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Three-dimensional kinematic differences beween turning skill level and
radius during alpine skiing

Joo-Nyeon Kim*
Korea Ingtitute of Soorts Science

[Purpose] The purpose of this study was to investigate the three dimensional joint angles of the
ankle, knee and hip during basic long turn, carving long turn, basic short turn and carving short turn.
[Methods] Fourteen alpine ski instructors from Korea Ski Instructor Association participated in this
study. Each skier asked to perform 4-types of turning technique, classified by radius and level. 8 inertial

measurement units were used to measure three-dimensional joint angles of the ankle, knee and hip
joint. [Results] Significant differences were found the lower extremity joint angles on the mediolateral
and vertical axis during long-turn and carving-turn (p<.05). significant differences were found the lower
extremity joint angles on the anteroposterior axis in the steering phases 1, 2 and complete phase (p<.05).
[Conclusion] In the Alpine skiing, the short turn requires a complex movement of the lower limb joint
compared to the long turn. When performing a long turn, the movement of the ankle joint on the

vertical axis are required compared to the short turn. And the carving and short turn need to the

movements of the lower limb joint on the mediolateral axis.
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A 7F2X]7] 98 wFgol A &A o= s 1 et
(Inter ski, 2019).

Aol 719 3|A7EL, WA 3HuH (radius)
A7]ol whet 29 (long turn) & 28 (short turn) &2
ot 27 e a8 w, £2Z(slope)9] o]
2 A GG E YA AHE F gle 75

P

HE7] e e AuTt &
Atelol] phaE Eol= 27]9H (skidding turn) AlE
714S AHE3THKlous, Miller & Schwameder,
2012). 27|99 & 27]¢] wako] gHlgku o) 37 9
oF&-S gkl sho] o9tk (attack angle)E THEO
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g3ate 71EES 9vlgth(Hirano, 2006; Tada
Hirano, 2002). ¥8tH o2 ~7|9& o] &3 3|47
< HEE 571 =2)7] wEe dolert we 7
(basic) 7|&= A}, B2 2705 e &
2 23317] el 7P (caving turn) S Z&3t}. 7}
WE-E 27907 (edge) St AW ko] A4 g (shear
resistance) & £0] 2~7|do] dojuA] &g o], ~
71¢] 3Jojzl 715t A E WA SR st Ve R,
o=t £ A7|eZ EFEH(Mossner et al.,
2014).
th3h7) A =21l vl (Korea Ski Instructor Association,
KSIA) el A= 3] A ¥H (radius) 2 ol =(level) ol w2k
a3l A7) g77eS Awstete] waS JHale
3 Qe WA A o] 71 FEAG A do| Tl m
2} nlo]2 EH (basic long turn)@ 7HY ¥ (carving
long turn) &2 FE5ta, A o] e SEAYG
Al o] ol ma} wlo] A £=28 (basic short turn)Z 714
£2E] (carving short turn) &2 FEHTHKSIA, 2019).
WY QA F27]0le gkt As7ls ¢ 7184
A H7sS o3l &, ¢ 275 Udked T A
ot Hlo]Z] FE& 28|A Frk(Miller et al., 1998).
ARt 0 7 FgF27]0)7) wo] 2] FH 2 53 o] %, %
271012 AFU7] 3l wolA fElou 71 FH S
& WA 71EEHN Addgoz FAs Ha, v
AZ 7 S8 9 ] A doh, spA| R x]:v]}x] O
AE|27] 7]z el ti gt 40
Ll ) X}%J_(degree of freedom) & 1L
ShA] A o] o] HA|A] ol AEA 74
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A gt Muller 5(1998)& Hje]7] THS gt

Z A7z U 54 EH L AAR, AF 2~

7101et 5 2719 el FEZ4E9} 279 Wkt 9

°ﬂ7§7—1} %= (edging angle)oﬂ A Zpol7t e Ao 2 Hust
H)

% gdo] vla) &
G wad, B0 ca%ow AN &
B0l 7t Bo] 2 i AR ES nela @

7] Wi, AT A TS AEAK27019] TS A
gk JholEeRRlo R &g 6?7101] Agdol sk wg
Kim, J. H.2} Kim, J. N. (20
A 46l 2kl HATIY £ 04 2
%, A 2 e 339 £49
#40] o4 o} 7| &% 5 B
SA Zege. B oheh, A
4 46, 7py B0 i@ A7
3l 27 BN 713 o] 27 o} 4BA §27)
| $537] 744 ofel & by

237} AR SA) ol ABA %2710l 9] TS
4 2A% AHA e ase oEsn 9
154 AT BB Ao ZAAE AN 9D
A WEA oY B AHEE 2ee 339
4g vigoz AFAs AN olok 3],
S0 me 48] o]g Ao} g}, Lfel
27)& €9 (external force)oll @S A We 2X2
7 27]ole] IA el whet o]e o] 2h-go] W3tE 7] Wi
o) (Gilgien, Sporri, Chardonnens, Kroll & Miiler,
2013), 32k &FA EAo] BIEA] o] F o} gt}
weha 2 AFE weld FH, 7P B8, wold £H
7MY $£=619] 31447 (turning phases)d &5, ’?E
Mg B3l 714 Aol & B o 2A
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2 A7 ddAR A7) A 2ad W (KSIA) &%
w2k Gl 7] ZHAF 149 (age: 30.72+3.72 yrs,
body mass: 72.21+7.20 kg, height: 173.97+4.14 cm,
Career: 11.12+3.36 yrs)o] Fofsiitt. e dukel
27 BAEL AR 2EAA A BHEo] 9l W
ofz}, HlolZ &, 71 BH, w4 &1, 71
Fotu A= F A= A Hevel3)
Aottt A48 A Aol i e A3t 3
NE A 2~7)0fo ghato] Aol Fefakitt.
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@l 27] A 71 = AL A TidAke] 7 v
o g +edd BAE AAs] fE w4
(myoMOTION, Noraxon, USA) 7A41'd-& AH-3F5
A&7 & (sampling rate)< 200 Hz= A%ttt

A= %‘?}(pelws) ¢ ATl (thigh), 37l

2

J}LM

(shank) 18] 3L W (foot)ell F-2atith, ofwf el 28
g F29} 27 = a0 7] Wil Fzo F3E
WA HolE & 279 24dE Yl A=
P8ttt 2710171 72+ 8171w 3 Al B A A ol A
ZAHe AzgE FHs ddl, BAZ=ad
(MyoResearch 3.8, Noraxon, USA)= T-BA71& =

EEF} 417 (receiver) & A ZZ Y (follower) 7}
°W7i?4 = frAlstY 271015 FA 59T gl 7]
o] F2AQ EAo| s|Hd7|&= nlA & G A A

98l 16/17 Hero Elite ST Racing (length: 167 cm,
radius: 12.5 m; Rossignol, France)< AH&-3}it}.
A8 A, Eul A7)0 A A@AA] g FE3
e A -4 TH]—?‘Eﬂr zdy QXV]E*;: A5 F
= Exﬂ at7] %OH, 7t

0 V‘ Ze3 7}
2 129, o4 $=Elx} 74 $=el 2 30w <] 8] A
5 : 5 ' FA9 R AAst
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o
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=
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AzAE = Aw T WY FHE AL A&E
ol 31 A ekl AAststh L4kl 22719 3
& 7T 2 ugE 7)o TA(EE #E)9] 2

<8317 W&ol (Kim, Yoo, et al., 2014), zt €9] njz
%] W (ankle), F&(knee), Y@ ¥4 (hip joint)oll
e 32k 4= s FHe 7Y 4 4 s
Y5 BT A H(noise) & AAIT] S
Butterworth 2nd order low—pass filterS A&} S
| o|ul AT (cut-off frequency) & 6 Hz=Z A%
A (Sporri, Kroll, Haid, Fasel & Miiller, 2015).

A2 A 2] Matlab R2016a (The mathworks, USA) &
AHE-3 T

4771

HI

TATFE 27 B AN A5 WwEk
(orientatio angle)©] 3313k (tpeak value)©] &+ AlA
= 349 ﬂ‘/}“ Al o)A} thg 330 Al&bsh= Al o
2 7pgetlon, A WA stagtte 7 iA sagtAl
£ 39 aF7](a cycle of turning)® 7A2ltsich
(Klm, 2018). 719 342 313 e] 54l et 47}
A= EFate] A8t (Initiation phase: 227]¢] #
gzto] AU E Yehll= A RE Ty 3]d o] A2k 7
A7 9] 214 G7F, Steering phase 1: 349 A2
Bl AR (fall line)7kA1e  S1AE7E, Steering
phase 2: AP oA 2 F7to] AJ2bs]7] A7 717]
o] 3437, Completion phase: 3]7¢] EUE A|H Y
] 227)9] Wakzto] A& o] F= Al 7R S AL
Reid, 2010 Sporri, Kroll, Schwameder, Schiefermiiller,
& Miiller, 2012; Figure 1).

Initiation
phase

f Steering phase 1

Steering phase 2

Completion
phase

Fig 1. Turning phases of alpine skiing
S Az

igté 7} 3| 7oA e 33k A zke wk
ZEA (two-way ANOVA with repeated
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measure) & AASA L, FE I (main effects)?] 37
7149 o= (level: basic, carving)®t 3I)HEHA
(radius: long, short)el thet zlo] & ASsHTt F+8
oA frefet ztolrh UErd S AR
Bonfrroni corrections AHE-8FATE B4 A 2lE SPSS
statistics 23 (IBM, USA)& AH&-3tHon, fo¢ES
o=.052 4339

it

3|48 (radius) 2 dol = (level) o] w2 7} 3]717]

A9 9= (mediolateral axis) 2 42 Z(vertical

axis) %Zl%]oﬂfﬂ frolgh atol & Uehdlon, Wy
o] 9% 2 A% (anteroposterior aixs) £2 ol A
ol g Aol & Yetth(p(.05). 24 31d 71« 7+ A4
A A= (Table 1)°] AA8+Ith Steering phase 191
Aed 3d 5o 95 FEJUBE dEE
S IEHAY FA 5 A YA Fo gk Aol & VEH
THp<.05). 2 3 d7]e 3 AFHA A= (Table 2)
o #A|A18kAth. Steering phase 2914 € & JW &4
91 RE S ERwd Y] 25 A YA fref g At
S YT (p(.05). & 3 x7]« 3t AAAdd Ade
(Table 3)°l #A|A&FAT}. Completion phaseol /\1 =

& 53 }\] Ay Z2ad W2 3319 2% 2.ogpde oz Jupde ATz B2.oyy
£ (Figure 2)° Yeh 1 -}’\59:% Foll A UrE]r‘Jr—‘E ez Aol FAZ FAYAM oG AolE ‘JrElr‘ﬁi‘ﬂr
TrEFHAF 3 RS ol Al gEA 23S (Table (p€.05). 2+ 3 A% 7 AHEAA ATE (Table 4)°l
1-4y° JePAT. Initiation phasedl & F&-J9 3 A A sFa T

Mediolatsral axis Antsioposterior axis Veitical axis

~==Carvng Shot

fon (deg)

Hip Flexion [deg)
Hip Abduction (ceg)

100

Knee Flexion (deg)

0 100
Time (% of trigl duration)

Time (% of trial duration)

Time (% of trial duration)

Knee Inernal-rotation (dag)

Time (% of tial duration)

Ankle Dorsi-flexion (deg)
Ankle Evarsior (cag)

Tire (% of trial duration)

Time (% of trial duration)

Ankle Abduction (deg)

Time (% of tial duration)

Fig. 2. Average and standard deviation curves for 3 dimensional joint angle during a cycle (0-100%)
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Table 1. Meantstandard deviation of joint angles and two way repeated ANOVA results in the initiation phase (unit: deg)

Types of turning Main effects (F (p))
Joints
Basic long Carving long Basic short Carving short Radius Level
Flexion 18824572  23.17+1.78"  353343.15°  40.26+3.87"" 403.642 (.000)  17.110 (.001)
Hip Abduction -1.59+2.46 2.28+2.84 -0.49+2.51 -0.9442.15 2998 (126)  .726(410)
Internal rotation 5.44+3 .53 2474399 7.70+4.33 8.09+3.70" 13.098 (.003)  1.281(278)
Flexion 27.00+4.14 22144478 30.79+4.70°  36.72+4.42" 83.933(.000)  .194(.667)
Knee

Internal rotation 2.49+4.49 7604675  -1247+3.99°  -11.8743.11 24282 (.000)  3.212(.092)
Dorsi flexion 5.33+2.68 3.80+3.58 2.33+2.96" 0.64+3.62" 14.108 (.002)  4.071 (.065)
Ankle Eversion 4.18+1.24 1.63£1.17" 1.3242.18" 1.46+1.76 11.994 (.004)  6.981 (.020)
Abduction 6.7343.58 8.4443.90 8.1142.33 8.34+2.49 536(477)  1.387 (:260)

Note. Bold : a significant difference at p<.05. " : a significant difference for radius. ~ : a significant difference for level.

Table 2. Meantstandard deviation of joint angles and two way repeated ANOVA results in the steering phase 1  (unit: deg)

Types of turning Main effects (F (p))
Joints
Basic long Carving long Basic short ~ Carving short Radius Level
Flexion 9.85+5.34 20.56+3.08"  31.13#2.59"  34.50+2.70"" 235.056 (.000)  42.278 (.000)
Hip Abduction -1.45+2.86 1.453.08™ 3474257 4.07+2.38 21.336(.000)  6.566 (.024)
Internal rotation 6.5343.34 5.66+3.32 10374425 11.55+4.26" 23193(.000)  .019(.892)
Flexion 19414244  28.66+6.80"  30.26+3.78°  34.06+4.58"" 62.609 (.000)  30.402 (.000)
Knee
Internal rotation 3.89+4.89 3.78+6.04 3544417 -4.95£2.98" 34.638 (.000)  .312(.586)
Dorsi flexion 4.69+2.45 9.68+4.96 5.39+3.46 3.29+4.52" 6.683(.023)  2.464 (.140)
Ankle  Eversion 1.76+1.51 2.14+1.49 1.7742.16 2.22+1.85 013 (911) 705 (.146)
Abduction 7.0143.37 134242957 9.95+2.22 9.21+2.42 648 (426) 16,517 (.001)

Note. Bold : a significant difference at p<.05. * : a significant difference for radius. ™ : a significant difference for level.
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Table 3. Meantstandard deviation of joint angles and two way repeated ANOVA results in the steering phase 2 (unit: deg)

Types of turning Main effects (F (p))
Joints
Basic long Carving long Basic short Carving short Radius Level
Flexion 21.95+6.03 22244279 29.75£2.14"  34.23+1.74°" 203.474(.000)  5.150 (.041)
Hip Abduction 0.21£2.91 -0.78+3.81 5.5242.88" 7.06+2.86" 47.902 (.000)  .119(.735)
Internal rotation 11.2343.59 7.13£3.14 12.95+4.78 13.59+4.44° 12.250 (.004)  2.801 (.118)
Flexion 28.61+3.39 30.41+6.50 29.7043.53 33.50+£5.16" 2.827 (.111)  4.849(.046)
Knee
Internal rotation 10.91+5.26 10.29+6.46 7.32+4.10 4.79+2.97" 8591(.012) 1.373(.262)
Dorsi flexion 5.75+2.52 7.69+4.78 6.62+3.69 3.53+4.73 1.659 (.220) 352 (.563)
Ankle Eversion 1.57£1.72 1.31x1.35 1.62+1.94 1.63+1.89 .169 (.687) .068 (798)
Abduction 10.81+3.27 15.1543.08 10.94+2.14 8.68+2.52" 14.397 (.002)  2.589(.132)

Note. Bold : a significant difference at p<.05. " : a significant difference for radius. ~ : a significant difference for level.

Table 4. Meantstandard deviation of joint angles and two way repeated ANOVA results in the completion phase (unit: deg)

Types of turning Main effects (F (p))
Joints
Basic long Carving long Basic short ~ Carving short Radius Level
Flexion 2545512 22.79£1.94 31591720 39.08+2.06"" 266.767 (.000)  7.212(.019)
Hip Abduction -1.96+2.43 2244333 4.7343.05" 6.43+2.94" 89.820(.000) 770 (:396)
Internal rotation 12.76+3.20 7.28+£3.65"  13.9343.87 13.2243.94° 11.006 (.006)  7.814 (.015)
Flexion 30.0442.53 2498477  30.15+4.09  35.64+5.73 19.953(.001)  .046(.833)
Knee

Internal rotation 14.55+5.61 13.3946.85 13.65+3.95 11.38+2.63 867(369)  1.531(238)
Dorsi flexion 1.17+2.64 3.4443.89 5.69+3.23 1.53+4.09 1.556 (234)  1.136 (:306)
Ankle  Eversion -0.24+1.42 -0.11+1.60 1.03+1.71 0.16+1.86 3.292(.093)  .770(396)
Abduction 12.36+3.10 11.2124.09 10.28+2.17 7178275 10.486 (.006)  9.397 (.009)

Note. Bold : a significant difference at p<.05. " : a significant difference for radius. ** : a significant difference for level.
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=24 547} 7o 2 o o &
71018l ZHA| Aol & WA AABtaL glofof gt 3
A7) dolxd el ~7)do] FHke = 7|27«
FHo] Futsl = 497 UHY, v 4
ute} BRI & 40&?—‘:%‘4 gl
ol vl 7HA] H7&
7FqiaL, ofel| mhE 7101«] A Apo| = E-ri s}, upe}
A Oﬂ:rloﬂ e 2t 71e 3 2271019 Al tiet &5
gHA Aol & geley] fJal B 33y HEAEE 7
AFERE AR, AFATA 3Nk
(radius) @ 3 47]%9 do|Z(level)dl| WE zto] & &
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2 A7 Ao e & %
blA JEads FE¢ ;g.% O 2 ez 2N
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Short radius turn

Long radius turn

""" COM trajectory
— Sk trajectory

Ski orientation

Fig. 3. Ski-COM Trajectory of long/short radius turn and
ski/upper-body orientation
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(Figure 3). o] #7golA A #HA - A 7] A =W 2]
HREER Qs ¢S 97] Wi, spA| a2 =3AA
P B HagslE e A Y
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S0 o] gk bt o Hef| of-g-8b=(Kroll, Wakeling,
Seifert & Miiller. 2010) ¥Hd, $281-& 3] 7F w2 A
ghol| tiulate] QA (stability) = 98+ & AAE Y
e 2oz xg ZrEth(LeMaster, 2010).
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3 AATE Al HERHE S AT A
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8 A o] Wk frAlgE 2 & E8dte ' F
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Miilller, 2012: Supej, Hébert-Losier, & Holmberg,
2015). {Figure 3)°l|A] Hoi=]= ule} o] 3)H <] A
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upebx] 8 3 Al FE Bje) dEwd ] oA
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