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Analysis of muscle activity and kinematic variables
according to jump type of 3m springboard diving 109C skill
-case study-

Tae-whan Kim', Sung-min Kim? & Sang-hyup Choi**
YKorea Institute of Sports Science, “Beijing Sport University & 3Center for Sport Science in Jeju

[Purpose] The purpose of this study is to overcome the shortcomings of 109C(Forward 4 3
somersault) skill(Level 3.7) for two members of the men’s national diving team(YHR, KYN). [Methods]
For qualitative analysis of the performed skill, three high-speed cameras and water-attached EMGs
consisting of a total of ten placements were used. We instructed the two players to perform single-leg
jump and double-leg jumps a total of three times each. [Results] The results of this study indicate that
YHR and KYN appeared to increase their time or maintain the same time compared to the previous
phase and displacement appeared higher when skill success occurred after the double-leg jump. The
Shoulder & hip joints of YHR, KYN appeared larger in E2 and the hip joint of KYN appeared to
increase in El. Single-leg jump appeared similar or decreased the performed time of the previous phase
in the last P5. YHR appeared larger only at a hip joint angle and KYN appeared smaller at the hip
joint. The muscle activity(EMG) of the two players appeared greater during skill failure than most of

the muscles. [Conclusions] When perfectly performing 109C skills, the acquisition of medals in

international competitions is possible. Therefore, in the future, it is necessary to study all of the

variables that pertain to 109C.
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o Fup B71E (Figure D)3 ol AAdldrt. 94 24

dartfish T2 & o] &3lo] AXF HE x| Hof vt

AL At e AXAIA vl oz 22k 94 B4 & sk 7

Mool Al ok 7l g YL 5 Fuk Yok ek A %

& A7e ool 7R EAA 28 E el woam s sugme g4 4 W8 AN SRS 245

el 544 A A= A, 499 W gok(Figure 2, 3). 3 F AR oletad g}
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Table 1. Subjects information

w2t 3tE ol &aksla, 7hvee] ¢4
A =t g3Edo 298] A9 ek cam 1,
)= HjAE 1, YLERS Aus BAE] 94 Figure 3. Double-leg jump after single-leg jump

29 A eHcam 3)8 HASDA A1EFAY 24 3

N Weight(kg) Height(cm) Career(year)
YHR 58.0 166.0 1 X (Entry point)
KYM 60.0 161.0 13 -
— el ] - BED
P
R
w Aol AHEE A Y| (Table 2)9 20 !
G
Table 2. Measurement equipments B
o
Equipments Model N Company Q
Digital hxr-nx70n 3 Son i
Camera y Figure 1. Camera Position
Electromyog ~ Mini wave 10 Cometa )
ram waterproof
Wiaterproof 3M Tegaderm 10 3M Health
Tape Care
HP Pavilion
Computer  Entertainment 1 HP
PC
Image Sony Ve
editing On)lgro gas 1 Sony Figure 2. Double-leg jump after double-leg jump
program
Analysis Dartfish Pro 1 Ul
program 8.0
Y 7149 AHH G 23S Aako] 27}
& 295 Su
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Figure 4. Event & Phase

E1: E9H(Take off: 2] 232 W Eo|A] Wolx] & 7

E2: 2k 3 3 WA 3|#o] ol A
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E5: = & vl WA gHo] Evhe A4
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filter) & 20~500 HzZ AH&3I9la, SFE ofd&a
THAEASE opdRa-tAY “E%W] o 2l 1000Hz
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ol & A & a7 93l 58 drH | ZE F
Aoglnt. £4 742 EIRE Eo7pA o] ptes & &
BEE A8t (Figure 5)



Figure 5. EMG Placement

LA 5 J|&E
(RVC: Reference Voluntary Contraction)
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I_O_|ﬁ —— o—
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WY (= Al Toe ~AlA T Y& 1 AA), =%
EEE HEdA oA Ha 2F AR S SEE F
FH L, FHAAIZEE tuck 7€ :r”\}f?}@] dg A7A
o At Aotk &, AR F oz
(shoulder joint angle)< =9, 44 Al & iﬂS’Jr &gto]
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& o A Al A dETL o) F= A (oA
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(Figure 6). =3 4 X & % il 7

T A g EA JEsen, KN 94 71 43 Al
P5(0.29 sec) 73l Al 314 Al 7to] gl WjrT} o
7kt Hud7A o 2919 AR 7=
Al o 2A Yehds §40] 3iith(Table 3).

IF m{>

Table 3. Rotation time, displacement and velocity during
double-leg jump

Rotation time(s)
P1 P2 P3 P4 P5
S1 035 032 032 030 035 398 5.68
S2 035 032 03 032 035 393 571

J.D(m) \elocity

T T <

F 035 034 032 032 032 39 5.56

K S 035033 032 032 029 419 5.67
Y
N F 035 032 031 032 027 403 5.49

S: Success(AS), F: Fail(&!zH)
J.D: Jump Displacement(=2F A| Toe 2| X|~PeakA| b 2|X])
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Rotation time

——YHR_S1
YHR_S2

-4- YHR_F
KYN_S

——KYN_F

025 + - . -
P1 P2 P3 P4 P5
Phase

Figure 6. Rotation time during double-leg jump
% Zob gl ol Al
YHRE ElolA F8 #a7=elx e
YA e BRI ot g2l
Al ° 2 Ueist 8 KYNS 7] A3 Al E1
oA golzto] o A WA Ezra Fashe Fert
UehoH, B2 71 A s Wu 7)e A
Al oAz} ddelzel o AAe A B
(Figure 7, 8)(Table 4).
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Table 4. Joint angles at take off, and entires during
double-leg jump

E1(deg) E6(deg)

Shoulder Hip Knee Shoulder Hip Knee

S1 1069 1125 1749 1363 171.2 174.9

H S2 1015 1095 1745 1288 168.4 176.5

F 108.6 1130 1783 1289 160.7 178.6

K S 107.0 1163 1759 1449 1396 174.7

F 106.5 1100 179.1 1251 1435 178.0

S: Success(A3), F: Fail(&!H)

Joint angle
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(2] w0
o o

w
o
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Figure 7. Joint angles at take off during double-leg jump
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Figure 8. Joint angles at entires during double-leg jump

sttt M= 7|z 24

10908 e Az = AAAC AFE
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10003 ¥ W 71 58 A T QL 59 A
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1 P5 7RIl A g ARkl wlel 37 Alzte] g7 vhet
WCh(Table 5).

Eop & HAA G ol e i E AW HEY YHRE
A2 Al 3.99m, A3 Al 3.73m, 3.85m7} UEhgt o,
KYNS A3 A] 3.97m, 3.92m= YRt} E3t o] 54
ZollAE YHRE 734 71 B3l o) et of w2 &
T(5.67%)7F JERtom KYNS ZA$ o|E&mr)
5.28"% YHRe| 71€<& 438 WErh 0.39% o =g
Al ek

Table 5. Rotation time, displacement and velocity during
single-leg jump

Rotation time(s)
PL P2 P3 P4 P5
S1 035032032 030030 399 5.67
S2 035030032032025 373 5.19
F 035032032032027 385 5.43

S 035032033032023 397 5.28

J.D(m) \elocity

Z<X|mIT <

F 035032031032027 403 549

S: Success(AS), F: Fail(&! zH)
J.D: Jump Displacement(=2f A| Toe 9| x|~PeakA| AlIZ A $/%])

Rotation time

037
035
033

——VHR S
031
O YHR F
o
£ 029 YHR F2
=
027 ——KYN_F1
025 ——KYN_F2

023 -
0.21

T.0~1 1~2 2~3 3~4 4~E
Phase

Figure 9. Rotation time during single-leg jump

Al vrebik
A o)A Z3} 22| M & Ato] 7} YERIA & 9%
o}, E20A = 7]& AZ Al o7fzte] ¥ 3A JElge
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ozt o388 A Yehve dHe Bt
KYN®] 7% E1°lA 71% YHR3 Hlwe] B9
17ke] T &HAl Yo, E2014 o722 AR
HE oy FE4T Jdolze A et
(Figure 10, 11)(Table 6).
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Table 6. Joint angles at take off, and entires during
single-leg jump

E1(deg) E6(deg)
Shoulder Hip Knee Shoulder Hip Knee
S1 1110 12451745 1380 1549 178.0
S2 1095 105.1 1745 1288 168.4 176.5
F 109.3 1239 179.8 130.7 173.8 174.2

1047 1171 1745 1382 123 169.9

Z<X| I <
wm

F 106.1 1128 173.2 1403 1452 1785

Joint angle
180

150

o 120 - B Shoulder
Hip

2 Knee

Degree(de:
O
o

[}
o

YHRS1 YHRS2 YHRF KYN_S KYN_F

Figure 10. Joint angles at take off during single-leg jump

Joint angle

180

150
D 120 § g u Shoulder
3 . 4 :
< 2 4 : Hi
g %0 : PR E T
g A 23 Knee
a 60

30

0

YHRS1T YHRS2 YHRF KYN_S KYN_F

Figure 11. Joint angles at entires during single-leg jump
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Table 7. Normalized average iEMG between double-leg and single-leg jumps

YHR YHR
Double-leg Single-leg Double-leg Single-leg
S F S F1 F2 S F F2

RF 141.32 148.72 180.84 183.66 181.29 236.31 189.61 240.67 259.91

BF 71.62 140.6 176 150.01 216.33 225.12 201.2 - 266.55
- GN 224.06 386.47 663.03 758.05 - 472.71 475.81 466.49 478.32

LE - 206.93 168.17 464.84 52.76 38.2 18.63 1922.57 463.81

RF 97.62 119.14 450.03 37253 399.34 461.4 262.28 364.48 311.09

BF 4554 62.98 150.36 136.34 159.43 93.44 113.89 122.47 141.04
R GN 165 176.03 409.81 289.42 331.36 635.42 580.1 640.19 582.18

LE 164.26 149.5 27.01 37.83 46.97 49.05 66.32 1773.58 444.42

LA 23.24 58.32 336.95 329.94 342.94 591.98 529.46 471.35 466.13

UA 40.69 82 903.9 736.79 913 1768.52 1554.11 1611.38 1714.61

S: Success(A3), F: Fail(&!zH)
D.S: Double leg success(

CHE A

), D.F: Double leg fail(

T=0oo

(=4~}
oA

If)), S.S: Single leg success(Stet A1F), S.F: Single leg fail(+2t &l zl), RF: Rectus femoris

(CHEIZIZ), BF: Biceps femoris(CHE| O] 52), GN: Gastrocnemius(E | =-2), LE: Lumber elector spine(& 37|21 2), LA: Lower rectus abdominis(O} 2422 =

Z| ), UA: Upper rectus abdominis(<?|
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