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ABSTRACT

Korean traditional martial arts Taekkyon has a unique stepping method, Poombalbki. The purpose of this study was to
investigate kinematic factors and ground reaction forces on two types of Poombalbki, one of which use knee bending and the
other use chiefly hip bending. Six male tackkyoners who are the students of Y University participated in this study. Positions and
velocities of CoM, the elapsed times of each phase, angles and angular velocities of low limb joints, and GRFs were analyzed for
this study. The results were as follows; CoMs of whole body, trunk, and head were more posteriorly positioned in performing hip
bending Poombalbki than knee bending one. Horizontal velocities of those were slower in performing hip bending Poombalbki. A
player stayed more shortly within range of his opponent in performing hip bending Poombalbki . The vertical and horizontal
components of GRF of forward-stepping foot were smaller in performing hip bending Poombalbki(p<.05). In conclusion hip
bending is useful strategy, because A player is farther from his opponent, he stayed more shortly within range of his opponent,
and the smaller weight is loaded on his front foot in performing hip bending Poombalbki than knee bending one.
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Figure 1. Events and phases of two types of Poombalbki
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Table 1. Summary of anthropometric data for Subjects

s o fem e e
S1 23 182 64.4 19.4
S2 2 183 82.1 245
S3 2 172 654 21
sS4 2 187 71.6 22
S5 26 172 735 24.8
S6 21 172 582 19.7
M 227 178.0 702 21
SD 1.0 5.1 6.5 L5

2 AY=7 2 AR

2 A7 BAE FPsbr] st 32k FAREA0] AAE
Atk AR FHe A QualisysAhe] Hed Tt
(Motion capture system$] Pro Reflex MCU 240, SF. 100
framefsec) 7HH7F AREELOH, FE7] T2 F AN S &
get7] Slsted F o] AR 7| (Kislter, Type 9286A, SF:
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1000 Hz7} AFEESSE 53bo] efAle 77+ NLT Table 2. Events and phases of Poombalbki

(Nonlinear Transformation)*J*H-2 ©]-8-3}4] calibration =|%}.0.H, Event Phase
Zt 717189 SxE "ol AFE o) EA=ch No Description No Description

ZF AL B Ao 9A 8 FHSETS AA El  Right knee Goomsil*  |Pl  Placing left foot forward
show, H24) wpA Y E}O]ZE AL £ A Fed E2 Left toe contact P2 Saving potential energy
At 58t AR s flste JIAlE 13749 &

E3 left foot Daejup** P3  Releasing potential energy

Az 749 BA=Z A9 o}ﬁjl’ ol2 T}y st

2 TA@AN: 247), 2A01A: ag7he] BAbelA L ) F4 left toe off P4 Pulling left foot back
Hz}o] Eo H2}] ] cHFigure 2). E5 Right Knee Goomsil* P5 Closing left foot to right foot
2t ole] AA SR AelE e AR AE% B B Double Sace -
Ak FARAY WA FALS A AREE ANZ AN 5 Lo e G| e R
standing calibrations- A §, FARATS B35 &) A9 * Goomsil : Maximal flection of joint
FAS st wel AdAgE AdFRE Y5 s ** Daejup : Placing one foot forward towards opponent
S8 AR AN F89 d5E T8, F 43 E
Hlesd Fvidk dE9E FUDE 0% B HiS: 2) &4 W
2 A2 TP 0}‘4 selen, + 52 3t 2% 2 A7olM A= WSS AAFATAHC T 74 &
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QY e yFoz st LEWMEH tet xF= IR 4x R A&, Jeja Aoy, 74 w7t
AR5} Aol= <Figure 3>3 2t
AZAA 49€ & = Random ErmorE A|A3}7] 913t
¢ Joint markers 1 A=E HOlE-L Butterworth 43} AGZE(XFH 314 6 Hz)
® Tracking makers £ ARgate] ZEE HUTh

Hip joint angle

N
s

Positive : Counterclockwise
Negative : Clockwise

Ankle joint angle . Knee joint angle

Poombalbki Standing calibration

Figure 3. Definition of lower limb joints angles
Figure 2. Anatomical location of reflective markers
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Table 3. Horizontal and vertical displacements of segment CoM and distances
between types for front foot and back foot

(unit: cm)
displacement of segments | distance between types*
seg | type
hor ver | BF¥* p FF* p
KB M 623 03 00 000 15 .030
SD 73 02 0.0 - 12
feet
HB M 610 03 - - -
SD 7.6 0.1 - - -

KB M 208 65 86 04 102 .000
whole SO 51 21 | 42 - 29
body M 194 51 | - - -

HB

D 63 12 - - -
KB M 190 8.0 92 04 151 .000
SD 54 24 4.6 - 4.0
trunk
HB M 13.1 6.8 - - -
D 66 25 - - -
KB M 151 56 | 315 001 114 004
s 170 29 | 110 - 55
head
M 98 2.8 - - -
HB
D 59 L5 - - -

* Distance of relevant segment CoM between types
**BF : The foot put behind

***FF : The foot put in front

KB : Knee bending type, HB: Hip bending type
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Table 4. Difference of CoM speed between types

JeaRPIPYN 07 FIuUTH RS o] Bof ek

(unit: mys) 5 o o
o o Ve D KBHD) Hor. Dift. (KB-HB) 7*——5 ;}E} s E}f’ P:PBiL‘?iE ﬂlﬂfi BERIEGE I
g P M <D » M D » = BAZSE 93 lol= gl eIt
PI 004 010 366 010 007 .00
P2 001 006 643 007 003 003 2. ZEE 2947
whole P3 003 004 115 006 003  .005
TR G on m o os op g U S8 EHe S I9Y 490 033 fan
P6 000 0.08 994 004 009 357 o giH=AP-PI)IAE B FA UERor, diks
Pl 012 013 065 027 040 .15 ko2 WP, AYEC)7IP4HS} & ulFE7)(P5-P6) HOA
P2 004 003 012 010 006 .006 g 24 yehgok
et P3 016 014 039 006 006 075
foor P4 015 023 .18 026 034 .16
P5 -047 052 074 0.88 041 .003 Table 5. The elapsed time of each phase with Poombalbki types
P6 011 010 .02 017 012 .00 (unit: sec)
PI 011 01l 08 027 012 003 hase KB type HB type Difference (KB-HB)
P2 003 005 .74 016 009 008 M SO M SO M 8D P
op P3007 004 015 014 010 0 Pl 18 (26 212 048 -027 047 220
P4 008 007 050 025 013 005 P2 250 04 238 036 012 007 010
PS 009 012 .30 008 008 .47 P3 250 04 22 017 08 020 019
P6 002 010 605 001 003 630 P4 155 053 261 .09 -106 046 002
P1 -0.13 0.15 .101 0.33 0.24 020 P5 170 020 211 068 -040 077 256
P2 009 0.09 058 0.25 021 035 P6 206 038 246 066 -040 040 058
head 2 010 005 003 027 016 009 A 1206 142 1389 300 -173 189 075
P4 012 012 062 028 027 051
PS 003 005 259 006 013 317
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Figure 6. Vertical displacements and CoM velocities of segments
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Table 6. Means and Standard deviations of difference of joint angles

betvieen types (unit: deg)
Joint PL P2 P3 P4 PS5 PG
M 36 193 164 00 89 -137
Hp D 72 67 100 41 72 80
p 28 01 00 9% 028 008
M 06 07 20 -2 28 22
RLlEggt Anke $D 31 31 24 35 52 57
po62 62 105 46 247 38l
M 53 107 83 73 47 103
Knee SD 56 106 112 62 66 55
p 06 057 131 035 140 006
M 09 270 21 88 -ll4 -60
Hp SO 66 86 88 99 103 89
p 751 001 02 0% o3 .16l
M 84 37 40 19 29 11
Lﬁg Ake SD 75 36 51 50 32 27
p 09 057 116 388 019 365
M 24 93 8 199 52 02
Knee SD 61 75 47 116 63 40
p o3B3 09 00 009 102 898
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Figure 8. Angles and angular velocities of knee joint
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Table 7. Vertical and anterior-posterior GRF data

(unit: BW)
KB type HB type difference
FP Event
M SO M SO M SD p
El 133 022 127 023 006 019 .466
E2 033 015 041 009 -007 020 .39
E3 005 005 029 007 -024 008 .001
Ve, 1 E4 052 019 050 012 002 010 .660
GRF E5 118 019 121 028 -003 020 .720
E6 048 017 053 011 -005 020 .58
E7 132 027 124 023 007 018 .349
2 E3 148 035 125 023 023 022 .46
El 028 003 025 004 003 002 .04
E2 008 005 006 001 002 004 347
E3 001 002 -010 004 009 005 .004
Ap | E4 014 005 011 003 003 003 .026
GRF E5 027 005 023 004 004 006 .19
E6 013 005 013 004 000 006 946
E7 004 007 -006 007 011 005 .002
2 E3 042 010 -036 009 -006 004 .014

<Figure 10> tQ(force plate 1)Z} t3(force plate 2)
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