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Prediction of Paraspinal Muscle Forces with Detailed FE model and Optimization method
U, rguge’
*S. T. Kim', "Y. E. Kim(yekim@dankook.ac kr)*
PaErgsta sk v AE s, S dseta 7] A3k

Key words : Back muscles, Deep muscles, Optimization, Lordotic angle, Muscle force

LAEZE

HF FH] 2HEL S ZEd ot AATF FAL
()] ‘g

21s S AUAY & = 9= el Al TelA=
32 AnHoR Agste] Fa vk WA ol d 259
o3 9 gE BA st aA B AF7F FaE o)A Al glon
T Fe Ry 2 AH wel Al s v
AlgheEl Agtrto] o] FojA]aL At

) ©

Penning'” & CTE ©]-&38}o] o] & (psoas major muscles)©]
BZA2 S dolfa, o] S ulE O Z metal strip?} stringS ©]-&
3Fo] A1 4 (extension) ¥} = A (flexion) A] W] Zo]wsle}
A t(lordosis) S FAIBtE 59 ZEWES A8 o,
Zanders? & @ F o] FREZ 1 (ocal dorsal muscles)S F-2+3F
2ol AL 0~30°7FA4] 1004 SAATIL ZF 71&7]o A <5
H5 0,5 10N 02 F7HAA olo] & F7hte] 388 A g
A3} &5 (muscle force)o] F
2 9= Foe e Bl 4
A8t 480, 5, 10Nk 7} 252 ko] Auje] 5740
A5t} Shirazis® & =+5-(local muscles)©] £.5-2] #}A]
W3l Al 2595 A 7Y BATRESYY AL 2589
o] HAish, F A3 e] HAshoel wpeh EAeke] ANk
fFrAskE AL o a2 gyt ave 234E ¥
o} v BAZETE ARSIt B o5 B S
W (beam) &4 = 7FeFslate] A akqithe Al o] AT

2 Ao AFE AR sARteR A a5 Bd
& AMgete] dd B 43S e R A E AFEE 4 3]
WS Agednt ek 7 250 548 a#ste] T U9
= o

¢

d o}

A= T3l 45 (deep muscles)2] Stabilizer=4 2] &g L
2] S+ T (paraspinal muscles)?] FIFS 32 43S F3

24T,

2. pHg

AT A AREE RS A B 2309, A E et
Al 8.5 Ed(Fig. 1) ] Z(sacrum) 18] 31 ¥l (beam) S AZE
eFslato] AP F35 9 537 cage)® T4 skt

o

Fig. 1 Developed detailed FE model of the lumbar spine column
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Fig. 2 Representation of muscle structure in sagittal and coronal plane
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where a, B, v ;weighting factor

Spi ;3 Nucleus pressure of the i-th disc
Spave ; Averaged nucleus pressure
Sti ; Tresca stress of the i-th disc
Stave ; Averaged Tresca stress
S.i ; Annulus fiber axial stress of the i-th disc
Saave ; Averaged fiber axial stress
Subject to
—2=<U, <2 where Uy ; Displacement of the trunk center

i RA A= GAle] A flol(direct step) F 46712 A

D ASES AAWTE AAgstal A F41e] weE Atz
© 7 U544 (multi-cost function)S AH&3te] HAH3E 7
3T}, (Fig. 3)

229



o

S LSt 2008 =A

stedisl =2l

Stepl Step2
o Optimization of Back || Optimization of Deep >
(26 design variables) (20 design variables)
Start  » > Goal
— Direct step —
| Optimization of Whole musdes | |
— ' (46 design variables) . N

Fig. 3 Flow chart of optimization procedure
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Fig. 4 Nucleus changes at each disc level (P: nucleus pressure, T: nucleus
tresca stress, A: annulus fibrosus)
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Fig. 5 Nucleus changes at each disc level with all muscles as design
variables (direct step)
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Fig. 7 Resultant muscle forces at each motion segment for the case
100N weight in hand (A,C: cost function = pressure , B,D:
multi-cost function, design variable: all muscles)
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