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ABSTRACT

The purposes of this study were to assess dynamic stability toward pelvis-spine column distortion during running and to com-
pare the typical three-dimensional angular kinematics of the trunk motion; cervical, thoracic, lumbar segment spine and the pelvis
from the multi-segmental spine model between exercise group and non-exercise group. Subjects were recruited as exercise healthy
women on regular basis (group A, n=10) and non-exercise idiopathic scoliosis women (group B, n=10). Data was collected by
using a vicon motion capture system (MX-T40, UK). The pelvis, spine segments column and lower limbs analysiaed through the
3D kinematic angular ROM pattern. There were significant differences in the time-space variables, the rotation motion of knee
joint in lower limbs and the pelvis variables; obliquity in side bending, inter/outer rotation in twisting during running leg move-
ment. There were significant differences in the spinal column that is lower-lumbar, upper-lumbar, upper-thoracic, mid-upper tho-
racic, mid-lower thoracic, lower thoracic and cervical spine at inclination, lateral bending and twist rotation between group A and
group B (<.05, <.01 and <.001). As a results, group B had more restrictive motion than group A in the spinal column and leg
movement behaved like a ‘shock absorber. And the number of asymmetry index (Al) showed that group B was much lager unbal-
ance than group A. In conclusion, non-exercise group was known to much more influence the dynamic stability of equilibrium
for bilateral balance. These finding suggested that dynamic stability aimed at increasing balance of the trunk ROM must involve
methods and strategies intended to reduce left/right asymmetry and the exercise injury.
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SR 2S] F5eF S ot 53 EFEA
713K Bates, et al., 1979; Panjabi, 1992). ¢1A]<]
I HF7} vlEolXIThH A A Q1 ApAol|A] Hul o]
AR = §A F =271 olar, o]t el = A
A =H S ofsle]o] L5dElE WS 4 Uk
ol Ge)7] §2F Al FRIEE a3 S e Ak
alA] 8] E4tS FHAslske Aol v Fastthal Bard
v} 9JtH(Anderson & Tseh, 1994; Panjabi, 1992).

22]7] &2 A skgell ok 45 (shock absorber)
o} 319 (propulsiony> &5 A7t A5 - o
ol gk eHgAde] 71Z7} Hojof olEeE A stolA
&&%(dynamic efficiency)e] SE + Aot 53] s
22] (heel strike) Al 7IElIAl= F-5P=(load intensity)=
A<l 27578 @t 45 -5 (compressive
loads)e] sHAlAHEH A7hEg 855, 55 283l A+
Fol| 3 =g EvkCappozzo & Berme, 1985). &
A2 ©E]7](distance running) Al AFES dukx oz
130 km/weekE FE A H=dl ol FF 40,000 foot
strides®ll 3l (Cavanagh & LaFortune, 1980)== Zo= &
A AFEe ZZAA 25380 Frhe-s2ol et 9
g aole] =ZHt}Bennell & Crossley, 1996). Wb 7
g geg7] Al FALet o774 7 313 72 9] (angular
displacementy= AUA|AH|E FHAsleh= SHA B854
7 sAAY 7 v a2 &Rl 1 Haslsle Zlo] A7
o]thi(Anderson & Tseh, 1994; Bates et al., 1979).

Schache, Blanch, Rath, Wrigley2} Bennell (2002)2
lumbar-pelvis-hip £330 o3¢t &6 2 A
vk det. old & A= gEE7] Al JIAAZE st
3T st o] & IVl FEHHE HS FEH
Single-unit mechanismel] ¢J3ll #4d Ao® 4L 3Tt
ey 71 g7k #HE AYgdte 35S ¢ e
73 A (rigid body)= 7FYE st 8% AF-=(Carlson,
Thorstensson, & Nilsson, 1988; Thorstensson, Nilson,
Carlson, & Zomlefer, 1984)°] thF-Eo|t}, oo = H5A]
7+ o] ENkEAt iR EAte] AR 28-S g
of sk 33 FNkes AT E(Bickham, Young, &
Blanch, 2000)°] JAIRE, @2]7] A] Al 52 HFEHE
o] AfFIF7IK0EA AFEE 7= vl AlgHA ol

2 AFe 2E)7] 2 Al 58 ST SvrEnd
of o3 HFRHE & 8FF, FFF, BAFTE Al

sto] 22)7] Al H@AQ Ak oA 7H] S 3L
29 (multi-segmental model)
Fsl] wE FNRAFRLY Y Rt HAeS
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II. o4 gt

G71HoR F 343 52 e Xeray AT E B
ol &<l Group A (n=10)2F KigHE e A& 2]l
et 20 T 2] HH HdEXAF 2 Xeray
(DK 1T 525, Korea) AP AL & 524 HFdgxjold
A AF 2R W 23F ko] Z7F 205 o)d]l 5 0-
13] ke vl 5% 94 Group B (n=10)2 A
AR ST WFA®E> Group A$E Group B7F 247}
15.7+1.804, 15.9+3.20410]™, 7421782 158.9+4.25 cm,
154.3£9.8 cm, AFL 473455 ke, 49.8+12.1 keo| 3t} =
8] HEFRA 1z 5 24 955 WA EE
Group AT 6.6£2.419} 2.6+£5.81°]H, Group B 35.6+
12.789} 30.4+12.070|t}. a2 HFZ9 F3to] 10 oW
o QJom Aidoln, 20-30 o)delH HIFGEH R HiEA|
55 ¥t

2. AEEX Y U

2 ATl ALHQ] FoALE Bhel AFE
B2A BF AP FoA0l A F el A3
A= AAAAEA FX13 Xray HS(Cobb’s angle)
a2)3l AAAIES AATEIATE Group A Group BE
B Al AQEE T2 FACE 7P Ade A71EA
of 5 dAsldler, SAEE H1(1.80 - 2.00 m/sec)
oA d=d 255 THoE B 53] Al
7ol Ao E HEe BE SR A7 25T,
2R, BE ) IS Al SN HAFeE
o] 3zl F7HlA EEl7] 15271(100%gaitcycle) Al 2H5-
e 748 AEE AT AR 250 23
tolHe % AFE4E T 998 FHeE ZMHE
HE3IAT). o] o ZPA91] HhZk(max)? #H A2k (min)
2RY AA7FEHL(RoM)E 41813

92]7] &% Al 33k 2AFA H]E Vicon Motion
Capture system (MX-T40, Vicon Nexus 1.7 operating soft-
ware, Sampling frequency 100Hz, Oxford, UK)2S ©]-&
sttt 1370 o7ty Zvtat A5 Je]a &
AW 5 A m R o3 FAEA HolHE
HSATE QJIAAZEAF S AXAALS vlo|F ZRE
Z(Vicon Motion Analyzer, Oxford, UK)°l <A3I31om,
T R ZF 22 203] (108 x23] o] SAulolE & Efdst
2E)71& 5] volHE FH5ate] AmAE st

O O
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2 Ao A A5 e AsH5L HFRd &
t#hd 2354 (multi-segmental modelyS AEste] FH=
3+ th(Swinkels & Dolan, 1998; Preuss & Popovic,
2010; Yoo et al, 2013). ¥ A2 23S 2As17] 9
ste] A7+ TF Tl mHA B4 AR 5% HFE
7N 8 BEE AFH Cs (cervical spine [C7]), 5+
A% ULs (upper lumbar [T3]), &F4% AT MUTs
(mid-upper thoracic [T6]), ¥F4% S 32 MLTs (mid-
lower thoracic [T9]), &34 3}= LTs (lower thoracic
[T12]), &% 4 ULs (upper lumbar [L3]), L]
237 3t LLs (lower lumbar [S1], Ist sacral
vertebra) 0 2 77l AR A FHF tERd S AL
3} th(Preuss & Popovic, 2010; Yoo et al., 2013). &
3] A F A 7P FEAE A F1E 2 oA
T 3o BREupAE Wt A mEAEA A (marker
triads)ell &% 33 555 FAste] HE <l 7A€
HalS A5S-S5, FASS SHoE =29, ST
I3 A FS 45 thPreuss & Popovic, 2010;
Mouchnino, Mesure, Lizee, Landjerit, & Massion, 1998).

2 A7 HFodrd e fxFAe A9
PN FARRE Tl on, XS oaK(front direc-
tion)S F4HOZ WIAIA &K anti-clockwise)o]  (+)HEk

(positive rotation), Y- &&5==1351-2 AANERo]

.

o 7 HERE ol 8ETh A EEREAES A

RoM2 thd HFmd of 7§ AZHEEE 1
S5 sk LLsold 835 4T ULs, 55 &
ULs, HeliaF 455 Co/RE Al daistasks 7
Ahste] ekt & HF Sk d FHFEPROETE 9
T AxpA o AgEo] ALke HARGgoE AT
HFHH 0] 745 RoMe| Foltt.

2 AFe F JAe 1 &F-95 B4 $AH §
e U WABEREA B4 AFE Fato] T2
7 oFE AdeBitt. & #HeS =nk sEEeEe] &
3% A4 (asymmetry index [Al])x= Robinson, Herzog<}
Nigg (19875 Farste] tha3 7ho] A3t

o -

X, DX,
AI(%) — | R Ll

A7, Xt X 7t 53 2] 2e% F7)E o

ulsitt, o] Wl A%y} 0 wj gk oA ojv|sit),

5. SAIXE

EAAE]= SPSS ver.12 (IBM, USA)S ARE3IloH,
A& 212l MatLab 6.0 (The mathwork, USA)S ©]&3}
At G27] Al T Je 7 vl g ) sREEES
5 SfeHt I A5 95 8|0l e AE A5S A
3tod two-way ANOVAE sISith. -S4l @8]7] Al AZk
HFRHY] AFE, 57 AT, ST, Sohd, skt
RoM®| H|W= paired t-test AF-S T SAAE
-valuex p<.05 F=<EollA ov|Sle AHE =EsISlth

m.z

AlZkg7HA Q1A A= <Table 1>0] WERd vke}

7+ &5 (speed) ZolE TAIEE WollA &
AFol 7 ERHA] 43ttt two-way
ANOVA®| 93t A3} & ek U] #$- 71+ =5 &
Aol o3t BEg¥e BE, FRAGAZE 2EIATE SR

Table 1. Analysis of time-space variables between Group A and

Group B during running (unit: deg)
Bilateral Balance(B
Variables Group - ( ) F-value
Q) Lt. Side Rt. Side
A 174.9+6.7 1768489 B .053
Cadence 1615487 1609407 G 23.686***
(steps/min)
BxG .182
A 0.68+.02 0.68+.03 B .005
Stride
. B 0.74£.04 0.75£.06 G 21.794%%**
time(s)
BxG .192
A 0.34+0.01 034+0.02 B 0.005
.Step B 0.37+0.02 0.36+£0.02 G 15.976%***
time(s)
BxG .115
A 1.28+0.11 1.27+0.11 B 0.90
Stride
B 1.36+0.12 1.39+0.13 G 7.163*
length(m)
BxG .196
A 0.62+0.04 0.64+0.07 B 349
Step *
length(m) B  0.68+0.05 0.69+0.08 G 6.632
BxG
A 1.86+0.15 1.87+0.15 B 113
Speed B 1842020 186:0.19 G .066
(m/s)

BxG .018

Group A: exercise group, Group B: clinical group, Mean+SD,
BxG: Interaction effect (two-way ANOVA)
NS: no significance, *: p<.05, **: p<.01, ***: p<001
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HEA FAHSRE Folgk Aol e A o,
T A 7F 25l ogh xlol= v frolg Ao e

ot & EE&(p<001)°lA Group A7} Group BET} H
oJ&A ZA Yttt = Group BE W& 2E1S o] &3
WS Hol Yo, Group A= I 5 o]83 I
H 548 Yeith wWEbA Group B7F Group ARTE €
HAAZHp<.001), Z=5A7Hp<.001), SR (p<.05) HZ
(p<050l1 B ZA Yepta A cK(Table 1). ¥HA two-
way ANOVA A3} 7 Fete] 295 Wl 7he] Foake
BN E Folgh Zpol7F YRR edsttt.

sHEE T g9l
A A3 <Table 2>} 22
Aol7t 32k F7Hge

tht o= mead
!

A: Lt. 21.11°, Rt 20.06°).

$25 2

el

of thgh
Ad W 45
&AM FAHCRE FeleHA
rotation (p<.01)I4 YERTE 5
FE2s 4 HEEA Al(%)
= Group A (5.10%), Group B (24.63%)2>= Group B
A By AR} Bto] A UERL S-S gl
g 4 S ATHGroup B: Lt 24.85°, Rt 19.40° Group
e Jrjolddst whEelelA
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N
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=

Table 2. Result of kinematic parameter with hip joint, knee Joint and ankle joint during running (unit: deg)
Bilateral Bal B
Joints Group - tateral Balance(B) - F-value
G) Lt. Side Rt. Side
A 34.42+3.59 35.11+4.86 B .094
Flex/ B 41.69+4.57 41.93+6.08 G 21.01%+
Extension
BxG .022
A 13.97+1.48 14.18+1.78 B .001
. Ab/
Hip Adduction B 13.30+3.63 13.15+£3.31 G 972
BxG .044
A 13.39+4.13 15.16£6.10 B 374
Rotation B 29.76+8.79 30.65+7.59 G 53.64%xx*
BxG .042
A 56.05+4.29 56.45+7.02 B .853
Flex/ B 49.54+7.78 44.89+9.17 G 15.36%+
Extension
BxG 1.202
A 18.90+9.42 21.13+8.99 B 675
Knee Valgus/ B 34.18+13.95 37.87+12.48 G 19.70%++
Varus
BxG .041
A 21.11£3.26 20.06+3.56 B 7.991%*
Rotation B 24.8543.53 19.40+4.13 G 1.796
BxG 3.657
A 53.04+9.99 50.57+7.20 B 159
Dorsi/
B 49.52+6.58 50.08+6.05 G .694
Plantar
BxG 395
A 6.30+1.56 5.86+1.61 B 295
Ankle Progression B 7.96+2.23 7.77£1.95 G 9.195
BxG .048
A 19.66+6.67 16.23+4.82 B 1.855
Rotation B 24.2346.68 19.65+7.28 G 18.64 %+
BxG 267

Group A: exercise group, Group B: clinical group, Mean+SD,
BxG: Interaction effect (two-way ANOVA), NS: no significance
¥ <05, **: <01, ***: <001
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(

= 32 T Y] S5e-EY vt o= folgk A}
o7} VJERFA] 283kt

T Ae 7+ 2F ¥ Aoli= <Table 2> 72o] o7l W
JE T I WAA sk Zol7t el & 7
@ 7+ SREEY] 5 9l= Group Be| Group ARTH
AR folsH 2 A= duolHEe] =41
(p<.001), W/21Z3Ap<o00l)ol™, FZHH] /9
(<.001), T=HE W25 3H(p<01) 5ollA A ek
Wk v FEE ] 341 (p<.001)> Group Bo] &
FTET FAFCE o8l ASktH(Table 2). Z#ut
two-way ANOVA 23} F ) 9= ol 7+ Azt
SRl = Folgh zfol7t YeRA] it

A

3. AZBSe BAEs 25

M0

1) AN F-F

2E)7] Al ARk 2wl thik A1 <Table 3>
of UERt uiel P} EAAY F e 7 2
tilte} pelvis obliquity ~Z8]3L rotation®] X7}
2 fFoaA R ke F Je We] =
PEE S E AR vig- folst *
ettt 7 Je Wl I3 1 #3595 F F5LS
o] B3 pelvis tilt (p<01)9} pelvis obliquity
(p<001)ellA SAIHCRE frolaiAl velstt. o] 45 =
5 &2 BAFEAF Al%)= pelvis tilte] 3% 0%7}
HANAL W, Group AE 17.19%, Group B 45.92%°]
o™, pelvis obliquity®] 73-% Al(%)7} Group A°lA
54.42%, Group BoIA 67.78%0% F ok RFor =
Al GRS ™, Group BollX Y5259 E+4% A7t
o A vepst

o
i
(3

2) AP HFEF

AZPFE 250 57FsHeIet 5™ 7 paired t-
test AR A= A7 AK(inclination bending), F$-=H &
(lateral bending) 12]3 &F3]H (rotation) Al F H&
7k Zpo|7h wig- frolgk o' vEbsth(Figure 1).

HA AR Al APERS] 2541 577
{35 sk LLs vH5 AlQetal, AFH Cs (=8.680,
p<001)9} T4 UTs (=10.051, p<.001), 53¢
MUTs (£9.351, p<.001), §=Z38FH MLTs (t=15.150,
p<001), 25815 LTs (12303, p<.001) 2283 93
2 ULs (8.088, p<.001)llA] wj$- F2lgh xjol5 1}
Epflom, dutdo s Aeaat &5 Al 38 71 Group B
o] FE-50] A4Fe] A 5 ke AoE YERTh
(Figure 1, inclination bending; p<.001).

9= %5 (lateral bending) A A= WA /<]

Table 3. Analysis of Pelvis variables between Group A and

Group B (unit: deg)
. Bilateral Balance(B)
Varibles G y - F-value
Lt.side  Rt.side
A 5374097 6.38+1.99 B 10.311
Tilt B 5.10£1.90 8.14£2.76 G 1.418
P BxG 2481
e A 9214£3.39 527+1.64 B 18.626
\l/ Obliquity B 8.83+4.76 4.36+1.01 G 442
i BxG  .071
S A 6.36+2.01 9.18+3.68 B 947
Rotation B 8.63+3.08 8.35+638 G .300
BxG 1414

Group A: exercise group, Group B: clinical group, Mean+SD,
BxG: Interaction effect (two-way ANOVA), NS: no significance
p: <05, p: <01, p: <001

Aol 2+ L7F AFH Cs (23439, p<01), T574¢
- UTs (£3.576, p<01)¢} FTH MUTs (2.769,
p<.05) 12|32 85 3FF ULs (=4.4460, p<.05)°l|A]
SAACRE folgt o7t e AeE =iyt v
0 S MLTs, shehi- LTs, 855 ek UTsel
M B AUTAEANE g2 frolet Aol7F JERA] 2ok
o AvFog S F A 7 AT 2k 2o vk
Group B7} Group ART} H59-5°] #Alste 22 3=
Ao 2 VeI THFigure 1, lateral bending; p<.05, p<.01).

T THIAE FHHY Ae 7 HE 7 Afo|2A
T HF At AA Jehgth & AFF Cs (56.942,
p<001), 54T UTs (t=7.723, p<.001) 5545
MUTs (&7.519, p<.001), 5534 MLTs (=7.777,
p<001), FF3FHE LTs (=5.899, p<.001), QFAFCHEL
ULs (t=8.473, p<.001), 853" LLs (t=3.859, p<.01)
o] i A BT 525 1 SAXSE ulg fo
gk Zpol7} e ASE YERITHp<.001, p<.01).

IvV. = 9
1. 27| Al AIZHBZHE] ol

B Ao two-way ANOVAS 2|3 443} ¢k )

AR T BEE Aol gl Ao veh
shor} % w 7ke] IR old Aol EARow

fFolsAl YeRTHTable 1). o]&jst A3434E was)a
H Group B& 2§ HolE o83 gE|7|djde Holi
o™ Group A= &8 IAFE o]&3 d2]r|gde
Hole Zow wFT} o]Z2HE Group B WHEE

xo
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T7re] 2RIl Group ARTH Z7] wjitel] iAo
2 3 HAAZHS Group B7F HUl ¥ S Zlo=
ERStTE

2. ZPE LEES2 SIK2AEES

B A7AAETE 7 P 7 sl dE e
-r](RoM)Oﬂ7\1 Z AelE Holal Jle AR sHHd &
ARl el EAHCE freldh o)zt Uk THhip
joint: flex./extension (p<.001), rotation (p<.001); knee
joint: flex/extenstion (p<.001), valgus/varus (p<.001); ankle
joint: rotation (p<.01). °]& FEA|7lo] 2F1Fo] HEF
ol mE FFess iAol Hm, o]Z <Qlste] Group B
o] sAlg-so] AFAR] FAe TS Z o= siMEr)

= dg)7] A sRE v s F= 041:30],\‘)_(@’ 7=
A, BEAEAA Znk Bl HFx WYl mEk <
o] =& 9] 375l Rotation (p<. 01)
o4 5 3% 2} Ael7} Sl Ao ek ol E
ol 0% SHBALE A Wes
B#go] 9P MAE A0 FED F vk
B AT B A% ALY 08 35 AL
o, Al(%)y= 22} Group A 5.10%, Group B 24.63%<
2 Group BAA Rt} Fe-AxpE A4 eI S
SRl = ATk HSpA|9h 955 7 el 2]
FAMHANE G F7] wiEol| Group B
o P ael U 54 Gl ue e Jgol o)

HFE AHsl= Aol %%}9& S VFeE =
= T el AETEHE A
A= A= 73%“—%1*&;%}—-8— 30-60%-9] 7P %
2 TR 570l 24 OJFJL— ol

o
T
i
of
2
.

Of

kN
2
N

7
BhE Al RoMel tHf‘& 1;@ iM—E frolst
YERA] eksktt. v = e Wo] IRke-wo] 5
EHolA - Frolgh 2pol7t et
%tk Group Bolld ¥&-2-59 E+4% A7 Bt 27
vebston, 55 A A% 7HE 2 ASe
Group B9| obliquity, tilt, rotations= O = UEPFO ZA| =
B3 AL o] FiHoR A yERTh
HFH Group A= obliquity, rotation, tilt =22 YENGE
oh ARl gelr] Al AlgksH: SR 2 EheES
292 ATolEd w3l B} vl Fagh
T2 T U= AR AR A A7 HF

Ho
¢

o N

)

tehtT e nhA] A A viEiel ZEddxe] 5
g&4o] &gt Mouchnino et al., 1998).

Group A9]- Group Bo] & Tk 7 2E¥ RoM 2}o)
Hrpl= ko] k=9 %o) 9]3t Jdfo] 2 Zog =g
o A 9}\%3] ]ﬁ? Adke 2V Edigtal sk A5

71 —E’ﬂ W] - G55 Bl Y= 1

A FFAA 7] oo Az
ol B2 IS MAe ZeE #

2 AFAFAERY 33 ¥ 3 AT HE
2= = rotation|A Je ZE ¥ RoM zfol7}F 7F =
A vepter A7+ 5221 inclination bending®l] 4]

A VR, rRR e o R 295 520 lateral bending
o2 {Fogk 2po|7t YERSTHFigure 1). &A1 A7l

Zukg oM AT wish Lol ABHFNQ BFY, F
Degree Inclination bending
30 s sah B Group A
25 . OGroup B
20
15
10
o (M| |

(s UTs MUTs MLTs  LTs ULs

Degree Lateral bending
30 BGroup A
25 O Group B

20
15

EFFFEPEI

Cs UTs MUTs MLTs LT=

"

Degree Rotation
0 B Group A
25 OGroup B
20
15 i
10 l l i
5 l
0 a . [T
s UTs MUTs MLTs Ts ULs LLs

Figure 1. Comparison of trunk segments (cervical, thoracic,
lumbar spine) during running
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FADE, FESAVR, FHFALE, FouR, 25
A a3 @FsptolA Fuke-st A AEE
b y

Al o] FEETE WA E skR9F A7F 2F

F71HeR HFQF Wy Ao =
9] &7 w711 5(Mouchnino et al,
1998)0] EA3k=tl, & AZA}ol|A] inclination bending
Al ﬁ-ﬂ‘ JTHEL | lateral bendingAl= Q531 rotation®l]
Me aFdEtet slehtelr SAH SR folgk RfolE
Uepdo g F A 7k eFvrAe] 575 9
AR vwd F AATE S ATHEE 5ol A&
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