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Motion Analysis in Underwater
Dolphin Kick:

Changes in Movement to Differences in Swimming
Speed for Underwater Dolphin Kick

NIKI, Yasuhiro

Abstract

[Purpose] The purpose of this study was to examine the Stroke Rate and Distance Per Stroke, as well
as the vertical swing width and each joint angle, based on changes in swimming speed, for underwater
dolphin kick movements for athletes who have experienced swimming. [Methods] The subjects were
19 swimmers. Each subject performed 25m underwater dolphin kick swim at the speeds of 100%, 80%
and 50% of one’s maximum speed. Four underwater cameras were used to take dolphin kick move-
ment and analyze the kinematic variables. [Result] The results of the 25m underwater dolphin kick full-
power swimming, 80% trial, and 50% trial in this study suggested that the SR and DPS tended to de-
crease as the swimming speed increased (p <0.05). Regarding the amount of vertical displacement,
the vertical width tended to decrease as the swimming speed increased. As for the joint angle, the maxi-
mum flexion angle of the trunk angle and the knee joint angle tended to decrease as the swimming
speed increased. [Conclusion] It was suggested that the underwater dolphin kick movement can reduce
the vertical movement of the lower end of the ribs, thereby reducing the trunk flexion angle, suppress-
ing the knee joint flexion angle, and increasing the SR.
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DEALH 5. Stroke Rate & Distance Per Stroke DIRET 3 L O, L TR 0 IE & KB A R % MG
THIEREME Lz [HE] #EBE . KiKBFI98TH o720 ABUE. 25mKH Fv 7
4 V¥ v 7Tk 80%. 50% D3RP L L7z 80% - 50% Ak Ok E Time &, &7k D
Time #& R0 5B L7z, BEERE I, MAEANERI NN T Py =2 2 L. GHE 2
LAKH A AT (MTV-54B(K)ON) % M\ T, i E30fps T (13.50m~ 18.20m [X )
AT o720 DEXDOE T HPLROE T H E TO1Stroke # WS L L. ZWRocEESHT %
o, SREANMER L OSMEAEZEN L7z, DR - 28] KEo25mAkR VT 4~
F v TR 80% AIK. S0% R OFER S, WKAEBEMIT L b BV SREZKE { LDPS
NS T RMEAIRE SNz (p<0.05). SAEZEMEICBWTIE, KEEHMIL b 2wn
LFIED/NE K e B EAAVR S Fze BIFIMAECld. WEERIINC & b WS & j
BB £ B D e KR M A /N & K e AR E tze ] AR RV 7 1 % v 7 @ik,
WETHO ETEEZ/NS T2 LT, FREEHMAEI/NS <20, R AR
MABZENTE, SRERESTEDILDRIREINTZ,
F—J—F
AGKERFR X (Swimming)
KPRV D « >F w7 (Underwater-Dolphin kick)
SOREZME, (Swimming speed change)
Gk - KBS, ENEDHT (Underwater motion analysis)
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PSP 57228 n0, KEEEZEDHICH ) KIEPLEHIRT 5 2 LA, Bk /s
T A= VA BEPRRICRESHEET LI bh b, T, KREFKRBEICE > THE##T S X
0. KHBETHSET 2 HIKROIBIA/NE VT & H#HE (Lityle et al., 2000) S, KB EIEIE
BELSFHEENS L2k o7

1. % =

R BEIEIEICIE. TRV 74 v F oy 2] DA (7995 —=Fv 7 (137218) ] RFik &L
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DERAIDOFIREDE Y OFIC VT 4 v Xy ZBIHFINLEILIZED, RV 74 rFy 708
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VERBEEH L COWAMHEINIIH S0 KFRIVT 4 UFy 71, MOAKREEONESR ¥ — > 1% ORERE
D LEEOEZ R L. HEED 2T 2720080 LTHYSRTE D KE%E K ikE
WA HEsDukEE BIFIEN S (Collard et al,. 2013) £ )2 o7z KPRV T 4 »F v 78
DHEATIIZ. D Stroke Rate, @Y FILIRDWE, @BIERH DOMAHAIZ X - T, TSN D L}k
(Connaboy et al., 2009) ENTW5b, DA ba—27HHEIZBWTIE, KPBEIHE & Stroke Rate
ARSI BIFRASEE®D S 1L, Stroke Rate ZIM S5 2 & T, KPRV T 4V F v 7 OFRBEDTE <
5 S (Arellano et at al., 2002) I TWwW5b, —Ji T, Stroke Rate \ZIZ[RF A3 U . Distance
Per Stroke ZfHIXT L ENH 5 L b (Gillisetatal, 1997) INTW5HZ &ED*5, Stroke Rate &
Distance Per Stroke 25 & 2 b 2 IJUE, BWIKEEZEHTE LW LBEZONL, QFKE
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BETH L. RIKECBIT 2 FhoshEZlwE (HRYEE) 2FHL. THROKRTH SRk
WCHEEZ D L THEMEII 15T b (Hochstein and Blickhan., 2014) O TH L, LhaHr 5T
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LT PEOEIICE B LEHABI bR TWAIRETH Y., Mo MEES), EHORZS
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NTVRITNE% 5T, BUIEREMIGET IR LAV PEwE LG IhTws, oF
0. KEGETFIZERS. Mk, BHE, SROFHREDSE . FICHERLXVORVETIZ, FH
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WCBUILEELRERICRLIFNEZOND, T2 BGIIBUTAKBP RV 4 %y 7 OFFET
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WRESTZDBE, KPFVT 4 v®y 28EICBWT, B X OERGR2 S ETEMESBZ 42
b, IRVEMEICHHINTWE EEZ 5N L0 T TICHE LG E 2w, Zh
T CTOKIKDBEB ST + —~< ¥ AWZETlE, Time 5Hl 2 ZEARIBIE & L T, Stroke Rate % Distance
Per Stroke DIRfEE H H T, B L RNV ELXFHIT 2 HE1ZL < H S, —H T KIBILOFHili
%3 A% (Havriluk, R. (2005) Tld. A MY —2A 54 YEBIIBWT, FEFHEELZEL L/
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(B2 ®iP @ 13.50m~18.20m) & L7z. 72, @ifEomo 01 X bu—2 (EfEh o 2 1EH
DT IEPSOROBTFHETOIF Y 7)) L L7z (K3), W{RFEN Y 7 F Frame-DIAS IV (DKH
8 IFFD) #HWT, V7 A PEFTVELT XY — M5k (BT, 1996) & &K
ZHEDFH6EORFFFHN AT Y ¥ 4 ¥ ¥ R4, 2RITDLT 3% F WV CHEEE R 217 5
7o WHRIENT 2 S5 SN2 H RO KA BEEIE T — &1, R0 H . (Winter,1990) % H v Tl
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A : [REBRAER( LR B AMA L - /B g - RIRRE). B - WERBIE (B IE - RIRRE - B T i)
C : [EEPIER (RN - B T — K&EF). D : BRI E Tik — XiEF — XEBREAE L8
E : BEpRAER (K& T — ABRBAA LB - AR). F: ZEPEER(KRRE A L - AR - B8

5 BAEimEONER

25mEHiK
3
o 2.5
E
B s
g 1S
5 1
®os | T
0 T T
0 2 4 6 8 e, 10 12
12 |* o— 7 e,

0 0.1 0.2 0.3 0.4
B (sec)

BENERE (m/s)

F6 AE—KA—2—DHm568B5NBNIVT 1%y VEMEED
REREOT—424927IV (n=1)

(5) #EHOE

KHEIMEHOfEIX, $RTEME + B EA TR Lz, MatLiix, MLy 7 b IMP ver
8.0 (SASHH) Z /2o &JI0K. 80% kI, 50% ikF D HEEIIC BT 2 K WEHE X, *xt
ISH D—ICH T 2 ATV £ DF% Bonferroni i% % F\V T BEILIRME 217> 72, A BKIEILE
B 5 9% A & L 720

3-% %

(1) £73%. 80%. 50%z5H D Time, MV, SREKXUDPSOLEE (F2. K7)

EITKD580%. 50% iAIE D Time FEFITB VT, 80% k¥ 17.8 £ 2.8sec 1350 % ikd22.9 + 4.0sec
X D49seci® <, ATTK15.3+ 5sectid50% RIK22.9+4.0sec & 0 6.3seci# { . #at LA ELEDN A
b7z (p<0.05)s —FH+ MV (£&1ik : 1.67+0.25m/s VS 80% : 1.43+0.021m/s VS 50% : 1.12
£0.18m/s) IZBWVWTIE, @TOMEIZBW TR EAEREESA LN (p<0.05). HEZ T
% SR (4 1k 1 23%£0.2Hz 80% : 1.5£0.2Hz VS 50% : 1.0£0.2Hz) 3 X U°'DPS (4K : 0.90
£0.09m VS 80% i#&Fk : 1.09£0.11m VS 50%#&FL © 1.25+0.21m) IZBVWTH, &THOMEITKE L
HERAEDPASNT (p<0.05)o
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%£2 2hik. 80%. 50%:KHD Time. MV. SRRV DPS D LH#

Trial Time(sec) MV (m/s) SR(Hz) DPS(m)
Mean SD Mean SD Mean SD Mean SD
® =hik 153 =25 1.67 %= 0.25 21 =03 0.90 = 0.09
m80%aE 178 £28 143 021 15 02 109 £ 0.11
50% 5 229 = 4.0 1.12 *= 0.18 1.2 £ 03 1.25 =+ 0.21
EELE b,c ab.c ab.c ab.c
a: 2 N ikvs80%, b:80%vs50%, c: % Hikvs50%

SR & DPSD R
2.00 (D.Sl'nfs) [lnllfs] (1.5m/s) (2m/s)
50 : X . .
DPS
_1.20
E
7 1.00
(-9
© 0.80 (2m’s)
0.60 T, (1.500s)
0.40 R (1m’s)
oo | T (0.5m/s)
0.00
0.0 0.5 1.0 1.5 2.0 25

SR(Hz)

R7 KbpRKIWTos2oFy 7128 O—-75IZET5,. 2hi%k. 80%. 50%HFD
SR & DPS MRS {%

(2) 257k, 80%. 50%s5FED25mKFR LT F v 71 A O—7IcBTF B ERER
DOEMEDLE (K8)

KPRV T 4 %y 780K 80%. 50%iAFKD 1 A b1 — 7 HiZB1) % B AREBALSRIE K 55 D
Ehimid, EEHRFELO FTHOD FRISHT THREEMENRE L RLENEZR Lz, SHEE
OB RICBW T, BlREZBEWAMHYET v Py =2 JIZBwT, &hik GBEEhF
H 0 74%4.0cm. REZERZEE  63+3.6cm. LRiE M FH - 48+2.4cm. JEIE @ 5.7+ 1.3cm.
FIRZGEE © 6.5+ L.4em. WIE TG © 7.8+ 1.8cm. Ki¥sT : 13.0£3.2ecm. KEEHMI F4H @ 257+
3.4cm. AHE C41.2%5.0em. BEEER © 51.7+54cm. D F 0 58.6+6.1ecm) 1350% HE (=
F45 1 13.3+6.8cmy R FEIRZEE 12525 7cm. ERg /M LB 0 9.5+4.0cm,. JEIE 1 7.5+
L4cm, RIIRZEH 7.9+ Ldem, W T 11.5£2.2cm. KiET © 16.5+3.5em. KBEE/ME_FJH -
342+4.6cm. AFE 0 49.6+73cm. BHEER : 60.3£8.0cm. D F ) 1 66.6+£8.8cm) X D IT/ME il
R, Mt EAEERENRALD LN (p<0.05). BIEIZBWTIE, £K5.7%1.3cm1380%
AF6.9+1.3ecm £ ) 1.2em/ME <L 80% ikH6.9% 1.3cm 1350% 583%7.5 1.4cm &£ D 0.6cm /M & <,
el AR RENRAEO LN (p<0.05). —H. WE T (&) : 7.8+ 1.8cm, 80 % ik F :
9.4%1.9m. 50%#A$% 1 11.5+2.2cm) & KBEEAMI I (2779k © 25.73.4cm. 80% #ddX : 30.2
£3.5cm. S0% A 1 34.2+4.6cm) IZBWVTIE, ETOMICBVWTHEI LARELRENALD LN
72 (p<0.05),
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B:£h%k, B :80%, [:50%)
ZEHE (a: 2 H5kvs80%, b:80%vs50%, c: 2 N ikvs50%)

X8 KPFRIWT42Fy 712 bO—-7HRICE TS, £Hik. 80%. 50%HKED
BEIFNZ > Y — 7 mOREHEO L

(3) 243k, 80%. 50%5EFED25mKPFILT7 s VF v 1A MO—7ICH TS ZBEE
AELLUAESEOLE (F3. 4. 5. B9)

KA RIVT 4 v %y 78711k 80%. 50% 8D 1 A b v — 27 2B 1) 2 2% BIH 4 B 0 L
RIZBWT, AMEME (K3) CBVWTIE, 2 TOMEICBV TR EAERZIALN Do
72o —H T RKEEIAE (F4) TIE. REBREAEB VT, £)77K164.2+5.5deg 13803k 5
157.0+10.0deg & V) 7.2deg/N & {. 4J71K164.2 +5.5deg 1350 % ikF156.2 = 5.6deg & V) 8.0deg /N
LV BEH EAEREENA LD BNz (p<0.05), MEHAETIZ. £J11Kk145.4 £9.8deg 1280 % il HK
138.2+9.7deg £ D 7.2deg/N& L\ Mt LA ESEDP AL D LN (p<0.05). BEFAETIE, £
JI1Kk112.3 = 8.2deg 1380 % i $%98.4 + 11.3deg & 1) 13.9deg /& <. A£JJ9K112.3 + 8.2deg 1250 % ik
101.4+7.5deg & 1 10.9deg/N& £\ #al EAEESA LD LNz (p<0.05). FAMMEHM (&
5) Tld. EKEEAERHPAICB VT, £773K18.5 % 3.8deg 1£80% ik 4%29.0 = 6.6deg & V) 8.5.deg /X
<V AJJK18.5 £3.8deg 1350 % ik4%28.6 £ 4.5deg & 1 9.9deg /& £\ Mt FAEENA LD LN
(p<0.05). JisBE &/ BE LA IC 3B\ CTld, & JJ9Kk77.3£8.6deg 1£80% ik #%90.3 + 11.9deg & 1
13.0deg/h & <\ Mt EAEEENA LD LN (p<0.05),

X3 27k, 80%. S50%HBKDXEHICH T 2RAMEAEDLER

Trial  JERAf(deg) [aHi(deg) {FEEB(deg) [EAB(deg) EREAHN(deg) ERAH(deg)

Mean SD Mean SI) Mean SD Mean SID Mean S Mean SD

£Ahk 1682 £ 14.1 1989 £ 58 182.7 £ 7.0 184.0 £ 4.6 189.6 = 6.4 203.4 £ 12.7

80% R 166.7 = 13.6 201.4 = 9.2 186.1 %= 11.2 1829 =+ 6.5 188.7 = 7.0 207.7 = 12.8

50%EH 164.9 £ 12.0 1999 = 6.5 184.7 £ 8.2 183.7 £ 5.0 187.8 £ 6.4 207.6 = 15.7
EEHE
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x4 2Hk. 80%. 50%HBEDEXEHICH T 2RAXEHAEDOLEE

Trial  ERA#i(deg) MaMi(deg) HE28B(deg) [BEB(deg) FEEIHEN(dep) FPRAfi(deg)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

£Hh5%k 1574 = 12.7 176.6 + 6.0 164.2 += 55 1454 + 9.8 1123 + 8.2 148.6 *+ 9.8

80%5H 1529 + 11.0 176.1 * 7.1 157.0 £+ 10.0 138.2 = 9.7 984 =+ 11.3 143.0 + 8.9

50%EHE 1543 = 11.3 1783 += 8.1 1562 = 5.6 1438 = 74 1014 = 7.5 148.2 £ 6.2
ZEHE a,c a a,c

a:ZE Hkvs80%, c:EHKvs50%

K5 275k, 80%. 50%HENDEZEEICH (T 5 A EHE DI

Trial  ER#fi(deg) fEH(deg) K¥HEB(deg) FEEB(deg)  EREAHI(deg) FBIH(deg)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

2 hik 8.6 = 32 224 =49 185 = 38 356 = 7.6 773 = 8.6 547 * 149
80%AE 124 = 44 253 x£56 290 £ 6.6 456 =103 903 £ 119 483 = 83
50%EE 106 + 38 216 += 6.6 286 *+ 45 398 + 79 863 *+ 9.6 593 + 14.6
EWHE a,c

a
a2 A 5kvs80%, c: 2 Hikvs50%

260.0

hE2ap

240.0
220.0
200.0
180.0

160.0

(R ERA FE (deg)

140.0
120.0
100.0
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260.0
240.0
220.0
200.0
180.0
160.0

PR R (%)

140.0

120.0

100.0

0 10 20 30 40 50 60 70 80 90 100
) ) 1stroke(%o)
— K, e i RHFKESD, = :80%FH, - :80%ESD, —:50%8 K, -- :50%=£SD

K9 25mAKHFRIT 4 >Fy V1A MA—THICETBL2Hk. 80%. 50%HBEDEERAE
BLORBAEAE DL

4. B

AWFZIZ BT BKFKEFDO25mAF BV 7 4 v F v 74k, 80% R $Er. 50% A+ D Time.
MV, SRB L U'DPS DFER (F2) 25, EEZEDL72DICIESREZREL L (&hik 2.1
+0.3Hz >80% iX$k : 1.5+0.2Hz >50% &XFk : 1.2+ 0.3Hz), DPSZ/NEL§5 (&K 090+
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0.09m <80% 7&4% : 1.09%0.11m <50% i&$% : 1.25%0.21m) AR S 725 Arellano et at al.,
(2002) 1. BEFHLNVEEZHCCTKB RV T 4 Y%y 7 OREEZ L, SRAVKE W &8
HTHDLEME LR EEM L2 —J T, Gillis et at al.,, (1997) 1%, #KHEEIZBDH % SRIC
IRRA2SH ). DPS ML T LEDH B & S LT 7ens, RIFFETld, kB Rice b2
WDPS 28K R A HINZ R LB R AR TH o 720 AWFIEDOKIKETF Tt d # Vit HkIE,
12.5sec Th o 7275 #HEBMIZ L %W SRIFAKEZ K DPSIZTNELL LTV AHHAETH Y, ENLL
FEOTime il TOMBIIWNETH o720 I DPFEH L XVOEVETF, 5V IEHOHE TOHIEK
BEIC Lo THELAHFE LTEZ UEDOZENL, KB FLVT 4 ¥y 7 OREEIX, B
FLARVIZIDT, KB E D 2 WSRATKE K DPSII/NE L 25 2 EATRIBE NIz,

H S REBAL D SR  OZEM ROILBHE R (K8) Tid. K FVT7 4 v % v 7 Oik#EEEIZH
bOHTFEN S FTHOKRERTH 2RI > TETIRVIENIKE R MEINZR LIz, AT
ff5% (Hochstein and Blickhan, 2014) Tid. K FV7 1 ¥ F v 7 @fEix. ko5 Ry 2 FH
LCAFEEZITV, FTHRICHZEZ 2 720K RO LTI EAK & %2 MR L
BT B8R E o720 T2, KPRV T 4 vy 7 BEDHGEERINC & b v, KRN
DEFEENM EIZ/NE L R DM %ER L2 Gautier et al., 200412 L 1UE, GEEHWIT EF KO L
TEEZDNS VIR IFEOBEAZ2RT EHE L TW5S, S 512, KIRMEICSBITF 5 T oMk
HEISRERT 2 MG LTB Y. AWROKRBE MU FB (2779 @ 25.7+3.4cm. 80% iA4%30.2
*3.5cm. 50%RFE34.24.6cm) (FTGEERINCE D RVWNS R ER EFEPTLHERE RS
720 B TWMOSMEEMIIOWTO/NEI L R AME (&)1 7.8+1.8cm. 80% k4% : 9.4+
1.9cm. 50%&$% © 11.5+22cm) 2URE N7z, /MRS (2016) 1. MR, KB THUIBIT 5/
W BT BAGEERER DR HIAT bR TWAZ L2 HELTEB Y. AIFZED IS T i D8k
BSOS ETFTEERBI b TWE I eV L, 5T, BEMAEICEBT LR b
Tld. &)11Kk164.2+5.5deg 1380 % #XF%157.0 £ 10.0deg B & U850% ikF5156.2 = 5.6deg & 1) /N S W
MamrL7z. F2. BREEHEMAEICBWTD, £J1iK112.3£8.2deg 1380% i$%98.4 = 11.3deg
B LU50%iAF101.4+7.5deg & D /S WM AR L7z, SHEICBIT 2 EMAEIR, RIKEIC
BULKEIE DEZZS5NTEY (Gautier et al.,2004) . KH KV 7 4 ¥ F v 7 OGEEISER L
TWbZ e, BlAELZ/NNETHILT, KEIE/NSLTED LV D, INETOK
MRV 4 %y ZEEOWIZETIE, ERIEZ LEBIC I > TA M) — AT 4 VEREDPRFEFE N
THBY, HEHEHTMEEDLOICHEIN TS EWIBEYTH 72, LL, RFEOET
WHIB B ETIRY TEB X ORI A S, KPRV 74 Xy 709 ROVEETH 5 A
FHEENE, A D)=L TA COEHBEHMIHP ST, WETw2S ETEEEZBZ % -oTwa 2
ENEZOBND, —H T, (Wang and Liu., 2006) &, S TR T, B4 iR & B
ZIE ST ETICEA»T I EICX ), B (%) 25820, 2570 X9H %) k) B
WCEoTy FVv74 Xy 7RI BHELTWD, AFRICBVTH, B2 S FTHEIZ2»
JTHESIRIBOSELNE (X8) & LHMiMmEOMiMERE (K3, 4. 5) PHERINT
B0, (Wang and Liu., 2006) EFBPT2HERE L o720 D2 et Kb VT4 Xy s
FEOGIICBV TR, THROBBESEIMAZEOAIIEHTL2DOTIERL, /MMES (2016) #°
EMGIZ X o THREBOBIEE D ME SN TWEZ RS, FEFICLEHL, &gEsir LTk
LRBLULENRDHDLZENRbh ol
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5. (=]

2

KEFNT 4 2%y 7 I2BI2EEQRZHS 2T 572012, ikl EELE v CEifEo
BWEME L72RR, KB FV7 4 %y 28R B TMo L TEEZ /NS T4 LT,
IR A AV NS ), REEHHMAEIMZ LI LN TE, SREKRELTELI LN
N2 (A

6. SEDEE

ARHFFETIE, BBRE 2RISR & LTRERIFEL LT LD, JHEZ 2L S & THEDHT
1ol SHRIE. BB OBE L NVEZ TG 27w, BB X OENEHE To
REHE 2AATH D, T2, HELELEZHCTKB FVT7 4 Y%y 7 8fEDEWZ G L7
2%, 1Kick BifEH OB 3517 2 BfEE L 2 Miat L TH 59, #EZEILICB T % 1stroke D
BEEALZ O ICTH 2 L 2l A Db,
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