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The Effect Analysis of Postural Stability on the Inter-Segmental Spine Motion
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ABSTRACT

The purpose of this study was to assess the inter-segmental trunk motion during which multi-segmental movements of the spinal
column was designed to interpret the effect of segmentation on the total measured spine motion. Also it analyzed the relative
motion at three types of the spine models in drop landing. A secondary goal was to determine the intrinsic algorithmic errors of
spine motion and the usefulness of such an approach as a tool to assess spinal motions. College students in the soccer team were
selected the ten males with no history of spine symptoms or injuries. Each subject was given a fifteen minute adaptation period
of drop landing on the 30cm height box. Inter-segmental spine motion were collected Vicon Motion Capture System (250 Hz)
and synchronized with GRF data (1000 Hz). The result shows that Model III has a more increased range of motion (ROM) than
Model I and Model II. And the Lagrange energy has significant difference of at E3 and E4 (p<.05). This study can be concluded
that there are differences in the three models of algorithm during the phase of load absorption. Especially, Model III shows proper
spine motion for the inter-segmental joint motion with the interaction effects using the seven segments. Model III shows more
proper observed values about dynamic equilibrium than Model I & Model II. The findings have shown that the dynamic stability
strategy of Model III toward multi-directional spinal motion supports for better function of the inter-segmental motor-control than

the Model 1 and Model II.
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Figure 1. Definition of algorithm among three types of inter-segmental spine motion; Model I, Model II, Model 111
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Figure 2. Definition of each events in drop landing
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Table 1. Comparison of angular displacement in the inter-segment motion of Model I, Model II, Model III at E3, E4, ES (unit: deg)

Event Model I* Model II! Model III* F p Scheffe
E3 2.73(1.87) 10.06(3.06) 0.45(1.42) 5.090%* 013 c>b, a=c, a=b
E4 -4.95(4.12) 8.26(3.35) -1.12(1.50) 4.553* .020 a>b, a=c, b=c
ES -0.82(1.69) -0.36(3.88) -3.30(2.67) 0.300 743
E3: foot ground contact, E4: max ground force, ES: max knee flex, *p<.05
Table 2. Comparison of lagrange energy in the inter-segment motion of Model I, Model II, Model III at E3, E4, ES (unit: Joule)
Motion Event Model I¢ Model II* Model III* F P Schefte
E3 -0.03(0.40) -0.06(0.40) 0.40(0.40) 403 672 a=b=c
Sagittal plane E4 -0.54(0.48) -0.58(0.48) -0.13(0.44) 290 750 a=b=c
ES -1.35(0.48) -1.31(0.50) -1.03(0.42) .140 .870 a=b=c

E3: foot ground contact, E4: max ground force, E5: max knee flex, *p<.05

2 F=FS F=3IYE vhE Model 13 Model I
Al 50 ASHATE 919 A HFEEA
IHEESC] HAEa=tesSl 3 ZPHS7E AHEA sl
= [e]
[€)
[e)

ot AR BHNYAS FAS] 918 BuAe) 24
1
-

2. HF2H o|1X] Hlm

-

A7HESe] HFRAMIHESS] e £O07 353
g AFEA gk 5 Al A7 U FRoMIE
oAl FF2HA] oA FHS <Table 2> el v}
7+o] Model 12 F LA 2.73 Joule(E3)lA AR —4.95
Joule(EH)ZEA] oA At gFo] 7.68 jouleo]™, Model 1=
324 10.06 Joule(E3) A= —0.36 Joule(E5)2Z o]
A AEEFo] 10.42 joule] AT}, WFA Model I #313]
0.45 Joule(E3)= #SHoH FHAX= -3.30 Joule(ES)
o7 AXgo] 375 joule2 YEFFOZA Model 0]
Model 1HT} ¢F 128, Model IIET oF 1/38071=F 2Kk
ThTable 2). BAlo] E3¢} E4 FQolMlECA Model I,
Model 1I, Model 1II 7+ FAIASZ felgt zfol7t Q=
202 VERETHp<.05).

3. Fpd oHE H|@

L

(1) E3 AHAA] A #4

H2 A AFPOE <Figwe 3> (A), (B), (C)A]
UeRd HRe o] ARkl A Model 12 34F 0.12
Newton*millimeter24] (HS|HAEZ 3k 7T FA=E[ Lo
™, Model II= ¥4+ -0.13Newton*millimeterZ24] (+)3]
HEAS} (-RIHEAR e BEavt 7F vid #5=E
A9 Model K> 34F 0.56Newton*millimeter24] (+)3]
HEA pie} EIAEZ JN7t 22 FHHFEEA i

E5e] JJ5o] BEHYT.

(2) E4 AEHA A 4

AT SR AR A0 ® <Figure 3> (A),
(B), (CyellA vepd uiel 7ol AAF7oA Model 1>
Ak 0.82 Newton*millimeter24] (HBHEZ 3 7IA 2
A5H O™, Model II= 4t 0.72 Newton* millimeter
24 (e (RldEAR Ui #SEIT v
Model I §H4F —0.21 Newton* millimeter24] (+)3]7
B3 e (BAEZ pi7t 22 B=HJT AUR 4
BF TN v AFRY Model o] 71 29k},

(3) E5 A93A A ¥4

AT T vrE] Al SR <Figure 3> oA YEF
woupel o] AFFIRA Model 1= 4 0.55
Newton*millimeter24] ko] 73-9-9} o] (HIIHEZ
IR 2 #AZEP o™, Model 1= 4F 0.58 Newton*
millimeter24] (HEHAEAS} ()FHEA7} AU
Model 12} FAFE S28%ko] yvebstth REH Model >
FHAF 225 Newton*millimeter24] (HIHEZ 419} (-)
SIAEA 37 242 ASE ] AR ED O A5l
ogt oUR| 2= FJFTHUOH A ARG FFo] 2
ES Aol A b A Fmd Model 11°] 714 Zith.

L. = 9

1A
o
2
Q
ro
2
rr
LY
4

M
)
o
=l
ofth
o
ft
=



380 Kyoung-Seok Yoo

B.00
£.00 B 'Whole-Trunk

i a.00

£ 200 o1 ’_L“z 0.5

g 0,00 . |
a0 E3 E4 E5
-4.00

(A) Model I
B.00 0 Upgper-Trunk
£.00 B Lawser-Trunk

f o

» L -

% 0.00 -l IJL

.

& 009 p3 004 E4’ E5
-2.00 0.76 oan
-4.00

(B) Model II
W5l 5eg L3 Seg
.00 MTil5eg WThiey
6.00 r OTESeg ETijeg
5.00 455  ECTSep

g 4.00

= 3.00

? .00

é 1.00
0.00 -
200 - ;ﬂ IL!
-2.00 -158 1
+3.00

(C) ModelIIl

Figure 3. Comparison of torque during the inter-segmental spine
motion. (A) Model I: whole-trunk module, (B) Model
II: Upper-trunk & lower-trunk module, (C) Model III:

Multi-trunk module
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HETE ] BEEe] 9=
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o} oF 28], Model =t} oF 2.78] ZHA] YERLITHTable 2).
ol AFrERYe] 7t AFEHANIHES gt
AT 2 5715 JE8E A==, 9 A%
B Model Mo #F=2de] S45l Holshs L2A
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of models (*p<.05)

X

198 B3 AUAST 2 Aot AEA I =HI d=
1€ E3, E4, E5olA] 7} HFRF A +33FA AN
AFEIA AT EE)S A=E 3 9tk Model 1 Model 1T
= T8 oMIE AHolA oA} tha Zjol7} 9lg W
RS FUSA| T Model = E44 34 Model 1
Model II¢t 22] &0l v e HoliL 3l
At
Al e AFrEEE o gy 271E Holal 9l

A5 2 vl dgEe oluR|Er dgo] AA A3
Il 7R AT B fElEie AS gkl
ST

N

¢

oo

>

3. ¥FLd DHE

2

ZEHIE (eccentric moment)?] 71& z Z4d3lof &%
o7 XS F glon, Wt =2 A AT A5
o & AHRHES @A AL StH(Cho, Koh, Lee, &
Kim, 2012; Devita & Skelly, 1992). o]} #sle] 2=+
= $AF RbeTEs EEEE Al FRoMIE B AXest
oA FEgHol o3t AARHES} FRHER HF
Froll ¥hgSomA AT FA41 Al T 0 A
A 2ot FHEAEE AT F Uth(zzo et al., 2012;
Winter, 2005).

B A9l Multi-Segment 770 Al ZHES] Model III

A7) A AFPe] 2REAL WPFE o 4l
pas

N

£ oo J

2ol Aol Tl BAAA FFEF (Model 1)}
AR 28A A ZHE H3ERE (Model IETH AR
HESL FRRHES] FHo] T4 o= Yepdoz
A BA AR Al QFgAel Hoh E3AQl FRUS &
T UMk 53] 257154 9T Faog WA EA HE
0 NEAZHE] 7187 A EAZE HF0HA 5 8

7l
T 5919l =t 2 sjejsit SP6, SP7 12|l ARt
22121 F5 B9 SPI, SP2oA BAE=S] Hugke]

A

it

27F A Jdeptar et ol st Ak AAEEH
£ 9% A siAel fElet 22 veRdal = vl
FAY Al SRSkl =7F 288 o HFeapaAe] 7]
A o] wg F8atty & F AUri(lzzo et al,
2012; Mihcin, 2010). €3] Mihcin (2010)°] &J&PH 23
4 7t 5k Al 7RIAE 39 S4RESE dAgith
ojfe] AMES T8 HH Ao R 7P
agAANAA], 283 IHEA A=
HFrd A og et 3= FOE YERT
ol X HAFEAMIHEEC] 7]
A5 9g Ao dTE 3 A FAS AEA
Model 12} Model 1= 883t T2 Ee] FAA THES]
M 2AYe Fgsk=t ey 2l mEbA=
ZREA Al #S F S el Aol HAE 4 9l
Aot} WhH FAFS vRte] dAlA AR SR FHA]
o] 1A FAFT olF AT FIHTHMESC]
22H 02 % g | wjitel] IRkl 23
gt Model K> AHIAIA1E Y& wf] 2AAAEE 7 H
4 fAlel Bt 53l ggEA epget mdlolg}t Hrt
& 4= Q). o]Ljollm B At A|ZHHFRE ] S1RA
el 93t HETRAHL SulE A7 F AT
of HFEAH duAEaEy #AF 5 HFAZe] 97F
T AE FF TR0l E F 2

ron

M

X oo

o
T .
9] HFRY duejForRE Ao RRH
EZo](moment arm) A1} ZHE-AF
Q) A H-3H(load)2A I|HMEA 8|5l gfagA oy A|= 7t
ATZHESS HED 9 FAFS #50] 7Fssil
o gA &3] PAEE dEss 2 Tl HFUETx
& FE AT, 87 HMEARe 7IAR seEER o5
Bl E Hastelr] g 7IEAEREE S8

V. 28 & M

W Al A HFED gt A
A3 2wd a2 7 dElREe] 2a

2
F RAMeIFe) e A 8

R

(e]

re

i

?_

O

W =g

m
i

178
o= Ao
HX= G AR A3 thed

AR, ZhHe] TAA T ZRAFRe] FQ oM E A tht
A HF2d9] Model AN (H)FH=3 ZhHI9} (A
W= PSP ASEAeH, ol AE A S
iAoz Aojsh=t] 9 s Aoz Yt

EA, S8R dUA] A4 Model 1I°] Model 1
Bt oF 1/29), Model IHTh oF 1/38) oA AR go] =}
Uk ZA| PN HFEARY 7F SAXHOZ Fodt
ztol7t e AoR YRt vl HFEEAIHEESS] XS

AN
o
o e

>
2 oy R e

q

5



382 Kyoung-Seok Yoo

W SF9IERE oAUAFF7E o Folxl Aor JetETh

AR, B2 ZHE 2445 oA EekE A (E4)
A Model II¢] 23 Wi BEA|THES] g5
g2 BEagro] A vERt o, A HUTE
AR ESeIE AF U 2452 EAZC] Model 114
714 3A St

o) AREL Helspa Axvwd W 34FF )5
& FAAN ARpde) Bl Bewel A4 2

o:]vs]—_i}q z]_/q] o]—xq/ﬂ oﬂ .
ol Al 7K HFuY & E‘z}f‘zﬂ, HFpzo) A3

¥ mgur AFcebdndol A% syge] WAYS
W} AR oz B wie] A7iTe] Gg ool
g o},

e

Anderson, D. E., Madigan, M. L., & Nussbaum, M. A. (2007). Max-
imum voluntary joint torque as a function of joint angle and
angular velocity: model development and application to the
lower limb. Journal of Biomechanics, 40(14), 3105-3113.

Andreoni, G, Negrini, S., Ciavarro, G., & Santambrogio, G. (2005).
ZooMS: a non-invasive analysis of global and metametric
of the lumbar spine. European Journal of Medical Physiol-
0gy, 41, 7-16.

Blondel, B., Pomero V., Moal, B., Lafage, V., Jouve, J. L., Tropiano,
P., Bollini, G,, Dumas, R., & Viehweger, E. (2012), Sagittal
spine posture assessment: Feasibility of a protocol based on
intersegmental moments. Orthopaedics & Traumatology:
Surgery & Research, 98, 109-113.

Boden, B. P, Dean, G. S., Feagin, J. A., & Garrett, W. E. (2000).
Mechanisms of anterior cruciate ligament injury. Orthope-
dics, 23(6), 573-578.

Cho, J. H.,Koh, Y. C., Lee, D. Y. & Kim, K. H. (2012). The study of
strategy for energy dissipation during drop landing from dif-
ferent heights. Korean Journal of Sport Biomechanics,
22(3), 315-324.

Crosbie, J., Vachalathiti, R., & Smith, R. (1997). Patterns of spinal
motion during walking. Gait & Posture, 5, 6-12.

Devita, P., & Skelly, W. A. (1992). Effect of landing stiffness on
joint kinematic and energetics in the lower extremity. Medi-
cine & Science in Sports & Exercise, 24(1), 108-115.

Dufek, J. S., & Bates, B. T. (1990). The evaluation and prediction of
impact forces during landings. Medicine and Science in
Sports and Exercise, 22(3), 370-377.

Goodvin, C., Park, E., Huang, K., & Sakaki, K. (2006). Develop-
ment of a real-time three- dimensional spinal motion mea-
surement system for clinical practice. Medical & Biological
Engineering Computing, 44, 1061-1075.

Hah, C, K. (2007). Simulation of scooped swing in high bar using
lagrange's method : A Case Study. The Journal of the Korea
Contents Association, 7(4), 234-240.

Hsu, C., Chang, Y., Chou, W., Chiou, C., Chang, W., & Wong, C.
(2008). Measurement of spinal range of motion in healthy
individuals using an electromagnetic tracking device. Jour-

nal of Neurosurgery Spine, 8, 135-142.

Kubo, M., & Ulrich, B. (2006). Coordination of pelvis-HAT (head,
arms, and trunk) in anterior-posterior and medio-lateral
directions during treadmill gait in pre-adolescents & with/
without Down syndrome, Gait Posture, 23, 512-518.

I1zzo, R., Gudrmieri, G.,, Guglielmi, G,, & Muto, M. (2012). Biome-
chanics of the Spine. Part 1 : Spinal stability. European
Journal of Radiology, 82, 118-126.

Joo, J. Y., Kim, Y. K., & Kim, J. P. (2014). Effect of foot planting
positions on knee joint in drop landing. Korean Journal of
Sport Biomechanics, 24(2), 121-129.

Lim, B. O., & Kim, K. W (2012). Effects of gymnasts shoes on risk
factor of anterior cruciate ligament injuries during drop
landing in female gymnasts. Korean Journal of Sport Bio-
mechanics, 23(3), 219-223.

Metzger, M. F., Faruk, S. N. A., O’¢illy, O. M., & Lotz, J. C. (2010).
Minimizing errors associated with calculating the location
of the helical axis for spinal motions. Journal of biomechan-
ics, 43, 2822-2829.

Mackinnon, C. D., & Winter, D. A. (1993). Control of whole body
balance in the frontal plane during human walking. Journal
of Biomechanics, 26(6), 633-644.

Mihcin, S. (2010). Spine Modelling. Stability Approach. VDM Pub-
lishing House Ltd. USA.

Mouchnino, L., Mesure, S., Lizee, E., Landjerit, B., & Massion, J.
(1998). Is the spinal column a rigid or articulated axis
during leg movement? Human Movement Science, 17, 289-
306.

Perry, J. (1992). Gait Analysis: Normal and Pathological Function.
SLACK. USA.

Preuss, R. A., & Popovic, M. R. (2010). Three-dimensional spine
kinematics during multidirectional, target-directed trunk
movement in sitting. Journal of Electromyography and
Kinesiology, 20, 823-832.

Russell, P., Pearcy, M., & Unsworth, A. (1993). Measurement of the
range and coupled movements observed in the lumbar
spine. British Journal of Rheumatology, 32, 490-497.

Willems, J., Jull, G, & Ng, J. (1996). An in vivo study of the primary
and coupled rotations of the thoracic spine. Clinical Biome-
chanics, 11,311-316.

Winter, D. A. (2005). Biomechanics and Motor Control of Human
Movement. 3th edition. Wiley-Interscience Publication,
New york: John Willy & Sins, Inc.

Yeadon, M. R. (1990). The simulation of aerial moment-II. A math-
ematical inertia model of the human body. Journal of Bio-
mechanics, 23, 67-74.

Yeow, C. H., Lee, P. V., & Goh, J. C. (2010). Sagittal knee joint kine-
matics and energetics in response to different landing
heights and techniques. Knee, 17(2), 127-131

Yoo, K. S., Ko, Y. W., & Kang, J. H., & Suh, S. W. (2013). Study of
the inter-segmental trunk motion according to the spine
models during trunk exercise. Korean Alliance for Health,
Physical Education, Recreation and Dance, 52(6), 583-590.

Yoo, K. S., Ko, Y., W,, & Kang, J. H. (2012). Study of the trunk
motion between idiopathic scoliosis and athletes in the
multi-segment model during walking. Korean Alliance for
Health, Physical Education, Recreation and Dance, 51(6).
453-462.



The Effect Analysis of Postural Stability on the Inter-Segmental Spine Motion according to Types... 383

Yoo, K. S., Park, G. T., & Kong, S. J. (2014). Effect of human spine Zhang, S. N., Bates, B. T., & Dufek, J. S. (2000). Contributions of
vertebrae on biomechanics using Lagrange’s method in lower extremity joints to energy dissipation during landings.
drop landing. Korean Alliance for Health, Physical Educa- Medicine and Science in Sports and Exercise, 32(4), 812-
tion, Recreation and Dance, 53(5). 467-476. 819.



