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Clinical outcome : visual analogue scale(VAS) score
and Prolo's score

Radiologic changes of disc height(DH)
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Radiologic changes of extension angle(EA)
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Table 1. Prolo's Economic—unctional Rating System

Table 2. Demographic summary of patients

Table 3. Perioperative data

Table 4. Radiologic changes of disc height

Table 5. Radiologic changes of foraminal height

Table 6. Radiologic changes of extension angle
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00 000 000D OO0 ooooo ooy oboooo.

oo 0O bobob, oo boobobb OO ooo oo obobo oo
visual analogue scale(VAS), Prolo's economic and functional scale®
good oodo oo oo o0 oo oo O ooo ooo go
000 O00O0O0(Table 1). oo 00O 00 OO0 o oooooon
g0l jgddddd UUU0 UUU0 UU0UOU0 U0 OO0 O OOoOo O
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Table 1. Prolo's Economic—unctional Rating System

Economic Prolo's scale Functional Prolo's scale

E1l Complete invalid F1 Total incapacity

Mild to moderate level of low back

E2 No gainful occupation F2 . L
pain or sciatica
Able to work but not at previous Low level of pain and able to
. F3 -

occupation perform all activities except sports

Working at previous occupation on No pain, but one or more recurrence

L F4 . -

limited status of low back pain or sciatica

Able to work at previous occupation Complete recovery, no recurrent
E5 L 5

without restrictions episode

3. 00000 OO oo
ugoobog 0ob bod 0oboo obbd 00 0o ooboboooo
oo o bbo,0b0b 0ob oo bo obbhoboo. bbb obbo oo



0O OOisc height, DH)D O0O0O0O OOOO OODOOODO, 000 OO
(foraminal height, FH)O OO OO0 0OO0O0O 0O0OO OO0 OOOOO
0000 DO0OO0O0. 0Db000 000 (segmental extension angle, EA)
0 OO0 OO0 00 OO0 0OoOd0 OO0 Doo ogooo oo
(Cobb's angle)] OOOO 0O0O0OO OO0 OO OO0 OO O OOO
00000 0DD0O0 00000 Fg. .

4. 00D OO0 OO

000 OO0 oOdg, Obbooo bOoOo boog skPss for windows
12.0 versionO O independent samples t—test, paired samples t—test
0 chi—square test 000 D000 O0O0OO p<0.050 OO0OO OOO O
oo oo,

. 0o 0

A 000 O0O0O Od

uobo0O 0ob 1250 0OOOd OO0 OO OOoboO oob 7s0ud O
Obodasu group) O ODOODOO 260000, 19000 8000 OO O
Ud 00 0Ob0DbO0OO0 49.2000. 00 OO0 ODOO0ObDOD nivyooooo
u, bod0 oob 0i1-==000 10, 23000 30, 034000 4
o, 04-5000 390, O5S00-L1000 31000.

ogooboo 0ob 0Oobbd boo0 U0 boo boo toob ooo
4700 OO0OOMNon-HSU group) O OOODOO o0O0O0O, 16000 740
g 0d obo 0ob oodobb 444000. 0O OO0 DOoOdoo



121000000, 0000 000 034000 60, 04-5000 240,
0Os500-01000 17000.0 OO0 OO0 OO0 OO0 OO0 OO0 OO
000 000 000 000 (Table 2).

Table 2. Demographic summary of patients

ISU Group Non-SU Group p value

No. of patients 78 47

Age(years) 49.2+ 135 44.4+ 13.3 0.055"
(range) 19-85 1674 '
Gender (male:female) 52 : 26 38:9 0.087"
Follow-up 11.7+4.3 12.1+5.0 0.594"
period(months)
Operated level

L1/2 1 0

L2/3 3 0 0.874"
L3/4 4 6

L4/5 39 24

L5/S1 31 17

* |Independent samples t-test “Chi—square test

ISU OO0O0O00 OO0 OO0 000 125443780000 O0O0O OOO
1.84+1.25¢g/dL OOOO Non-ISU OO0OO0OO OO DOO 1147
+3360000 OO0 OO0 166+x131g/dL O00O0O. O OODO OO
good 0o bobob 0o oo gooooo bbb oodg od
O (Table 3).

Table 3. Perioperative data

ISU Group Non—SU Group p value
Operation time(min) 125.4+37.8 114.7+ 33.6 0.129"
Hemoglobin loss(g/dL) 1.84+1.25 1.66+ 1.31 0.545

* Independent samples t—test



B. OOO OO OOO OO

ISU 00000 VAS scored] OO 0O 0O0O 7.81+0.6700 OO OO
o0 00 00 2.22+0.640 OO0oo0Od, Prolo's economic and
functional scoredl OO 0O OO 3.68+0.6100 OO OO OO OO O
0 7.81+0.650 OOOOO. Non—HSU groupd O VAS scorell OO 0O
od 7.64£0.7600 O0O0O0O OO OO OO 23206300 OOOOO,
Prolo's economic and functional scored OO 0O OO 3.60+0.7400
7.72+£0.8000 OU0O00O0O0O. O OO OOO0O ODDOO OO0 OO OO O
U0 dgoodod oo oobodoobo oo oo oboo, 0 oo oo
00 000 D000 0oOoobo bood ooo ooo Figure 2).

Cc.b0odod ooo oo

1. 000 0od oo

ISU groupd [OOO 0OO@H; disc height) OO O OO
75x1.8mm0O0 OO OO OO 90z17mm0d O0O0O0O0OO OOO OO
O ogooo oooo oo oooo oo rvoexiemmd OOOOOO O
Ud OO 0o00. Non—HSU groupd 00O OO O OO 7.6x2.0mm0O0
od oo oo 79+3.1mm0 O0OD0OD0ODOO OO0 OO0O OOO0O OO
od oo oooo oo e5+x18mmb ODOOODOO OOO OOO OO
O(Table 4). 0 OO OO OO OO0 DOOO OO O,00 O0OO0O
Jdodddd 0ooo ooo oooo ooob oo Ooooo I1su group
g ooo 0oobob 0O 00 oooooo oo oboooo bbb ooo
000 (Fig. 3).



Table 4. Radiologic changes of disc height(mm)

Preop Postop Last F/U p value* p value* p value*

* ®) © AB) B0 AL
ISU 75+£1.8 9.0+1.7 7.9t1.6 <0.001 <0.001 0.065
Non-HSU 7.6+2.0 7.9+3.1 6.5+1.8 0.120 <0.001 <0.001
p value® 0.817 0.018 <0.001

+ Independent samples t-test * Paired samples t-test

Group

2 000 OoOO oo

ISU groupOd 0 OO0 0O0O(FH; foraminal height)d OO 0O 00O
202+2.7/mm0 0 00O 0O0O 0O0O 226x2.7/mm0d 000000 OO0O O
U0 U000 U000 U0 U000 oo 208+x26mmd ODOOOOO
godd 0od O0O00. Non—HSU groupt 00 OO O OO 19.7+3.0mm
od 00 0o od 193+33mmd 000000 OO0 OO0 OO0
U oo 00O ooog bbb 182+2.7mmd DOODODOO OOOd O
00 OO0O(Table 5). 0 OO OO OO DO0O O0O00O0O OO OOO O
goodd ooo bbb 0oood U0 oo bbbb oo oooo
ISU groupll OO0 OO0 0O OO0 ODOUOOOO OO OOOO0OOQ OO
0O 00O D00 Fig. 4).

Table 5. Radiologic changes of foraminal height(mm)

Group Preop Postop Last F/U p value® p value® p value
*) ®) © (A-B) B-C) (AC)
ISU 20.2+ 2.7 22.6x2.7 20826 <0.001 <0.001 0.017

Non—ISU 19.7+3.0 19.3+3.3 18.2+2.7 0.432 <0.001  <0.001
p value® 0.358  <0.001  0.010

+ Independent samples t—test * Paired samples t-test




d00odd ooog oo

ISU groupd 0 00000 O0OO(EA; segmental extension angle)d
OO0 0O 00 17.3+5.7°00 00 OO0 OO0 1424490 000000 O
00 OO0 U000 0000 00 O0O0O0 OO0 155+54°0 OO0OO
ogd oOoo Ooo oooO. NonHSU groupOl OO OO 0O OO
153+6.8°00 OO OO OO 157+6.7°0 0O0OO0OO0OO0OO0O OOO OOO
0000 0O0O0O0 OO0 0000 00 16.1+6.4°0 ODOODOOO OOO
000 DODOd(Table 6). 0 OO OO OO OO0 ODOOO OO O, 0O
g0l 0 U000 U0 U0 U000 UO0DO0oOO0 oo oo oo

O (Fig. 5).

Table 6. Radiologic changes of extension angle(degree)

Group Preop Postop Last F/U p value™ p value® p value

(@) ®) © A-B) (CR9) A-C)
ISU 17.3+5.7 14.2+49 155+54 <0.001 <0.001 <0.001
Non—-ISU 15.3+6.8 15.7+6.7 16.1+6.4 0.372 0.292 0.055
p value® 0.085 0.165 0.612

+ Independent samples t-test * Paired samples t-test

4. 0000 OO0 OO

0000 OO0 1250 OO0 8000 OO0 0OO0OOOOOOO OO0 O
0000 0OO0O0O0 OO0 000 O 000000 00000. 0000
7800 ISU 00000 400 51%000 4700 Non—SU 0OOO0O
400 85%100 O 0O OO 0OO0O0OO0OOO 0OOO OO0 00O
(p=0.473).



Fig. 1. Radiologic parameter measurement. A disc height(DH); B. Foraminal
height(FH); C. extension angle(BA)

Fig. 2. Clinical outcome : visual analogue scale(VAS) score and Prolo's
score. VAS score decreased and Prolo's score increased significantly in last
follow—up(p<0.001).
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Fig. 3. Radiologic changes of disc height(ODH). DH improves at immediate
postoperative period in both groups, but it decreased significantly at last
follow-up. DH at last follow—-up period was significantly lower in non—HSU
group than ISU group(p<0.001).
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Fig. 4. Radiologic changes of foraminal
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height(FH). FH improves at
immediate postoperative period in ISU groups, but it decreased significantly
at last follow—up. FH at last follow—up period was significantly lower in
non—SU group than ISU group(=0.010).
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Fig. 5 Radiologic changes of extension angle(EA). EA improves at
immediate postoperative period in ISU groups, but it increased significantly
at last follow-up(<0.001). There was no significant difference in EA at
last follow—-up between two groups(p=0.612).
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OO0 D000 000D 000 000 000 0000 00 000 O 00 00
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0 ODD0OO@xially)DO 00000 ud 000 000 oooo® 000 oooo
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0 0000 00 000 000 0000000%. 00 00000 000 000
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ISU(Interspinous U; Coflex)d OO OO0 OO O0O0O Tsai OO O
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ISU OO 0000 0000 VAS scored ODI(Oswestry disability
index)l OJOO0OO0O OO0 OO0 DOOO 0D0O00D0O0% Mariottini
0d 4300 OO0 O0O0O0O OOooog DIAM OO O0O0O0O OOoOO
97%0 000 0000D0 000 0OO0OD0O0® 0 00000 VAS score
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economic and functional scorel OO OO 0O0O0OOO0 OO DOOO
o0l 00 000 000 U0 OO0 OUOoo oooo oo ooo
g ooo og.
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_13_



gob Oo0ob Oobbuooo oobob obbdg bog boo boo o
oooo™, Kong OO 1800 O0OO 0OOO OOOO I1sUu OO oOdd
U goob oo b0 0o bbb 00 000 oobooo oooboo o
000 000 OO0 000000 0000 0ODO0O0 000009 Rho
ud 2400 OO0 OO0 Obod biAM OO0 DOOO bDDhOoo oo
g odgnbo odb oobob obodg boooobo oo oboboo oo
o0 oo 0ood 000 odob obbo bboobob obooboo oo
0O 000 00 D00 Doooo™ 0 00000 1Isu 00 0000
oo ooobodod oo oo bodo 000 oob ooboboo o
0 obobd Oo0ob b0 Oo0bb 000 bbb oob bboo oo
gogoo obo bobo bododo 0ooo oooboo bo bboo o
g gooobo 0boboo 0oodQ 0o 0o 0o boob oobooo. oo
ISU OO0 000 0OOU00 U0 U0 bboo oobbo boob booo
ugdgb bdod 0obb 0o 0o gb.bododo bbb oo bbb bogoo
ISU OO0 0000 0oob obboodg ooggbobda boo boog oo
U0 o0 oobbodb0 Oo0b OUbbooU0 UU0bD oob ooobo,
od iIsu obd o0 obboo obobobo 0o ooub bboo oo
U odgd odb.odb o0 0o boo oobb obboboobob ooo
o0 booo booob odb ooo b obbo oo boo b
ugob b0bod 0odb bboo Ub bboo oob bbb Dboob osu
000 OO0 OODOO0O0 OO0 OO bDOoOoOoOo OO0 (one erosion)
0 0od ooo ooog.

FinlandO OO 0O0O0O 0OO0OO OO OO0 OO0 OOOOOO OO
00 14%00 0000 000 000 0000002, Floman OO 37
OO0 000 000 0ODbO0Ob0 DbOobOo Oobo wallisO OOO0O 500

_14_



0000 000 000 00000 0000637, 13%) 00 0 2000
0 00 0000 0000000 0000 000 000 0000020
00 0000 000 000 0000000 0000 000000 00
000 0O0OO000.0 00000 800 OO0OO0O 000 0000000
0 OO0 O 0000 0000000 0000 000000 (@8/125
6.4%), 0000 OO0 0000 OO0 000000 OO00@/78, 5.1%)
0 000 0000000 000 000000 D000 @47, 85%) 00O
0000 00000 0000 0O00.

00 00000 0000 OO0 0000 OO0 000 (rigid fixation)d
000 00000 000000 000 00 0000 000 000 O
00000 ISU 000 OO0 000 00 0O 0000 00 00 000
000 0000 OO0 000 000 000 00 OO0 00 000 00
000 00000 0 000 0000,

00 D000 0000 000 00000 0000 00,0000 O
00 OOGlippage)J 0 000 000000, Park OO0 0000000
0000 ISU 00 0000 0000 00 000 000 000 000
0 000 0000 0000 0000 000 00 000 000 000
000 000 000009 Verhoof OO0 0000000 0000
X-stop 0000 0000 OO0 OO0 (7/12, 58.3%)0 00O0O OO0
00000 000 000000 000 00 00000 00000 00
0D 0Ooo®™ 0 0oo0O0 000 0000 0000 000 00, 00,
000 00 OO0 0000 000 00 000,

_15_



V. QO O

ool 000 000 U000 U000 U000 U OUooog oo oo
ol 00 oooo 0O oobobb 0ooodd dd. oo oo oo
oo oo ool oo oo oo oo obuoo goo
0 ooono oooo oo obo. O 0b0b oo 0obb ooo oooo
Jgdd 000 U000 U UUUOU0 U0 UOo0DU0oUOoU0 o0 Doo oo
oo ool ool oo oo oo oo oboooo o
gd. 0 12500 000000 OO0 obobobo 78000 OO0 OO0
god 0 bbb 00O U000 oooo 4700 DODODO OO0 OOOd
0 000 0000 OO0 ODObOoO0O. VAS score]l I1ISU ODODO OOO O
O0b0ob0O0 0OO0OO0ObO ObOOooOodg Prolo's economic and  functional
scorel] ISU OOO OO O0OOOOO I1Isud OOU0O0O OO OO DOOO
00 J0od0d ooOo. lsvuddd0d U000 OU0oo oo oo oo
00 000 U000 OO0 OO0 000 oo oooo oooo ooo
g 0bobobO o0 1Isuoodgg obobbob oo bbb o ooo.

ISUO0O0O0O 000 00ddoQd 00O 00O o000 ooo oooo
god oo ooobobobo oooooo oo ooog obobobo od od
ogd oo 0ooo bbb OO oo ilsudog ooo ooob 0o oo
good ooob oooo ool oo oood oo ooooo o
0gdd OO Oo0o0o bObbbob ooo b ooog ooo.

0 ooboob 8o oooo ood oboboobobbbb oo O ooo
U0 0dobooob oo goodoo, 0uod oo obuo oogo
000000 oooGl1vo 000 0bhoooobo oobo booooo

_16_



obo@Gs5% 00 Ubd0 ooooo ooob ooo.

ugooo oobo 0o obod bodg bog oodb oooboboo o
0 0bod b0 O0b 000 000 boUb Dobob. oUob Dooo
000 ObOOobooOo oboodberonfusion) OO OO0 O, 0000 O
gogoood odg bog ooo 00 booo oob ooobobo oo
gd. oobdd oobbo 000 Oobb boobob boo oo oo
gooobo ooddod obbdo odb 0ob booo. Oobb booo ooo
g ogooboo oo 0o 0 o0b 0Ob 0 OO0 Uoo oooboo,oobo
oo 0 bodo0d 0oboo Obbbo 00 bbb oob booo oo
ugbo obdo ood.

_17_



Ooodano

. Bono CM, Vaccaro AR: Interspinous process devices in the lumbar spin. J
Spinal Disord Tech 20: 255261, 2007

. FHloman Y, Millgram MA, Smorgick Y, Rand N, Ashkenazi E: Failure of the
Wallis interspinous implant to lower the incidence of recurrent lumbar disc
herniations in patients undergoing primary disc excision. J Spinal Disord
Tech 20: 337-341, 2007

. Kettler A, Drumm J, Heuer F, Haeussler K, Mack C, Claes L, et al: Can a
modified interspinous spacer prevent instability in axial rotation and lateral
bending? A biomechanical in vitro study resulting in a new idea. Clin
Biomech(Bristol, Avon) 23:242-247, 2008

Khoueir P, Kim KA, Wang MY: Classification of posterior dynamic
stabilization devices. Neurosurg Focus 22: E3, 2007

. Kondrashov DG, Hannibal M, Hsu KY, Zucherman JF. Interspinous process
decompression with the X—top device for lumbar spinal stenosis: A 4 year
follow up study. J Spinal Disord Tech 19: 323-327, 2006

. Kong DS, Kim ES, Eoh W: One—year outcome evaluation after interspinous
implantation for degenerative spinal stenosis with segmental instability. J
Korean Med Sci 22: 330-335, 2007

. Lafage V, Gangnet N, Senegas J, Lavaste F, Skalli W: New interspinous
implant evaluation using an in vitro biomechanical study combined with a
finite—element analysis. Spine 32: 1706—1713, 2007

Mariottini A, Pieri S, Giachi S, Cassar—Pullicino VN, et al: Preliminary

results of a soft novel lumbar intervertebral instability: a review. Radiology

_18_



245: 62—77, 2007

9. Park YS, Kim YB, Kim KT: Benefits and weaknesses of interspinous devices
in elderly patients with lumbar spinal stenosis. J Korean Neurosurg Soc 46:
292-299, 2009

10. Prolo DJ, Oklund SA, Butcher M: Toward uniformity in evaluating results of
lumbar spine operations. A paradigm applied to posterior lumbar interbody
fusions. Spine 11: 601-606, 1986

11. Rho TH, Kim KN, Yoon DH, Ha Y, Yi S, Chin DK, et al: Clinical and
radiological outcome of an interspinous dynamic stabilization system in
degenerative lumbar disease: 24 cases with over 24 months of follow-up.
Kor J Spine 6: 175-180, 2009

12. Schulte TL, Hurschler C, Haversath M, Liljenqvist U, Bullmann V, Filler TJ,
et al: The effect of dynamic, semi—igid implants on the range of motion of
lumbar motion segments after decompression. Eur Spine J 17: 1057-1065,
2008

13. Senegas J, Vital JM, Pointillart V, Mangione P: Long term actuarial
survivorship analysis of an interspinous stabilization system. Eur Spine J 16:
12791287, 2007

14. Sengupta DK: Dynamic stabilization devices in the treatment of low back
pain. Orthop Clin North Am 35: 43-56, 2004

15. Stoll TM, Dubois G, Schwarzenbach O: The dynamic neutralization system
for the spine: a multi—center study of a novel non—fusion system. Eur Spine
J 11 Suppl 2: S170-178, 2002

16. Taylor J, Pupin P, Delajoux S, Palmer S: Device for intervertebral assisted

motion: Technique and initial results. Neurosurg Focus 22: E6, 2007

_19_



17. Tsai KJ, Murakami H, Lowery GL, Hutton WC: A biomechanical evaluation
of an interspinous device(coflex) used to stabilize the lumbar spine. J Surg
Orthop Adv 15: 167172, 2006

18. Verhoof OJ, Bron JL, Wapstra FH, van Royen BJ: High failure rate of the
interspinous distraction device(X-Stop) for the treatment of lumbar spinal
stenosis caused by degenerative spondylolisthesis. Eur Spine J 17: 188192,
2008.

19. Wilke HJ, Drumm J, Haussler K, Mack C, Steudel W, Kettler A:
Biomechanical effect of different lumbar interspinous implants on flexibility

and intradiscal pressure. Eur Spine J 17: 1049-1056, 2008

_20_



ABSTRACT

Efficacy of the interspinous dynamic stabilization

in lumbar disc herniation

Cho, Young Wook
Dept. of Medical Sciences
The Graduate School

Yonsei University

The purpose of this study was to analyze the clinical and radiological
efficacy of dynamic stabilization using interspinous U devices(ISU) in lumbar
disc herniation.

A retrospective study was conducted for a consecutive series of 125 patients
with lumbar disc herniation between Jun 2006 and May 2009. Among them, 78
patients were treated with implantation of ISU after discectomy (ISU group), 47
patients were treated with discectomy alone(Non—-HSU group). We evaluated
visual analogue scale(VAS) and Prolo's scale for clinical outcomes, disc
height(DH), foraminal height(FH), and extension angle(EA) in preoperative,
immediate postoperative and last follow—up period.

The mean age of ISU group(49.2+13.5 years) was 4.8 years older than the
mean age of non-HSU group(44.4+ 13.3 years). In each group, clinical outcomes
at follow—-up period improved significantly than preoperative values(<0.001). In

ISU group, disc height and foraminal height increased significantly, and
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extension angle decreased significantly after procedure. Eight patients were
diagnosed as recurrent herniation and underwent additional discectomy and
fusion. Recurrence rate in non—HSU group(@/47, 8.5%) was higher than in ISU
group(4/78, 5.1%), but there was no significant difference between two
groups(p=0.473).

Dynamic stabilization using ISU with discectomy is available to bridge the
therapeutic gap between conventional discectomy and fusion surgery. Further
prospective, controlled long—term studies should be performed in large

populations to confirm the efficacy of dynamic stabilization with I1SU.

Key words : Interspinous device, Coflex, lumbar disc herniation,

dynamic stabilization, Interspinous U
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