Korean Journal of Sport Biomechanics
Vol. 24, No. 1, 2014, 19-26

ISSN 1226-2226(Print), ISSN 2093-9752(Online)
http://dx.doi.org/10.5103/KJSB.2014.24.1.019
http://www.kssb.or.kr

Joo-Nyeon Kim' - Si-Hyun Yoo'

AT A - M8 - BAM - AR . RME

1A ST S TS A5, ARG YEAGNG SE GG
T ST G, S EZ NG A5G, AN YBAGN G APIA 5

ZIRISH3 -

r10
ok

Comparisons of Foot Pressure Patterns between Experienced Skiers
and Intermediate Skiers during Alpine Skiing

- Sung-He Ha' - Jin-Hae Kim® - Ji-Seon Ryu’

!Department of Physical Education, Graduate School of Korea National Sport University, Seoul, Korea

’Department of Health and Exercise Science, College of Lifetime Sport of Korea National Sport University, Seoul, Korea

3Department of Physical Education, College of Sport Science of Korea National Sport University, Seoul, Korea
*Department of Community Sport, College of Lifetime Sport of Korea National Sport University, Seoul, Korea
Received 26 February 2014; Received in revised form 12 March 2014; Accepted 24 March 2014

ABSTRACT

This study investigated foot pressure patterns between experienced skiers and intermediate skiers during alpine skiing. Five
experienced skiers and five intermediate skiers participated in this study. Foot pressure measurement system was used to measure
vertical ground reaction force (VGRF) and contact area under the six plantar regions. Each participant was asked to perform basic
parallel turns and carved turns on a 18° groomed slope. Each right turn was divided into the initiation phase, the steering phase
1 and 2. For the initiation phase of the basic parallel turns, significantly greater contact area was found on the LRF and RRF of
the intermediate skiers (p<.05) and significantly greater vVGRF was found on the LRF of the intermediate skiers (p<.05). Also sig-
nificantly greater vVGRF and contact area were found on the LRF and RRF of the intermediate skiers at the steering phase 1 (p<.05)
and on the LRF of the intermediate skiers at the steering phase 2 (p<.05). For the carved turns, significantly greater vGRF and
contact area were found on the LRF and RRF of the intermediate skiers at all three phase (p<.05). On the other hand, significantly
greater VGRF was found on the RFF of the experienced skiers at the steering phase 1 (p<.05). Also significantly greater vVGRF
and contact area were found on the RMF of the experienced skiers at the steering phase 2 (p<.05). In order to increase per-
formance, we suggest that the intermediate skiers should be unweighted at the initiation phase and shift the body weight to the
forefoot of the outer foot at the steering phase 1. Also, the outer ski should be loaded more than the both skis at the steering phase
1 and 2.
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2FEo 7 APE o] 20189 A233] W FASHIY7A
ojojA] MAIARI 17] 2x =2 AEull stal k. o]
A 2719] Q1719 BEo] At 27]oje] FHoJE FIk Q
E2719] Q17 o] AR qlom, 58] =
A 2717 ol &l 6607HES doA Al AL, 17719
7] Y RET 99 AEE URE 27]0j9] Hort =o
w, 2 Q7= Al 233] FASEYY] NHA7F HHFeR
A= RS AVZIE B YA Ith(The Ministry
of Culture, Sports and Tourism [MCST], 2008). ©]=A|
A 2x =24 duiele] Ik Frhke 7] 7)oy
ol ek JIE A7)0 WS A

SlEIAT)= 1951 QEgolilA ASHAEA AA
o] A} 37709 A= of 257 ¢ 3|o] I F
o|thInterski, 2014). QVE|A7)= 4dnpt} 7} =S O x 3}
£ HE2Edo]E (demonstrator) 10009 o] Z7lske] A
28 27 71 WFHES dashs IE A7) 3 (interski
congress)= 7HEstal glom, o] th3le =273,
FALHIS I U FALE= 7|2 wHAsAT
(Interski-2015, 2014). =X = 198295 AlZHo= 2014
WrkA] 308]¢] 27)7|edAts] & MH s A2 &
7] 71%S Ao, 2007300 = HlA 4183 AH
273 & NHFOEHA S 2717 AAIRRD o &
=S SH5I tHKorea Ski  Instructors  Association
[KSIA], 2014). B¢t o gk7 A =x}A 3} gh=22717473
FH3BoNAM Ll 7] A=A} IS A% A5 Ae
E Ao BN g A7)0 AEEQL W 7]ofskar
A THKorea Ski Resort Business Association, 2014). &}
Aqk QIEIAT) 9] A&AQ1 WHoe Ealal dBE Al
T7F obd duk 27)019] T S Sl AEstE A
T At FEste] ot AAA Aol o)FEstal A=
cxNli=g

SRRl 2700 g A= oFe, W 2%, AL AW
5o AR ofEgo] HWol mEY] wiwd] H &
Q27 I AFES s A7E Js] s
A T gigh AEE AFolu WHEAQ] H
] k3] oA Utk WA F capture volumeS
zk7 e Ae)A Fhlel DLT (direct linear transfor-
mation) W] SHAIE As7] $3, PTZ (pan, tilt,
zoom) 7P|Elt 3 AlA (inertial sensor), $1743$A12=H]
(Global Navigation Satellite System [GNSS]) 5l st
AFE ASE Edl 2554 (kinematic) E4]ol| thelk A+
d9S 7] K Gilgien, Sporri, Chardonnens,
Kroll, & Miiller, 2013; Miiller & Schwameder, 2003;
Klous, Miiller, & Schwameder, 2010; Supej, 2010;
Supej & Holmberg, 2011; Kriiger & Edelmann-Nusser,

2010). T3 2~7)9F A Zhof] wAIEE HE94E (contact
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pressure)ys AlRtstal, SRS 719} 2710 AR
& 3H (kinetic) A0l theh AFFHS AL 2
U(Heinrich, Mdossner, Kaps, & Nachbauer, 2010; Stricker,
Scheiber, Lindenhofer, & Miiller, 2010). A% A5 <]
o] el = Estal 27109 7l S S e
HE5F Aol

Gl 7] FoME ol 2719 735 00125 th
Fe sAEY T&5o)7] W& 715S @A77 9
g ohFSE ohAQl ol o FoA gith 2719 g5

A= B 821o8E A7)oje] &

= 3714 7] SHolES o)
(edging)o & © 35 ZAtAA BA=E= AW mhk(ski-
snow friction)°]2}al L&A ATt AT F71A 3 72o]
ot Be AR dste AR IS FRTE o
AJog Qg AW wpEo] &5 &£kl o F JIFS mR
o}l BarElo] HThHFederolf et al., 2008; Supej et al.,
2013). 743k )AL #e | F9} Bo AHntES vHEo]
W7l wj&el] AREE oyA|7t vl Aot webs 7S
T4 F e = doxe Hagke oyS ARS-Ete
Ao ARE HAslEoF AYE Mo Ho 47|E
S o]Zo] ¥ 4 AtKSupej, 2008; Supej & Holmberg,
2010; Supej, Kipp, & Holmberg, 2011). X3} Hintermeister,
O'Connor, Dillman 5 (1995)2 3lA9} %52 127 &%
< et =& 70 718 olEejur] Slsixe
25 7+e] ¥3 9=(co-contraction)?] T RAS 7FF3
o} SHAIRE 9o} A2 AFES ol £719] dis|d
(giant slalom)?} 3] A (slalom) FE02 HA4S P3|
715 &gl vAe= 845 BAEIS7] wlidel] £7]01¢]
7] 71s el e VA F e A AAEA
FoFiTh

wlo]&] 2@ ®(basic parallel turn)olu} ESF3 WA
(pflug bogen, wedge turn)Z 72 QUE|ET] 7)ol #gt
ATe 2o 27199 7IE el 7% 7]l digh
AeFshe 22e S8l w=A] Fasith Kroll, Wakeling,
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Dillman¥} Steadman (1997)2 7% % (electromyography
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Gl 27)= AlAlFA ] X9 2719 FESHEo ¢
& 3]do] UojuA ErhHeinrich et al., 2010). 3FX]%k
AAFA o] -2 el fRsiE el 27)0e] A &
Zto g Qs vz 27)(outer ski) F=E <HE 7] (inner
ski), 227] Zelo|Ee] OHRE(ip) i FHE (i) S A
9o WALA|7E HelEr, ol EF4] oy 84
ge v XA HrkKlous, Miller, & Schwameder,
2012). wEbA 2 Ao F32 QIEAT] TEdEE 4
alf, wle]Z] sfeid "3} 7Py ®(carving turn) 3 Al $-
T 27109} vl 27]oe] | b X9k o] di|
< Al vlw FAsk= d

1. 47t
1. 47 CHAR}

B A7) AR eI X mArA e A g st
A2 AT AFslal e 1089 7)ol A4
Atk 1 F FAEA AAF(level 2y &AL U=
5104 319, AAAF 2H¥)S T 2712 AL, BA
T2} AA S (level 3)yS AL Q= SACHAF 41, A=}
19)S A5 27|02 A5 th(Table 1).

o

2. Al X

SRRl 27 A SFAYHEES SA] flal 9] &%
3 ¥ AlA(capacitive pressure sensors)Z ©]¥ZF 2 mm
A QIEY FAYY 4 Al&H(Pedar-X, Novel,
Germany)ys 7} &7]0] 4ofre] 2ol Azbste] ARE-sIS]
Ch(sampling rates: 100 Hz). o] wf 7]& <1&e] Rt
o A FA G AAS] sl 71l A
U™ &S AAT Fo| o AME AT EE
o] 7h& AAsh] S8l Hv e Fhetel sk
Ao AME 271 I3 BF 165 em®] $L3 A
271E A3 TH(13/14 demo alpha slantnose tpx,
Rossignol, France).

AE A 7 2T)oe T THesd S AXAlst
nom, A oF 18741 HAHE THEEEE(FE T0m,

Table 1. Summary information for the two groups

Experienced skiers  Intermediate skiers
(5 level-3 instructors) (5 level-2 instructors)

Age (yrs) 29.4(1.82) 274(1.52)
Body mass (kg) 64.4 (11.24) 63.8 (13.03)
Height (cm) 171.2 (7.26) 171.2 (8.87)

note: mean (standard deviation)

2o 800mpeld M) 2t 27lole wolx] sleia
w3 7Py e el

3. K& Xe|

Z} 271017} st A&4H 02 o]FolR F A F&
2 T "HS ALg UeA]
L7 HE 9% 'l
2’477 (initiation phase)3}+
o] AZHEE HEAMA(fall line)7HA] o] 317
(steering phase 1), H 73 AN T © 2427 A12F
7R 2] 31777 k(steering phase 2)0-2 Uro] #4311
SH(Miiller et al., 1998; Figure 1).

s 2710 ke AlFols WSt tigh xjolg H|
8, FHE SAYE A5E e AZ(left fore foot
[LFF]), TZ(left mid foot [LMF]), ¥Z(left rear foot
[LRF]) 221e] A= (right fore foot [RFF]), S (right
mid foot [RMF]), ¥ (right rear foot [RRF))S.Z U+
o] 7} 7PH A A HHE (vertical ground reaction force
[VGRF])2} HZH 2] (contact area)2] Hvtz} XFHAE A
2k

4. SA =

oz siejd ©l3 7pY | 43 Al, LFF, LMF,
LRF, RFF, RMF, RRFoIA Uehbe 55 &7]0le] =
A SES BAsh] flel FAAEE I HEHA <
Htk(mean valueyS AXFEIIR, o] W FRX AU LS
7k 2271019] AA| A7 (body mass)O = Lo dwks)

Figure 1. Ski turn phases (I: initiation phase, S1: steering phase
1, S2: steering phase 2)
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(normalization)d}Ath. z} Wl EYRE ttestE AAIS)
o] FAIARI Aol AN, oot o=052 A3

-

ST
nm. 2 =
2 A7 g 712719 wolF iy |y o
FARD 71l 7P "o S B3l e 27109
5 271019 | P8 FRRAENE R HEEAe] 9
TS B LS TH(Table 2-5).

1. Hlo[% m{z{& H

Initiation phase?|4= LRFOIM S5 27]0] Hete] 4=
AR R o] fefsiAl AA YERAL (p<.05), LRFSH RRF
NN T 2710 Fe] HEAA] FoeA A e
S Th(p<.05).

Steering phase 194+ LRF$} RRFOIAM FF 22719
Ante) AR GERAo] felabl 2 et
THp<.05).

Steering phase 2914+ LRFAIA FH 27]0] e
FAA AR A} JEA A o] {FofsiAl A VERATHp<.05).

2. 7K ©

Initiation phase|Al= LRFe} RRFOA S5 27]0f F
o] FAAHE A HEHZ o] {FoshA| A UERstt
(p<.05).

Steering phase 1941 RFFoIA 45 27]0] e
FAAHREE o] foJstA ZA] YERd(p<.05) ¥HH, LRFS}
RRFOAM= T 27]0] Jete] s Rk 2 J5H 4]
o] fFeatAl =LA VERATHp<.05).

Steering phase 2014 LRF9} RRFOIA FH 227]9]
Hete] AR 2 HEA A o] frolsiAl Al Vet
THp<.05). ¥HHol| LMFS} RMFolME A5 7o) Hdet
o] FAAANE I JEFHZ o] fFolsiA A vEbsT
(p<.05).

V. = 9|

AE] 271 A WzE At 27]09] & P 9
3 4% ¥ (upstem turn), Th<~%] ¥l (downstem turn),
wolz ded ¥ Fo] 7|2 7|&S ol8d uyHE )
gk, ol LUl 27|18 AEgA|go g A7
7P 2 93 sl JtkMiiller et al., 1998). H=3F
Abol = Z(side-cutye o83 7PY271e] LR <le) 7}

W glo] HAsiEAEA 7P "ol digk wgy side o
&3l Ap7) o]Fo] HHGreenwald, Senner, & Swanson,
2001). T8, 3714, XAy 52 23 (external force)
of fEste Gl 2719 A9 AATE 2 e AR
o] & kg B3l 27 FHo|E oA9A AYEEAT) F
Q3lKKlous et al, 2012; Vaverka, Vodickova, & Elfinark,
2012; Stricker et al., 2010). 3FA|¥F olel] st sl
257 Bt AP KA o)Estal 7] wiwel], &
AFANE o 2710171 wlolF] sigd |d3t 7Py |©
T Al Yehbe SAYY s Fstste] vkl
e A=

1. HO|% mz{¥ H

Initiation phase= 27| Z#|o]|E9) 7IBIAE F3lE =
o] un-weighting 71522 o|#] A|20#|(edge change)s
Fash= F7rolthMiiller et al., 1998). ©] dAolx= 9
] S0 X T 70| FAA ] folEkA A
Al VPG, ko] S=oX T 2701 HEHA 0]
frelstAl =A vEbstth o] 3= un-weighting 715S
Feys7] {3l AAIFTAS =ol= initiation phase A 7
= 27104l vlsl T 27019 F& A=rt fosh A
A WETT B3 Miller 5 (1998)2] AT Ao} g
A, T8 2700l A oE AHFAR] un-weighting 7]
2 TP Xg Aoe=m A7tE.

wo]2] @ Bl9] steering phase 12 2:7]9] wieka}
o] gEbA 7)Y (skidding)yS B3l AlES ARl
= kg Miiller et al., 1998). ©] Wi initiation phase
of Al A542] un-weighting 7152 33 A 27]019]
735 AFe] FAAANE A FEH A o] HwA o F 73
FS

A= US
YERAAITE, un-weighting 71558 T334 E3lal
ol Azo] Holdd F5 £71019] 735 steering phase
1oA] AA] FF0] FAXANE ] HEFHA o] {25k
A JERTh Gl 27 27]01e] A wet
EHA 3 HEYHo] AA 7] Wl (Heinrich et al.,

2010), A &H o7 TZo AFo] A= TH 271019
il—?,:z‘s]— 2=
= = 1T

AE A 27108 o] AE AMeS =

L5 2AUS F4sloF dota Addn)
wolZ] g2 ©9 steering phase 2= £E& 24
L3k meRs BAske s stk
o] & FZroltiMiiller et al., 1998). o] F-7rollA
2~7]0]% initiation phase®} steering phase 1°14]<}
o] YL TFol|A FolsHA F FAAANE T HEFHA
o] Yelutom, ol A &7]ofl Hlg| ¢HE A7)d] T
B2 Alzo] AEdeS vERIT Kioll 5 (201082 F
271015 e R QK the(inner leg)t vPE TH

%o,
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