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Effects of Abdominal Muscle and Pressure on the Spine Stability during Upright Stance
Posture - For the Case where Intervertebral Disc Plays the Role of Mechanoreceptor
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Recently, we have proposed a hypothesis that spinal structures have a stress sensor driving
feedback mechanism. In the human spine, spinal structure could react to modify muscular action
in such a way so as to equalize stress at the disc, therefore reduce the risk of injury. In this
analysis, abdominal muscle and abdominal pressure, which were not included in the previous
study, were added to identify those effects in spine stability during upright stance posture for the
case where the intervertebral disc plays the role of mechanoreceptor. The musculoskeletal FE
model was consisted with detailed whole lumbar spine, pelvis, sacrum, coccyx and simplified trunk
model. Muscle architecture with 46 local muscles containing paraspinal muscle and 6 rectus
abdominal muscles were assigned according fo the acting directions. The magnitude of 4kPa was
considered for abdominal pressure. Minimization of the nucleus pressure deviation and annulus
fiber average tension stress deviation was chosen for cost function. Developed model provide nice
coincidence with in-vivo measurement (nucleus pressure). Analysis was conducted according to
existence of co-activation of abdominal muscie and abdominal pressure. Antagonistic activity of
abdominal muscie produced stability of spinal column with relatively small amount of total muscle
force. In contrast to the abdominal muscle, effect of abdominal pressure was not clear that was
partly depending on the assumption of constant abdominal pressure.

Key Words: Abdaminal Muscle (%1
Element Model (5%

saEel 32 Finte

FoI94)

1. ME Ao AN BEAE A4 2 JEAZRE g
w9 ool B3 vk FFA FHe] BEF

dAY HF F 2FH(lumbar spine)s EFF  Z4E HF FALEL AAY 5L /I5EA &
B Atolol AEHY FHZ AFH Qo] A o F BR of HFA AANE FYLERH
o dH FEAN 1Y AP REoz AR wE s 5EA AV FA0 FAT o

pres
[a
o
=2
off
oft
2

i Utk &% (back paime®E 1E A =T g 23
A AAAR R W gtosich wpeby 23 FR o CHEM

oz mAdE X3
Mol el 13

g
r I
—{e
2
rok



S=EUSSEK A 28FH 15 pp. 115-122

January 2011 / 116

=it

oy H3: FEIe 43S i3y $3 A
A L A¥d dA2 A& W AFH A
HibE A& F 5o glglen, oo wel o]
2 AL FEIV] AF AHF Pdo] A
AlE D ik s E A E HF: FHIe
717824 < o(kinematic redundancy) S 2
stejofrt 3l7] wEo] dutd oz HAZ 7o)
AbEE 3 gt} o] W], Z} THoA HAFHE §
He AAFY e 53 5= 898 A$ 7]'%
F2 HE T+ U A k! o9

< A3 JIHd B 23H3IF ZS(surface

muscle)®] EMG HolEjvt 859 7783 ¥
“d(kinematic configuration)& F713 o2 Hi}3lo
ot FAE Z85EE TIE s AR ol FAA
gk’ aey AFAR AE HJW HHF
WA E &5 42 AolE ddse 59
qede 2 d7E ofd A=dE vk Ui
metA 28 RdE FEoy FEo ddE 2
%9 A2 (origin point)# ILAFH 91X 9] 7|AH
(insertion point)S A2 AAAZ ZYL AL
AT T HZ HAEFH WPz dox
AR o3t AAY JAYEL EHFH AFY
87| (mechanorecep-tor) G&E 3l Aoz F
A MHa glod, o9 ZL 75 g FH5H
ARE o84 AgEo BAE ¥AE £+ e
#HAo AHzZ HFAY 7]*7”5}’51 AL g
Al Aoz dqiddd. & A3 T 5
A ZT(deep muscle) —r—r«] ?l‘zl'(lordotic
angle)S ZFA3Y 7} FUARAA SA=HE=
2Hg HA4g AF Ae=Z AAdEHI Qo °]°ﬂ
et & A7AES el §HAAME Zta,
FRol A FAEE FHR)E HF FHIL
Zhge o8 HAisEHE =9 wAYUEFS 7HA
I dvke 7HRS A FEesnda HH 3
7S HEAA HAF FHIZY 988 ¥
b Qe a8y 94 FREHAE MM E
% %+ (abdominal pressure)™}
o] g 1gI}A
of AUt
71&9 A7 AT ° o 9sd FI FHY @
2 718 dHdAE o] F 7HA 849 d¥o| o
=R
o

v

rul

i

& T (abdominal muscle)

R ZEfolA sjao] o] F

L A% Qg Aoz d4um Yk wehd
AFANNE 7] AelA o] F AN 2k
22 e ANe SRS

2. gy

B AFoA Agd REe g ]7\_ *F
(thoracic spine) X FF(rib cage)y2 T3 FH
(thoracic part) @3} FF(sacrum) E =HH(pelvis)

g2d g3n A4 FEFLARDZ o|Fod 8%
B (lumbar spinal column) 22 T34t}

21 NX 2d
2F8E 5 719 FF(vertebra)@ 1 Alo]E A
2 A7Ee e BdE PR &3 3¢
#e  FHmucleus)FE74 84 d(annulus)] T
HEoz yrol BEH sglen FAUde 7
A E(matrix)ol A frA(fiber)’t HAE ZFA FH
2 PTG BY FF AlolE AFI}E T T
9 JAUEE BT AT JI5d EfE Q4R
T4 5tk Add RdE o] o7 FHY
A o mde B3AdS AFE zq%’*]f'] u}
At
FHe 279 F59 1249 52 € 1749
FI22 FAHEY B RdoAe 259 FRAHE
137 8] FF9 SE7|(spinous process)S}
8 & 7](transverse process)?] F4S XF 3 F&H &
LR Bed St Agde dAE R
AEF, 3¢Ftumerus)E 74 At 3FE H L3}
A% AgHoz JaZe FF FEA HE3)
nEe Mesqith
EL*—QT 2dLe 7|E AEHAJD 5 FF HF
HZo E52& F/AA ALEdn & HF
(spinal column)E AAA|7] 3L 7"]]7]' & x4}
= 7% E e HFE 18T F 245 X(liocosta-
lis lumborum), &3 Zc]‘:‘L(longlssmus thoracis), &3
(spinalis thoracis)2.2 3 &< &1} 452U U4
(multifidus)¥} o] & Z(psoas major)E EFAIFT}
B 2o A EZ(rectus abdominis), 53 EL(transver-
ses abdominis), E-A}(oblique abdominis)2.Z =
3 FHY 280 Jdovt 7E AdHelA ”ifv\‘%
(co-contraction)°l 7}F & JIE v X & AEIT
29 A 23l A AL8EH 6 T 2
FEL P9 484 * & aEst] 7] F-(origin)%
H & H(insertion)E AP, 2F 52 e &
Edo] AMEHAY. 2§ EdPL AYEH &
E Ag3te IR FA3AE AAINNT, F9
28 Ho]'éc;'% 2do] 91X w®zte} FHsHA Y
2 ZA83=E 7SI Fig. 1 2



BREUBESK A 28 18 pp. 115-122

January 2011 / 117

Shounlder
girdle
Rib Cage P,
T
\1
Verieb
Body
Intervertebral
- 1
Disc =
Pelvis
TR
Coceyx

Fig. 1 Presentation of muscle structure in coronal and
sagittal plane
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Fig. 2 Presentation of muscle structure in coronal and
sagittal plane
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where o,  : weighting factor

Spi : nucleus pressure at i-th disk
Spave - averaged pressure of the nucleus
Sai : fiber axial stress i-th disk

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

‘Constraints : —2 < Ugy<2
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Table 1 Nucleus pressure in each disc (kPa)

CASE 1
Loading
Condition | Body weight + 100N + 200N
(400N).only weight weight
Disc Level
L1/2 706.9 1190.0 1555.6
L2/3 689.5 1100.2 1458.1
L3/4 545.4 994.9 1324.3
L4/5 556.7 896.8 1160.9
L5/S1 744.7 1187.3 1569.2
AVE 642.6 1073.8 1413.6
STD 79.6 113.7 153.7
CASE 2
Loading
Condition | Body weight + 100N + 200N
. (400N) only weight weight
Disc Level
L1/2 721.1 1091.0 1446.3
L2/3 677.3 998.8 1346.1
L3/4 T 566.7 864.1 1234.0
L4/5 556.9 813.0 1104.4
L5/S1 738.9 1099.1 1513.0
AVE 652.2 973.2 1328.8
STD 76.5 116.6 146.5
CASE 3
Loading
Condition | Body weight + 100N + 200N
(400N) only weight weight
Disc Level
L1/2 708.8 1129.6 | 1552.5
L2/3 683.6 1124.8 1578.9
L3/4 559.7 970.4 1401.9
L4/5 548.6 894.4 1235.6
L5/81 703.5 12134 1707.2
AVE 640.8 1066.5 1495.2
STD 71.3 116.5 162.1
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Table 2 Calculated muscle force (N)

Body weight (400N} only + 100N weight + 200N weight
o e | e | 0| e |6 0| e|oe
iliol 26.62 69.23 42.86 68.90 97.76 109.32 95.85 24238 173.22
ilio2 115.84 48.67 42.57 88.36 118.64 104.49 151.55 75.09 164.80
ilio3 88.29 47.14 38.74 66.62 0.05 98.88 79.18 71.40 155.65
ilio4 12.40 47.63 42.41 146.18 151.68 103.97 | 246.42 110.68 164.78
ilio5 29.16 32.83 38.81 110.49 | 269.55 98.76 21839 | 463.43 157.37
ilio6 0.00 34.16 31.98 155.37 0.03 82.68 177.30 50.17 131.10
sum 272.31 | 279.65 | 237.38 | 63594 | 637.71 598.11 968.70 | 1013.15 | 946.94
longl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16ng2 0.11 1.94 5.34 17.45 21.02 13.34 24.00 12.14 21.14
long3 0.23 0.00 13.71 0.07 0.00 37.58 48.13 8.46 58.98
long4 0.00 0.00 18.65 9.42 2.87 49.01 56.94 18.75 77.56
long5 14.99 14.16 23.47 112.28 42.77 61.69 116.63 47.17 97.16
sum 15.33 16.10 61.16 139.22 66.66 161.61 245.69 86.53 254.85
spinl ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
spin2 0.00 2.86 6.80 8.22 0.00 17.84 38.10 16.14 28.28
sum 0.00 2.86 6.80 8.22 0.00 17.84 38.10 16.14 28.28
multil 0.06 0.00 11.89 25.75 18.93 31.20 41.91 31.47 49.28
multi2 0.78 13.13 12.68 47.51 36.39 33.24 72.89 65.24 52.49
multi3 0.27. 8.15 7.14 21.49 27.03 17.84 55.35 43.81 28.82
multi4 9.91 2.16 4.98 6.53 21.64 12.46 28.42 20.02 19.66
multis 0.85 0.84 0.78 2.03 2.06 1.94 3.19 3.19 3.06
sum 11.87 24.27 37.47 103.31 106.05 96.68 201.76 163.72 153.31
psoasl 0.02 0.36 12.28 24.94 0.04 33.24 0.00 0.01 52.24
psoas2 0.14 8.44 29.47 0.00 0.44 74.82 0.00 0.00 117.08
psoas3 11.64 5.51 14.17 50.10 0.06 3717 56.96 42.33 58.29
psoas4 5.03 1.97 4.76 1.07 11.11 11.88 19.44 11.82 18.79
psoas5 2.60 2.60 2.38 0.78 6.06 5.94 9.45 7.73 9.35
sum 19.43 18.88 63.07 76.90 17.71 163.05 85.85 61.89 255.75
rectl - 0.07 2.00 - 1.02 2.00 - 0.68 2.01
rect2 - 1.31 2.00 - 1.02 2.00 - 0.68 2.0t
rect3 - 1.27 2.00 - 0.93 2.00 - 0.66 2.01
sum - 2.65 6.00 - 2.96 6.00 - 2.01 6.02
Total sum 318.94 | 34441 411.87 | 963.58 | 831.09 | 104330 | 1540.11 | 1343.44 | 1645.14

*ilio : iliocostalis lumborum, long : longissimus thoracis, spin : spinalis thoracis, multi : multifidus, psoas : psoas
major, rect : rectus abdominis
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Contribution ratio of each muscle(%)

CASE2
Body weight only

Contribution ratio of muscle force(%)

CASE 2
Body weight + 100N
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Contribution ratio of muscle force(%)

CASE 1 CASE2

Body weight + 200N

CASE 3
Fig. 3 Contribution ratio of each muscle group according
to analysis case
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Table 3 Final disc angle in each motion segment (degree).

Values of parenthesis inside indicate the motion

segment rotation with additional weight

CASE 1
Loading
Condition | Body weight | + 100N + 200N
i (400N) only weight weight
Disc Level
L1/2 3.08 3.85(0.77E) | 5.14(2.06 E)
L2/3 4.55 6.11(1.56E) | 7.53(2.98E)
L3/4 8.23 9.54(1.31E) |10.29(2.06E)
L4/5 9.05 9.00(0.05F) | 8.19(0.86F)
L5/81 2.80 0.65(2.15F) | -1.20(4.00F)
lordotic angle 46.71 48.16 48.95
CASE 2
Loading ]
Condition | Body weight + 100N + 200N
. (400N) only weight weight
Disc Level
L1/2 3.21 3.61(0.40E) | 4.06(0.85E)
L‘2/3 4.80 5.60(0.80E) | 6.70(1.90E)
L3/4 8.52 9.15(0.63E)| 9.95(1.43E)
L4/5 9.18 9.20(0.02E) | 8.57(0.61F)
L5/81 2.88 1.59(1.29F) | -0.17(3.05F)
lordotic angle 47.59 48.16 48.10
CASE 3
Loading
Condition| Body weight + 100N + 200N
. (400N) only weight weight
Disc Level
L12 3.16 4.87(1.71E) | 6.61(3.45E)
L2/3 4.61 6.56(1.95E) | 8.70(4.09E)
L3/4 8.24 9.29(1.05E) |10.59(2.35E)
L4/5 8.95 8.22(0.73F) | 7.20(1.75F)
L5/81 2.85 0.48(2.37F) | -1.99(4.84F)
lordotic angle 46.82 48.42 50.10
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Table 4 Comparison of facet contact force (N)

CASE 1
Loading
Condition | Body weight [ + 100N + 200N
. (400N) only weight weight
Disc Level
L1/2 56.54 166.60 343.50
L2/3 141.10 352.60 540.30
L3/4 224 .40 461.50 585.00
L4/5 74.28 170.20 170.70
L5/S1 0.00 0.00 0.00
CASE 2
Loading
Condition | Body weight |+ 100N + 200N
. (400N) only weight weight
Disc Level
L1/2 65.76 139.10 202.90
L2/3 172.90 296.80 439.80
L3/4 265.80 400.80 544.40
L4/5 89.42 175.40 190.90
L5/S1 0.00 0.00 0.00
CASE 3
Loading
Condition | Body weight [ + 100N + 200N
. (400N) only weight weight
Disc Level
L1/2 62.67 307.90 551.30
L2/3 151.30 417.60 696.20
L3/4 223.90 422.80 617.60
L4/5 47.58 92.22 116.40
L5/S1 0.00 0.00 0.00
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