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Biomechanical Comparison Analysis
of Recreational Kayaker’'s Paddling
Between Kayak Ergometer

Kim Jin Soo

Department of Physical Education, The Graduate School
Pukyong National University
Directed by Professor Park, Jong Cheol, PhD.

Abstract

The purpose of this study was to compare and identify the kinetic and
kinematic differences between newly developed kayak ergometer and
commercially available kayak ergometer. Seven recreational kayakers who
had no neurological or musculoskeletal impairment in past six month
participated in this study. 3D motion capture system was used to compare
the kinematic variables such as joint angles at catch and exit, joint range
of motion and joint velocity in pull and recovery phase, and phase time in
pull and recovery phase when paddling on two different kayak ergometer.
Also insole foot pressure sensor and loadcell were used to compare the
forces exerted on the footrest and stroke forces when pulling the paddle

shaft in pull phase between kayak ergometers.

The conclusions are as follows :

1. When paddling on kayak ergometer, there where no difference in joint
angle at catch and exit. Also there were no differences in joint range of

motion, mean angular velocity, and phase time in pull and recovery phase.

- viii -



However significant difference was found in trunk rotation peak angular

velocity in pull phase between kayak ergometer.

2. In foot force exerted on the footrest, commercially available kayak
ergometer had higher mean foot force in the left & right midfoot, left &
right rearfoot, and left & right total area. Also Commercially available
kayak ergometer had higher peak foot force in left & right forefoot, right
midfoot, left & right rearfoot, and left & right total area.

3. Furthermore, commercially available kayak ergometer had higher mean
and peak stroke force on the left side in pull phase, but there were no

significant difference in mean and peak stroke force on the right side.

As a result of this study, there were no differences such as joint angle,
joint range of motion, joint mean angular velocity and phase time between
kayak ergometers except trunk rotation peak angular velocity. However
significant differences were found in Kkinetic variables between Kkayak
ergometer such as forces exerted on the footrest and stroke force when
pulling the paddle shaft. These results will provide information in the

future kayak ergometer design and development.
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okl o Hee £ wAY AT} ol A7 R FFeES 7o F JhHe JF
g 1stE diA v EEHAT a3 As A4 oldede EF
o2H 19s HEZ ulal Jkeke] o]F< F =Zol(Rob roy)zhal A
th ol @5 HFEHE oflgt thE Yt EZA oA oJqrE As
gedl, old W Argol F Zolo disl #AS ATV AR NS

o
i)
dlo

1=}
AR we Ay F dd=e gAE AQa, 9= g Fhow 2

i

7+ &% (Royal Canoe Club)e] BHAISHA F=7h+3 3] Ag= A, o]
A7NZ 2E 22 Fhoko] a3 5d TAHoE oAy F1H F7tol] HaH
ATh ol M= AYEA o] =2A HWA 1924 wlwk=a A Sz
oA W=l Febg-Ale] o8 AT FRAA 7 A HAeH, 2 &
1 1924 e "IN I Arie AMFHRoER AHEEHAA olF
1936 &Y SdFA BA FHOE AHHJFAFA A FHAE

A1, 2010).
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2) HBUF heke] Gah

STl Aot Az A7 Eae waH Ae 1980 dlo]m (7%
sh, 2015), 1983¢ tig7b S 7 A-EWEA @A 53] F3doR
7hdstaiar, 109l B71= o dHAFA A dx7brdedads] Al
Q1 A3 AsFAve] A= 7Id e 7 ARtk 19840l 501t
FHr Slol A tigrbrdB o s VIS don, 2 & 109l AT
™} (International Canoe Federation)ell 2o =2 7FQjgh FAle] o ¢HA| & 3]
of Ao ZtdFTh Feuet T $5 A S¥T ke 1984d 2
2Rz A SHIFEH Frbstd o, 19859 R Al AT TAY
3] o} ofrletd At &2 stk T AIHE] 442 1985 A1
ofAlobd A Sl oA HAA A7t SHEs 50 A RS A, 1986
A23] ool dFA A= HE 1M} suig 170, 183 #33]
ofAlotd A S| M= FulE 27), 2HE 37, 1E2 T 5E
ottt 1988 A= islelA = tEELS d FHol EH35Hd

F2A A A5

i
oL
flo
S
Jfu
_0|L
32
5
i
rd

o
A GAe 20149 LAY 201843 A7} ZER- 2 wolAl el
Aol 28 A57E K1-200m F2el A 2995 G4sdA ofalo}

A4 w2l E=esgna % £ v @8 S0 A F5d AT

1RF 500001 el 2wt W Afel)l Aoz FAHET(H e, 2012).
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2. 7}eF 23w H

=i 54 sxzel pud AALd w43 Aty e
2 AEYAFES AT 4 =%

A B3NN E 55 3L F A
A ZE Aol (Dal Monte & Leonardi, 1976), 7}2F& ©f9]

o % LAY A 20 22 ADE FFeAM = Tl Fdol
A &% L (Hashimoto et al, 2018), Z#lB & Y7} £X] o} Fato A g
o] Agd A AFeEe Ao FHeF d=2urEHE AREsto] Al
Ao FHlS AR (Yun Loi Lok, 2013). tithg= 71k o2 awg e o
= 2z okoll Fetol H(flywheeD o]l 2hw o] 9lal, FHepold FF Ho
2x7} 25 SHA HE AFZE FF Zo] dAH Yt} HE AFZE
E 37 HY Edd 2ANE 2L 7] E9= A REEHEA S
o] #o] z|Hsta F7|AFe] TEAXE A o 2 1m]E o]t}

o
o
A
N

e

29 1. A oz aumH
LZgtold, 2122, 395 AFZE, 4FYAE
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FA1 o] 7)ol el ¥

°©

g Al

=

=

3. kol A & FA <k
2ol Fhopl A )

T T S NN o e~ ) o M- 1 - o w1 N 1
wooH oA s R Moo WoT o~ A gy W o
J @ T om a o W T Tow o M o ox
ie) " ,ﬂl o E Lf :i i AT :i < % ﬂﬂ_ =)
L e B I o T | u W T o X
I T F I A SR T SR T
7 N o > N ° 7T U4 B
o 4 = M of  wf mpe o BK S M . =
I T - I I = R TR N o
TGN No —— ~ W = =t ST —_— N
P (En ~ NG T U
= X :i b OE B i + OW o) o
Gl R T B i R R O S S
T o W e 8 wowel T L oL X
= T o % T i S i TR I
Moo | ~ HK e + o O My 0 " N WJ e
el & = T o <] il /N\ SRS “,Lo T NI 2
R I N R R . e
e HK - - ) o : A
<) HoT oy BOETE e ® ol g 5
o B g ow o % T u W - S
w oo oy E oo M ny W S & W
T A o T oE W o ST
e Yy wg XX T EgI LT oY
— S ® RS TRy =g ! N
< H 8 Mokt - N 1| ST E T
B M ~ B e m - ' & @ g
IR S~ Tl ® B e EFOZ
=) R =T R~ B G B = =« o
=dEZwPSEgrT ke ey
N Ty e e X ol —
T L 2N LY FE NNyl EERTR
2o 2 AR N Ko s L S = T
2o Ny :ﬂ R e T . H W 0
O A S~ B A e S B B B
= N % T A %o =3 HK - ™ ) ol g = i3 N
HAE Iz X cﬂ lf ™ W B w o ,1;|L
A I I "G, Ao q 7 o EK U i
R =2 W o — F X (oA
T e o o ™ o o © s R
of M T m® T & M R K N A W g N W K o oo
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4. o)A e B BA

FE olFoa, oldd 234 s FAE FA H7I(catch) &t w7
(exit) F2fellA g B #Eo 4w, E£&59 AHo] wE ZERI o]
22 vxwiss ddd T2 AERE FHYE 5 AU (Sperlich &
Baker, 2002). Kendal & Sanders(1992)= F+ thel 7idEtE Algsto=w
A&l ofmpAANM A EHEe] 29 s oy} |5 AFZES A
2o figk Hop ¢ B2 HAHE A& 4 93, Baker et al. (1999)= <
el deE Ao JE5dS F e 1A Jhvetel APA YA E3E A
& AF83t9 DLT(Direct linear transformation) W¥H-& B3 A 3
A FHEZ ASsto] AHgoldd A9 s 31T wo HEFS 75T

2 FheFoA g T A4S 3 oA o HEA AN Ve IR Q)
3 Aol Jidgte] SAste 24 NLT(Non-linear transformation) W4
o] 3xped A HATE Thesi o, 22k A AN A 5 A= Sl
HohA Fefol whAL mAS AR wix|ge A AP A 4 £
= o AgstA SAY = A HIAd HEo] 7heF =AY

oBH FAANE BRI el A $AYS LT

[
juii)

4]

Lo

Y
ke

o
™

]_

|=!
Ll
>~

o
ot

Al

hud

TS 3AEd AATE 7hssA H AW (Begon et al., 2009), E3gF IMU

AN B Qa) AA 4 BN WEY Fok AA B g2

f
&
Lo
&,
il
o,

jules

S A = A FH A (Klitgaard et al., 2020).
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A= #E A (observational research)Z A1 FAG Al JeF 553
A & T2 J7tF s5Ql 78S EHstel el A A Al=tE Jhek o
2anE et 24 TS W2 Jhof deuvEddA HEF Al F7]Ieh w]

s A s e, 371719 3] &l

,B717) el A R E E

>,
jato
=
o
s
i)

o
-
ol
oft
N
"al)
S
toby
dz
By
>
8=}
mN

ne
rE
Jd

re
-+
=

H Jm H o= H
ox || A
2| rx
2= || ozt

7%k 2 00/E HEY Al 3kt M M U ENY £
1

Atg Mzl 3 2t 24

Iy 2. A7Ea

_17_



)

r o ™ (IRB

A

ox
oV

1.

el

—_—

o 939 52

of

B3

</

X

Nr

beae.

)

He o

3 gdgla A
(M+SD)

5

%x
Az Foll el A

H
H
A

E

7174, 2012).

Aol 670E ol <3}

A,

H]

o] &AMl A

TH(

s}

H
A

R4

1041386-202107-HR-38-01),
20213 79 249 F¥ 20219 7€ 25¥974A

AT oA A

1.

1
x 1.

+

T oA
(1%

No.:

(yrs.)

|
(kg)

Al %
(cm)

)
g/

(yrs.)

EWES

4

e

~NH

10
10

71
80
78
78
74
75
84

170
180
166
175
172
178
175

48
50
49
48
45
58
53
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3. 7730 # ALY

& A TheF 2o EelAN e Al ek W] Al B
F71719F 35 il M dd JhEwel, 317k & el B

Ao AR, Pol7le HB P AR, P17 TN AR FYsE

B oATgME T AA AGE Af ARumEE LEtoR )

o FAE7] s A [dss B2 JheF ol =1v]E(Speedstroke,
o HEl EgolE(flywheel) o] 3

o e AZE FE Fo dduol Q. 20049, 2008, 2012
HP oA A2 AEEo] I TS wokon, o AT E
A2 5 At (Borges et al., 2017; Winchcombe et al, 2019). =3 &2
ANTS B2 7oF 23 Hdl= AlZHtime), Al (distance), 2EZA 3
(watts), +9 AZ(m/s), 2EZA 35 (number of strokes), +3 ~EZ
Z(stroke rate), ~E &= Zo](stroke length) #& HoHES FH& =
ZEo] "HAH glow, Ztold ¥Vl FYEY MY Ardd wet E

BE7E MG SRS AR 1R H P = AR o 22 g T

_19_



a9 3. 34 9F é—% ‘lF o] 2 11.1) §] (Speedstroke, Kayakpro,
USA)
(2) =l A ZHA A2 7FeF o 231H]H

B oATdd BEY A 34 A%e W

KeN
o = =

rlo

7hof ol =amE et f-F 5t
o7 o7t d=A Fet7] Sl Fel A AA Az FieF 2wy
(IMPACTRAK, MarineX, KOR)E AF&3t3 L, ol Al zpA] A2 7FoF
Azaues A4 AFd = gk lZavE st AR Ze e o
Hol Zgo] & (flywheel)o] 3 datdA &7 4

A
NFL W Ao A=avlEs nhHR Eehol® 4 tr UE T
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a9 4. A AFRE 7L 210 (IMPACTRAK, MarineX, ROK)

7

¥ 2. 71 dE23vEH FH] AL

Kayakpro MarineX
SpeedStroke IMAPACTRACK
)
292cm x 8cm 200cm x 22cm
Zo] x HH]
- : A& : 45cm A5 45em
Sl A : 4kg B: dkg
9 A7 bcm 8cm
IY2E = 61° (14) 60° ~ (24 715)
AdFP XHLE ZH AZ : 65cm A A : 80cm
Ato]l A 2% A2l © 100cm 2 A9 90cm
HE AFZE Zo] 167cm 150cm
LT!_7 S.0lu
| #9% 1~9 w7 1~5 w7
Mg A=
HX 3= ¥ 1.5kg 2kg

_21_



(3) &Y =AY AA
B oAFed A gtk da2anEdA e Y Al SAY ARE FHE
A8 <148 =A< MM (Pedar-X, Novel, GER)Z A}-&3tith. 2 Ao
A AREEE 1EE A Al ARe 036kgeli FAE 1.9mme]H,
ol WH 100%E Y 99709 A& A7 WEE A
T3, 15-1200kPa 942 34 W94 50Hz % 100Hz AEHY

N
N
]
flp

(sampling)°] 7FestH, dEEe HFHE dAFs= WS F4 Aols,

30,
re
r2
-
2
2
s
—_
)
=)
jan)
N

BREs EE URY s 5 37 el

Pedar-X Expert A& AZEYo]E AL&3lo] A

49 (mask) 71 AF&3sle A=

=l
o

= - (midfoot), 1%

o
S
@,
o
o
&
O{N
_1

(i
re
-
-
>,
N
19
=,
Ll
1_4
E
=2,
>,
H
il
_ﬂi
L,
&
il
_2;
[
|
il
ofl
i,
=)
[

o] WatA H74l%

A HAEHL FZ2EY, FZF A7|A 35+ Arduino Uno BoardE %3 o

A" Asg A AFHAJH HFH=E d%d e JH= Excel 7|
&

s % Data Streamer 7|5 & AF&3te ARES T8 2 A9
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B 5 2EZ3 3 =4S 9% =4
1D Hx711 93, 2! o} Fole % HE 3 4412 33 2=4A

(5) Aol 7hHet

B ATA sek dEnvEaA HEg A BEA
24 A5Hs), 2d3 45E 2L eEEA 3Re £y

71 el 29 Fhml e (Oqus 7+, Qualisys, SWE) 10thE AM&3t9a, 7}
o o= 1HE FAHOE 3m x 5m x 2m A ¥ Fuse wsY
Aol w3 HIE F AES wMASAT. QAo FAE AE WabeA
o] YIAHRE tho] AoA Mg R 557 $8] wAbnbATE Boldde
LA8 Z# 9 (frame)® TAE 9=(wand)S Al&sle] 7Pa7+e A s

gom, A5y F42 Ao FHes] As A6l A WA}

i
=
i
N
HN
I
i
i)
D:
ot
o
tt
ol
fLiu}
o
—
Py
ﬁ
:i
5 2
X
i)
i
i
i)
4 N o
A
o

AAE7], ada A2 SAAELEFH A3 TAAELF Atold FFs4T. B
£ AR T Qualisys Track Manager(Qualisys, SWE) AXEo]E Al&-3}
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o] 120Hz = A=) 5l o

HE s, a#gd 2E ARe
Vsual3D(C-motion, USA)E Al&3te] B4 7teaRfe 45 HAJES

gEstglom, 2 WAk vhrel A 2

A ¥ (low-pass filter) 10HzE % &3sto] I
A A SR

oY 6. WAL 2R

=
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|o
o

0

A

b

)

A&

=

=

ERERE P

S|
=

rah

=13
-

oMol A&

[e)

oMl e

ko3

T

AT PR} A
W3 ot

ki3

A

I~

el

R

AJr
{F

ol

<H

™
B

—
o

fvze)

_Zrl
N

i

o

=

=

2R WAl

)
=

-

 Fa

I oA A= static

171 9%

°

g

S|
=

o
Wr

[~
)

CIE R R PR

)

=

9
pul

A A

T AR Al qbel]l 7]

o'}

=

(Pedar-X, Novel, GER)E

FAbuA

H
R

ol

ol A ZH(zeroing)

=
=

7 o] & 2~ (cadence) 2!

1] B ol A

™
)

et o

fﬂ

3 TH(Szanto,

°

A

minute) .2

per

92spm(strokes

)

o

a4 A e
DA BUF b FaAAE Aol Ash 1y )

ki3

T
o
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N

<
iz

23 10)H ez

£ZE

=2&
—

2~EZ I 10/ S

%

3

oA

40% 5 20

al

915

J=
=

o=

=0

H

9 x

ol A

d

)

of Hdi A< w7

o

EXA

S

Ao (Michael et al, 2012). =4

gl

AR

L=
=

FAAES AW o)

kv s
BN

A Zﬂ %E

F2H(o}ah)

B
=

Iy 7. 37171 F3)H 3
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5. A5 A2 B

8t91 3L, Shapiro-Wilke] 414 #AA9 Aol wep B T Hlws A

AWe AAskt AT tidAke] dwkE EA3 ghek dl2mEd A dE

F AL ARTIek W) Al el o]zt gr)v)e 35 Rkl W b
s

B9, 971 5B rreld A A4EE, 91719 5B kel A
3, 977 PN w2 FUAEES ME FAGN 5 AZEES 97
W 2RI Yol ol 2aug 7k Aol7k A Flsts) s USEE -

A A (Paired t-test) v 93<& 3o A9 735 (Wilcoxon signed-rank

test) S AASIFOH, BE FYFEL a=.0562 HASIAH.
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V. @+23

B ATE b} 5L WHORE A AZE shek o zarEst T4 <
FE we ek zavgel A AEY A 1% w7 AN Bae 7,
Qo719 8% el wA BN, BU71% 88 PelA wae 44

B e A7k g7 TN MR FALER e £AY
el

71 2ERA Fo] o|2amE 7t Apolvt A=A g

o
ol
20

B t-HA (Paired t-test) Fx 93<& FE3 A9 7HZE(Wilcoxon
signed-rank test)S AA|EATH <FE

B
A7) A A FEA dEE dl2avy 3 Ao)E s Aot}

\/
rlo
(|
"L
12
o
il
k=l
=
i}
=2
>
£
il
o,

#2 47) AR 35 BEA Y ArE ol 2unE b fold AolE W
of A ko m(t=1.358, p=.223), +5 FH7| AAHANAH +F FwA A=k

o 23w el b felg 2ol & HolA| e okth(t=0.601, p=.570).
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2) lzmulg 7+ FrolA ozl 2zl ol

ok FEQ HY W shep o=melE 2 AolE Felsts] As B

e

1

t-%78 (Paired t-test) v L& F3 449 S5 (Wilcoxon
sighed-rank test)2 AA&ATE <F 3> 7}ef oZauv|EoA 5
| #7271 A el A o7 ZH=E o 2a1m

F71 AR #5 oo Ar= ol2am Y F o3 2to]E HolA
Fok © 1 (t=0.130, p=.901), += F7] AlHAA = A7 4rr o=
WY F e Aol & HolA e kth(t=1.031, p=.342).

N

—_

B\

Bo&2

3) d=xvE 3+ F7IAAN <94 AdE FF 4= Ao

7t 59l Hd U 7keF o Z2amE I 2olE FlEtr] fE &%
B t-AHPaired t-test) Ex EIF<E HI A<E A ZF(Wilcoxon

signed-rank test)& AAIBEAT. <& 3>L JhF dl2avHAA ad

dytelnt. #5 7] AN Fo2 #4 dE wEe ds =2

€] 2+ 498 Ho]2 wolx @ekom(Z=-1521, p=.128), = F7] A
AolM #AFom 3 IJHAE F59 A=k A=y b Fo3F Aol &

_29_



4) dzmug 7+ FrlA 5% FAY 29 e o]

ok FEQ HY W shep o=melE 2 AolE Felsts] As B

o t-HAAPaired t-test) T dFE HS A<E #HS(Wilcoxon

32
=
A
=5
w
\/
rlo
i\
AU
12
=2
il
=
=
i}
9
>
£
|

o,

signed-rank test)S 2 A] 3}

AL

Al FE7] Al A = 3| IHte] A4S o 2avE F ZpolE FAlF
Aitoltt, #A5 7] ARl For £ dE IHke] e dlE2n
Hol#] eFekh(t=0.269, p=.797).

5) dE2xvE T+ F7|AN F5 ZEe Ao

ek B39l A9 Wl Aok A2ung 2 Folg AR s v

e

t-73A 4 (Paired t-test) T+ I F3 AN4E€ HI(Wilcoxon
signed-rank test)S AAE AT <FE 3>S FIoF o Zam|E oA IEE
E

| &7 AlFA 55 4=E =

S~

]
H71 NAHAAM HS FE9 e d2anH P 723 AolE HolA

A

Yk o™ (t=0.471, p=.654), += 7] Al HeA 5 FE9 AEE =2

e ZF el gk Afo]lE Kolx & kth(t=-0.091, p=.930).

Bo&2
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E 3 dE2avgH 1 ZUdA FE x99 Ao

2] :deg
Angle Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 123.13 125.83 t=1.358
£898 886 p=.223
Elbow
R 127.87 128.69 t=0.601
550 £7.38 p=.570
L 51.43 51.34 t=0.130
£10.51 £9.83 p=.901
Shoulder
R 53.65 52.13 t=1.031
£9.90 791 p=.342
L -30.39 -33.15 Z=-1.521
£797 £9.73 p=.128
Trunk
R 21.90 22.89 7=-0.676
+£24.30 +26.89 p=.499
L -10.97 -11.49 t=-0.414
392 £4.29 p=.693
Pelvic
R 797 7.70 t=0.269
+6.03 £4.29 p=.797
L 140.3 140.76 t=0471
+4.06 558 p=.654
Knee
R 141.57 141.48 t=-0.091
830 16.29 p=.930
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Angle at Catch

A __,l |.j::__,.|
= b (] [ =% (&)}
= = = = =
oul, I
'3 oul. | I
[
Knee NIIIININGEEN

Right

Knee

Kayvakpro  mMarineX
SpeadStroke WlMPACTRAK,

™8 AE2arE 3 FI|A B FE Aol

2. 23U 7+ WA BH =9 zo]

1) d23vE 3t wrldA FEX] ZE ol

74l B35l A FheF dl=auE 7 ZolE Felstr] Y e
o t-HAAPaired t-test) T dFE HS A<E #HS(Wilcoxon

signed-rank test)& AAIEATE <E 5> FFeF o ZanEoA IET
Al wj 7] Ao ZER] S o ZaunE F xto]E sk Aol
#Z5 w7] ARelA #F 2EA AeE d2avE 3 o 2elg Hel
A ko m(t=2.014, p=.091), = wj7] AN = FEX Hrx

= awEl FF Fogk Aol & HolX| & Urh(t=1.239, p=.262).

_32_



2) olzzulg 7+ W7ol ozl 2zl ol

7heF 5 A Wl gheF o2y 7k ZpolE Flatr] 98 d&x%
2 A4 (Paired t-test) EE LIS FE AD HIF(Wilcoxon
signed-rank test)S AAstATE <& 5>
Al w7l Al A ool ZtEE dZawE IF zpolE FRlgh Auolth
25 w7 Aol A S o] A d=2avE 3 FoF AolE Kol
A gkko ™ (Z=-0.014, p=.310), = w7] A|FAA =5 A7 ==
o 23mE b folgk xto] & HolA] & hTH(t=-0.359, p=.732).

!

3) de2xuvg 2+ WM +9 3dd 55 =Y Ao

7heF 53 A Wl FeF olE2xmE 2k ZolE <lsty] Sl d&sE
2 t-HPaired t-test) Er LIF<E FIZ AE S (Wilcoxon
signed-rank test)S AA|SIATE <E 5> JloF o2 av|E|ol A HEF
Al W 7] Al A BEe 8 JdE A4EE 2 7t AfolE s
Avtolty, &5 7] AlgdA HAFor 53 IdE 559 d=e d=22
g 7F g AolE HolA g9k om (Z=-1.014, p=.310), 5 wj7] A
HollA 502 3 3HdE w59 A=k olz2avg 3 Fo3 zolE

Kol x| 2 3kt(t=-0.015, p=.989).
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4) d2av g 7+ WA +3 3Hd I FE o

7heF F2Ql A Wl JheF ol=am Y 3k ApolE FH<Ishy] fla dex

B t-7HA(Paired t-test) Ex 93<E F3 A9 75 (Wilcoxon

2

signed-rank test)S AAEATH <FE 5>8 FIoF o Zau|E oA IEE

Al z] Al A FheF ol =] ¥ 3 dd A=E o=avE E
X

5) dE2xvE 3+ wj7|dX F5 ZEe Ao

7heF 532 A Wl Fof ol2xnmE gk ZolE <lsty] 9l d&sE
2 t-HA(Paired t-test) Er LIF<E FIZ AE I (Wilcoxon
signed-rank test)S AAE AT <FE 5>S FIoF o Zau|E oA IEE
Al W 7] Al A FheE 55 Q1 FE] A4RE d=AuE 3 Ao]lE 1%
Adtelty, &5 wr] AddA #HAF FE A d=uvy P 743
2ol & HolA| ko (t=0.264, p=.800), = wl7] A|HAAN -F F =

o] Zt= % d23mH IF {93t ApolE HolX| Zhth(t=0.638, p=.547).
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X 4. d23vH 3 wrdA #E ZEe Ao

2] :deg
Angle Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 81.64 85.36 t=2.014
+13.49 £12.30 p=.091
Elbow
R 79.45 816 t=1.239
£11.29 £13.26 p=.262
L -759 -861 7Z=-0.014
£9.62 7.9 p=.310
Shoulder
R -959 -8.9%6 t=-0.359
£7.32 599 p=.732
L 2352 2857 7Z=-1.014
£23.33 829 p=.310
Trunk
R -32.70 -32.73 t=-0.015
£10.06 758 p=.989
L 20.15 20.45 t=-0.145
£7.96 +8.44 p=.890
Pelvic
R -14.44 ~-13.88 7=-0.338
+6.56 £4.62 p=.735
L 162.29 162.81 t=0.264
£10.82 £11.98 p=.800
Knee
R 1644 166.08 t=0.638
£9.20 £9.79 p=.547
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Angle at Exit

150

100
@r 5':'
o
. [] I i n
) [ | [ |
[ | [ |
] = = = = o~ o o w —]
E o 5 =l 3 £ c = 4 o =X
.1,;5 == = -E:.':- :.E jﬁ: ZT —"-‘TT zz o
T T L =i ] - 9 ) o E Zc
=] o TV Wy s i = e = + S = R R < W + -G = S = .

Kayakpro. — mMarinex
SpeedStroke [MPACTRAK

399, d2ang zt wroA #d ZEe Aol

3. dl2xur g 3+ F7]7]AM #- 7HsE 9 Aol

D A=2xng 2t 37]71dA A 7t A2 Aol

7heF 59 Hd U 7k o=2any I xpolE FlEtr] fE d&x
B t-AAPaired t-test) = EIFE HI A9 A F(Wilcoxon

signed-rank test)S AAIFHTE <E 4> FleF o2 an|Eo A FHEH
Al G771 Gl A ZE A Ths e E A2y I AolE FUE 2
dolth, 5 G717 PR HS5 BwA e heHels 2wy oA
ojgk zpolE HolA 9Fkom(t=0494, p=.639), = 77l FIrAA $-

(t=0.794, p=.457).
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2 t-HA[Paired t-test) Ev EFE F3E AYE AF(Wilcoxon
signed-rank test)S AASATE <E 4> FloF o ZauEHA HEH
Al G717 Aol A ol el THERISIE ol 2 aim] 3
oty &= B717] FFelA S5 o] JhEE = O
spol2 Hold ohom(Z=-0.169, p=.866), = D77 FrrelA o=
oA e] ZheW®E od=avE F {3 AolE HolA e kth(t=-0.717,
p=.501).

v
)
T
o,
Ll
J
[40
ro
iy
i)

3) de2xuvg 3 F717]9A4 5% % A 7t Aol

heF Bzel AY W Ao A2mnE & Aol FAsI] A S E

A Paired t-test) T dFE& HS A<E  #HS(Wilcoxon

22
&
7N
b
=

signed-rank test)S 4 A&}
Al B717] F3ellA wEe H 3 A
A Aiolrt. A& B7|7] A w5 F8 A TR es oz
B 7 938 2olS Holx ko (t=0.834, p=436), = G717 F3H
ANM =& 78 3 7HsHAE d=anE I {3k AolE HolA %k

thH(t=0.399, p=.704).
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4) dzavg 3 37|71 9 £9 3 H 7sHAY Zol

7hel B2l A Wi Zhef dl2avE 3 AolE Beletr] fls e

o t-HAAPaired t-test) T dFE HS A<E #HS(Wilcoxon

2

signed-rank test)S AAlSATH <k

4.>
Al G771 el A ERkel =3 Bl ThE RSl E ol=av Y 3 ApolE 8

=)
iy
)
lo
)
)
f
o
X
§2
%2
o
R
=

I

|

0.145, p=.890), = H9717I
TR A ZHbe] = 3 s E d2any 3F 753 Ao]lE Ho
A e SkeH(t=-0.471, p=.654).

5) 2 au g 7+ 77N BE ABH e Fo|

7heF 532 A Wl Fof ol2xnmE gk ZolE <lsty] 9l d&sE
2 t-HA(Paired t-test) Er LIF<E FIZ AE I (Wilcoxon
signed-rank test)S AAE AT <E 4>S FIoF o Zam|E oA IEE
Al F717] FRel A FEL HsHAE A 2anE 7t AolE dls A
olty. &= 7717l FRAM FHF FE] tEHEAE =
2pol 2 Holx eFgkom(t=-0.990, p=.360), = F7]7] T3t = F
=9 7heWels d=2anyg b FoRt AolE Holx @hrh(t=-1.121,
p=.305).
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£ 5 d=2xvy 3 37744 &4 7te e Aol

o1 deg
ROM Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 46.38 45.06 t=0.4%4
+£10.73 543 p=.639
Elbow
R 51.85 50.50 t=0.7%4
1776 £7.67 p=.457
L 59.06 59.40 Z=-0.169
£10.90 +£10.60 p=.866
Shoulder
R 61.74 63.03 t=-0.717
£12.00 £7.99 p=.501
L 61.18 57.85 t=0.834
+15.23 £21.68 p=.436
Trunk
R 63.22 61.38 t=0.39
£16.71 +22.76 p=.704
L 20.15 20.45 t=-0.145
£7.96 +8.44 p=.890
Pelvic
R 21.33 22.14 t=-0471
+8.30 874 p=.654
L 23.96 2761 t=-0.990
+12.66 £16.92 p=.360
Knee
R 2452 2951 t=-1.121
£10.81 £16.58 p=.305
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Full Phase ROM
80

&0

40

ROM [deqg)

20

Knee

L eft
Knee
Fight

Felvic
Riah

=

Elbow NG
I

dight (NN
[ ]
]

wulder

tight
Left

Fight
Elbow
[
Pelac

ght

Trunk

&

Kayakpro  mMarinex
SpeedStroke [IMPACTRAK

2710. d=xm g zF 3717]4 #- 7heE A Aol

4. A=nuE 7 BN BA A5HE Y ol

1) odl23vg 3t 38X x| 7tsHYY Zol

(¢

ek FEe WE W Thep

2
[t

JHE
2 t-HA[Paired t-test) Ev EIFE F3E AYE AF(Wilcoxon
signed-rank test)2 AAEATE <FE 6.>L 71k o Zuu|EA e
Al B & ol A R A O] TEHE o2y (b ztolE &gk A
ojth. #F 3| &H RtollAN #HF FE A JbeHAE d=avy 3 7o
Aol2 molA howl (10389, p=711), $= FHE rkelq 9= BE
2ol 7hsWAE d=avE I Folgk xpo]E HolA ekrh(t=-1.329,

p=.232).
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2) ol ZmEE 7+ B o7 AFH ] Fo

7heF 5 A Wl gheF o2y 7k ZpolE Flatr] 98 d&x%
2 t-HAPaired ttest) Fr LIFE FE AE 35 (Wilcoxon
signed-rank test)S AAEATH <E 6>C FIoF o Zau|E oA IEE
Al B E 7oA oje] HEHAE ol2anE 7t xols B Aol
th 2S5 35 A #2HS oo TheRe
ol MWolA okom(t=0.446, p=.671), += ©B717] FIrAA 5 oA
of 7hsHflE c=2aury b Fod Apels ®olA @trht=-0.241,
p=.818).

3) d2xng 3t 3HAA &

OHH
—l>
oEL
AOL
r_>4_
_\,L
°H1
uE
jz
12
_>|.l_l'
3

7heF 5 A Wl gk ol=avy 3k ZpolE Fletry] fs) WS E
2 t-H X (Paired t-test) EE LI F3 A<E FHF5(Wilcoxon
signed-rank test)S A A|AT. <&
3|8 oM FEY FH 3H Tt
Adtoltt. &5 I E 1A 55 =8 3 VHeRAE A= nE
frelgk zpolE& Holx ko™ (t=0.263, p=.801),
2o £ 3 JFEHYE dEanE 7F §9)8 2po]E Ho|x] ekttt

(Z=-0.734, p=.463).

rsﬁz

ri
_I]N'

m

JHI

—U

ri

é

_t
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4) d23vE 7+ 3HA

ol

-

@

@ W It

774 (Paired

TS

t- t-test)

[e)
signed-rank test)S A3}
3] 7k Al ZWke
ot} =

646, p=.542),

AHE FE ol Fk Aol &

°]

14

X]

s A

153

77 (Paired

t-test) =
signed-rank test)S AT <3
35 oA FEe
dolth, #3538 FA FSF FEC
ApolE HolA gFgkom (Z=-0.845 p=.393),
£9 7teHE d=2amy 3k feog Aol:

p=.913).

t_

R

Al

_4

_42_



£ 6. d=2xvy 3t 3EqN #-H JtEHAY Hol

9l:deg
ROM Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 17.35 16.51 t=0.389
£4.04 £6.40 p=.711
Elbow
R 19.58 21.9 t=-1.329
£9.89 +10.42 p=.232
L 4757 45.01 t=0.446
+10.12 £13.50 p=.671
Shoulder
R 4579 46.60 t=-0.241
£10.99 £9.19 p=.818
L 7.5 7.34 t=0.263
493 +3.24 p=.801
Trunk
R 3.64 6.77 7Z=-0.734
539 1£2.86 p=.463
L 2.82 241 t=0.646
£2.00 £1.02 p=.542
Pelvic
R 4.24 351 t=0.661
+3.10 £1.53 p=.533
L aro] 712 7=-0.845
£1.96 555 p=.398
Knee
R 10.36 10.12 t=0.114
£2.03 4% p=.913
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Recovery Phase ROM

ROM (den)

Irunk

= o
Elboy NN
I
fight R

[ |

[ ]
Knee

[ |

haulder
Left
Fel
Right
Left
Right
Knee

Hight
Elfcny
Righ
Pelac

Left
Jight

F
[;

Kayakpro  mMarineX
SpeadStroke IMPACTRAK

a9l d=23v g 3 3EA #E 7HEE N Aol

5. d=2aH g 3t F77A B G| Ao

D d=2xng 3t 37]7]dAN BRA Hd &= Aol

7heF s He ol 7ReF o 2amy 3 Aol gRlshr] fs s xn
B t-AAPaired t-test) Ex= EIFE HI A9 A F(Wilcoxon
signed-rank test)S AAEATH <FE 7>S FIoF o Zam|E oA IfEE

Al B717) el B A o) Bt A4EES Jl2av Y 3t Apolg FAT

th(t=-1.329, p=.232).
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7171 A B F&EE Ao

K3

4s

7 H

2) =23

7% (Wilcoxon

S

t-test)

(Paired

el

&

A

t_

signed-rank test)S 44|

Al 7171 FZE A o] 7 9]

SKE

=
il

7171 Rkl A 2

K3
B o] A

T3kl A

71 7]

ekt om (t=0914, p=.39%), =

Aol

Folw

ﬂv_wo

Nr
of-

(t=0.362, p=.730).

7% (Wilcoxon

Y&

t-test)

(Paired

el

&

A

t_

[e)

I

signed-rank test)

Al G771 F3Ee A e

o
3
=)

e

2)

0.574,

ko m(t

IPRSEY

I

A4r

N

H

]

™
)

M
A4

N

H

ﬂv_wo

3

X

e

2)

HolA] ek kth(t=0.332, p=.751).

Aol g

Ok}

E
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7% (Wilcoxon

S

t-test)

A (Paired

t_
signed-rank test)S 44|

ﬂv_wo

)

ﬂv_wo

© W (t=0.434, p=.679), = 2

o)
L ok

B o] ]

FoAT Aol E

s

-—

™
)

X
!
o)
o

~

-—

™
)

M
Aqr

N

R

ﬁo

%]

X

se)

2)

Hol#] eFoktH(t=0.368, p=.725).

=

=

B

t71 #lsl te

o

.

i

Ak W gk o= amlE 2k Aol

7% (Wilcoxon
T-ZEof| A

71 7]

Y&

© v (t=-0.054, p=.959),

}-
% %

t-test)
e}

B o]

(Paired

=

A

t_

signed-rank test)
o]gk A}ol

)
T

ﬂv_wo

il
n+
N
o
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£ 7. d23vY 3t 7171 FE AEE] o

9] deg/s
Angle Velocity Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L %52 89.59 t=0.771
£26.15 £9.93 p=.470
Elbow
R 102.32 9391 t=0538
2511 2359 p=.610
L 5291 49.44 t=0.914
£13.11 +14.75 p=.396
Shoulder
R 57.34 55.65 t=0.362
2354 £22.98 p=.730
L 131.62 128.32 t=0.574
+39.24 +35.34 p=.587
Trunk
R 130.26 128.20 t=0.332
+34.19 +28.88 p=.751
L 53.69 51.84 t=0.434
+23.24 +£20.48 p=.679
Pelvic
R 54.40 52.40 t=0.368
1£23.32 +18.03 p=.725
L 48.20 4843 t=-0.064
£23.18 £25.27 p=.959
Knee
R 4740 48.39 t=-0.174
£17.84 £17.90 p=.867
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Pull Phase Mean Angular Velocity

150

ity (deg/

100

::|r1'
W E T

-

I runk
Hl'll:‘f._

Right
Hight

Felac
Righ
Left
Fonee

o
n

Elbow
Hight
Elbon
Lt

Left

Arngular

o
o =]
[ ]
Shoulder NG
|
[ ]

[ ]

I

Right

,ﬁa}.akprc .MEII' meX
SpeadStroke IMPACTRAK

Y12, d2unag 7+ 377 0A FF FEE x}o)

6. N2 3nE 2t I EJA HE AEE Ao

D d=2xng 3t JEAN BF2] Fi FHE 2o

(¢

7heF s Ha ol 7Rk 23y I AolE gRlstr] fs s x®
B t-AHAPaired t-test) = EIFE HI A9 A F(Wilcoxon
signed-rank test)S AAISFATE <E 8> 7FIoF o2 awHAA IHEF

Al B717] el B Ao Bt A4EES Jl2avy 3t Apols FAT

tH(t=-0.672, p=.527).
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2) 2z 7 HEAAN o7 FFE &2 Aol

7% (Wilcoxon

S

t-test)

(Paired

fvzel

&

A

t_

signed-rank test)S 44|

Al 7171 Gl A o) 2

o] 7] ]
-0.137, p=.896), =

=
il

] (t

7171 A3kl A F

)

T2kl A

71 7]

o)k
r3ko.

g HolA

o Aol

)
T

ﬂv_wo

N
of-

-0.338, p=.735).

(Z=

B

t71 #lsl te

o

.

i

Ak W gk o= amlE 2k Aol

7 % (Wilcoxon

Y&

t-test)

(Paired

vzl

&

A

t_

[e)

I

signed-rank test)

ﬂv_wo

I

ﬂv_wo

-0.169, p=.866), =

F ko w(Z

0

o

ﬁo

-1.352, p=.176).

Holx hTHZ

o]—g—
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B

7% (Wilcoxon

S

t-test)

A (Paired

t_
signed-rank test)S 44|

ﬂv_wo

I

ﬂv_wo

©m(t=0.335, p=.749), =

o)
& Sk

B o] ]

FOAF Aol 2

3k

-—

™
)

o

ﬂv_wo

=

0.898, p=.404).
=
T =

B oA ekokth(t

=

5) dl2avg 3 IHAA

ol

7S

B

t71 #lsl te

o

.

i

Ak W gk o= amlE 2k Aol

7% (Wilcoxon

Y&

©w(Z=-0.338, p=.735), +5 B717] TZtelA

)-
% %

t-test)
O,

B0l

(Paired

=

A

t_

signed-rank test)
o)gk Aol

)
T

ﬂv_wo

e
il
AJr
o-
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E 8 d=uH 3 HBN JF AEE Aol

9] deg/s
Angle Velocity Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 78.81 9471 t=-2.046
Elbow +38.15 £52.17 p=.087
flex. & exten. R 78.87 8357 t=-0.672
£60.34 £52.38 p=.527
L 190.39 191.4 t=-0.137
Shoulder +66.04 +45.51 p=.896
flex. & exten. R 193.00 199.11 7=-0.338
+85.50 +59.49 p=.735
Trunk L 2653 34.38 7Z=-0.169
un £19.23 +9851 p=.866
horizontal
. 32.55 19.67 7=-1.352
rotation R
+27.21 +14.12 p=.176
Pelvi L 14.95 14.08 t=0.33%5
etvie 901 744 p=.749
horizontal
. 21.61 16.71 t=0.898
rotation R
+14.81 852 p=.404
L 46.72 44.84 7=-0.338
Knee +20.69 +33.25 p=.735
flex. & exten. N 58.10 5471 =0.362
£6.87 £21.12 p=.729
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Recovery Phase Mean Angular Velocity
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ity [deg
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Krnee R
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Le

Shoulder

Hight

Kayakpro — mMarinex
SpeedStroke [IMPACTRAK

2913, A2anE 7 HEN FF 2EE 2o|

7. d23Hg 2t FA7AA Ao G52 Ao

(¢

ek FEe WE W Thep

* 4
il
=l
=
il
£
2
L'
il
fob

o
Ol

t71 s W&
2 t-HA[Paired t-test) Ev EIFE F3E AYE AF(Wilcoxon
signed-rank test)2 AAETt <FE 9> FtoF o ZuuEAA e
Al G771 ARl A Bl o] A SRS ol2avE 3 AolE &g
Adtolty, &= F717] A #ASF FwA Y H &= ol21rY
b frelsk ApolE HolA koM (t=-0.155, p=.882), = 237I7] Tl
A S ZwA e Al AEEE d2anE F fFog 2po]lE HolA| ek

tH(t=-1.066, p=.327).

ﬂl

_52_



2 t-HA[Paired t-test) Ev EFE F3E AYE AF(Wilcoxon
signed-rank test)s AAlstA. <E 9> FteF d2avEddA e
Al 717 Aol A o e A al

dolth, #H5 G717 FREAA &S o A AEHEERE d=auvE 3H
fFrelst ztolE HolX o (t=0.772, p=470), 5 27171 FZrolA
5 o7l Hu &=k d=avE F {FoF ZpolE HolA &t
(Z=-0.676, p=.499).

3) dexuvg 2+ F717]d94 5% % A JAd &2 Aol

7heF s Ha ol 7k 23wy 3 AolE gRlskr] fs s x®
A Paired t-test) T dFE& HS A<E  #HS(Wilcoxon
signed-rank test)S AAIsAT <E 9> Jlof o ZunE A HEF

Al F7171 T3l wEe e B A
L *

7F YERsEtH(t=2.539, p=.044).
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4) dzavg 3 37|71 i 9 A Ao FEE Fol

7}

o t-HAAPaired t-test) T dFE HS A<E #HS(Wilcoxon

2

ol A W ke d2amE 7 ApelE geler] fs te i

signed-rank test)S AA3FTE <E 9> FtoF o2 am|EoA HE
Al Z717] Rl A =ake] 3 3 Hof A4ERE 23w F ZolE

=2,
il
=
=
a
m
do
lo,
ot
—>|J_AI
o,
il
17
o,
N,
&2
%2
O
_EL
;?
<'>
§]
[@))
=~
o
,.Jk
§
N
o
B\
ofl

£ Ho]A ekth(t=1.270, p=.251).

5) dlzuug 7 Br7ldA g Y FEx Ao

7heF 532 A Wl Fof ol2xnmE gk ZolE <lsty] 9l d&sE
2 t-H X (Paired t-test) EE LI F3 A<E FHF5(Wilcoxon
signed-rank test)S AAEATH <FE 9>S FIoF o Eau|E oA IEE
Al 7171 FelA FES A ],
Folrt, H5 G717l el #HS5 FEY AW A4E5Ee olzavy 1t
fFost zpelE Holx ko (t=-0.733, p=.491), += B717] FIkolA
+5 FE9 HJd A& dE=uvE F {fo3k xo]E HolX &Skt

(t=-1.324, p=.234).
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£ 9. JdE2xvy 3t F77AA HA AEHE9 o

9] deg/s
Angle Velocity Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 231.24 232.84 t=-0.155
2794 £29.58 p=.882
Elbow
R 253.25 284.34 t=-1.066
+32.82 £83.10 p=.327
L 163.51 179.70 t=0.772
£34.25 +38.99 p=.470
Shoulder
R 151.22 160.49 7Z=-0.676
+19.59 £17.59 p=.499
L 176,61 17851 t=-0.248
£51.79 +51.20 p=.813
Trunk
R 179.93 198.34 t=2539
+42.16 +48.11 p=.044
L 92.08 96.61 t=-0.767
+36.83 +38.56 p=.472
Pelvic
R 9242 103.68 t=1.270
+36.49 +46.52 p=.251
L 101.62 109.64 t=-0.733
£45.89 +53.87 p=.491
Knee
R 103.08 116.44 t=-1.324
+32.47 £56.34 p=.234
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Pull Phase Peak Angular Velocity

h

Velocity (dea/ls)

400
300
200

100

Angular
houlde - IEG_
ft
I
|
I

Trunk
Pelvic
Lef

Pelvic

Right
Right
Right
“neea

Left
ki

Left
E | ooy
Elbow

Right

Right
5

Kayakpro  mMarineX
SpeedStroke  IMPACTRAK

3914, d=23v g t B717]A Hd AEEQ Ao

8. AZarH 7t BN Ao AEEY Fol

D d=2xng 3t JEAN ZE2] Jd FHE 2o

(¢

shek B5el Aw Ul sk o=

Il E
B t-AHAPaired t-test) = EIFE HI A9 A F(Wilcoxon

@,
wQ
=]
(@)
S
=
Q
=]
=
—t
D
wm
<
ftlo
1t
>,
ol
ol
2
=
A
|
—
o
V
rlo
N
A
12
9,
il
=2
=)
a
=2
>,
A
il
)

Fol@ AolE ol RLOW(Z=0507, p=612), $5 5B FrkeA

(t=-0.586, p=.579).
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2) d=3vE 7+ FEAA o7 H Z4EHE Zo]

7heF 53 A Wl Fhef ol2xmE b AolE F<lsty] Sl d&sE
2 t-HA[Paired t-test) Ev EFE F3E AYE AF(Wilcoxon
sighed-rank test)S AAlstt} <
Al B ol A o] A A& E ol2an Y IF ol E &lg A
oty #H= 3|&E F3tAA HF o] Hul A== d=uvyE IF Fo
Sk alolE HolA] o (t=0.042, p=.968), = F&H FItAA = o
Aol Aol A&HEE o=amy b {Fo7 AfolE HolA] & gkth(t=-0.560,
p=.596).

3) de2xuvyg 3 IHAM FF T8 I Ao K= Aol

7heF 5 A Wl gk ol=avy 3k ZpolE Fletry] fs) WS E
2 t-H X (Paired t-test) EE LI F3 A<E FHF5(Wilcoxon
signed-rank test)S AAsYATE <E 10>S 71k o2 awnE oA IfEE
| 35 A w5 8 I A dE=E d=avE F XolE
kg Aot} 5 & FAM FEo H I AU AEHEER=
ME ZE @ Apols HolA ehgter(t=-1614, p=158), +5 3=
T A FEY 9 I H &SRR d23uE 1 fog AolE B

14 2 $keH(t=0.787, p=.461).

g >
H o

)

o

_57_



4) d2avy 7+ FEdqN 2% 9 A Jd F&EE o

ol
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@

@ W It

774 (Paired

TS

Hoot- t-test)

(e

;a

signed-rank test)S A3}

avy gk

FoE A

T

=

5) dE2xvE T+ JEANN F5 Hd AEE Zo]

°]

14

@

TZ W Zhef d2amE

p=H

o (- (Paired t-test)

signed-rank test)& AA13FA
35 oA e A
ojt}. = 3
g Aol =
59 A
(t=-0.358, p=.998).

.|_4

Al

=-0.676, p=.499),

=iy ol
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¥ 10. 23 H 3t BN A &z Ao

9] deg/s
Angle Velocity Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 215.65 207.49 Z=-0.507
Elbow +31.08 £46.11 p=.612
flex. & exten. R 230.67 242.43 =—0.586
£92.13 +59.49 p=.579
L 27058 269.09 t=0.042
Shoulder £95.60 +84.08 p=.968
flex. & exten. B 282.26 299.71 t=—0.560
+127.38 +87.87 p=.596
Trunk L 92.85 67.23 t=-1.614
ran +49.19 +47.80 p=.158
horizontal
. 103.44 91.88 t=0.787
rotation R
£53.9 +32.27 p=.461
Pelvi L 45.11 3858 t=-0.733
etvie L1438 £97.96 p=.491
horizontal
. 57.24 51.76 t=0.614
rotation R
£25.20 £19.32 p=.562
L 78.27 72.07 7Z=-0.676
Knee +30.58 4492 p=.499
flex. & exten. R &9.72 34.62 t=-0.358
844 +31.01 p=.998
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Kayakpro mMarineX
SpeedStroke [IMPACTRAK

a¥15. 2 7 2 Ag FE£E9 x}o)

9. = I 2t F71719% HE T2k Az Fol

1) ol23v g 3t Z717] F3E] A|ZE Fol

(¢

7heF s Ha ol 7Rk 23y I AolE gRlstr] fs s x®
B t-AHAPaired t-test) = EIFE HI A9 A F(Wilcoxon
signed-rank test)S AAsYATE <E 11.>S 7ok o2 anEoA =

Al Zamg gk g717] Frke] Az aelE $1e dwtelth #3 9)

i

7] gkl A oE=amEg o {3 zolE Holx gtow
(Z=-0.338, p=.735), -5 T717] T3ke] ARt= ol=uvE b Folgk
o] & HolA FUrh(t=-1.362, p=.222).
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2) =arlE 7t BB F7he] A7k Fo]

7heF 53 A Wl Fhef ol2xmE b AolE F<lsty] Sl d&sE
2 - A Paired t-test) EE 9EIFE FI A<E 35 (Wilcoxon
signed-rank test)S AAsYATE <E 11.>8 7ok o2 anEoA =
Al ol ZaimE gF S &E A7Ee] AJRE Ao
kel A o=zavE 3 Fod ZolE:  HolA & kem(t=0.991,
p=2360), +5 3|& e A= o =awE IF {Fol3 Xpo]E Kol &

A Ht=0.390, p=.710).

Ll
_l U
[-'O
r
.

~{
e
£
i)
i\
ol
e
-

s
rlo

E 11 dl2auE 7 271719 HE 7o A7 Aol

9l isec
Phase Time Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer

L 0.46 047 7=-0.338
Drive £0.05 £0.02 p=.735

Time N 0.47 0.50 t=—1.362
£0.04 +0.04 p=.222
L 0.17 0.16 t=0.991
Time R 0.18 0.17 £=0.390
£0.03 £0.03 p=.710
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Time

Kayakpro  mMarinex
SpeedStroke  [MPACTRAK

316, d2aug 7+ 371719 32 77k A7 z}o

10. dl=23m g 3 Z7|714 B FA4e 2]

D A=2zrg t 371714 ASFE G99 Fd SAY Aol

¢

7heF 53 A Wl gk ol2anE 3 ZolE F<lsty] Sl d&sE

2 t-HA[Paired t-test) Evr EFE F3E AYE AF(Wilcoxon

signed-rank test)S AAIEFATE <FE 12>% F1eF 2 avEHA e

Al 717 Aol A ol ZaiuE 3F S gl Hat AL AolE &<l
3t

@ Astelth 2% Y] FAIA BF AT e

7] A 5 ASE G99 H SAYE d=2arE 3 {Fo5 Ao

£ HolA ¥okrh(Z=-1521, p=.128).
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2) d

7% (Wilcoxon

S

t-test)

(Paired

fvzel
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A

t_

signed-rank test)g A

Al Z717] FRREol A el 2a1]

Fol 7} ek oM (Z=-1.992, p=.046),

o

M

ﬁo

o
{r

jgase)

il
M

Nr

3.925, p=.008).

WERSETH(E

2% 490 T TAG Aol

k)
T

7] 7)ol A

o

7 % (Wilcoxon

Y&

t-test)

(Paired

vzl

&

A

t_

signed-rank test)g A3t}
Al F717] F3Ee A ol 2am]

,?.

Fol7b wER o™ (t=2.900, p=.027), = F7]7]

M

ﬂv_wo

o)
{r

,._A.uﬂo

il
M
.@r
Nr
of-

-—

o

EFRETH(t=2.820, p=.030).
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4) d23vE 7 717N AA 999 Hd SAL Aol

(¢

7heF & HAd Ul 71 ol2am Y I xolE FlEtr] fs] d&x
B t-7HA(Paired t-test) Ex 93<E F3 A9 75 (Wilcoxon

signed-rank test)S AAlStTh <3 12>

aly
Y
Ny
2
2
il
=
=)
o
=
>
&
i
o

Al Z717]1 Rl dl2aim e 3 HA o] Hit A Aols I

Avtoltt. #2 F717] Farel A A2 AA G A HAGL o2 an

(t=2.623, p=.039).

¥ 12. d 239 H 3t 3774 HdE SAYY Aol
o 91:% (N/kg)

Foot force Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
0.48 0.30 t=2.218
L
Fore-foot +0.32 +0.22 p=.068
Foot Force R 0.55 0.32 7Z=-1.521
+0.37 £0.15 p=.128
L 0.46 0.23 7Z=-1.992
Mid-foot +0.37 +0.25 p=.046
Foot Force R 0.74 0.35 t=3.925
£0.45 £0.27 p=.008
3.07 1.97 t=2.900
L
Rear—foot +1.28 +0.64 p=.027
Foot Force R 2.81 1.86 t=2.820
£1.26 £0.80 p=.030
L 402 250 t=3.031
Total Area +1.75 +0.81 p=.023
Foot Force R 467 254 t=2.623
+2.46 £0.91 p=.039
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Mean Foot Force

e/Bady Weight (%)

Foot Fore

Kayakoro mMarinex
Speedstroke [MPACTRAK

917, 23 E 7 7170 HEF SALY Ao

11. d23v g 3 F717]dA At SA R 2]

D d23urg 3t 37171 ASE 999 A SA G Aol

7heF 5 Hd Wi gk ol=avy 3 XpolE Sletr] f&) WS E
2 t-HA(Paired t-test) Er LS FEE AE  AF(Wilcoxon
signed-rank test)& AAISAT. <E 13>+ 71eF dEZ3H|EHolA HE
Al 717 A3Eol A ol =aimE 3F ASHE gl Aol AL Aol

Ll
(o]

2amE b Fogk Aolrb VER o™ (t=2497, p=.047), ¥ 27171 T+
A 5 ASHE 99 Ho ZAYE 23wy 1+ Fogk zolrt o
EbuEThH(t=2.475, p=.048).
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7heF 5 A Wl gheF o2y 7k ZpolE Flatr] 98 d&x%
2 A4 (Paired t-test) EE LIS FE AD HIF(Wilcoxon
signed-rank test)S AAsYTE <FE 13> 7ok o 2w EoA IfEE
Al G717 Aol A ol 2amE F S5 G A SAY AolE <
g Aoty &= G|Vl FRtelAM HS FHF dGY A FAYS 9
2uvE 7 foF Aol molA YRAHZ=-1690, p=09), ¢ T
7171 TRl A %5 TH5 F9e] Ad FAGS A=y b Fogk 2

o

o] 7} YEFRETH(t=3.665, p=.011).

3) d=xvE 3t F7|71dM FFF 9 HAd SAL Aol

heF Bzel AY W Ao A2mnE & Aol FAsI] A S E

B t-AAPaired t-test) Ex LIFE HIZ A9 HF(Wilcoxon

EFEETH(t=2.850, p=.029).
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4) d2avE 7 717N FA 499 A SAL Al

(¢

hek 59 HE vl shek o 2an)

4

7 Aols Feletr] e e E

B t-7HA(Paired t-test) Ex 93<E F3 A9 75 (Wilcoxon

dl

signed-rank test)S AAsYTE <FE 13> 7ok o 2w EoA IfEE
Al 7171 2ol A ol 2am Y 7F A ] HAd SAY AolE e
Adtolty, &5 G717 PR A #AS5 AA d9e A FAYL o=
B b fF93 Zol7t YERSE S ™ (t=3.203, p=.019), += QT717] FIFAA
5 AA 499 A SAYE o=amE 1 {3 Aolrt yEu

(t=3.409, p=.014).

¥ 13. dEZ3urg 3 3717144 o SAFY Ao
o $1:9%(N/kg)

Foot force Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer

0.76 0.49 t=2.497

L
Fore—foot 043 +0.33 p=.047
Foot Force R 0.90 0.56 t=2.475
£0.58 £0.28 p=.048

L 0.79 0.46 Z=-1.690

Mid-foot £0.54 £0.39 p=.091
Foot Force R 1.11 0.63 t=3.665
£0.63 +0.44 p=.011
3.85 2.59 t=2.721

L
Rear—foot +1.52 +0.76 p=.035
Foot Force R 351 250 t=2.850
£1.31 £0.79 p=.029
L 5.35 348 t=3.203
Total Area +219 +1.16 p=.019
Foot Force R 551 3.59 t=3.409
+2.36 £1.08 p=.014

_67_



o |

Peak Foot Force

A
..lq_

ar é
.y
- i
P | | - |
=
= & 5 . P > o2
g ¥ R N Y . I s A v AT
H- \C\ (\-e\ L el\ = X - .\\"' ‘\ e ,ﬁ.\ Q_% ﬂr_\‘\ c‘f:\ - v '\f\f IS

o o i o R 27 P & a2

< = AS e\

Kayakpro m MarineX
SpoedStroke  IMPACTRAK

3918 d=2xuy 371714 A SARS Ao
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Aok B9 v W] A A2urg 1 FolS AR 9e v
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p=.142).
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2) lZmmE 7+ BN Hd 2223 F o]

(¢

7heF 5 A Wl gheF o2y 7k ZpolE Flatr] 98 d&x%
2 A4 (Paired t-test) EE LIS FE AD HIF(Wilcoxon
signed-rank test)S AAsYTE <E 14> F1oF o 2w EoA =
Al G717 el A ol 2amE F H 2ERA 3] Ao
th 2S5 G717 el 2S5 Hd 2ERA P2 ol=avy 3 {3
Aol Ve AR=3.121, p=02D), $3% 717 FReIA $% Ay 2~
Erd 3P d=2ang I+ {FYF AolE  Holx  dv(t=2.015,

p=.091).

Ll
do

[e]
_?ﬁ
il
_\3
s

¥ 14. dZ23rH 3t 7|7 A 2EZA Fo Ao
o$1:% (N/kg)

Stroke Power Kayakpro MarineX Between
Variable SpeedStroke IMAPACTRACK Ergometer
L 4.35 1.14 t=2.635
Mean +3.30 £0.70 p=.039
Force R 412 2.13 t=1.688
£2.90 £1.16 p=.142
L 6.72 2.10 t=3.121
Peak 422 065 p=.021
Mean
Force R 590 2.96 t=2.015
+3.63 £1.27 p=.091
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o] dojdty £Eo X7t FuAA s =W owy)7F dojihar,

FHAA v H #7] 5Zo] Al FE tH(Bjerkefors et al, 2017; Limonta et
al., 2010). ¥ AFoNA = npzrA 2 FZ7], F7)7], wr], 28l 38 5 4

A wRew urold wdel ztm, $d sbEwsl, Bde] A&E e

MR
[40
_O|L
22
=l
I
i
T
i
offt
o
A
4
o,
ol
2
No
£ o
N
Ap>
ki
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il
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iy
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9 SEAH WAL Aot et ggkow, 9 2
g FRAon e W Fulda AA ARE gush sher o zamy
Aol ey T4 £EGHon I FAAGL A4H J=uvy

F EEdH R Aok Aol Ha AR AT T EffolE ol uAd

o2 2AG ATAAE B
4, =geln 7k F A AL AR (cach)e wHA AEQ HU4
(finish)l A 24§49 sdo] ¥ 27 7+ Ao]7} vehdriz » s
(Lamb. 1989). 7}kl A= IMU A4S AL$314 5 24 7+ $53t80=
Aol7} QEA 2AE A7sF AAHAT, 1 AT G179 5B F7elA
BEA $49 A G717 FalA oze] $49 delo] zo]7} et
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(Fleming et al, 2012b), 222 7}k o 2avE oA 9 &
T A eSS et A T XZdoa BaE e (Klitgaard
et al, 2020), &% AFolA = oA AA A=tE 7leF o 2a1mE 9}
X
[e)

Tl el et val F4ste] dA FAelA e HEdE &

=
e et AzEe, H4s04 3743 Ades Seoldel 2
sk AR dzavlE 7 Aozt fAR, AE AZE dojr T AF

& e gtk d2aunEst o Au 28 AV)9 AFe A Agd g}

T3 oy UuE o 2auE 1 FYsA AAso, T4 A5
2 bk ol2un o] siE AFZE Zo|7b AA Azte shek o 2umE <
HE AFZE Zolntt o oM FUT o] wls) AFgBo] FE U

£ 3ol "R3lm & (Tabassum & Mondal.,, 2016), &2 &S W 7lok
o ZamHo A FAUGY 2ERA 3] FE FEHA wiclo] ¢ AA

B glew Az,
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et al, 2012), AA M A= = e A= AZE Wl HAH
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SAQkol  275N¥ 286No]  yERuvH(elEE,  FAX, H@7IA,  2012).
Tornberg et al, (2019 FHE HAFES o= JdZan g A =
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