) intact model, (b) Surgery model
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7t Al, IDD7} SE7]9AM WA E A& BR8] el A
9% ZE7]9 IDDY] lateral wingsE 9] & -8 wire($P=0.8mm)
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Fig. 2. Interspinous-U® used in this study
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Fig. 3. Motion analysis system is capable of regulating translation and angle
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C. Intradiscal Pressure (IDP) =3

273 Ul e e ke 2w 1r] e, "three wire"e]
2 FHo] 9= X & 1.5mm, 57 0.3mme] %43 strain gage
type<] pressure transducer(Model 060S, Precision Measurement
Co., USA)Z o] £3}9t}.

Z2¥st o) pressure transducere] 441 golaHA o721 15t
o, A 20| 3mmoe PMMA ZF¢& spinal needleol] 17]¢]
pressure transducerZ =7H AA| B o] &35l F-25t G rH(Figs.
4&S5). Pressure transducer7} 3 9] 9] o)) @ =% 17} A,
A3 Fale] 9AE Y] A (Vemier calipers 500,
Mitutovo, Japan)E o] &3}l 24 s} hFig. 6).

Pressure transducer AR} A), transducer®] &4 W& & 3}
22 W= ukekS gkslw 2 428)(nucleus pulposus)el] AU A
onj Al A 2 o] 2mm =S o] £3ld slo|=ERRlE HE
% spinial needle A1Jo] ol3HA Bk &Y 2HE Agh]
pressure transducerE:- strain scanner( AI1600 Strain Measurement
System, CAS Co., Korea)ol| 123+ & strain scanner software
Z o] 83}, gage factor ZH(G.F=2.0)7 3 A3} F(350Q)<&
A% 815 cH(Fig. 7).
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329l v] HE o7 Q% strain £ k- o] &3l LI Y
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Fig. 4. Pressure transducer (Model 060S, Precision Measurement Co., USA)
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Fig. 5. Pressure transducer attached on spinal needle
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Fig. 6. Insertion location of pressure transducer
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Fig. 7. A schematic for pressure measurement

D. Flexibility Test

A AlEe] FAEFLL, T12)9} vlE(Lo)E 45 2 vhefdt
32154 motion 1717} 7Fesh e 2] A|2Hek x| 1] @ 7(Lang
Dental Manufacturing Inc., USA)-S o] &3} 114315 on, ohs
AIE7)(MTS 858 Bionix Test System, MTS System Corp.,
Minneapolis, MN, USA)E- 0|83} 3lgo] ABs =% 228t

7} 2 3=7) ©] motion % IDP W3} & S 8}7| 93t sh5 =2
Ee dFssa 23,404, S 239 F 3 ZESF Q7L
HAtk 4F SR AU @AY BE AF ddEHe
T00NE I71sid on, thalst RHl E 3150 2 = whEH 8h5)
& H o &S 2] 42 MY dBEH = 7.5Nme] RHEES
210mm&] moment arm3} 3.6Kg2] 4] F{(dead weight)E o]
£-8ted A5tk (Figs. 8&9).
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Fig. 8. Biomechanical tests for kinematic analysis (a) Flexion, (b) Extension,
(c) Lateral bending, (d) Axial rotation

E. Data Analysis

IDD 411el e A% 2 - F A& 39 2 a3 29lelM
kinematic 2 IDP ¥H3lZ B3] 934, B8 A =23
¢] SPSS 11.0(SPSS Inc., USA)E o] &5l 72 425 0.053}]
A 52+ B4 (one-way ANOVA Test)- A A8kt

@ T )

O8] 9. 2 B2 25 MH e AE (a) S SIE, (b) AN RRIE

Fig. 9. Biomechanical tests for pressure analysis (a) Compression load, (b)
Extension moment
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o 0.54°, W9 eate] B¢ H 0.14mme] & JehRiTh

B. Kinematic Analysis

A2 FHFH(T00N) & 7V &, 23, A, S 22 & 34
EHE(7.5Nm)] T} & spacer 44%] A - T A 1l
o A1 2] ROM(Range of Motion) 3} Fig. 10¢} 2ol v}
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O 25 Hel (a) 23 (b) 213 (c) F= (d) & 31T (*:p<0.05)
Fig. 10. The mean ROM of the adjacent and implanted levels before and

after insertion of an interspinous spacer during (a) flexion, (b)
extension, (c) lateral bending, (d) axial rotation(*:p<0.05).

AU A - FAE 29 F QA B99 ROM ®Hsh= A8
o2 fod& vehlA] 3kti(p>0.05). Zeu A Rl ES)
Aol Ale 91914 spacer A § 42.8%2] ROM zH4E
HHp<0.05). 12ju} Q1 F-9jolA el ROM ¥ish= §A 84
.2 o] 7} YATHp>0.05).

C. Intradiscal Pressure Analysis

7} Intradiscal Pressure under Compression

&5 3HE(7T00N)= 2% ¥, spacer 4] A - 9 Alg F4]
QL34 42 g 12.9% Fistgdon] BAHOE fo8 %

E 1. &% Al 7|7|0] H3 2494 H5H (A Bo| et 2 8)

ol& UeiGIth <R B4 L2-L3, 14-L59] o g 27
19.4%, 29.4% Z7}8191 21, 1.2-L.3-2 spacer 4] A - & £
Ao Fol3t Ao| & Hol o), [4-Lse BAHCE f9
g 2}ol & Holx] egkei(Fig. 11)(p>0.05).

L} Intradiscal Pressure under Extension

#Z FS(700N)S AA e 7, 21" ZHE(7.5Nm)d)| o2
spacer A A - T Ale 2919 o+ g2 18.8% A% on
AR LR @ o] E HHATHP<0.05). 213 79121 L2-L3,
14-L5¢] gt z+e 7kt 12.9%, 6.9% 27}t om, L2-L3e
spacer A A - F BAA R {OAT Aol Ko F o,
LA-L5= AR 02 i3t alo| & HolA| ehstth(Fig. 12)(p>0.05).

The Pressure of Nucleus Pulposus Disc under Pure Compression(700N)

[intact spine Bsugicd spine
*

*

.

L3-14 L14-15 516

I8 1. 2= shSolMe] 270t
Fig. 11. Intradiscal pressure under compression

The Pressure on Nucleus Pulposus under Bxtension Loading (700N+7.5Nm)

Dintact spine @swdicd spine

* *

3.00p
- 2.50+

L4-L5

L5—-L6

L3-14

a8 12, 2% skEn M RH Eol A o] =20t
Fig. 12. Intradiscal pressure under compression and extension moment

Table 1. Intradiscal pressure changes in response to spinal instruments (% to the intact)

Compression Extension
Treatments upper level operated level lower level upper level operated level lower level
Intact 100 100 100 100 100 100
Interspinous—U 19 87 129 13 81 107
Laminar Hook 132 60 116 135 75 135
Pedicle Screw 136 48 128 145 55 142
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D. Intradiscal Pressure Comparisons of Various Spinal
Implants [26]

& 3% 2 A4 254 Interspinous-US 419] 8 mel9)
A% %9) IDPE 7] rigid typese] Hla) A4 Zdlo] 713 v) 2
3 S BolFTh Al A9 2 39 B9lolAle] IDPse 7]&
A ahgol] v)8) W=7 o 2 Walr}h Ae A o 2 elgeh (Table 1),

V. E 2

S35 A3 A5 HPA Wl o3 95K 55
Z Tz sl wel 25A(spinal canal), A7 Z(nerve root
canal)o] @& o] AL Futeld B%, 29 I3}, 747} o),
B3 o) 5L fksie Aotk ol AR AV ARE AV &
A i o g 2k, 5%, 71 s 50 o]&Ha itk 3t
ARE 712 e e 8F T 14, 3 F919] 534
g o] Al7le EAAC] AZIHE ik FHZed aE
'dynamic stabilization' E4-& 7K & A 2 9] JZTHEE
Al& F919] motiong FAISHAA A F-4 H 3 9] A2l gh
548 BEste A 73 oA ddelA de ol g n
Ak AT B AFA A= BFetn AR HEH Q] AT
< vH|3E A olth. £ ATl A 8 FF o] &3t 557
Ateloll IDDE At e 24 theFet A2l &4 motionol| wh& 2}
ZZA 2] ROM Wigle} IDPE #4351 FE7] 4Alee] A
o ZHE A5k

A ZUANA FE A HE o83t in vitro Ao A Alge] A
FE ol &3h= AL AR - AAA T oo QlEA B2
A ko] 23 §ltt meElA B AfellA e Al A 30} v wal
B, 327), 84, 32 9 SE7] Y 54 & 53 2jold
oz Bpetn AWEe 72, 984 5, A 234 ol &
ARG A Q55 AMR-BFATEH [27-28].

HA] 839 thFat A] 34 motiong TAE7| AsiA] 3.6Kg
9] F7 %2 o|4-3l0d;7.5Nme] BHEE Ql7keiich. ol & 7]
F F3NA A in vitro A8 7, B 352 A7kete B¢t
o tjxFel &/do] 714 g el sldH T, 2 dFeM = &
=, 24, &% 25 083 3 3 EHMES At [29]

IDD 4Hlell w2 A=A 2] motion £42 a4 2t9] 719
2HE o] 83tk DLT 71 & o] &3 7He} S 7 2s
Ax)et= oAl Aleke] glom, H8go] & 3ad & &
Mo 2 o] g5 31 Jr}. AR, A &4 motion 4 flEiA =
2 AYEE 7F Al 2dlo] @ FE o] 2t B AgA o] &8
33 5 A Al 2mle] W9 9 3A 9 xb= ZH2 i 0.14mm,
0.54°9] g2 59 th 3319 motion H31E 24 8 7] & =Foj| A
A g2} vl edt ghg Hogo] B AT 32k 5 B4 A
2|l e 53 AR S 7R 3 vk Abs E ok [23].

A Al 9] 3 4 545 91814 strain gage types] 24
g pressure transducerE AH-8-5t ) 121 B A @A AL

°]34, A4, $FTE, AT, oA, ol 9A

# pressure transducer= 35 Z7}ol| th g Bl A8 A 0] 0.147%
2 AgAQ strain 2 & BTt whetbA] &5 sh5 O
3 Aol B eet B3 815 A7) o 2 2lF| A4S g8 o] g
o g G L AT E o8 At

8F7 A53 P25 A2 E A% 71E9] rigid types] A FH
AR 23 A 3] P Ad & B d 4= 9la, 33993 o
2 2 Ang 0] 7Fssivhs Aol Yk [30]. skAT B
A= B7sla Als 99 YT 723 32 Ale 599 A
A qae] WztE opy|shH, AR e ki) HastE vt
&3lsle] A5 JAE, S 2 fae] H3Y3), F 3 Ak
T i & 4 Adtke A77F B3 5 ik [11-12]. Chow S
JetH 37 VAR 0] &3 ¢ H& Ale 5919 motiong
A grskar, ¥idol 913 F-¢lolA = motiono] F7HE S BofF]
TH[18]. ®3F Rao & =25-414 E5A B3 A1, ¢854 &
T AA e € A3 AASS AP AH ROMS B8 4
7} ke S AR Al 13 59 ROM W37t 374 Alie]
ROMET A& Husgirt [10].

Cunningham F-& 7t HF3 AA|<, rigid typedl
laminar hook, pedicle screwZ o] &3} A& Reld] & 1
(600N), =3H12.5°) ¥ A1d BHE(12.5°)F QI7etd F89
S-S 43 T Ale W mE 3 g wglE vy B4
AT [24]. 2L HEFF Al AlEHY AJFH FHdAA=
74 2l o vt 4 s YERIAI, Al FeellA = 4
o] TV E e AT AHE Ho FUt} vk rigid typedl
laminar hook¥} pedicle screwE o] &3+ A|&H & A|& K9] o)
A o] @A3d] Foj=e Wi 1 o= o]
td oz Zrhevtn 21 gk o] g 7129 rigid type &
He g5 A% 9 234 2] motion, IDP HgE Y oA A~
o] 3}, A3 vk ¥t 5 AA et HalE 7k & ¢ 9
= AR o] A A= 1 et

o]z gt 71&E Al AN S F5317] 34 dynamic stabili-
zation?] £42 7HA = IDD A€W & Al33t H2] 54 ot
&3 A A RHEE Q71gH ¥ 4 3A|9] motion ¥SHE 74
AT Al EFlA Al F912] ROM2 42.8% 7HAstge
o, A F-H A= 73 2lo] & B FA] e2hti(P<0.05). u}
BA Alg 79 HFA Y AH 5 ERF oz Ao 2H
30| B84 Ao g A7 bt 3 BFS A

E o2 ARdEr: 121 25, 52 121 & 3)H 25
AMeIDD AY A - & a3 B9 914 #A|gle] ROM ¥}
© 3 Afo| & BAFA| gho} H{ 30| Aelety 5% FAA]
A F o2 AlRET

E3} IDD Aol WE 45 315 Al Als A= Zd =
do]| H)af 3l9] o] 2k 13% ZAsTh Al A9 H-9) ol A
= 19% gglo] Frletlon, Al a9l T oM = 4ol 29%
271319tk Rigid type?] laminar hook#} pedicle screw= Al &
F-Aol|A] 4 2o vlaiA g o] <k 40%, 52% Aadtich

olt
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Al

SFT HNF XTE YUY TS| LU0 YHAUF Tt 24

Al

A& A9 B9ellA e 42 32%, 36%2] 4ol S7tetaeH,
A& 3] F-HolME 242 16%, 28%9] 4Eo] F7lstsitt 4l
A 2| IDDE A A& 59 ohge 34 Zdd b3
9k 19% 223l AlE A9 F-2lelA = 13%2] 4ol 5718t

o, A% 3k BN 7% hge] FrHalsinh Rigid
type$] laminar hook#} pedicle screws Al& F-9jol| A A4 &
Dol vl8) ko] 2 25%, 45% ZLAdGTh AlE A9 T ollA
T o] 47k 35%, 45% S718ken, Ale ot FHdiMe
22} 35%, 42%2) st2lo] F713159t). whEbA] dynamic stabilization
EX4S 7k DD A& 7] E rigid typed] spinal instrumen-
tationsell Bla}A] Al -9l FE S §AA A F5l, A 3
oA I ZVE Al0) we tizde) o 54 vl 4
UEoz A2 degs Aoz 7iddrh

Interspinous-UPE o] 83t Al&H 9] )] 93] 214 FHE
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