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— Abstract —

Study Design: Retrospective study of adjacent segment disease.

Objectives: To describe the incidence and clinical features of adjacent segment disease (ASD) after lumbar fusion and to deter-
mine its risk factors.

Summary of Literature Review: The reported incidence of adjacent segment problems is variable, and little has been discussed
about surgically treated cases. Risk factors also have not been precisely identified, especially based on structural changes seen
on magnetic resonance imaging (MRI).

Materials and Methods: We analyzed the records of 1124 patients who underwent lumbar or lumbosacral instrumented fusions
between August 1995 and March 2006 and had at least one year follow-up. Of these patients, 28 patients who needed sec-
ondary operations because of ASD were included in this study. The disease group was compared with an age-, sex-, fusion
level-, and follow-up period-matched control group composed of the same number of patients, toward the purpose of analyzing
six variables as risk factors.

Results: The incidence of ASD requiring surgical treatment was 2.48%. The mean patient age was 584 years, which showed no
statistically significant difference from that of the population in which ASD did not develop (57.0 years, p=0.429). Only 1 distal
ASD occurred among 21 floating fusions. Facet degeneration was a significant risk factor (p<0.0D on logistic regression analy-
sis.

Conclusion: Our study patients with ASD complained of severe symptoms with frequent neurological abnormalities. The inci-
dence of distal ASD was much lower than that of proximal ASD. Pre-existing facet degeneration may confer a high risk of
adjacent segment problems after lumbar fusion procedures.
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Table 1. Classification of disc degeneration™®

Distinction of Nucleus

Grade Structure and Annulus Signd Intensity Height of Intervertebral Disc
. . Hyperintense, isointense to
| Homogeneous, bright white Clear cerebrospinal fluid Normal
I Inhomogeneous with or without Clear Hyperintense, isointense to Normal
horizontal bands cerebrospinal fluid
11 Inhomogeneous, gray Unclear Intermediate Normal to slightly decreased
Intermediate to Normal to moderately
1V Inhomogeneous, gray to black Lost hypointense decr
\% Inhomogeneous, black Lost Hypointense Collapsed disc space
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Table 2. Criteriafor grading osteoarthritis of the facet joints®

Grade Criteria

Narrowing of the facet joint space (<2 mm) and/or small osteophytes and/or mild hypertrophy of the

Narrowing of the facet joint space and/or moderate osteophytes and/or moderate hypertrophy of the

0 Normal facet joint space (2~4 mm width)
1 .
articular process
2 . . ) .
articular process and/or mild subarticular bone erosions
3

Narrowing of the facet joint space and/or large osteophytes and/or severe hypertrophy of the

articular process and/or severe subarticular bone erosions and/or subchondral cysts

N
=

A& AT B
o gejo] A of
9 7t Z4 9

oft -ll'ﬂ
o o rlo
i)
1o

_&1

0%
oX

oy O roh 3N

fE ol
i)
o =

fo 32
1—1

=2

rir

=
BRI
lorig
o

Ey

r=l

AFH
1=

R

(I|sthe5|s) 719

Tl =
C}v THC}yBAL_

(rotational deformity) : 719
driolles] WMo 2 };}o} 209 3
ﬂﬂﬂSEOMP 2k
wedging); 719 A
k- F 3 o

= o]}l A

P

MRIS] 50 glo]q AAARE 2 AR A%
73t 57

Ou:] 71— 0]‘8—] O

(interobserver and intraobserver reliability) <=
(kappa statistics) & O]%é}oq 7}et s
o) o AYE 2A 2

Path—te]
T

B A A A= F

elimination)2 A 3 3} ¢4 t}. 2 Z}8](odds ratio) o] A1Z] T
702 95%31 T, AR A4 e) 4712) WA w4 (et

HH R Eok A
Lx]o};(] ;dtﬂ

g 3] 4] (logistic regres-
sion analysis)= @%S}a’ihrﬂl 9 50] 0.25 ©] 43
2 A A ¥ (backward

egorical variable)o] )&l 4] = Fisher 3 & 74 (Fisher' s

exact tes) = A Sl APt hEe] A% 4
A Bt AP vEsy] 9ste] Sudentt 7L A
st

2

=

Q
[}

=]

k)

52 2.48%%]
8.4 (46~764) )i*
WA e BASY 5% A
siﬂl ol ek
W57 A 3 52.39)
gAe 24 8

s Aol 4

Y8
5

o, ofN Bu ol rf
l‘:‘Jrgf‘N‘rlrm

—~
ool o
(IQO
'—\
X}
a1
N
==

z|

gy

I o

b 2 do i

ko

o

o

=
AN

& (skip fusion) & A

2433l

>
5 o2

ot
iy
2
o .
>
o2,

o 2

_{0{, m’b‘ 2

o,

,ﬂ
gl ko Ho
o
> 2
(e =
o
= o
:lo 1o ) o o

1:0 HH>’ e >~

e A D o plr AN ot M fE o do o Dk Jo
o,
2
-
)y =

ot (X e nlo
)

(6]

ko
o
N



o
a1

Az
!
1l
r
40
i
r
A
a
0
A
o

o=l A =
Fee & gdlst ol

¥

Zol N W 323 SFolgom, FHAel
o] 158 57, vz o] 092 57 H A
g ARIAR ALY WS F B

62 2 iz o) 4do] M, A9
29 3614, 34 MBS Ay
Aol A, F7rare] g WEe AT 49 U Yz
o 28604 747k BAH AT A A 9 W B
Mzl A FFol FAU wol WA e Wil AAH,

J A

o %
[
L oR
Mo o BN xe M

!

¢

2A 2 87 BANINE A2 £ A MR F2
o] Hagg Watgto] SAHLE #9333 (p<0.01),
spondylolisthesis at L4-5 (A, B and C). Initial radi- Z749e] Bl A W E B &£ Urx HEEL o
ographs and MRI demonstrate rotational deformity at 8k 2Fo] 2 M o)A ettt Fisher A8 A A A& 4714
L3-4, disc wedging at L2-3, and grade 4 disc degenera- = = - ‘
aing I o o WFY WG BT §2154) 97 ehtri(Tabled).

tion at L2-3, L3-4 and L5-S1 (C). Facet degeneration
was grade 2 at L2-3 (D) and grade 1 at L3-4 (E). PLIF
was performed at L4-5. Adjacent segment disease
developed at L2-3 and L3-4 after 33 months (F, G and
H). Central spinal stenosis aggravated at L2-3 (J) and
L3-4 (K). Facet joints were intact at L1-2 (I). Revision
surgery was performed from L2 to L5. Note that L5-S1

d
sk

Ao B k= Aol o 8

]
H
5 /) ™ 3}(adjacent segment degenera-

segment does not show any deterioration of degenera- -

tion, tion)’, "1% =4 # ¢ (adjacent segment disease) , "1 4]
£ H g} (adjacent segment change)', ‘¢l &4 A3
AEo B 9= 5 =u=(degenerative lumbar (adjacent segment failure)', ‘o] ¥-$ W 3}(transition
kyphoscoliosis)o] A 3} 9t} 72| o) A 5 A5 8 F-A1 zone change)’ 5 ol & 7FA o7k AbEH o gtk
A -0l 3 ® ol 2EH U A 218 7F 4 sz ol gt W7t g4 AR TAE d L)
Fr¢H(floating fusion)o] A=t o] 5 A< JAH TA = A& oty frEel & FH A AH1A oy
gy Wb Ay gk A -+ 18 (58 10, A5 8 5411 A 71 HPA A2 2 A ol o7 AQIA & oF4
AF7h el AUA] ok =3k 29 J1H w4 A3 27 B &2 sl oparaszsa Hilibrand S22 §-3F2] o1 44
g F Aol Aol e Fst= 9 ol A F NS ALEE WARA S W skE Holu 4 A g AATL
A "3 #istrt A detsei(Fig. ). Al¢s 5 e Aol tisl A Ao g wsh, WA g
Bt 090 L(7-7071 L) 7F F A skod 108 oA -7, 7 2 Wste] F3t A2 A Sode] T E 7ol o
Aol A %3, 6ol A WE, SelolN Bge) 9aE A o Qg B A8 o2 £012 AL F b At A
HE Ao, 60.7%(F-F B FZ)dA HLA A FE o] A A Ao e A 2Ed] A= glon,
Aol Atk e & AT A7 8HE o] o] 9l FEH AEE 2T AR UY 2L Zd T B
A 9# Fol A= 4 nto] G2 o]t ZAE Hof A IE BA gon, o] e HAMAAIL S Kk v
A o= kAo Rkt =4 ek trh(Table 3). WO 7 AR ST glupasnaesd 7} T HEARA A}
274, vy 73 A g dde] jle w4
3. 93 olA} W3l E =3 A2 & urt glok A zZksko), wheka
2 AFNME Hx e F 4 717 T4l 34
HZ FE AMRIY QY #4 F7H9 9 334 9] F HAG M E & T340 ST T AR AR Y
g Wste] o AAAT AFEEE YE = 7hE 7 AH FHY FAL A E W MRIE #9323 19
s} 7 4 (weighted kappa coefficient):= 0.65 2 0.3724, 33 Wwo] AR £44 A2 AAd 25
717 $55 2 BES AAEE HAH000=8F, L A7 o sgom, Hx % A9 MR 2 &
0.00~0.20=74 %, 0.21~0.40=X.%, 0.41~0.60==%5 % , 2 AP AR O] A ol A Agke] u ) BE gl

0.61~0.80=-%-=, 0.81~1.00=1 -%- $-4°)18). AAFAFY A1 AAEL A F YT
T HA Eoba 747H 076 H 0.74% e F T I - dehvE b S8 wske 7
Zrae] Hg A wste Aol Hit 358 T, UE o] He A wstoln, 11 ufell 252 B3/ A gk A

S 4T -



&t3|X| vol. 15, No. 1, 2008

Table 3. Patient profiles of disease group.

Motor
T o, s L, heel wewes Ao 00
(months)
1 57F DSL L4-5 L4-5 PLF and PLIF 33 No SSL2-3-4 Poor
2 60/F SSL2-3-4, L2-3-4-5 PLF, PLIF 14 Yes SSand HIVD Poor
DSL L4-5 T12-L1-2
3  69F HIVD L2-3, L2-3,L4-5 PLF, PLIF 37 No SSL3-4 Excellent
DSL L4-5
4 57/F SSL3-4-5 L3-4-5 PLF 99 Yes RL and SSL2-3 Fair
5 52/F DSL L4-5 L4-5 PLIF 98 No AL and SSL3-4 Fair
6 65M DSL L3-4-5, L3-4-5-S1 PLIF 16 Yes RL and SSL2-3 Good
DS, SL L5
7 66/F SSL4-5-S1, L4-5-S1 PLF 44 Yes RL L2-3,SSL2-3-4 Poor
HIVD L1-2
8 48/F DSL L4-5 L4-5 PLF and ALIF 116 No AL and SSL3-4 Poor
9 B58/F DSL L3-4-5 L3-4-5 PLF, PLIF 16 Yes HIVD and SSL5-S1 Excellent
10 52/F SSL4-5-S1 L4-5-S1 PLF, PLIF 9 No SSL3-4 Excellent
11 55/M DSL L3-4-5, L3-4-5-S1 PLIF 11 Yes SSL3-4 Good
SSL3-4-5-S1
12 65/M SSL2-3-4-5 L2-3-4-5 PLF, PLIF 41 Yes RL and SSL1-2 Fair
13 50/F RL andSS,L4-5 L4-5 PLF 68 No AL and SSL3-4 Good
14 59/F SSL4-5 L4-5 PLF 55 No SSL2-3-4,RL L34 Good
15 48/F DSL L4-5, L3-4-5 PLF 76 No AL and SSL2-3 Excellent
SSL3-4-5
16 59/F DSL L4-5 L4-5 PLF and PLIF 52 No  HIVDL2-3-4,ALL34 Excelent
17 64M SSL3-4-5 L3-4-5 PLF 28 Yes SSand HIVD L2-3 Fair
18 58/M DSL L4-5 L4-5 PLIF 26 No HIVD and SSL3-4 Good
19 53M DSL L4-5 L4-5 PLF and ALIF 125 No RL and HIVD L2-3, Excellent
SSL2-3-4
20 46/F DSL L4-5, L3-4-5 PLF, PLIF 80 No AL and SSL2-3 Good
SSL3-4-5
21  76/M DSL L5-S1 L5-S1 PLIF 50 No AL and SSL4-5 Excellent
22 6UM ISL L5-S1, L4-5-S1 PLF, PLIF 55 No RL and SS Fair
SSL4-5-S1 L2-3-4
23 51/F DSL L3-4, L3-4-5 PLF, PLIF 35 No AL, SSand HIVD Excellent
SSL3-4-5 L2-3
24 60/F DSL L3-4, L3-4-5 PLIF 59 No AL with kyphosis Poor
RL L4-5 LL L2-3,DDSL1-2, DDS
25 53/F DSL L4-5 L4-5 PLF 79 No AL and SSL3-4 Excellent
26 70/M DSL L4-5 L4-5 PLF and PLIF 50 No SSL3-4 Good
27  64/F DSL L4-5, L4-5-S1 PLIF 66 No SSL2-3-4 Fair
SSL4-5-S1
28 60/M SSL2-S1 L2-S1 PLF 27 Yes AL ,SSand HIVD Excellent

L1-2,VCFL1

DSL: Degenerative Spondylolisthesis, SS: Spinal Stenosis, HIVD: Herniated Intervertebral Disc, DS: Degenerative Scoliosis, SL:
Spondylolysis, RL: Retrolisthesis, ISL: Isthmic Spondylolisthesis, PLF: Posterolateral Fusion, PLIF: Posterior Lumbar Interbody
Fusion, ALIF: Anterior Lumbar Interbody Fusion, ASD: Adjacent Segment Disease, AL: Anterolisthesis, LL: Lateral Listhesis,
VCF: Vertebral Compression Fracture.
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Table 4. Risk factors.

Logistic Regression

Fisher's Exact Test

Risk Factors Disease Control - -
p-Vaue OddsRatio  95% Confidence Interval p-Vaue

Disc Degeneration Gr 3.58 Gr 3.23 0.17 0.48 0.17t01.38

Facet Degeneration Gr 1.58 Gr 0.92 <0.01 0.01 <0.01t00.12

Instability 6 cases 4 cases 0.70 0.63 0.06 to 6.46 0.73
Listhesis 7 cases 3 cases 0.41 0.38 0.04t03.75 0.29
Rotational Deformity 7 cases 2 cases 0.83 0.74 0.05to0 11.40 0.14

Disc Wedging 4 cases 2 cases 0.63 181 0.16 t0 20.61 0.67
UEtteE BE WsE dojd g ok g g A (survival andlysis)ell ©J s, o] Q14 TA ol W
T HARAARY S0 1A 8 AR HPA v ARG Fes 2T AR FHAA Hsr HA S
£ FAsted, T 7HA Atolel & 4d #A7) itk 7be/d0] &% 5ol & 16.5%, 10 ol = 36.1%= A &
o FA 7 AT AR AAE2 AF HFA 9] b = A SE7F AT 39%A T & ATl 1d o] FA
AL ololl A7) 7] gHepra®, A 25 ] 7 Al 7F 7hs sk 11298 9] #-3he T 248%00 A Q1F &
A Fhd gdEolv T 3E v E Fuke A3 HX A A g Fe4 ARE AP st vl A T
ol #ZHJAL, A 3 I A 95 W= (184, AES Be, A 71700] soldas B 5o &
64.3%) %= A 7kA B E uhe] Hla] Ao R =5k obd ZAolgtE Al thal A= o] 29 A7 gle A
=, ole T4 A7t 22T A= AP A ol t}.
PAARS YFOE A G EA ROR A AT, Az FHERVE AFE7HA 228 7120 524

A BA AHE fol Q3) AW el At oA 1543747 DA BIH T Qomrnes, B
Wal7h Jojdo M B ATE o) Bo] YMHor  APMNE FF 449(523/0 Q)02 v T 27]4] 9l
WolE AT dAT, F4A He wste] Qsto]  H A AR £24 AR AYHYEH, oE £
B FFNE AREE Bon, By As wE A 3y 2 A2 Aol A WEL Ao F5H
S a7k o) Aghe) WA o) Ak JlelaheA of  MAMSHY B A W AYAAE ol BT o &
7 BRsjrpieseaans, pota $9& A5 231 A 2 A7k 228 Ao, Etebar 59 189 9] Q1K &
F AN QFAL e A S 527 & 104 A A% 87 F 8ol Ax FEYEFH 1d oy
o]} F A8t th 2w vl e A, MRIZE 1 &4 A e BAe vk vk S8 109] S A &
F2bde] HeAd wste] A Eo] 2ol 7) gldt L B MEAE A4 QF-AL AT e T T A9
Fapdeh AR B OE dExe A7 E oW o7t A% Fe $ Y vl ¢ &4A 9] WAL 3
TEe F A4 249 HaA Wk 2 Eo] o5 273473 ghefo] A FA WA st HEH A5 E L
Ew0l THHE AT ol Aldst oy 37t gldlth MRIZ 293 434

A A syt okt Bol HAs=A, A = A 34 QF7bo] F7h & E g S Hinio] o3 ¥
&3 o] sleAo M= B & o Aol ettt F dFFol ostd Ao] FAFHAT 53] o] dAe=
ol Aztvitt 91 #d A5 HF st Vol thE 2 F o] B ko] 4 g (trefoil canal)o] At & Aol
7] W Ao w FHEH, Pak 59 5670 €] =& AN RG] A FA 7S 1907 A9 Ak o]
AES A3 S35 34 flo] WA g Wstet e gk ALY o 7o ok
735 EAE o] 8l A4 100%, F7dol FHkE I B A A4S 237 BES 93 i ol 22944
o] WA E > 5200 A4 185%= wi-¢- vkt Al st oA, A9 FEMRS &F-AL AF)S F ol LA
Atk T4 AEE 885 A w4 A FAY o 4 A7 ot A = A =T iAo A wk o] o
ek By BA g2, Akl 598 4 2d FA% gHE V= oo E oA WA ¢t Ghisdli 52 A4
7.7%2] kAol A 1 EA ] JAFo e FEe A 58F fde FAPF AL Y A5 25211 A
goton, Gillet™s 789 9 23 T FH=E Al F7F 0] 90%9] 109 &S EATY sk3lon,
&3t S 5 o)aF F A5 E Y 20%9l A A % o) Miyakoshi 5% <4 3 <% A5 3 F-A|1 AF7+
Fo Ay Hustdoh Ghisdli 590 AaF AZ 2@ A9 Had oIt AL5 237 £39 A

- 49 -



lo ot @ W
do M X og
o e 91 ol
ot F1 [o
r =]
Oj: ¥ )
1 N
o, 2
= 5
R )
o )
o Mo
20 2
= i
oo o o
oX

'—\
=
2
N
T
X
52

(o3
kS
rl
L
r

N

=30 5
l* 2 rlo
o

for o
oo °T
o ; o=
L =y Mo
ol T [o
o
ST
¥0,
fr
pocy
i
=
o
p
2
[6)]
ko rlo

Y
g
[
Hr
i)
. ©
i
229
=
L 2
2
X
o
fu
ﬁ
Z
1_.

o I

e o S 2

=}

iliolumbar ligament)ol] o]l 7 A & o] ) o=,
%Z—] e} 7]—07-/‘ 1:1] x4z7;] L]—/\]—E }\]_?:] ] ]
]

¢

Aol Fbs o] Aol W8] 2] W el
o A5 @ %A1 AF 7 4 F e FA o
2 WthE AMAE olo] 7198 & 912 Rolth
SEEREECREESD
W] Aol g EFstel o A
LA AN, AASE A5 2 F-A1 A7
AZre Ha g W EE A7 g He] 4
ST A AT HED RS F

o fo
ol
o

E)

N
O-

b

ox
J

o

—

o Eoll ;1:1,
=2

mg‘,g_—{JJf
o, JZiﬂH}.lZi
2 x

F-IETYL

b
|o
@

e 2L rR 12 do o R o do o v & to o fr & [ ol m

s T2

N

fr o
(g

L)

o

o oz )y 1o Fr
i
W o X~
e
ol
o
R
£
ol
o
o
N
o
Oty
o

-
SN
ol
X
A
s
kd
%9,
|o
2
9E

>
o

ik
=)

PZ ki

r

ol

Ao
A
re
2
-
of4
=
S
o
r 3

(L L
N

N

)y ¢

o_l.?i’,

N fo fr S ox
< o
S g e
(o] I
— ol :h

N o Ho
:‘—1‘ {0 ol
e ==

), —
__]ll.m l-'O o
>

tlo >

A Fo] ol thz w3 AL
5‘]_:]7_1_‘:_ El_l?_ }L._:_ 94 0:1;(]7]_ o]q_?qmn?n?? 6,28,29,30,32,33,35,38, ca\
Aota 520 B5H| o] ol A 53] B
o] At H T FA3 o w
99 Az A4srd o, H2

T ] HE]-J_JL_E]_L 9\)1\1-;}‘10‘13.19.26‘28%

164] o] el M 7171 & A3 %
TFNAEUE 273, 49
4 4o WS g BAE
I8 8olA sk

oy 2 p
to

r
Ny
fe 42

=
rir
©
My 1o g alt gl e

o gy 4z

O 1o o¥
2 e rlo
mlﬂ.l o
N o
2 of

‘0,
i ko o
:Jd
al
pu}
)
[e]

¢

iy

rt
D)
oox
2 o
H’I

R U T
3l
i)
1o o 2

Mg &
iy = ol o
o

o

ot o

TY—L o i)
>
Hr
X
i)
o

i
2

e

o 0, =) FU?‘-" o?L

o 2
N 2
oL 2

rE

qQ ¢
u}

I

D

ol
rlo
o fIF
ol o

e FE
X
2
e

o A
0%
oX,

"z
ol
~
oy
ot
i
K3 il

wlooN @ ¥o b rfr
o

rir 4o to

ST

|
ofN
LG T e O T N O 49

A omputed tomography, CT)% 23]
94 WetE Testelol Aot sk ot,

ton 592 §3¢) A1H 2ol % A MRIA #2139
Heg skt EAstlE 948 Aol JFL v)
AR g7 o] o) % f3 WA EFAL B2} g
Sz Fgegom, Ad $8 A8 97 Aol o
NERTHE T A ERAAE £2 4 MR A4 2
A F7ae) HaA Was EA4Q §94E el
Fgreol WL v vk, Jeju FehEol By
WSS Ay $E AW 4B BAE ENG AT 2
S o} 4 7hA) WA goieh & A7 6 W F
S A MR F989) Ha4 Wstvo] FAHOR
FOI% NG ARG, HE WFEE A TAA
T3NS} A e W] 4 F U B 3
A2 oo @ A g2z A7t Be Y AoR
BzrE .
__C'Y_

Bde HPA Wats MRIY 57L 35 o 9
A =

AREE HE9 714*}1}7& %_‘Z | & (fair interobserver
agreement) & A= 23 oW, o] T AAE At
Weishaupt 592 o] 2] 2] &4 &0 MRIE TH= CT
E AT AL FAS b vk ek FF MY 2

4 Qg $A FRE 54 Wet $eany
CTE 295 Fsht AR £ BEoldT A2
5 B AT LYLH AEE 29 224 3

=

H A3E Ao A3t "F%-‘Jr Z atel 7} HAN\E]'—, }‘Ri

e o] $ta} F 11 o] A& 2
Row, Ao 2 ek JFs v
LFoIATha BAsk ok A=
NS AYA] Zedey, &
Z o] o] o= J& o]d 7] o5}
4 A8 A A4 EA o
o] gl=d), Phillips & 26
S oY stA 29 ofsit
| Aol TS PAA FUTh
A Fee] A7 A s v
2 ¢ Z A o] 7] wj ol AR o
] JALE FHYste Flo] AL

ko
ro,
rlo

FO 2
(o Mo
ol
o

il
LO
2 o
»
0
_leﬁ
:i

¢

o ox M Rl b >
o, 19

ox ¥R r
1o o
2
o X sas s}
=z 82>
N
N
)

_P4 B o
H

oX of

of
o)

j=
=

q ;8‘ ofr
32

X o
R

o
jind
2

fieos i g
1o flo
oo %

£
&)

ol
e
;é o=
Lot

-50 -



RF FEs T LM oY 2H e " X ZEF 2
Zd =2 9) Kim HT, Jang BD, Hyun KH, Nam JM: Treatment for
= —
the sequential degenerative changes at the adjacent seg-
93 6%& T 52e2 N2 9 JLo oy BA ments to lumbar fusion. J Korean Spine Surg 2000; 7:
Age) A WEE AA71A Bg vl vale 14 386-395.
orokx|uk AubA 0 7 Zabo] Alaly AASHE o] A} A 10) Ha KY, Kim YH, Kang KS: Surgery for adjacent seg-
AL Hol= A9l wotth Bo 838 A 9] ol H B ment changes after lumbosacral fusion. J Korean Spine
B g B go] 29 %ol vste) 453 W fE Surg 2002; 9: 332-340.
o, Azksk B A waht A orul W o] 4R 11) Phillips FM, Carlson GD, Bohiman HH, Hughes SS:
U o)At 99 ol BAL l=3) 3 BEFE Ao Results of surgery for spinal stenosis adjacent to previous
29 707 Ay o B TAA] Ha A W lumbar fusion. J Spinal Disrod 2000; 13: 432-437.
37} oln] ZA e A oH BAH Ao AL =8 12) Chen WJ, Lai PL, Niu CC, Chen LH, Fu TS, Wong
V=R o] gtk Az AR} AHO R 22 FO CB: Surgical treatment of adjacent instability after lum-
02 A% e A 53 Wl AR AES 78k ok bar spine fusion. Spine 2001; 26: 519-524.
am, ol 2 ASL owaly] e 2A 713 9 13) Aiki H, Ohwada O, Kobayashi H, et al: Adjacent seg-
3 = FHaty] 98 A7 o Fus] o] Fo] Ao ment stenosis after lumbar fusion requiring second opera-
& 7 02 Azte tion. J Orthop Sci 2005; 10: 490-495.
14) Brodsky AE, Hendricks RL, Khalil MA, et al: Segmen-
tal lumbar spinal fusions. Spine 1989; 14: 447-450.
I'=|-_T|__E_I;_ 15) Pfirmann CWA, Metzdorf A, Zanetti M, Hodler J,
Boos N: Magnetic resonance classification of lumbar
1) Shono Y, Kaneda K, Abumi K, McAfee PC, Cunning- intervertebral disc degeneration. Spine 2001; 26: 1873-
ham BW: Stability of posterior spinal instrumentation 1878.
and its effects on adjacent motion segments in the lum- 16) Weishaupt DW, Zanetti M, Boos N, Hodler J: MR
bosacral spine. Spine 1998; 23: 1550-1558. imaging and CT in osteoarthritis of the lumbar facet
2) Bastian L, Lange U, Knop C, Tusch G, Blauth M: Eval- joints. Skeletal Radiol 1999; 28: 215-219.
uation of the mobility of adjacent segments after posterior 17) Perdriolle R: Thetorsion meter: a critical review. J Pedi-
thoracolumbar fixation: a biomechanical study. Eur Spine atr Orthop 1991; 11: 789.
72001 10: 295-300. 18) Landis RJ, Koch GG: The measurement of observer
3) Park P, Garton HJ, Gala VC, Hoff JT, McGillicuddy agreement for categorical data. Biometrics 1977; 33: 159-
JE: Adjacent segment disease after lumbar or lum- 174.
bosacral fusion: Review of the literature. Spine 2004; 29: 19) Ahn DK, Lee S, Jeong KW, Park JS, Cha SK, Park
1938-1944. HS: Adjacent segment failure after lumbar spine fusion. J
4) HaKY, Schendel MJ, Lewis JL, et al: Effect of immobi- Korean Orthop Assoc 2005; 40: 203-208.
lization and configuration on lumbar adjacent-segment 20) Rahm MD, Hall BB: Adjacent-segment degeneration
biomechanics. J Spinal Disord 1993; 6: 99-105. after lumbar fusion with instrumentation: A retrospective
5. Dekutoski MB, Schendel MJ, Ogilvie JW, et al: Com study. J Spinal Disord 1996; 9: 392-400.
parison of in vivo and in vitro adjacent segment motion 21) Hambly MF, Wiltse LL, Raghavan N, Schneiderman
after lumbar fusion. Spine 1994; 19: 1745-1751. G, Koenig C: The transition zone above a lumbosacral
6) Lee CK, Langrana NA: Lumbosacral spinal fusion. A fusion. Spine 1998; 23: 1785-1792.
biomechanical study. Spine 1984; 9: 574-581. 22) Wiltse LL, Radecki SE, Biel HM, et al: Comparative
7) Cho KJ, Lee JY, Oh IS, et al: Change of segmental study of the incidence and severity of degenerative change
motion after lumbar posterolateral fusion. J Korean in the transition zone after instrumented versus noninstru-
Orthop Assoc 1999; 34: 281-287. mented fusions of the lumbar spine. J Spinal Disord 1999;
8) Chung JY, Seo HY, Jung JW: Surgical treatment of 12:27-33.
adjacent degenerative segment after lumbar fusion. J 23) Hilibrand AS, Robbins M: Adjacent segment degenera-

Korean Spine Surg 2000; 7: 264-270.

-51 -

tion and adjacent segment disease: the consequences of



CHEHA 2= 9| 1}45}5| K| Vol. 15, No. 1, 2008

25)

26)

27)

28)

29)

30)

31)

3?)

spinal fusion? Spine J 2004; 4: 190-194.

Lehmann TR, Spratt KF, Tozzi JE, et al: Long-termfol-
low-up of lower lumbar fusion patients. Spine 1987; 12:
97-104.

Penta M, Sandhu A, Fraser RD: Magnetic resonance
imaging assessment of disc degeneration 10 years after
anterior lumbar interbody fusion. Spine 1995; 20: 743-
747.

Okuda S, Iwasaki M, Miyauchi A, Aono H, Morita M,
Yamamoto T: Risk factors for adjacent segment degener-
ation after PLIF. Spine 2004; 29: 1535-1540.

Miyakoshi N, Abe E, Shimada Y, Okuyama K, Suzuki
T, Sato K: Outcome of one-level posterior lumbar inter-
body fusion for spondylolisthesis and postoperative inter-
vertebral disc degeneration adjacent to the fusion. Spine
2000; 25: 1837-1842.

Aota Y, Kumano K, Hirabayashi S: Postfusion instabili-
ty at the adjacent segments after rigid pedicle screw fixa-
tion for degenerative lumbar spinal disorders. J Spinal
Disord 1995; 8: 464-473.

Etebar S, Cahill DW: Risk factors for adjacent-segment
failure following lumbar fixation with rigid instrumenta-
tion for degenerative instability. J Neurosurg 1999; 90:
163-1609.

Chou WY, Hsu CJ, Chang WN, Wong CY: Adjacent
segment degeneration after lumbar spinal posterolateral
fusion with instrumentation in elderly patients. Arch
Orthop Trauma Surg 2002; 122: 39-43.

Ghisdlli G, Wang JC, Hsu WK, Dawson EG: L5-S1 seg-
ment survivorship and clinical outcome analysis after L4-
L5 isolated fusion. Spine 2003; 28: 1275-1280.

Gillet P: The fate of the adjacent motion segments after

-52 -

33)

34)

35)

36)

37)

38)

39)

40)

lumbar fusion. J Spinal Disrod Tech 2003; 162: 338-345.
Ghiselli G, Wang JC, Bhatia NN, Hsu WK, Dawson
EG: Adjacent segment degeneration in the lumbar spine. J
Bone Joint Surg Am. 2004; 86: 1497-1503.

Pellise F, Hernandez A, Vidal X, Minguell J, Martinez
C, Villanueva C: Radiologic assessment of all unfused
lumbar segments 7.5 years after instrumented posterior
spinal fusion. Spine 2007; 32: 574-579.

Ha KY, Kim KW, Park SJ, Lee YH: Changes of the
adjacent-unfused mobile segment after instrumental lum-
bar fusion. J Korean Spine Surg 1998; 5: 205-214.

Frobin W, Brinckmann P, Kramer M, Hartwig E:
Height of lumbar disc measured from radiographs com-
pared with degeneration and height classified from MR
images. Eur Radiol 2001; 11: 263-269.

Guigui P, Wodecki P, Bizot P, et al: Long-terminfluence
of associated arthrodesis on adjacent segments in the
treatment of lumbar stenosis: a series of 127 cases with 9-
year follow-up. Rev Chir Orthop Reparatrice Appar Mot
2000; 86: 546-557.

Umehara S, Zindrick MR, Patwardhan AG, et al: The
biomechanical effect of postoperative hypolordosis in
instrumented lumbar fusion on instrumented and adjacent
spinal stenosis. Spine 2000; 25: 1617-1624.

Kumar MN, Baklanov A, Chopin D: Correlation
between sagittal plane changes and adjacent segment
degeneration following lumbar spine fusion. Eur Spine J
2001; 10: 314-319.

Throckmorton TW, Hilibrand AS, Mencio GA, Hodge
A, Spengler DM: The impact of adjacent level disc
degeneration on health status outcomes following lumbar
fusion. Spine 2003; 28: 2546-2550.



K-
K0
o0

ol
ol
oF

ol
or
Kl
Kl
i ]
Kl
ol

ol

ol
__o_l
4
ol
0F
__AT
0of

B
=

ey

ol

oF
o

9k TH(p=0.429). 94| (32.1%) ] A 22

+o

5
SR TR

& HolA ¢

o] % el

[e]
i

1% (57.041) 3

3

i

tath 222

23

17 ol

[e]
'\;‘

]
o

}od 60.7%01 A

S

2997 97+ =4

)

>~ 5
= T "o

A

;72 9] 594 8 5H(p<0.01)7}

A A
170

i

A

=)

ey
nj
,_MW
W
o
@
)
B
4
o

ol 347} wk

ol

4

~,

‘AO

"
or

o
B

T

o~
T

N

3

A 7] o el

=
=

ol lom, A FEe] At g H oz

A
3l t}.

.&ﬁ

oy
o

o
il
W
ol
!
T

0

o
ﬁo
ol

pil

8] of

it

EAE = FAPSP S

E-mail: cslee@amc.seoul.krkr

Fax: 82-2-488-78776

82-2-3010-3530

Tel:

-53 -



