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1. 974 984X

A AAFATBM)E 71 A9 HleS Zaekal 9lom, oS 2l ofshd ofd
st A&d 202 7HPstal UTHNg et al, 2014). BT Q179 Sk FAAAIHCE F8
3 77R10] 7 (Cepeda-Lopez, Acberli, & Zimmermann, 2010), AA|5.217]7(World health
organization's, 2010)°] W=H 2005\d0ll= F 162 2] ARIA5A] o) d)o] HAIFoIaL 2o
5 49 o A HIRRI Ao® Husiyth ol2lgt FAAES 50d A% siiet= HRt

BMI d3 7]E9) Aeow #Fshd A= 3l a3l vl offoifth ol2e ko=

3 =] 507HE-E Ao 2 ¢k o] 93 I3 E(Biobank cohort) ATollA ZREAQ
AAZEH TV A, F8ARE 5 &A% A3, 20809704 HIRE Q1S 1,1007H8 7o
O 71 202 4q33tal thCassidy, Chau, Catt, Bauman, & Trenell, 2017, Wang,
McPherson, Marsh, Gortmaker, & Brown, 2011).

HRRIES] A= AdA717] AR &5 73 27, AA B, 9, Z2aL dloj=
Bl 2 A w50l AT olF A77E M AsH1 e Al &solt
(Rajadnya et al,, 2017; Ohtake, 2008). ©] 9]ol= B|TRIES] AJAE|S 93 LFZ2 39
ALL w=A Fgsiar e, A AAACR B2 AeldAe} shalge] #d Aol st
. ITHSchmitz et al., 2003; Willis et al,, 2012).

A719F AR FAE AREAT @A, AA 8 2 3 AR 349 A
go] Z7)9} 5ol Dol 9o (Nigg 1985, 5159 lsh Swo] L HH= Qi
&y, w0, AERE, AT, AF et AUy, T3 A ] lTFrederick &
Hagy, 1986; McNitt-Gray, 1991, McNitt-Gray, Yokoi, & Millward, 1993; Nigg & Morlock,
1987; Ramey & Williams, 1985; Ricard & Veatch, 1994; Stacoff, Denoth, Kaelin, & Stuessi,
1988, Wit, Clercq, & Lenoir, 1995). AAA &5 A AlAol] & FAo] vHEZog 71s§AH
Hgo] ME 4 93, LESYSYE A5k % 710l(Nigg 1985), F2(dynamic)o] L 7]
AR &F Folle TS At Sl A™eHA 5L 5 AT Tl S g+
UTHHargrave, Carcia, Gansneder, & Shultz, 2003).
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A|8}A] Y=THVartiainen et al,, 2012). HITIRIES] Hejdste
32 A9 Aol Yeht AW HEAAAA THFT —rol“g(loadmg rate) S A

T 473 SRS EXol i}OE w4 a7t 3l

A, &5 FHAA RIS EPEAS g BE, F o ARV T e
Z(width), 18|21 AZFA o] eI (Spyropoulos, Pisciotta, Paviou, Cairns, &
Simon, 1991; McGraw, McClenaghan, Williams, Dickerson, & Ward, 2000; Lai,
Leung, Li, & Zhang, 2008; Browning & Kram, 2007), ¥ @3} FS#d| 2547}
A tHMessier, 1994). o8¢ FAAG B3 A9} F7HE AT pA A &

= %% Z7F 7 (Andriacchi & Miindermann, 2006) ¥4 £+ #HAHS 2
A Z1tHHochberg et al,, 1995; Stiirmer, Giinther, & Brenner, 2000).

AT SHoA 53], Fate2 4AA 24 TheiAl= SYEEY] FEo|H(Wit et al,
1995; Cook, Farrell, Carey, Gibbs, Wiger, 1997), &2 #3182 SAZS7} vkt A9
TAZE BF 2 F40] AlAY ¥ thHargrave et al, 2003). AAE v 32 AAFUE
oA & EHe] WY &L vl$ =OoM(Davis, Ettinger & Neuhaus, 1990, Messier,
94), AT 7t WE HIAGAER B S siA WA A8she st 2EHAE F
JRAZI B Asl 2 #Ede TN QRleE ABdtHHartz et al, 1986;
Hochberg et al,, 1995; Stiirmer, Gunther & Brenner, 2000). ©]¢} Zo], YgALolA Haje
FToAY olse FHor ANEEHI glom, HRRIEdA Arese Azsta o
(Rajadnya et al,, 2017; Ohtake, 2008). S}A|%F, HIRIQIES H3) St WiMgk Fejo] 3lx] 42
A3 ez REY 9, lﬂ Oefe deg Y= EAAY, T3 2 i A}
AlETe] Aufyell o3 #AY, F, I8 228 0= pHE F e
ok ofoll A Ao Me 2 HITRISAA FaskARt, AN 1HE TFEEoR
o] HEet 775 23foF sy, &5 Alde 2E3E Z}%@’}B}. 5 7Rl &3]3 A

0

o)

&

Of

F2 Teld AR $EO Q3] AT Ao Mol ofel g2 Atk
o)} o], 1 MAA LR HlERITI A4H 0 ST YA, oS0 RASHe] A
S AN Aus] SI3 4FHel Aush AREE FESTE U BARY A HEelS

o] HgsHe e FFo| WE RATAL YFHOE olap] U ARE AT Bas
o
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Fddee der MR S AEFHTT Eashol
SAAA A AR WIS WsE sk Aotk o] ATdME 2 ?Pﬁ"
FA4EE #7187 Z=(XCOM0[extrapolated center of mass), 52AAIHFEAA]
(medial-lateral, anterior-posterior, vertical, dynamic postural stability index), 3" A
2l(medial-lateral, anterior-posterior force), F-sl-&{loading rate), 7H4~&{decay rate), 18|l
29| F4 ¥<l(medial-lateral, anterior-posterior) & ©|-&3] o= 2 sl #4
I Ak o] Aleltheta) 2 A3 3] AFEE Foliat a3t

mebA & A7 2L AT AdsiAd, ofglwol Se AselAl Ao 77}
Hajo] ggAddl =wo] 2 & UeA 188t ofS0] AYd A Add Qs A%

Aol ARE GraE Aol
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iy U:Si = ) u

it
e
o

1) BAHEY A Hgk gE0] 2gshe Aldgiol whe A7l Aol vehErR

2) BAEHY Al wgk G S0] AEohs ALFTFO wt #H-¢ 7127 4=COP-XCOMI)l
Apo7} vehe7h

3) BARY Al wgk P EC] FEshe AEF wEt gk S, Al Ao
7 Y=k

4) FAHY A HgE GE0] FEate ALFFR wel FHAARMAF Aol 7h e
U=

5) BARY Al vgk GAE0] Fgahe AHERol wet Aueke wiziwae] Aolzt veht
=R

6) BARY Al H|TE G Eo] Fg3he AIHERl wet ANk AElel] Atol7h Vet
U=



w ATE TR oA vt 22 AR Uit
1) B3 A o5 T T 7oA AE ST Aoz 7sta 08% i) A 5l FAt

2) ko] AJo] 2 F)9le] W x|l HIA Heslgon), o2 Qs WY 5 e Ho]
Bl oF= Alofshx] skt

3) B Al Wikt AEERE T B SEskE Adesith

4) B A Ao 2dL BAZ A

5. 80l A9

2 Aol AREE Bofoll gk Aoj= vt 2tk
1) 2713 A(initial contact, IC): £.2% o] Ao HZHE 5%
2) ©]A(toe off, TO): o] 2718A & FZ7|E 9J5) YolAE= B2

£57\swing) : 229 AA7] 0% ] B QEE ulo] ARG WolA Y=

o,

3 &=

5

4 BARA: F SAAE)(quasi-static) 7} oFd ARBASIe] @2 Q17ke] S (dynamic)S] Al

OJ
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1. vk

1) Hl¥ke] A9

AIA A7) 7(World Health Organization, WHO)oll 2Jshd wighe: AW} Ado] I=s}A
A5 A7 &3A7)E JEHE Aot ek HivRITE 3B2%E EAH 39.7%
A 260%%1 S0 KA HTHAEAR, 2015). HITs Bejshs Hl 2ol A EAlkg)E
27| AlF(m2) 22 Use A A FA(Body Mass Index, BMI) & o] &3t} HIvHS AAsH=
BMI9| 7|2 o= fejuete] 7Ie] btk Btk A AAACZ A3 w2 FHE
o] S7kk= FAloltk 53] o4 o Hls| EAY] HIgkEo] § Fo} @aR|vte] ZA7E Ha

e U% A AAR] FAZ A %}0 tth 59, L
g o o] Ha, EnA A 3 B4 ko] G2 Fe= AoE HUsA UtHOwen,
2003). Speakman(2008)-> URFA O 2 HITRS HHdh= AUART LHlghk= AUATE FE531
MRS BFHo| osjA ATt 3197, ACSMR000) FA] HwH =7}

& FEo' UIjIe] Huks &Eolu AR, ofARE 5o BRRE Qi o3k Zlow
Holm dukaog Hwkd k= AUAET LHsh= o|A7F 753 U] &3l
Sajx ==HTL STk olFRE HIRks ouA] ¢ HellA E w 27t AHEske U
Hot o B2 d|AE AFst %EFM YA FE7E AL AFol FTkeHAA Tkl %
== ZoJTHACSM, 2000).



S ke WHoE Ui 4 olth WA HITkE Ashs HOEE A YA T
o] AMg3la e Aol AEHAL (body mass index: BMIS} A HrAE B4
(bioelectrical impedance analysis; BIA)S ©]43 AALE (%fat)o] Utk AAZZA = ‘A
Fkg + PAmMPp29 F2& o83t 4EdT) vivtabg Ao oJgt AAHe] Ao
sgattiete AAo] AA FAR HEsAl FHEE BuTe] - vvk A A9 g
HZ by 9glo] etk BRuE T JthMust et al, 1999). wEbH dollds AR Hke)
TERFE A 34 ¢ e IdRolEdd Ui slEHe] Ml (waisthip ratio;
WHR)9} 5)2] 5 (waist-circumference; WO o]4:31¢] w]7ke 37}517] Stk WHRS 9H
o] Eoll & 3elEY ZANEA, K 4 085 oY uf BRuvko g FtkEchPouliot
et al, 1994). WHRS AE#3 S PL oSshet] 483 202 434 o v
kel Wsks HA-s] HYsiAE Rdthe Adde] ok sEEdE o] 480 an o
A& HIREO R AABHH O H(WHO, 2000), A% #Algle] 5 vt A5E A iy w
ofUz} (Han et al, 1997) AEHES APAUAE & WiGsh= 202 deix Ut (Pouliot et
al, 1994). 712u WA gETE A Akl g3k o A 7] wiiel (Harris et al,
2000; Ross, Leger, Morris, DeGuise & Guardo, 1992), HIWH A5/} w24-= Ao
FAFE A BolAlE Bol Stk o] F 7 W E4E ol8shs WHor 44
B A eapt BAs]  AKo] HojAM  (Heymsfield, Allison, Wang,
Baumgartner & Ross, 1998), 24 Al ¥#-& ZAA3517|7} ofg)e H(WHO, 2000) 5°] A&
BUSR
2. B3
1) n3e) 4ol
HPE AV g X Aol olFdke A on|dThPerry, 1992). B3 3t
22 Fo| FEH R ARBHE B3¢ sgolH, 3 & vt 4419

=

=

B ARE fASRs B2 A0 W) ek BE o o) Sk A4l W
]

1o

=

nee) B4 wo| YE AWe] Yo, AT < §7 S g2 I
Be § %, WU A, 99 A 59 2o 03 FAAe) BY0) He} FUS e HOE %

A3 Q) Om(FAA, 2006, Imms & Edholm, 1981), AW} 2HH o g ghg= Auke Asjo}



2) HYEA

AA| ool At ATE 1873 Marey<] wg Aol ARERl e, 2719 AT Y
7]Ee o83 T B0l FE2 ol FRUH B AL NFHUA dAle B ®
€ Aol 88 A7) sl AREHoAI AL %"J(Perry, 1992). #3}AQl B3 742 1870
i Marey®} Muybridgeoll 93 ¥HE017l ARl (Photographic measurement)® AlZHE| 1Tk
T 31960t Karporics< 7] BEZ =7 (electroniometer) & #H 5 M9 4o A
43193, 1966131 Murryﬁ} Drought= Z¥AI%(light photography)< ©]-83 HaS £4
SFATHE24, 2004

19901 o] % JJF—%L 717 st QA 25 5 71 28 Sl e WS 7HA
WA 24 E(electromyorgaphy) & ©]-83 A7V} vlg- LAl X Sgﬂ AT B3 AToA =
9= oA Perry(1992)+ At B3 A QA 2550l tigk & 5 7133 A= o
g ATE A son, o] & T A2 WAE W WINT AF(Kellis &
Baltzopoulos, 1996; Baratta Solomonow, Zhou, Chuinard, & D' Ambrosia, 1988), 22| 2wl
E9} 222 Brhek] 918 A Uoyd & Besier, 2003; McGil, 1992), 23] %50] that 1ol
el et AF(EEE], ded, UY3S, 2003 Nurse & Nigg 2001, Bumnfield, Few,
Mohamed & perry, 2004; Warren, Maher & Higbie, 2004) 5°] %8 ={ch

27 22 Sol VA0 AHE BHF Yo, & &
FATHE 5 B H EPW} B8 o2 §20i
]

sl 7o -”ELOI-E}(Perry & Burnfield, 2010)

BAE B o5 9131 9% ez Ao gol AFE AT Y= FE WeiE vhe)
o432 12AY YO okt F AR RORA 1 ) AL At 98 o
29 AE el olF Ak 9B st gl AR ARk & JreyE A



FEAR Y% dele oA 83e 712N dos Axlske dEo] FAA| g2 wrA|
T8 WHREE FAolnt £ FHo] ALEHER WEEE dH9 JEFAES )
(cycle)'e] MEoZ & 4 9lom, o]& HaF7|(gait cycle)et FTHEZA, 2004). 3hte] K3
F71ollE 7 N FH =we] Slrk do] AWM HAskE FH(UA7N)F To] AW A
&HA 90l theo] AMAAE FHlskr] Sl deE £8AL e I =H(FrAT)ol At A
AAE TA 370e] AlF s o s ydt & Filo] B A3 HASL e A5 &
W27 ZH(initialdoublestance: 27] Wl A|A)7)), $& whe FFo| QI TR & e 7
A HAetL Je AR T (singlelimbstance: 3L A2 ) o] A A E3} AR5}
I e F A PEAA] 1 (terminaldouble stance:T7] P X ATHAESE, 2

Aoz A7l HyF7)e] 60%EL ol FolAL, F271E 9% 40% 7474 g Xlxl
1= oF 10%E AART T2y olZkE JiRle] HakEe| uet D=t 571 STk
271 HEEeR o dojxa aieh gt ARl A doRil fo(EE,
2011). HFHe 71 g 5L st AAE ARshs 43E AR adsl) S8l F

o7k B gl JAshs w3kl EAlshs Zlolth o] WetA AATE AW 2
(running) S22 HBE e v SThWhittle, 2002). H3F7 | SH(stride)THs £f°]
oelA AoEr% k. olmg A (step)olehs TolE AMESIAT 1S RAdst &
B (stride) = E5§~r7]3} oo JERdTE 222 @ SHA|(limb)9] FEel 71%38F] wEol
o} &R (stride) 7|7 2 A|(limb)oll o3 A&3A dolubs Z7ule HE Alole] 114
OJtHRER 7] HA TIP3 T E8F 27| H7)). Ae{step)> F HA(limb) Atelol] Ef
ojro] ZgH} 7|4 Zzke] FR(BEF7))ol F Aol ZAe{step)ol Utk T L9 3 T
Hstride) T3t Thy 92 7IRbe AR S1siAl vl &S Stk 7 el o3 27
HE Alojo]l 7HA0] Ag(step)olth. 0|9t & A7loll A 9 Hl Fejel dgo] Yel
LAl 2 AolthAA 5, 2006).
QA= ¥ 3kA Aol g7l 1A} opa 253 AAFA S eXoke 4 #4Y| &
0% o] e rFswAe] BaAolth webA AA9] 7 RRe gl oA &
g HES o] Fwtl I ufe) dEE ddsia Ak R Fee Aol 9T
Z9} e Z3A EAold 2ATR, A 2L AAF BA, 447 2E AlgA EA
3 4

Ao webx 7A7AlY] BEAE tEA YebdthSutherland,1988).




M &3kt 775 AeatiA 4 Ee HIRAEY 2EYAE 3 5 ok &
de sl FHEska, 7Y AEL 22 BHAI HHo] ok AU sold
2o Qs oS Al Ho| tektt B4 Bl teje] B @4 Ha 78 Tk
g Aol A sk AP el EAldls EHle AY, 2Ed2 24, wEle Zud, A5

offt
&
r\il

ol

Bkal 9 FEFo| Uepdth(Bumnfield, Few, Mohamed, &Perry, 2004; Morag &Cavanagh,
1999). AlEke] Fa Aol tfs) Zlo] QUAFHMT Ak Meid u tialoly fafol x|
Melshs 743ko] Btk ol Al gk F52 A4o] §le 7igeln 1 Ad, AAd A
aFA X3 A Ae dte] oy e ATl "rhe e AEioF & Aolth(A

S, 2001). A AAE o aeEolol & FoUE 4§ A, &5 2, 4%
A, AA Y, F3, 7A4, B8, TR S5 107K 89S FE F Ytk o] vk F
A Frok A B F 24 Ve A 2y 7ed #hEE Aolt(AAH, 2000).
g S0 &5 Al Fsh= A A8 2o 22 g5 & W) AR wE F4e &
Fle] RS 233l 0149 o] $HS BEsla FARS ol 3ks gtk w3k A7),
27 9 Rkl 71BAR]] F83 o]F FHeIH AY P AT FFY FHOE ARRH
ot BEFQ 2719k @E)7] S B AFE oA o ol A T 4 FHelnl

L

I
N
&‘O
l
&
>
T
©
oy
Ju
ot
=
>

- a4 5o a3 A7 e HATHET3

ol
N
g

Ao SRE FRO ARl TR e AT (258, A, oF5E A, S| e
o] HHAOZ Al SHYe FINE T O FR AIFA th AT B3

7} ¢ H

A0S Wkl fsiMe AdEe] e Ver4s Ea il
&9 7127] 250t Boh Edoletal Ruska QIohAAlH, &4, 2010). WA BTk

de 2% 978 AvEY, 283 5 (2001)2 T AATE wE B3l S £
=
3

N
T
Do

1%

o

Foll AAE] W Bl BE Rk g 7k fold Zfolrt glglom, AA FA
A7 (stable) -+ Hl& = A 7+ Ko7l ATk Busigth sk AA e e

e 43 F dAFolMe A T Fold Aozt s, AAEEo] 30% o3l el



A e e Ao Qo] 7 AN Busiglt AN £31% Q0 WA g of
Rol BTG WA £4S Fah B AAs1el Al vl 29719] Aol Ao
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2 7o) oAk ulek el WA 1090% MAENT. o2 A2 14 ol A%
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ow, BMIE HT25 kg/md(WHO, 2000), 18|13 WHRL HI%09%(Pouliot et al, 1994) ™
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Table 1. Characteristics of the subjects

Section Age Height Body mass WHR BMI
(yrs) (cm) (ke) (%) (kg/m’)
S1 34 181 98.26 1.01 30.33
S2 34 173 105.12 0.98 3512
S3 34 184 1151 1.02 34.00
S4 34 1.82 120.24 114 36.30
S5 20 1.72 80.95 1.02 27.36
S6 34 1.69 9%.42 0.9 341
S7 34 1.82 90.56 0.9 2734
S8 34 1.82 92.53 0.9 2856
S9 25 1.78 93.79 0.9 2960
S10 34 1.78 85.56 0.9 2700

Total M+SD 31.70+1.98 1.78+0.05 97.75+1243 0.99+0.05 30.90+£3.50
Note: WHR, Waist to hip ratio; BMI, Body mass index




B o) BA gy Gl AUETE G BY Bush GARA A, e

(Ground Reaction Force, GRF)Z 4351310, AH|o] A5l AL <Table 2>9} Zth

A3 A HYPE YRR 34 SRS ARSI T 36719 FAFC] BAE AA
7ty BAAEQm2mxIm)E AX[EIH o, 49 TAY AFHHDR-HC7/HDV 1080) 3

1 =4
25e BAYE 2 AYNG LAY S =S B4 AR o, A=rle) &

-

B

= 60 frames/sec, ‘=FA1{Hexposure time)> 1/500 secZ A3

Table 2. Experimental equipments

Equipments Model Manufacturer
Camcorder (Mini DV) HDR-HC7/HDV 1080 SONY
Tripod 055XDB MANFROTTO
Control object 2mx2mx1m VISOL
A/D sync box VSAD-101-USB-V2 VISOL
LED MP-20B MATIN
Light - VISOL
Kwon 3D XP Motion Analysis Package ver 4.0 VISOL
Force Platform AMITI OR6-7-2000 AMII

£ A7olr 9431 Kwon 3D XP Motion Analysis Package ver. 40 X213
(Visol, Gwangmyeong, Korea)a AR&at] FAEY Al AA-E AAT-A(EA ) el 2A1]
A& AZshs 732 (empirical) B4 5 tHEHQ Abdel-Aziz & Karara(1971)°] DLT(Direct

Linear Transformation)d-2}-& ©]-&3to] |Ae] A3zl o] Az Atold| A8t
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Figure 1. Types of the Shoes during walking

3. A¥4dxa

1) AA A vpA 732}

B Ad7oA A3 A EE tAES G A 28 ARE A7) S8t HeA ol
25 2gslth AAEAS] viZiHa+ Plagenhoef, Evans & Abdelnour(1983)¢] A5E ©]
831, <Table 3>3} o] IAITER 2170 ol 71&4 1070E F7ksto] 2 tidtolAl F



Table 3. Marker attachment points

A AAEAEH TA] AAEAH
1 Toe 17 Medial epicondyle
2 Heel 18 Left Thigh
3 Lateral malleolus 19 Anterior superior iliac spine
4 Medial malleolus 20 Lateral wrist
5 Right Shank 21 Medial wrist
6 Lateral epicondyle 22 Right Lateral elbow
7 Medial epicondyle 23 Medial elbow
8 Thigh 24 Shoulder
9 Anterior superior iliac spine 25 Lateral wrist
10 Sacrum 26 Medial wrist
1 Toe 27 Left Lateral elbow
12 Heel 28 Medial elbow
13 Lateral malleolus 29 Shoulder
14 Left Medial malleolus 30 Chin
15 Shank 31 Nose
16 Lateral epicondyle

ARk AEo] WA Hset Fgsle ARl weh e FARE AASISITh

RS 2 F2 10 m ol AAE o, S AR 5 m Aol AHRE7IE X813
I

o 49 7, BE A AdsEe Bae SR8 A8 389 AeA0E AT
Sk 53], B s B AR) QA ANF AATAE LoAAY} BYSES

=eA oA AR WABE F oW (Perry et al, 2010) RHESA0] o] Fo|A7] wiiol
ARG A 7Applo] 7HE TR A7) S5 S (self-selected speed) 2 D-E(heel-toe) 24| HY



< 3=E 839 THBuzz, Stergiou, Kurz, Hageman & Heidel, 2003; Stergiou, Moraiti,
Giakas, Ristanis & Georgoulis, 2004).

R Ao dsto] 2 QI trial 3314 MBI
o}, o]F tdAke] X<} dlolEe] Azt Aeld A=
TGl 1 trial Ao T2 Ao 835t HaEdt Adxe) e T2 Hsf A
[HRH7)7} obd, Baekel] tigh AWS uletiA siglon, SR f4 A= AlE8
o} o, FxHEEe] B8 Baol PRI+ Y(axis), PG ) T+ = XS(axis),

5 ] i FAS(H)S Z3(axis) 22 AAsIGIH:

Mo 2

N

2
o
Y

. (007)0] AIQIE BAS AHEE) = A COPS)l thd XCOMS] #-9- 7]27]

= Vy/h

XCOM=x(i) —|—(1/w0)-(dx/dt)
XxXcomo(i)=tan "(X(G)—21G), 2G)—21(i))

of7|A, AR AL thest 2

‘w, = pendulumeigen frequency

g = accelerationof gravity9.81 m/sec®

h = ef fective height of the body COMthe floor = 1.34l
x (i) = lateral positionof COM

XG), ZG)= lical andlateral positionof COM

(i), z2()=| ical andlateral positionof COP

dESAS A7 49 A HolE(raw data)S ©l-83 AtEH theat 2ol A
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Q@ HulAA MK (peak vertical force)2] A4t

PVF= 7t tdA7E B3 A ARE(GRE) O 285 o] e &HHE AA7] o] F do]
HojAls w2t T Azl AR A FAAE 9 e 4 tiEAe] AFEwW) e ol

PVF = Max. Vertical GRF(N)/weights(kg)-g(N/BW)

@ H-3l-&(loading rate)] A4t

Foked ot 2ol 27IRE ARTE AR HEE RPN -7R] o] £ Altst
% THMunro, Miller & Fuglevand, 1987). 50N A A5 #ast A3, wo] x|l ¢4
A A= s JAM 88 3 Fholoh

olt
-

Loading Rate = (Fxmax — F250) / (Treynue — Trso) (N kg * sec)

o|m,

Frmax: HOG2AHEH

FE50N: 27147 & AR 250N ol 3
Troae: Fzmaz 7t UERE A A7E



Tt F250 3ol Yehd Ao AZE

© 52894 4 dynamic postural stability index)] A4t

Wikstrom, Tillman, Smith$} Borsa(2006)-> Aol o] A& Al A-%, #-9, $29] 321
o T PAHE Ay &S ol8ste] F4e A=E Wk Rk ofye} £l of

F4 QA ke ANk AR e thest 2

r

- 3% PR (medial-lateral stability index: MLSI)

> (0— Fr)?

MLSI=
samples

O

- -3 QPR3 A (anterior-posterior stability index: APSI)

> (0— Fy)?

samples

APSI=

- T2 PR r(vertical stability index: VSI)

o 2
VSr= \/Z(bodywezght Fz)

samples

- ZA] 43 A4 (dynamic postural stability index: DPSI)

30— Fr)+ (00— Fy)?
+ 3 (body weight — Fz)?
samples

DPSI=

olw, 7} WEPHMLS], APSI, VSI, DPSI) 7hel QbdAASe] AUl woldss b

< I AU woHder s 4L O Askde vt



HH 3R o7 AAEE JElS AE oz MeeltHr=603-980). ©15L Ak A
8 &S 1,000 HzE AA3t, N 3-8 BW=E 8323} AAT o] dFoA BAetaa) sh= =
Aol A3 3] AFEE Zol7] Yl thad 2ol ALkt
BW

_ -1
0 =tan <—t )

_ o -1 B VVavemge
RPN L

1/2(t)
ojuf, FH-HML[medial-lateral]) ¥l thet A\ ke wff- Ef2dos AAE7] o

zoll A7) &t B Fhaverage)= AHESIH, AZHYS 22T AA7] ¢ A8 F A

bl T3k 50% A4S A8kt

B3 A QBZ wo] AW HA| F A AX)7] thg A QBZ o] AW HE 3t
74 372] olHlES} 27)e) FH o EMaIgT.

@ Tnitial contact 1(IC 1): Q2% o] xwo] 27| HZ &3t

@ Toe off (TO): £.2%: wo| NHd| HAE F IFA7} PojA|&= <=3t

© Initial contact 2 (IC 2): £24o] FZF7] o]F A AHe| 27134 =& <t
=

@ Stance: oJHIE 1%E] 274x|9] Fzto|n, Q2] AHe| 2%|7] 7k

@ Swing: o[MIE 23H 3719 Fzto|m, @EHko] XX)7] o] F FF7] T3t

5. A=zAg 3 SAAE

%A A3} A542]= Kwon 3D XP 3D Motion Analysis Package Version 4.0 (Visol,



Korea) T2 18S o] 8all &&oH4]-Heta WS A=siqith o] HAAqA FAH &
AABE ] 23x8}, Fx 9 33Y AFE= Abdel-Aziz & Karara(1971)] 233 v
(Direct Linear Transformation)< AMS-31H, Butterworth®] #9532 E|(low-pass filter)H
o] &3 AT (cut-off frequency)t 6HzZ 25938lo] wo]Z(noise)S AAI & AT

i &

Bl

Mo

oj9} o], 4H&H HlolH= BAIFIIA SPSS Ver 1802 o]&dfo] A{3(wd, 15
Faf)ol W HESHRARANS AT 2 BN BAR FoI% Aol WAl A AR
Z%(post hoc test: Duncan) & AAIG0H, RE BAA §o52E =062 At
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Table 4. Result of elapsed time according to the shoe types during walking(unit: sec)

. T of footwear
Section Phase Barefoot(A) ypeMin’s shoes(B)  Sneakers(Q)
Stance 0.63:0.03 0.66:+0.04 0.6740.02
Time Swing 0.38:0.03 038+0.01 038+0.02
1 stride 1.01:0.06 1054004 1.0540.04

Values are mean (M) #standard deviation (SD)

Table 5. Variance analysis result of elapsed time according to the shoe types

Source Section SS d ms F p Duncan
Stance 0.011 2 0.005 3.635 M7 ASBC
Shoes types Swing 0.001 2 5623 0.09 906 NS
1stride  0.010 2 0.005 4.398 028  A>BC
Stance 0.004 9 .001
Error Swing 0.010 18 001
1stride  0.020 18 .001

*»<.05, NS: no significant
A: Barefoot, B: Men's shoe, C: Sneakers
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HlE YA Eo] PR HPECH Ao 2 XCoMoS AA7] ¢+ Hf w3t Ade &
Astgon, 71EEA Y 2 HEEA9= <Table 6, 7>3 2t} A3l we) 2 71L&
7] 5ol MZ Ao|7} 3lom, BAZOE Fof3lthp<00l). AFAZS HAR Ad, &

B3} Hijo] T WR By o £ 7187 455 BY{U<Figure 3>,

Table 6. Result of XCoM according to the shoe types during walking(unit: deg.)

. o Types of shoes
Section Barefoot(A) Men's shoes(B) Sneakers(C)
XCoM Stance 9.60£3.77 13.33+2.76 15.26+2.21

Values are mean (M) #standard deviation (SD)

Table 7. Variance analysis result of XCoM according to the shoe types

Source Section SS d ms F p Duncan
Shoes types XCoM 165.445 2 82.722 9.719 001+ A>BC
Error XCoM 153.202 18 8511
<001
A: Barefoot, B: Men’s shoe, C: Sneakers
18 <0017 OBarefoot
16 - [ . ) OMen's shoes
—_ ] 1 M Sneakers
%b 12
=
B 10 4 1
o
= 8 -
e
T .
&)
>
4_ 4
2 4
0
Stance Phase

Figure 3. XCoM theta during walking
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Table 8. Result of COP variables according to the shoe types during walking(unit: cm)

. Types of shoes
Section Barefoot(A) Men's shoes(B) Sneakers(C)
P Medial-lateral 1.89+0.53 1.151048 1.63+0.48
Anterior-posterior 13.17£1.63 14.97+2.86 14.98+2.89

Values are mean (M)zstandard deviation (SD)

Table 9. Variance analysis result of COP according to the shoe types

Source Section SS d ms F p Duncan

Shoes types ML 2810 2 1405 4988 019 A>CB
AP 21.725 2 10.863 1.762 200 NS
ML 5.070 18 282

AP 110.941 18 6.163

*1<.05, NS: no significant

A: Barefoot, B: Men’s shoe, C: Sneakers

Error
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4. FHAALXAALA G W)

HgE G 0] BAHYFA Ao 2 FHAAMMALATY 7eFAE L "
M A= <Table 10, 11>3 2t}

MLSI, APS], V8], DPSI= Ad-r3ol wie} M= zpol7} Qlslow, SA% s #oasitt
E<05). olol AFHFS AAIRE A3, 757 Bafo] Wil a8ty Hoh HA A o
w2 A0 2 YEptt<Figure 5>.

Table 10. Result of DPSI variables according to the shoe types during walking

) T of shoe
Section Barefoot(A) Nt shoe(®)  Sneakers(C)
Medial-lateral stability index 3.96+1.93 7.74+313 547290
Anterior-posterior stability index 2647+8.33 29134695 19.5547.81
Vertical stability index 121.66+36.34 176.50+39.03 112.09+38.32
Dynamic Postural stability index 152.10+43.20 213.38+47.00 137.12+47.00

Values are mean (M) #standard deviation (SD)

Table 11. Variance analysis result of DPSI according to the shoe types

Source Section SS ms F p Duncan

d
MLSI 72.275 2 36.137 7917 003*  BCA
Shoes 1 APS] 489.409 ; 244704 4.709 023 BA>C
2

VSI 24159257 12079.628  7.867 004~ B>A>C
DPSI  32647.579 16383789 7453 004 B>A>C
MLSI 82162 18 4.565
APSI 935.385 18 51.966

VSl 935.385 18 51.966

DPSI 3942506 18  2190.280

Error

*p<.05, p<.01
A: Barefoot, B: Men’s shoe, C: Sneakers
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Figure 5. DPSI during walking
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5. Auty i) W3}
Al g Eo] BARYF A e
= <Table 12, 13>3} 2t
A et 29, A AN A2 F 2polrt givleH, BAKCE foakA o
UTHp>.05). A AR 3} Fahg-2 Aol weh A= Zlol7} 9llom, FAXCE
Fofstlthp<001). ARSASS AAG A3, 77 Bao] Wiy 531 By ®oh o & F
she-& HElt<Figure 6>.

Aune WISl 7|4 A% 2 Mg

Table 12. Result of GRF variables according to the shoe types during walking

. T of shoes
Section Barefoot(A) e shoe(®)  Sneakers(C)
Medial-lateral force (N/BW) -0.04+0.04 -0.05+0.03 0.040.03
Anterior-posterior force (N/BW) 0.16+0.01 40.14+0.05 0.14£0.07
Peak vertical force (N/BW) 1.13+0.08 1.36+0.08 1.14+0.12
Loading rate (N/BW-sec?) 1043+2.32 1415+3.01 9.07+2.11

Values are mean (M) #standard deviation (SD)

Table 13. Variance analysis result of GRF variables according to the shoe types

Source Section SS d ms F p Duncan
ML 001 2 00 1530 243 NS
Shocs types AP 002 2 001 63 533 NS
Vv 345 2 1B 26564 001  B>AC
Loading rate 138248 2 69124 15424  001* B>AC
ML 005 18 .00
AP 034 18 0w
Error Vv 17 18 007

Loading 80.669 18 4482
**9<.001, NS: no significant

A: Barefoot, B: Men’s shoe, C: Sneakers
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Figure 6. GRF during walking
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6. AAyre HE AEte W3t

AR g 50] BAHGE Aol wE AHnty A& AEete] ZesAE B MR

Dol we 9 AwuE Ao AERE AR 2 Aok giglew, FAHCE §9
S Solthp>08). A%, ATSAARNE AR ARl Heh AZ Aol giglon,
SAH O FOISATHp<0). oleF Aok ARue] WEKTable 1350 ANE AFA%
of A9} fAeA T Hol £5ael W BT T 2 712718 JERITFigure

Table 14. Result of GRF theta according to the shoe types during walking(unit: deg,)

) T of shoe
Section Barefoot(A) Nt shoe(®)  Sneakers(C)
Mediallateral theta 0112007 0.07:0.03 911:028
Anterior-posterior theta 57304747 50804977 462041410
Peak vertical theta 84764108 86754068 83504146

Values are mean (M) £standard deviation (SD)

Table 15. Variance analysis result of GRF variables according to the shoe types

Source Section SS d ms F p Duncan
ML 542.460 2 271.230 1.008 385 NS
Shoes types AP 1052813 2 526.406 7.982 003*  BASC
\% 53.511 2 26.756 18677 001"  B>AC
ML 484152 18 268.973
Error AP 1187.055 18 65.947

vV 25.785 18 1433
p<.01, **p<.001, NS: no significant
A: Barefoot, B: Men's shoe, C: Sneakers
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715 A & =50l He 5oy HluF Hdsitty A ok kAR
AT o) HITRIES] =g AT HAil(whole body) ¢Je= the]Ede] FAE vl#HAL
2 FTHA AATL Boleole TR BAMAALS HIARIGL AFATFAELS BT
b AEZE AFol A EMA EV7HEY BATE e AARIE SH(McGraw et al,
2000; Berrigan et al,, 2006; Hue et al, 2006; Teasdale et al,, 2007), 3 TAE©| 1l o5
osly] % EAAEIT ety F4ska dthCorbell et al, 2001). AT 7119 &
Hleg AAE, 24, ok 25, AUl FoA Bl wet 2gok= Ao FRE Tt
AuE Bajo] kA G8Adl ERe £ g v A M) 93 AR dEe 7
Z3it}. old] B A= HAEY Al vITRIEe] Aok AR e FAHAAHA A%

ek Welse] MakE s

1. B3FoF 2847k W3}

HIERISo] B et Ao mtE 1 Z2e40]o AQARH: W 8ol 101 sec® T
TR 105 sectt 253 Bao] 1.05 sec BT} T e AZRS Btk o3k A= A
7] 7oA WEE o] 0.63 sec® 71 A7 UEhd, ol T O AAH FFHEB| 0.66 sec
2 53} Bao] 067 sec o] AREAtlO] of3) AYE Zloltt.

BYPL AAA|, s, FEAA, 281 WA 2EE R oY AxEs 2AeE
ALHQ Aot Chi & Wang, 2007). ©l2dk A28l F, HITRIES ZA(plantar) F-¢1°]
4 (sensitivity) Fol S ZE=Thal Barskal QIEH(Wu & Madigan, 2014), 'EHEE 5910
7R 258 9 Y A FAE AR S o ASAA AR AREE A
A71E ot AHadh ¥H, A7) o] & ~97]E T BE 9l 3 2do] A Wk
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2. 2% 712717t =2] WsHXCoM theta)

B AFo) A 2ol FHMPAE XCoM theta® £4131%. 01, XCoM theta: 52 Aeljol
A o5& o3l A4H COGY XHEE QOPoll tig 2 wid 4 7|7 A4=E &
Ashe Hlolth, A7Ads), A7) B¢k MIEAL 960 degree UER} TFEF] 1333
degree®} >53H 2] 1526 degree BT U A2 W E HHloH, SAZCE Fosith
XCoM A EHE /N3t Hof et al.2007)0 olsts, B3 F<t AlAle) Ak §% o
o3 AA=AR COGE AAE % thele] 97t opd HhjF o= oFEer, ogd i

A 2 AlzEle EAR AlojzRt obgst Al o Qlvkal Ha SSITHHOf et al,

53], HERISAAN BEHE £ P FRAOE W3t AW Aol m|me{Fo] &
AEE W, =R d¥8e AT F e Y0l #E5T Aol 7I¥t{Madigan,

Rosenblatt, & Grabiner, 2014). &, A|W22 X3} AAF F7h= AA 439 AE =9
&tH, & WS AAAIZITHKejonen, Kauranen, & Vanharanta, 2003; Ledin & Odkvis
1993; McGraw, McClenaghan, Williams, & Dickerson, 2000). ©]o]l ¥ oA £4%E XCoM
-5 71€7] A5 T7he HlRRIEC] AES 285 el mjnedoe] TAHNE o,
o] QOGZ} 7IAWlA Hlojd FEE, #3348 FA7] o o1 WdeEs S7MIIIe
Z23 94} Az

53], & d79M 779 FEE XCoM =S T7HFoL, 53 BajoA it &
< O A 283Gtk durA o2 Al ARSEE insole?t U] e JHQISA O w
HeFg} FAld B2 I =  UATHChe, Nigg, & Koning, 19%4), HIRIISA
Q38 FAY Aol COGel et #-¢- 7127] MAE o S/, PP 23
delo] doka AteETh stAR ol EAL ARl AAF B4, A AFH FAY
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<Abstract>

Effect of shoe types on dynamic postural stability and ground reaction force
variables during gait in obese males

Kim Hyung-Woo

Physical Education Major Jeju National university
Supervised by Professor Ryew Che Cheong

While walking has been described as an effective exercise for losing weight and energy
consumption, but interaction effect is not clear on the posture control and impulse types
caused by materials of shoes. Participants were consisted of obese male(n=10) and walked
with barefoot and 2 types of shoes (Men's shoes, sneakers). 3D cinematography and ground
reaction force system were used to execute quantitative analysis on the kinetic and
kinematic variables during walking, The variables were consist of elapsed time of each
phase, extrapolated centre of mass theta (medial-lateral title angle), dynamic postural
stability index(medial lateral, anterior-posterior, vertical, and overall), ground reaction force
components(medial-lateral GRF, anterior-posterior GRF, vertical GRF, and loading rate), and
GRF theta (medial-lateral, anterior-posterior, and vertical). Primary variables calculated using
statistical program was meantstandard deviation and performed repeated one-way ANOVA
according to shoes types at P<0.05 level.

1) Elapsed time

Elapsed time of stance phase and 1 stride showed more less time at barefoot than that
of Men's shoes and sneakers, while swing phase didn't show significant difference
according to shoe types.



2) Extrapolated centre of mass theta

Medial-lateral tilt angle using the XCoM showed more increased angle at sneakers than
that of the barefoot and Men’s shoes during stance phase.

3) Center of pressure variables

ML COP showed more increased oscillation range at barefoot than that of Men's shoe
and sneaker, while A-P COP didn't show significant difference according to shoe types.

4) Dynamic postural stability index
MLSI, APS], VS, and DPSI showed more increased stability index at Men's shoe than
that of the barefoot and sneaker.

5) Ground reaction force variables

ML GRF and AP GRF didn't show significant difference according to shoe types, while
PVF and loading rate showed more higher value at Men's shoe than that of barefoot and
sneakers.

6) GRF theta

ML GREF theta didn't show significant difference according to shoe types, while AP GRF
thata and PVF theta showed more increased tilt angle at Men’s shoe than that of barefoot
and sneakers.

This study can be summarize in two ways. First, while wearing sneakers shoe which had
good cushioning showed fine effects of shock absorption, but tilt angle of XCoM  increased.
Second, wearing Men's shoe shouled abnormal range of the medial-lateral COP and
resulted in the decreased stability and the increased impulse types. As the final outcome,
the dress shoes and sneakekrs shoe put on during obese men’s walking were turned out to
be one of the factors that disturbs sensimeter of soles of the feet. It implies that the shoes
whose soles are thick and hard should be avoided to reduce the incidence of falling and
keep effective walking in spite of a variety of shoes types and their material.
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