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Surgical Technique for Spine and Spinal Nerves

R E T D LR D FHIRF
—BEIEHRE S L CBEERANOFE—

Effect of Spinal Fusion on Fused and Adjacent Level —Finite Element Analysis—
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Abstract It is worth knowing preoperatively the effect of spinal fusion both on the fused and the adjacent level.

A 43-year-old woman who had recurrent L5-S lumbar disc herniation three times after previous surgery required lumbar spi-
nal fusion. We reconstructed the preoperative CT and MR images of her lumbar spine and completed a tailor-made three-
dimensional finite element model.

We have performed finite element analysis for some types of lumbar spinal fusion. The result suggests that the loss in spi-
nal mobility and shock absorption at the fused L5-S level would be compensated at the adjacent L4-5 level. This means that
the more the spinal fusion is rigid, the more degeneration will be accelerated at adjacent motion segments. It is also clear that
an interbody spacer brings about not only a remarkably large stress at the fused level but also a significantly large strain at the
adjacent level. We may conclude that a kind of ‘rather soft fusion’ will benefit the system in the long-term prospect. Thus we
decided in this case to do L5-S spinal fusion without any interbody spacers but with posterior/posterolateral bone grafting and
instrumentation.

Key words [EHEEIEAMT (lumbar spinal fusion), £k71% (BREHME) (biomechanics (finite element analysis)), [
EBEBEHERIFEE  (degenerative changes at adjacent level)
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figio> (a) CT Hifk, (b) MRI, & (c) CT Hif&Rd SHARMH L2 BIRET V. (d) MRI 2 &R
YU 72 SRR, ARAERY 72 HERY spacer, B BME L O instrument DFARZ 1IN 2 7 BEMERE E M DT
REFN, BIY (¢) BREEX v 28R L @rETFN. (d) (e) 1333 DHEESD» S %5,

TR 86324, HiAE 17367 TH YV, [HEHFEEIC

YrEfE (MR 252 Tw5, 22 THRIRM BRESVER

#1213 MECHANICAL FINDER, * v ¥ 2 AJ{IC
\% ICEM CFD, FFREEHRMHTICIZ MARK, MHTHE
BpK R MLFEIZIZ PATRAN 27z, &L
T H¥NAROERE X O ENERSGE 2R
21CF DB, L4 REtROGE LI, LAIHEHE
Ik BHEEZEE LD DT, HEDIRE
AR L EAHMAOMICHERET 5.

1. EEMDOLER

EEEDHATIC X 2 EEEDE % T,
THEARRIEE ) (IHERT spacer (DAB& spacer) A
BICEBADTER L RE, TBAEE, (D&
PF) 3B A EBME (BMEE x2) BICBRAED
R L 7-IREE, Tinstrument, (LAK% inst) 13 screw X
4, rodX2 IZ X BEEL TS, F1iZ, L5-SHD
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EEfT2IC, L4 HEfE EIC 20 kgw X 44 mm D [H]
IRMEZ 52 R0, L5 8L L4 EEOA[EE
{bzR7., EEoBEEEOMARICLD, Ls LA
DIESEDAEENMIZNE 5D, XD EE

44mm Ioad

20kgw 1mm compression

bending moment
(a)

| 4 e s
] +".'*>
1 L5-S L5-S

20kgw

axial compression
(b)

boundary condition

constraint

o la

spacer

5x18%6 mm

©)

(a) (b) HFEHIAR DER.

2
(a) IIEETHIER @ 20

kgwX44 mm DT E—X >+, (b) SAEEM
fE : L4 EAIO 1mm $AE T HEM. (o) N
WER S 14 FHBERIROE & O HEH
spacer fEAD Y = —=2.

EEPBRONG Z b5, BiH BRI
IZHEE Z B case 1-3 IZEIEMLE L, £/, Lb
B XU L4 LHOWMAERT IS RT, HHEES
TIA VA PELDORERRY. I T, MR
DFATEM T FAEEMICEHN W L6, E
fiZe EOIIEBIR OB IR D X 9 50T
AFRRTSHTE L 72 %,

2. EEH (L5, S1) & KLUBHEHE 14) N
DFE—ZN - ISHBRRT—

i X b gAMb L 7z Ls-S #EfE (4.5 mm) 12
spacer (IR 5mmXE X 18 mmX/EX 6 mm) %
A UMERIER T 2456120 W TRT L 72,

1) HEFAR—Y —DEEMES & CBEEIHE~D
HE—7S54 v A VEL—

L4 FHBEHDEEIZ, spacer % L5-S lIcHH#
it & IEHHRICR L —30° DM A L 72558,
L5 73—110°, L4 23—115° (spacer \ZIZIZELT)
DOHENAANC, L5 2%3.2°, L4 A% 2.6° DFRIEITIA
WHERIL, JEHET 54 v A v FELDFAET B,
I ekITTHIEY 2854, PF & XU inst #57
GO HENEES D5, ZnzhikT 31
I, spacer & ME(RDEEMIEAEZ A LTLEL
ZRMERE 2 2 L, spacer ZHEFIRIFRRREE ICTE
L COBEOHEFIIER Z21Th %\ Z & 75 EDEET
b5, DL RMETRED & DA % e
TEEAIZ, R1Dcasel4I2BWT, ZNHD
AEELEERAEDE LI LTS,

F1 IFEIFEHL5-S BEEEICHL, BEEMEIC L4 #E EHEIC 20 kgw X44 mm DOEEHFE%

MFEBED, Ls 8&T 14 LHOAEZ(L
. %LS-S Moz A O AL o
BT DI %77 DEE N2k
e e e R s B

case 1 O O @) 0.15° 2.3° 2.2° —-11° -17°
case 2 O O X 0.18° 2.4° 2.2° —20° —20°
case 3 O X O 0.27° 2.8° 2.5° —15° —16°
case 4 O X X 0.98° 3.4° 2.4° —38° =199°
case 5 X O O 0.46° 2.5° 2.1° —5° —15°
case 6 X O X 0.74° 2.7° 1.9° +8° —12°
case 7 X X O 0.85° 2.6° 1.8° —4° —10°
case 8 X X X 5.77° 7.0° 1.3° —45° —=45°

BOBDODOEIEEDNRD D DGHEDVO, 7% L DHEEHX
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stress (MPa)

200MPa

& 3 #ERE spacer FBAR® S1 LHICKITS
rRWa kil

spacer fiZ{&IZ 37-51 MPa, spacer edge #731Z 65

MPa B &, #77 OBimlailsyic i 200 MPa D)

NEFVHKET S, JBHEFOFEVETIE &

WIEARABRDBFEET S,

2) HMEMAR—Y —DEEMNDEE—ILIE
e R AIA B —

spacer T AIC & D HERET (i) 24T 20
HEFF, B3I, S1 EHOGHIRE ST,
spacer M DI 37-51 MPa f2EETH D, spacer
edge M B CIEiAMEICHERL 72 65MPa M LD
BN, $05 B iR ALE I 1 200 MPa b DG
HEFRFAET 5, JUIEEDOBEIEH 100
MPa % L[ %, JEHEFOREWETIZE, itk
BOEAAA (sinking) BHETSE, ZDLH %
JG R AIARE B CICIE, spacer HIBEZ K
L LTI B & 2, spacer edge Z HIMIICT %
% EDONEBBETH 3.

3. BHIEHR (L4-5) ANDEE VS HEF—

1) BSEEMERD~ 0 S T o 2

XFXFHETEICBVT, NENARIE R
ST & FIT, BEEMERDICRAET 30T AREHN
7= (K4).

SREFEARTE O, (b) PF+inst &) #75
DETE D A DA T HIFEEMEDME C, L5-S 1l
T3k E L B 1, L4-5 RIS 58 77 SR
Ehd (K 4b). —7, (a) EERLDEHEIE Ls-
S IIEAMEMEE LT L, L4-5 IR S
N3 (K 4a), 05 ITHERBIEE 2 2 72 (c) (d)
TIE, BIABEEESIMAME NG 0D, B DOEE
DHADEELD S L5S BEMI NI LAY,
MRHIIC L4-5 DL W S EMENB LI 1ck 3
(K 4c, d). HEEFEOSGED, (b) () O PF+
inst ®H BEEIX, L5-S ORIAVBEMI LT
$, ZD4 L4A-5 ORI DOEMIZ A% (K] 4b,

3. no load

(H #HAEEEZE
(case4 / L4 H#1ZR)

1. compression 2. bending

(&) BEEAZL (cased)

(b) PF+inst (case5)
W compressive
strain (%)

34.0

X 30.4
IX 26.8
b 232
b - 196
VI 160
v 12.4
o 8.8
mE s,
i 16
I‘ 0
case| IF | PF |Inst
ggg 1lololo
2[00 x
3[0[x|0
o1 A el
b[5[x]O]O
6| x|O| x
71x|x]|0
(@] 8 | x| x| x

(IF = #kRMERE)

X 4

L5-S DX F I RBEEEICH LT, L4 REIC
Ez7 1. ShEEMHME), BX O 2. To¥ER
B ICkoT, BEEMERT (L4-5) KHETIE
fOF A (L4-5 IEHRRET).

(a) EEZL, (b) PP+inst, (c) MEARREMEE,
(d) (e) HEFRRARE +PF+inst. (a) (b) (¢)
(d) & L4 EHIZE2EH, (e) 1 L4 LHiZE4AH
WoEA., () 3MEL L, HEREE, 14 &
M5 2R OGAE. RO T AHERE 0 — <
FORT,

d). T%bLEEMHDOEEIEETHSI1ZE, 5
SHIEMNIC X D BEEHERD ICFE T 2 0T AR E
WEWVZD,

£7-, L4 FHEEEHEOSE (K 4e) 13, L4
FHBHOSHS (B4d) 12, #%ido L4 ks
HR DL EIC spacer AL X W HELET 0T A
(R 4f) ZEHbLADOERELELR>TVRS,

2) BREEHERI~OHERI A X — 3 — D

L5-S [E~? spacer ffi AIC & b BREMERT I F 4
T20FA LI 2T, L4 EHEEEROS
4 (K 2¢), 16%DFEAEOT&A (K 4f) & 0.2 MPa
DM DT L, Z0nid Ls-S HERIE R IC
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KT 2ELTRDLOVTAIE 16% & —BT 5.
L4 FHEHOSA, 1%DEMOT AL 0.016
MPa OEMEIGHDIFEAEL, ZNZ 14 EL5D7
FA VR MEICHET B L L TROVT A
il 1% & —3T 5.

Z D& I R BEEHER O O ARG D FEE & B
X, spacer & MEMIFIBRTREEIC TR < LR HME
RAfLE A % BV, spacer & MEAD ML L
TRELXFEEZR ZEBRETHA ).

B &8

[EfEE T VDOERERMITICED, SEIxh
EEEDEEMEM B & OB~ O 12 E
BT 2 HRB SN,

HERT spacer 1%, FEEHE - BEEEHEIC 7 74 v X v
FELE 7S L, BIRADIEHEFIT K DA
AFB A FEAE X, HERHERIC X 0 BEEEHER 1< EAE
BH - EMEOTARFREIE S, Tk, EELE
Eix, EEHMTEbN TR X ORI
% B SHENICEH T I LItk b
b, NENERNEZ S5 & BREHER Y 4
B EOTHZFEIE S, 2D &) LBHEHER
~D WA, HERROZEEZE 2 RES
ZERE L HEZLY, OFARFEEMBED MR T
MERIR A ME D FIHIIREE % R § & Vb1 5 “intranu-
clear cleft” (intradiscal cleft, BifZNZL) DFAENL
BE—HLTwaZEZ, HENER EMEERE
HOBERE L TRBRINTSH 5.

BHEDOREE LA DOIRE, EEMMEE - B

BHEMEEOREDMIER &, BN FR2E
H % &, HEME spacer (3HMERTIFEIBRFREE I T8 < MR &
DEMEBEIARE  edge B2 507 b DOWE
FL{, FRMEREE TR TER»LEE,
EVOEEENPEELWEEZL LY.

AEFICIHAEE -BUAEEE & O
instrument 2 X % [EEM % fifT L 72,

i

WErEHEME X v ¥ —DiE4 KIE, FHET
B ARKICIE, THREE XX v v 2 ki
BOTEHFB ) EHBEL BT 7. ELERSE
BIAEET A BIER - BIRBMEE I, HENEA
T & HERIR D BIRIZ D W T &R 2 15 b e
LEFET.
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