ZHUSES|X| X 34 H X115 pp. 823-828

November 2017 / 823

< | ron

Korean Soc. Precis. Eng., Vol. 34, No. 11, pp. 823-828

Q=
-I-I-'I"I' o

https://doi.org/10.7736/KSPE.2017.34.11.823
ISSN 1225-9071 (Print) / 2287-8769 (Online)

Analysis of the Role of Thoracolumbar Fascia for Lumbar Spinal

Stability

KEYWORDS: Thoracolumbar fascia (2

sy, 2t
Hae Won Choi" and Young Eun Kim'#

1 St=2ofst 7|71 Zstat (Department of Mechanical Engineering, Dankook University)
# Corresponding Author / E-mail: yekim@dankook.ac.kr, TEL: +82-31-8005-3520

0h), Paraspinal muscle (&3 Z=H Z£), Lumbar spinal stability (255 9FH3S}

Spinal stability is controlled by two interrelated systems: the spinal column including ligaments and the muscular control
system. In addition to these systems, the thoracolumbar fascia (TLF) also interacts with the muscular system to maintain
the stability of the spine. The effects of the tensioning of TLF on the spinal stability was investigated using computational
analysis. The stability of the spine was analyzed with a three-dimensional finite element model of musculoskeletal system
including TLF. The paraspinal muscle activities were calculated based on a hypothesis: the intervertebral disc was assumed
to have a transducer function and the muscle is activated according to a sensor driven control mechanism to maintain
stability of the lumbar spine. Muscle forces were calculated in examining 40° isometric forward flexed and erect standing
postures. As a result, the fascial tension induced a decrease in superficial muscle activity while maintaining the spinal

stability.
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Fig. 1 Developed musculoskeletal model. Spinal column was
modelled with detailed finite element model
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Fig. 2 Simplified thoracolumbar fascia model

Table 1 Assumed fascial tension force (N)

Posture

TLF level Erect FLX40
MLF1 0.32 2.11
MLF2 0.33 223
MLF3 0.45 3.02
PLF1 0.44 2.95

PLF2 0.42 2.77
PLF3 0.67 4.45
PLF4 0.76 5.09
PLF5 0.95 6.3

PLF6 1.71 114

QVgelo] Atk Facture] it I
29 PR 71" AAHeM =
30°8 olFH, Hol we Aol A= oF 40°9] 2 2= Ao
2 B3 ek olelet Fadue] 12y 538 wdd vk
7] SJstel A19] B7]0] 7he] (B3 £4S AL &
40 AL A 947 wxF Adste] AAle] A Wl
wet Faet gele] 2g Wapo| Mels|=E skt Fig. 2
o= AgE Fe9 A Foddl ol FEAS B
o=t
Fadu] 28l AL Fadue] AAE 289 ¢
AP} 719 Z1A| (Erect)2} 40753 Z}*1I(FLX40)°1I/‘1 dofzl
T50| Y= eete] FAslow, Z Aol A8E F
Q1ak o120 Table 13} 7).

6”)\1 tcll-tél
T"rfﬂ a4 o) A 2R HE W s 1L
315 202 75 kg A9 AR A FAol Sl 400
S5 1G] A Aol Fakstelet. ShA AR F4 EL
g Fatete] Factal g o] 2hgo] w2 S
SIS SFYIT A el 23t 82 e] Wk Aklelr] ¢

o?i
pach
K

3t

Ez

. 1x 10 {0

[9)

jl_ l‘

7H AAE 7222 40° 79 A mdS FASCE 7Y &
Al o) ofsl] x]&at 2 Ako]e] H|4f-5-(Obturator Foramen)
o] AL 7|ZOR 11.94°¢] ZentE mEle SHAA ZHko)
34 (Pelvic Tiltingyg %9511, F2k Q.4 34 TgellA] A3A)
ot W 5ol ol WAYsk= aFA|Y] BHE Tl AL
A she we A g o] R =S Skt

253 %tﬂ o] At AL oA 71t she 2AeA

e 84 SiAS Sl 7IAA 8717 7P ol axEo] 9l
v Aor 4Rl 7 0 ARae] 2959 7] 1 Pojla]
AJz]= ¢t (Hydrostatic Pressure)?] H-2 F15F & o]& %7
3} shdol gato] 2t £ BAolAe] 2w e WA X
45} Sl 282G ANSHER B9 ook 22 B4 e
qbto] Lol Aol that 87124 ARGl 71He] o
o} 37 2w 2850] ATHL A S fAHEA &
2| AlHel M 5L 2slo] 2+ 2quolN el S
2lo] 2ol H4spAA B4 oA Tt Selo] st
e WABto] Y 7HeAdS A 4=l o9F e AL
= 3st7] 918l A(1)9] H4 3<4>(Cost Function)s A5}
t}.

subject to

LB < F; (%MVC) < UB, F;= PCSA4;x 0.6
|UJ < 0.3 mm

|6] < 0.01 rad

where

S, : Averaged pressure of the annulus ground matrix at the
outermost layer in i-th disc

Spave  Averaged pressure of the annulus ground matrix at the
outermost layer in all discs

n : Number of disc

F; : i-th muscle force

LB : Lower bound of muscle force

UB : Upper bound of muscle force

PCSA; : Physiological cross-sectional area of i-th muscle

U, : Anterior-Posterior translation tolerance of the trunk mass center

6, : Trunk angle tolerance from desired posture
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o AF A7PE Bl AlAE W 5] A
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< =% ARSI Ad HolErF AAEA o 2]
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25 " Table 2 Nucleus pressure in each disc (kPa)
IT+LT IL+LL
™ g» Posture Erect FLX40
15k 220 .
g £ disclevel  w/oTLF ~ wTLF  woTLF  wTLF
< 0 :
s 210 L1-L2 746.8 769.0 787.9 807.3
Z 5 2
= =5 L2-L3 642.5 655.0 859.6 878.5
0 00— v "
w/o TLF w TLF w/o TLF w TLI w/o TLF w TLF w/o TLF w TLF
ST oILE VL Eh R L3-L4 614.8 619.2 914.1 935.4
, L4-L5 586.7 596.7 1036.0 1057.0
5 15
sl MF . ™ L5-S1 6384 654.0 1225.0 1249.0
Z1sp %6 33%
s sl s
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Erect 40° Flexed Erect "40° Flexed
15 15
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7 24.1%
0/ TLF wTLF Wio TLF w TLF O /o TLF wTLF wio TLF W TLF :I{:IL.II: ’ 18.0% 16.8%
Erect 40° Flexed Erect 40° Flexed
. o e . /o TLF v TLF /o TLF TLF
Fig. 3 Muscle activities at erect standing and 40° forward flexed e " * 2 PR =

posture with or without TLF. Muscle activities was
normalized with respect to the maximum voluntary
contraction (IT: Iliocostalis lumborum pars thoracis, LT:
Longissimus thoracis pars thoracis, IL: Iliocostalis lumborum
pars lumborum, LL: Longissimus thoracis pars lumborum,
MF: Multifidus, PM: Psoas major, RA: Rectus abdominis,
QL: Quadratus lumborum)
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Fig. 4 Contribution ratio of each muscle group with or without TLF
(IT: Iliocostalis lumborum pars thoracis, LT: Longissimus
thoracis pars thoracis, IL: Iliocostalis lumborum pars
lumborum, LL: Longissimus thoracis pars lumborum, MF:
Multifidus, PM: Psoas major, RA: Rectus abdominis, QL:
Quadratus lumborum)
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Table 3 Final disc angle in each motion segment. Values in
parenthesis indicate the motion segment rotation at the
flexed posture (degree)

Posture Erect FLX40
disc level /o TLF w TLF w/o TLF w TLF
L1-L2 6.46 6.51 4.85(1.61)  4.82(1.69)
L2-L3 7.04 7.06 1.30(5.74)  1.39(5.66)
L3-L4 9.25 9.22 1.75(7.5)  1.86(7.36)
L4-L5 11.70 11.73 3.65(8.05)  3.73(8.0)
L5-S1 14.94 14.90 743(7.51)  7.47(7.43)
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