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ABSTRACT

This study investigated the center of mass and lower extremity kinematic patterns between carved and basic paralell turn during
alpine skiing. Six experienced skiers (age: 20.67+4.72 yrs, body mass: 72.67+7.15 kg, height: 171.00+5.51 cm) participated in this
study. Each skier were asked to perform carved and basic paralell turn on a 22.95° groomed slope. Each turn was divided into
the initiation phase, steering phase 1 and 2. The results of this study show that the carved turn spent significantly less running
time than basic paralell turn at all three phases (p<.05). Also vertical displacement of the center of mass was significantly greater
in carved turn at all three phases, whereas inward leaning angle of the center of mass was significantly greater in carved turn at
the steering phase 1 and 2 (p<.05). Bilateral knee and hip joint angle were significantly greater in basic paralell turn at the initiation
phase and the steering phase 2 (p<.05). On the other hand, left knee and hip joint angle were significantly greater in basic paralell
turn at the steering phase 1 (p<.05). In order to perform successful carved turn, we suggest that skiers should coordinate bilateral

knee and hip joint angles to adjust the center of mass, depending on three ski turn phases.
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Zh(ski-snow friction), ©1¢] ¥F(turn radius), 2~7] ]
Eo] B4, &5 w} Hslee 5duA 5 715
@Eol] FEFS wX = Aol ik et 59 A
71 o]¥R| AL Atk (Federolf et al., 2008; Hintermeister
et al., 1995; Hintermeister, O'Connor, Lange, Dillman, &
Steadman, 1997; Supej, 2008; Supej et al, 2013; Supej &
Holmberg, 2010; Supej, Kipp, & Holmberg, 2011). 3}
ARE Yol 27190 ge] 2-SEA 270 B 4
LA S 271019 7eFde AT 5JTE A7t v
w3 s o] Fol|A] kol A Aol AA ofE
skal Qe AAgolth

ARl A7)olM "o FRe S dodle Wl
w2t IA 7Y B(carved turn)3} 2719 El(skidded
turn)O. = UpPdTE 2719 'l 27]9] Wk Gkl
28 Al FAUA 7] wiEel] &7] dH AW A
ol9] wmhEHZAO] YoXA FErhKlous, Miiller, &
Schwameder, 2012). WA 27|19 €He =3 &2
FABE] 913 71s2A AREORH, 712 Als7]ed
2z =27 3} (pflug fahren or snow plow)-E A &5t
27 SHOIEE ooj(AE FAgl] HE s 22
2 BA(pflug bogen or wedge turn), Y&3 A Fo0lFS
e d2"l Elupstem turn)} T2~ El(downstem
turn)l] o]ef, 27] ZHO|EE AU AR FAst] B
FeYsl= #olZ] P " (basic parallel turny7}FA] thdst
WA Bd 9 AlE JHeE E8EHI UH
(Hintermeister et al., 1997, Maxwell & Hull, 1989;
Miiller et al.,, 1998; Park et al., 2013).

7 |2 27|19 "ike thE2A 2719 W
o] 2 Aol FAlo] A7]ek AW 7he] wmho] A
7] wiEe] wE £x2 S sl & o AgEE A
H71e2 EFEKlous et al, 2012). =7t W 7
gold 271U A ST10l AN FE= AREY 2T
271047} A 21 = AFW] flal ejslord F44
1 7lelth. 7P ©2 7] ZHo|EVE A BE
7h 98] wAe ARt wEol] & oA ZhE(edge
angley’t 4202 QEH, o] 27]oje] 39| 9
& ZAA P ch(Federolf et al, 2008; Federolf, Liithi,
Roos, & Dual, 2010; Yoneyama, Kagawa, Unemoto,
Lizuka, & Scott, 2009). W& 7P B &l 7]
A HE 271019 712 oAAA o We §
(tip)} Bl (tail), F2 F5(waist)2] Ale]= Z(side-cut)yS
Zte FPRIAT)7F AN ERA A2 olA] AERE AR gt
7ol 7H BE A 5 A FHAL, AEAS 27)0
T e TS AR $5 F e VIsE Edet

S tH(Greenwald, Senner, & Swanson, 2001).
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9 ®| AL A&EEFE B3 7] FolE A5, &
o AFE olF A= AFS sl "ok Fukl 24
Aol ok 27 (inner ski)BTh= ¥PZ 27 (outer ski)=
o]gsl] G5 alfof s T 27]019] g o &
710l Bol e]Este] Sehe v, A &7ole] A
v 2718 53| &aste] EFSth(Kim et al., 2014;
Kroll, Wakeling, Seifert, & Miiller, 2010; Stricker,
Scheibera, Lindenhofera, & Miillera, 2010; Vaverka,
Vodickova, & Elfmark, 2012). 58+ 2~7] 7k uwje} 2
viere] H-F-goll AFS st Aol F8gH], T3
27loje] 74 i Slgx|ol] tiEe] AlSe] EaxEe] Q)
o] 7] EYo|E o] d&etA] K3k WA, A 27
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W E e A= AES AlF BxE e g5
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Table 1. Summary information for the two groups

Experienced skiers (n=6)

Age (yrs) 20.67 (4.72)
Body mass (kg) 72.67 (7.15)
Height (cm) 171.00 (5.51)

note: mean (standard deviation)

Figure 1. Schema of the experimental setup and analysed phase
at the 8th turn

MEP.
3. X2 X2

FIAE EAS 93] Kwon 3D 3.1 (Visol, Korea)2}
Malab R2009b (The Mathwork, USAYS AMESISic &
Y¥ FA" ES DLT (direct linear transformation) %

Egﬁ _1_7]._,4__LE‘ AR 0]’}%—1— 7\]21] /\]_,,], o}—Z] _‘4.}(4
Zh,;g Arkststl sk 1e71e] AAJEH 9L QJAAE
A A (left/right acromion, lateral epicondyle, ulna styloid
process, greater trochanter, femoral condyles, malleolus,
Ist phalanges and heel)S ZHE3}sIATE EAAEE
Betterworth 2th low-pass filterS ©|-83lo] =o]ZE A7
stRom, oju Xp=Fulre 12 Hz= A7 sk3ith

7} 27107k g 7 7] A "’ JeARl |
oNx Al FHOE o] FASIITH U HollA 0 8%
HoZ Hety= #710g 27ofe] AlAF4lo] Aoz
$2]o]= F7K(initiation phase [I])7} 3] AJZHE
A (fall liney7FA1©] 3 HA| 3777} (steering phase
1 [S1]), HhBAPAA Ty 9% |o] 277 A|ZH
78R ] F HA 8477 (steering phase 2 [S2])o-2 U
o] B3R THKim et al, 2014; Miiller et al., 1998;
Figure 2).
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Figure 2. Ski turn phases (I: initiation phase, S1: steering phase
1, S2: steering phase 2; Kim et al., 2014)
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Table 2. Running time of carved and basic parallel tum (unit: sec)

Phase Carvedturn  Parallel turn  t-value  p-value
| 0.27+0.03 0.44+0.05 -14.467  .001*
S1 0.34+0.05 0.4540.13 -2.302 .070*
S2 0.32+0.03 0.66+0.12 -7.855 .001*

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.

Table 3. Vertical displacement of the center of mass in carved

and basic parallel turn (unit: cm)
Phase Carvedturn  Parallel turn  t-value  p-value
I 64.96+3.12 78.08+3.36 -6.191 .002*
S1 48.66+2.58 68.46+6.03 -6.229 .002%*
S2 43.44+1.57 64.93£5.50  -10.031 .001*

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.

Table 4. Inward leaning angle of the center of mass in carved

and basic parallel turn (unit: deg)
Phase Carvedturn  Parallelturn  t-value  p-value
I 24474349  22.4245.62 652 543
S1 46.58+4.06  33.83+5.40 4.368 .007*
S2 48.11+2.08 37.8543.40 5.968 .002*

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.
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(Table 2, p<.05).

Table 5. Lower extremities angle in carved and parallel turn at

initiation phase (unit: deg)
Carved turn  Parallel turn  t-value  p-value

Innerhip  74.9549.50  118.9349.57 -12.335 .001%*
Innerknee 101.17+3.46 124.46+6.17 -7.708  .001*
Inner ankle 102.59+8.20 107.86+13.11 -1.238 271

Outerhip  71.28+9.01 109.4849.59 -7.449  .001*
Outer knee  94.48+8.49 116.84+6.83 -6.597  .001*
Outer ankle 102.39+£8.59 106.02+11.13 -1.918  .113

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.

Table 6. Lower extremities angle in carved and parallel turn at
steering phase 1 (unit: deg)

Carvedturn  Parallel turn  t-value  p-value

Innerhip  65.43+8.71 100.40+10.87 -6.075  .002*
Inner knee  80.94+13.78 111.34+6.88 -5.371  .003*
Inner ankle  96.65+3.80 100.06+11.81 -.664 536

Outerhip  121.10£9.25 123.26+11.68 -.412 .698

Outer knee 134.61+18.09 134.55+10.55 .014 989

Outer ankle 93.24+7.77 102.53+12.38 -1.315 246

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.

Table 7. Lower extremities angle in carved and parallel turn at
steering phase 2 (unit: deg)

Carvedturn  Parallel turn  t-value  p-value

Inner hip  57.44+12.53 99.11+10.83  -6.870  .001*
Inner knee  85.35+10.02 113.56+4.61 -8.153  .001*
Inner ankle 102.99+11.59 109.99+12.08 -1.661 158

Outerhip  89.58+9.49 113.38+13.61 -4.990  .004*
Outer knee 116.29+5.47 128.84+7.52 -3.032  .029*
Outer ankle 103.30+4.64 111.94+7.71  -2.423 .060

note: the * symbol indicates a significant difference between pre-training
and post-training at p<.05.

2. 72HE MHANBAe FEEH ' 7271

AAFAL FAHL = 7P | £ Al BE A
frolaiAl 2 YeRSTtH(Table 3, p<.05). WHa, AlA154] 2]
71%71= 7P © 8 A] steering phase 13} 2914 &
oJ&HAl FA| YESITHTable 4, p<.05).
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3. 7iZbE SHX| A2t

Initiation phaseclAl= #lo]Z] s © 3§ A], =
FEI dudEzte] oAl A JEFTHTable 5,
p<.05). WHH steering phase 1914]= w|o]Z] Iz &
T A, R ERE) I duEze] foskAl =
YEFEIL(Table 6, p<.05), steering phase 20A1= H[o]
2 sl | 8 Al FE FEI JudEze] folst

Al FA YERETH(Table 7, p<.05).

Iv. = 9

Gl A7)= Aol Zg o8& FPYAT|e AR
I8l & o WEi A9FAR] 7P "Ho| HSIEWHA, 7]
& 279 7lsedA Hloju e 2710E AFH] fls)
HIEA] FEFoF sl 7€) HATHGreenwald et al.,
2001). 7 He 2 ojx] 252 PeT a1, o) 7]
ole] Ao oJs) A7) el 7P 'S Fe}r]
Ak 27109] ApAle] #AG E8HA Aol Fasitt
(Federolf et al., 2008, 2010; Yoneyama et al., 2009).
F AEA S 27]07F wlolF] e BS F53 ol
7 & F53817] flall =gsiAIRt, o]l w3 A wksid
A7 Bt A Aol gk wHl oEskar
U= Aolt). w2 AtelA= wolF] siHd "t
7H © 8 Al YeRe AAFA T s 5
2 g AFstete] vzt skt

TR e 7P | Sl AL BE RolA A
Al YERADL, ole 7]E AATe] Bael o] 2 =
719] ©1 58 gl Eatal wolZ] defd ol H]
g 7 ®lo] g wE 55 7k g TIEdS
eRATtHKlous et al., 2012).

Initiation phasel= UWHH O 2 o] A21%](edge change)
TZrolgtal B9 "3 ' Ato]o] A ko R Ao
=, 2&7] FHolEe dgxHe Fs7F o= un-
weighting®} 425 7] Z#|o|E7} AWz o] =, 3t
& 7] ZHolEd Fspt X9 A B wEE FAA
(neutral position)2 X3$F3}= F7+o] th(Federolf et al.,
2008; Miller et al, 1998; Miller & Schwameder,
2003). o] FelME 7P | S8 A, 4 FE9 9d
wAzo] ol Al EREAL, AAFA] ALt
FroleAl 2k v, A4S 7187 fFole AfolE
Holz] gttt 27107} Hjo]] sfejd |of H]s] 7h
8 53 A, e JuUHEE ARSst AASA e 74
HE WFe A Afels A gkaol o) Fofxl &
7] ZY|o]E7} initiation phaseoll] un-weighting®|o] &)
2oFo]l A (camber)Z =0l WA WISl v oF

1.5-201¢] &5l thete] Aol #3S fAlsk] 9
Sk BAzlg o2 AlZbE th(Heinrich, Mossner, Kaps, &
Nachbauer, 2010).

Steering phase 1< 2417k initiation phaseE A|,
3ol AlEtEE AR AiAM (fall liney/HA19] ©
o2 HoJEthMiiller et al., 1998). ©] F7toME 7HY
g 3 Al AR FAHATE FolshAl 2l vERt
AN, AATAE 71871 JA] A e =9
23 JuUAAL od ke b2, 7MY | 5
Al, &% oh (inner leg)llAe 2l WERSAIRE, vb2 o
(outer legellXle fFolg xpolE HolA ¥t 7MY
Ho] A9 Ate]= A3 22 JH(reverse camber)ol] 2]
8l © 3o A7k AAEL, oluf Alel= A 7] S
o|E9] R o8l A== wh, W& A= 7Y
g 73 A, 7] EF0IES ol (edging)ell ol AR
THHeinrich et al., 2010). =3+ kx| o g Aujo] 27)9)
RE ®e g3 2] Wlske Fohe v telE A
Hr}l. Kim 5 (2014), Stricker 5 (2010)2} Vaverka 5
(2012)9] ArollN 7] SeolEe] Ll 27 Al LAY
she FAAANE S ZALeE A © 7 A v 27
o] FAXHRkHo] QK& A7|HT}t FASHA A UrER
&2 H U3} WA steering phase 19141<] 71 ©
o] o] AT 71&7]0l oEste] HHEolle A
o2 AZEH, oju WA E = g v 7)ol st
= FE 2717F WelEA] RS K FE I
HAE F3AT)= v, wleolF ded "e AAFA
71€717F Aol <& v A EHE fXleke o= 3
feaEl=g

Steering phase 2= HZAAMINE s ©o] 2477
¢l initiation phase”} AIZE]7] A7) 3O 2
Aotk Miiller et al., 1998). ©] F7Fo| A= steering
phase 13} 7ro] 7P ®1 38 A], AASHL] T2 HL7F
frolsHl 2l vERt SAlol, AAIFSAS] 71E7] A A
Al vebsdth v, 7P ©| R Al G TR U
Hztol fFoJetAl 2Al WERbHEA steering phase 13+
o2 siele Bt HdZdAMI o]F9] steering phase 2
o] F8 7lse Hold HHd Bl Ag EFEEE A
ofgtal 7] Zo|Ert F=sHAl vlItE A= F(lateral
skiddingys WAsk=d e W, 7P ®lolXe F& 4l
HA2E o]8sk HAA S5 (eccectric contraction)S 53]
TAE o) WAske FokE WEl=H thMiiller et
al., 1998, 2011; Scheiber, Seifert, & Muller, 2012). ™
2hA] WlolF] e B2 H AP o] AR
2o 718719 AARTR= ASS 27] ZHolES] 3
T (tail)el] ol EA7I=Hl FEsl] wiel kA W &
2102 vwA AA dojubA HtHKim et al., 2014). ®F
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Holl 7HY | AAFA ] FEHLe 778 AEH using a finite element simulation of a carving alpine ski to
o= ax5l] 7P BIS 2=8)3l] 98t 2B o]AL A mvr;;stligatz thedtum radius :;nd 1;5 de;peglde.nce on e;lég(lgl)g
_ T angle, load, and snow properties. Sports Engineering, ,
%A shY, t& ¥ initiation phasei-‘?] A4z 748 135-141.
== O
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unit IMU)S ©]-8-8F 331 584 418 &3l HES
AHEE B g w40 o] aETh

V. & £

o] dAFelM= LRl £71¢] HjolZ] i ®lx 7P
| 58 A AASAF s AEe] @EEH dus AR
slete] BlaL FA ST ol S8l HAdE 2710 S
do® AAsIen, 7t |8 Al #7108 o] 48
AIZE, AASA Y] =ole) 7127, siRIEZES AT
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