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Variation of Paraspinal Muscle Forces according to the Lumbar Motion Segment
Fusion during Upright Stance Posture
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For stability analysis of the lumbar spine, the hypothesis presented is that the disc has stress
sensors driving feedback mechanism, which could react to the imposed loads by adjusting the
contraction of the muscles. Fusion in the motion segment of the lumbar spinal column is believed
to alter the stability of the spinal column. To identify this effect finite element (FE) models
combined with optimization technique was applied and quantify the role of each muscle and
reaction forces in the spinal column with respect to the fusion level. The musculoskeletal FE model
was consisted with detailed whole lumbar spine, pelvis, sacrum, coccyx and simplified trunk
model. Vertebral body and pelvis were modeled as a rigid body and the rib cage was constructed
with rigid truss element for the computational efficiency. Spinal fusion model was applied to L3-L4,
L4-L5, L 5-S1 (single level) and L3-L5 (two levels) segments. Muscle architecture with 46 local
muscles was used as acting directions. Minimization of the nucleus pressure deviation and
annulus fiber average axial stress deviation was selected for cost function. As a result, spinal
fusion produced reaction changes at each motion segment as well as contribution of each muscle.
Longissimus thoracis and psoas major muscle showed dramatic changes for the cases of L5-S1
and L3-L5 level fusion. Muscle force change at each muscle also generated relatively high nucleus
pressure not only at the adjacent level but at another level, which can explain disc degeneration
pattern observed in clinical study.
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Fig. 1 Developed detailed FE model of the lumbar spinal
column
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Fig. 2 Presentation of muscle structure in coronal and
sagittal plane
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Min f=o \/~Z1“1(Sp; Spave)” +B \/1 S Sai ~Samrd” (1)

where  o,p : weighting factor
Spi  :nucleus pressure at i-th disk
Spave : averaged pressure of the nucleus

Sai : fiber axial stress i-th disk

uﬂ

Saave :averaged fiber axial stress
U,.,U, :displacement of the trunk center
n : number of intact disk

Constraints : —2< Uy < 2

ARREE *&iﬂ AL SAH A,

ofgol NHeES 5}95;1:}
< U FE 2
= A ]

&ofo B B
-
%
2.
<
ok oX
oly o
B o
g
o 2 i3
1’\1: % r'l:l
RN
hincd
i
T e,

o
©
¢
JE
&
nﬁ
N 2
i
é
r&ﬂ
oﬁ _C‘l

HAg g FHL K& (Modified Method
of Feasible Directions)?] H-EEHA o, A1)+
0% 54 <(multi-object  function)o] A& 713
A (weighting factor)t F FE2| 7|dxrl #Zx
E Al

3. 4 &3
2dRE AR 2HE AARER 4GS

32 AP A7 §F 22 gAd wa o
29 e W} AR,

T B4 A9 ¥4 4o dgd vt
Table MWS’% e #H= 3 1)

ol AtHEU. H
4 A o] HHE 2FL o]FHA
AAE FA3L 238 AdAs Ae 2HE B
o5 gldeh A4 del e A9 Table 2 o149
B upel ol P T IH st 4 I
ol HAHE 4 2+ A 2L LS

} vk 2ERA] §YHE FFANE T
!
=]

A& T AA =5

N oo it

&5 2do] %€ A% R FhudA
o] Ael AdAsA “ehtR girt. ofet 3
2 oF7)87] 918 Fig 3 oMM 9 Fol &%
Ao whel ZF ZHeA e ZHe Watrt A
veba ek Alabd 28E AR AL

o
4
o fo

Table 1 Calculated muscle forces (N)

Trunk
weight Additienal 100N weight
only
Fusion level
Intact Intact
L3/4 L4/5 L5/81 L3-L5
1 1527 Q 34.56 37.38 0 27.28
2 136 0 31.98 29.52 0 23.75
3 11.83 0 27.89 26.56 303 2453
Mo 4 8.63 26.15 18.66 17.6% 0.72 17.59
s 7.95 0 16.82 17.49 1.36 19.49
6 458 11.67 9.3 9.76 1.27 10.08

sum | 61.86 37.82 139.71 1384 6.38 12272

2237 122.58 65.8 64.94 136.4 83.85

1
2 6.74 14 13.45 12.9 0 13.83
3 3.62 32 8.67 8.34 582 7.81
Long
4 1.14 2.66 4.6 273 334 4.11
5 0.1 0.22 0.98 0.86 0.1 2.62
sum 33.77 142.66 93.5 89.77 14566 11222
i 7.57 7.98 13.68 14.02 0 18.74
Spin. 2 4.98 0 10.8 10.52 0 10.08
sum 1255 7.98 24.48 24.54 0 28.82
1 7.39 14 14.96 14.05 0 14.49
2 4.72 232 11.14 11.04 3.58 8.95
3 1.8 4.02 5.22 4.35 5.48 4.93
Multi
4 022 0.41 1.78 1.04 .16 3.08
5 0.08 0.14 0.16 0.18 127 (.88
sam 14.21 20.89 33.26 30.66 1149 3233
i 4.72 15.58 9.67 12.49 0 1242
2 6.04 24.87 45.22 17.28 2668 99.09
3 2.08 5.77 28.86 6.6 3 11692
Psoas
4 1.96 4.87 9.22 6.12 4.91 51.63
3 1.04 2.5% 5.53 2.24 1.36 1172

sum 15.84 33.67 98.5 44.73 35.96 291.78

389.45 ) 328.1 19949 } 587.87

Total 138.23 | 263.02
L
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Al 100N o] F=7} 30| 7tz Aol df 53
HAS 28AdAN E F dxo] L5-S1 9 &F &
do] FHREE A4S 85 F £ F A9
+F BELILS)O] §FHHE AFolA FHEA
59 g% W3}t AdEHAT

Table 3 oA H= nHiel o] HAERHAANAE
AEEEA@L12)T R EAHWsSSHAAN  FT
(flexionyo] FZHEZA(L2/3, L3/4. L4/5)AAHE A1A
(extension)©] LA} HFE C A FE A L A
o 7B FHE AAHJA Fidol wAU. 3
A L34 9 5 £2o] §¥E A dAME 29
T 2AdAE FFo] ¢ F EHA Ao
LA

L4/5 o EEEH §¥E AfdAAe %
A AHE FEHAAE AHde] Y F &
T BAAAE FFo] AT WhHe| Ls/S1
FEEEe AYEALLR, L2R3)AE AHe] F
7+ BAE 134, L4509 FFo] dAsgiTh

Table 2 Nucleus pressure in each disc (kPa)

Motion Fusion level

Intact
Segment L3/L4 L4/L5 L5/81 L3/L5

L1/L2 276.4 318.8 323.1 239.8 284.7

L2/L3 254.4 278.7 265.7 238.8 284.7
L3/L4 209.5 X 216.1 205.0 X
L4/L5 186.7 205.7 X 196.9 X
L5/81 206.9 209.1 181.1 X 284.0

Contribution ratis of earh moescle (%}

Fig. 3 Contribution ratio of each muscle group according
to the fusion level

% 2% 2o $¥HE 2us A9dAE A
A $F BRAAE e e FIo) Ui
Yoix &% BAAL Adol wAaTh olsh

2o $£% 2he £5%9 W Wl Table 4
AMst wol FRAAN HEHe Aot =5
H9eh.

Table 3 Disc angle change in each motion segment with
respect to unloaded model (degree)

Intact Fusion level (Trunk weight +100N)
sMotlon o Trank
egment | Ir weight | L3L4  L4/LS LS/S1 L3S
weight

+100N

L1/12 2.07 1.78 2.74 2.82 0.82 1.82
L2/L3 -0.11 -0.58 0.60 091 -0.62 -1.60

L3/L4 -1.22 -1.23 X -1.41 -0.64 X
L4/L5 -1.15 -1.04 -1.72 X 0.61 X
L5/81 1.91 1.38 -0.02 -0.63 X 0.12

Table 4 Comparison of facet contact force (N)

Motion Fusion level

Segment fotact L3/L4 L4L5  Ls5/S1 L35
L1/L2 0.00 0.00 0.00 0.00 0.00
L2/L3 0.00 0.00 0.00 29.00 25.53
L3/L4 92.15 X 67.15 80.46 X
L4/L5 13840 | 176.40 X 64.49 X
L5/S1 87.38 168.10 165.80 X 266.80

4, £9

AHAIE o] &3 Al Al FHF 7tz 4 3t
Zo g3 HFE A FZHe AFe] Aok o]
o e EAHE WAy fskeg HLd
follower load & &AW A HFE FUFHLE
A3l EE wbde] FZH@] F7EAQ FLE
o3l wi$ Z o] BAHT FHJU. FIH
o 71AH EAN & dFe] 78R e

2 %S 27 Wi o9} T2 K}
2 aEL T A Gtabiliy)E FolEd 7

2] 9&& follower load & 7HE 2
5 FHIZET oyt 719
= g

e A%e B3 Aok d4Hn Yok Hebd

AdZ "o 751‘%-511 9= follower load 7'3&

T2 sa mde HEAT7 e B 727t
A& Aoz ArzEn. FAFEHANME Table 1 °f
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of weh FHge o] AA Frskn Uk ok gE L35 o e s Rde] §¥E A¥
FHAATLE AT Aged 2 d¥8ste 2% dre ¢ A& FHe &F HF T T FEAA
2 oot e Frhe 9dE FoR JEa gl o] $%o] nAH] mek 239 9, ot Fi
o FAlo] ez d8E opgy T e B o #HEHE 5 BHAAMT ¥ LA
T ATk ogk g2 sy AdE glaZe] AAe o] M E date] FIE 4¥L st e
25 A 98E e A FHFo <A S & & AT olel weEk Lsist o s
Z 7198 & FHelgte 71 47 A7 Y eon Mu A wE 230l 2AHR AFelA
A S HolFa duh #A A E7sha $ade HEHo A FdEL e
o3k 100N 9o F7F dhgeol Agegls e A S B 5 At
F FHTY F Z¥e] Ao F mE F/EE B
ol glo] A FA el FrH FIb el 5. 28
TE A FRE SHAE 2 2¥e 8L
V&& Bolx gt oyl FEEEe d5E g9/ A5 F
AFA e 82 58 2594 JdR SR F FETY 9 HAsE A 7D AA3
de] e} WA (degeneration) & ©F7]A1ZITE 3L 7IRe Agste] 4t M A 3 9
Y FFELR st dRF LERAINE Aol wheh HF Fwze] ogte] FlshA wslst
FlA ez 2 o] WA HiL o2 Y dom, old wg F7we Hd W= ANt
FHEe] WAl Zh&EE I Q) ole A= ATk olok e A A%z FEE ¥ 24
olml o MY A el o FEE vt gl AT F0¢ P oy thE HAAME F7}
. Aoz WAEE FhEe WA 4L 4EE &
2 AFedMe HF F9 A H Ak

!
Table 2 oA & 4 UFEo] §FHFEA

4 o lHE & vl v A FAE E7] S8 A
T AR ol v % BAdix A Ag F3lve 3 FolA HF FHI FFo]
o] oo gtgEut o AX o] wAlEm S 4317 Wi ¥ dFE o 8FAA o]
UTH wEbA olof wWE F7tAH F73 WAl F of T2 Aolg sMstd E Aot
B F UeE dEF8 £ Aok V&Y A
ATMeE 2K 1EsiA £ A= J9d & ¥ 7
LA AR =5 B AME A2, MRI S
o] &3 4A F4 BA PolAx 0 &% B4 B oATE 2008 A dEuisia of gl i
wek ole} thE fA e FrwelMx WAdel e AFHAE
ZEAAT o9} #E #F Ao wa F70%
WAL 3oz s FHEEFY ¥wT oy HO28
2t Jiclel AEe] 1 e CdasHdrt 2
Bup B o] B Aslel] osbd HE B2 2 1. Patwardhan, A. G, Havey, R. M., Meade, K. P., Lee,
ol 93 dH3lz ¢lde ¢ Ed odFH =7 B. and Dunlap, B., “A Follower Load Increases the
vrol| A Ek ol ohE YA (leveDd] F7hol A Load-Carrying Capacity of the Lumbar Spine in
o) WAE €9 W /dez dvye] /M5ty Compression,” Spine, Vol. 24, No. 10, pp. 1003-1009,
et 1999.
Ao B 4 9l%o] E3] LSt o & 2. Renner, S. M., Natarajan, R. N, Patwardhan, A. G,
T Bdo §¥HE 4% HFEE YU dAEA Havey, R. M., Voronov, L. I, Guo, B. Y., Andersson,
Vg HElg BeolA sHeol 47 dF5E AnEde G B. and An, H. S., “Novel Model to Analyze the
2 AT £ v FuaE s g ojgp ¢ Effect of a Large Compressive Follower Pre-load on
< P4 MEdE ¥4 Fig. 3 oM B ¢ dE F Range of Motions in a Lumbar Spine,” J. of
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