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Comparison of physical fitness levels of artistic swimmers according to
adoption of artistic swimmer national team trials physical fitness test
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[Purpose] The purpose of this study is to compare the physical fitness levels among artistic
swimmers in artistic swimmer national team trials. It is aimed to strengthen the physical fitness
evaluation criteria of the national team and construct a physical fitness evaluation item suitable for an
artistic swimming event. [Methods] A total of twenty two female elite artistic swimmers participated in
this national team selection trial. Measurement list was performed body composition (Height, Weight,
Body fat(%), Skeletal muscle mass, Lean body mass, BMI, Shoulder width, Arm span), Basic physical
fitness (Push-up, Sit-up, Chin-up, Endurance of trunk backward extension and Sargent jump), Flexibility
(Trunk backward extension, Shoulder flexibility, Frog position and Underwater split R, L) and
Swimming test (100 m freestyle, 400 m freestyle). Data were analyzed by Independent t-test using SPSS
Statistics ver 25.0. [Results] Age and skeletal muscle mass were significant difference between the two
groups (p<.05). Also, 400 m swimming test was significantly different (p<.001). However, there were no
significant differences in basic physical fitness and flexibility. [Conclusions] These results suggest that
selected athletes are excellent not only in acting but also in physical fitness. Based on these results, it is
necessary to construct a physical fitness items for the preliminary artistic swimming and to classify the
physical fitness evaluation criteria according to the characteristics of the artistic swimmers.
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Table 1. Artistic swimmer national team trials physical
fitness test items in 2018

Factors Measurement list Ratio (%)
Height, Weight, Body fat, Lean
Body body mass, Skeletal muscle mass, 0%
composition Body mass index, Shoulder width, 0
Arm span
Basic Push-up, Sit-up, Chin-up,
physical Endurance of trunk backward 30%
fitness extension, Sargent jump
Trunk backward extension, Frog
o position, Shoulder flexibility, Split
Flexibility position in swimming pool (Right 30%
front, Left front)
Swimming 100 m freestyle, 40%
test 400 m freestyle 0
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‘ Measuring part ‘

Fig. 1. Underwater split position measurement method
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25m Swimming pool

0-25m
(Freestyle)
2 25m-50m
(Freestyle
after flip turn)

50m-75m
(Freestyle
after flip turn)

75m-100m
(Underwater
swimming
after side turn)

100m
(Freestyle
after Under
flip turn)

¢ mm— => : Underwater swimming section
¢ = :Freestyle

+ At 100 m, breathing is possible after under flip turn

+ 100 m (freestyle 75 m + underwater swimming 25 m) x 4 times

Fig. 2. 400 m Swimming test measurement method
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Table 2. The characteristics of the subjects

- Total Groups
ariables (n=22) Selection group Dropout group t p
(n=10) (n=12)
Age (years) 16.36+2.46 17.50+2.27 15.42+£2.27 2.140 .045*
Height (cm) 163.11+4.91 165.40£5.70 161.20+£3.28 2.064 .058
Weight (kg) 51.93+5.91 53.58+5.08 50.55+6.40 1.211 240
Body fat (%) 19.49+4.98 19.17+3.42 19.75+6.14 -279 783
Lean body mass (kg) 41.6343.60 43.2643.74 40.2842.99 2.082 050
Skeletal muscle mass (kg) 22.76+2.19 23.80+2.27 21.89+1.78 2215 .039*
BMI (kg/mz) 19.48+1.56 19.56+1.09 19.42+1.92 209 .836
Shoulder width (cm) 41.05+1.64 41.42+1.26 40.73+1.89 979 .339
Arm span (cm) 168.20+4.37 168.44+4.74 167.99+4.24 532 .817
Mean+SD
*: p<.05, Selection group vs Dropout group
Table 3. Comparison of basic physical fitness between the selection group and dropout group
Groups
Variables Selection group Dropout group t p
(n=10) (n=12)
Sargent jump (cm) 32.23+4.92 30.08+4.14 1.112 279
Push-up (reps/45s) 23.40+7.73 18.75+13.42 1.015 323
Sit-up (reps/60s) 51.80+8.57 50.33+10.53 353 728
Chin-up (reps/60s) 2.30+£2.26 1.42+2.15 937 .360
Endurance of trunk backward 56.05+43.85 49.8552.73 234 818
extension (sec)

Mean+SD
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Table 4. Comparison of flexibility between the selection

group and dropout group (unit: cm)
Groups
Variables  Selection group Dropout group t p
(n=10) (n=12)

Trunk

backward 65.34+4.76 65.80+4.01 -172 866

extension

Shoulder

flexibility 37.46+12.35  37.27+16.37 031 976
Frog 1224273 504933 -1.344 201
position

Split R 7.80+£5.52 9.03+7.39 -432 670
Split L 9.52+5.42 10.11£7.71 -203  .841

Mean+SD



Table 5. Comparison of swimming test between the
selection group and dropout group (unit: point)

Groups

Selection ~ Dropout t p
group group
(n=10) (n=12)

Variables

100 m

Swimming test 1.000.00

0.92+0.29  .909 374

400 m

Swimming test 0.80+0.42

0.08+0.29  4.718 .001***

Mean+SD
**%: p<.001, Selection group vs Dropout group

= 9

AT ol 2E 29T FEoA A
dakal7] fell =7k Al AHHrtE
om FHFAY aF AL O 4
tE Aol & Hla EA s 2 éﬂr 400m

M H 2 jﬂJr HI A 25 7t
of g ato]7F YEb o™ (p(.001) 4 ZZF AN %
& 2ol 5 EATH(K.05). W 712A = A4
T A0 ago] v 25T B2 A 3] v

v
o
oXx

_?L

fl
oX i ol

lI[U

=)

1o,

N

L)

e
2y
o of e o

Jo Moo &

of
x
ST x 1o do B 2 3R o

=

N

ARE 25 b el gk Afol = §iSlTt.

UNbH 0 2 54 FTH|A BT ofg] ~E A9
7a719] EA A Atol o] EANSIAIRE BFAQ FAM
S 7 aL JTK( Vassﬂlos et al., 2016) A FEoA

J 5=

e sEE a7ste SAT ket
(Robertson et al., 2014: Tinto et al., 2017:
Yamamura et al., 1999). &3 o}g] ~8 ~9W & &
Bl 222 400m 9 223} A7|A 7to] v &Elr] w2

o (Chatard et al., 1999: Tinto et al., 2017), ¥ A+
oﬂ/ﬂ‘:_ Nxﬂ 7:]71 ]/\1 7“'0%,} o Eﬂo] z]a‘ﬁ R=4 o]

A2

The artistic swimmer physical fitness test 615

(Table 5 A|AE 400m
HEAE ags et o
THp¢.001). Alentejano et al.(2012)& o}E] 28 ~¢
W AFEe] 77 £F Al HERAA BT TF F
A] (Breath-holding) & frA3h=t] t] & A3-ghrta )
QtatdTt. oo} o], & AFoA z18 gt 400m 5
g H2EdA HFAE 25 AT 1gET H
RO Uehd A¥= A7go] & A7t 3% 22
(Breath holding) A& AJ3te] 24 o
Bjurstrom & Schoene(1987)¢] A &S Hut
A ske 2A A= E + A
tl5o], th& M3 Oﬂ—T’—Oﬂ"iE 400m 9 At &
A (pull-up) ¥HE 314 bl ol AaaA 7 vehd
Aoz Hast9=dl(Storck, 2017) o] BAHCRE
frofet BagdE Holx] AR (Table 3yl #A|AIE
A4 = (Push-up, Chin-up, Sit-up, Endurance
of trunk backward extension) A # &AL 1F0] 1|
Ak 2FET = Yehd 7&43 Sk e 4= 31% A
o7 Bt} olei3t A=
gitgk op e} 2479 24 %33}74] 2g-35hal 9

ut

l?— 7} olo] ®t}(Sands et al.,
2008). )

57'51, O}EV\F:'. 29 E FEddA HE 2 AL
AEoA obE5theS Hdokety| wiTol d&ed &
Hell glolA fdde] #8238 THChung et al., 2017).

] FES el el Aol 7t b
EREA] kAR AR A, AN TR, T 2EH
AA A HFAE g v 2gET 3 e
O 2 YT Lee(2004)] Aol = ofE] 28 29

W A5l U, f2, A4 455 v el

w371, 1? CSRAIANL 59 fU4 94Ee] ¢
oA e A2 Yehtia AFetiet. Bk opy
2} fAA FE F AZE (split) & FFAA AR 3]
AAE FAEA o F= A E ATz |



616 Ji—eun Kim et al.

HYsHA =2 AA 2 FINA2017) A #AA gk o8 7}
A 71e gkl 2EE Qe 71EA0 2 (basic
position) ] ™, o}FE] 28] 299 A 7|2 o] $-423k 57}
A &&sta e AEH7L g % shuol o} (Sasahara
et al., 2014). 95|, FINA(2017)ollA AAIStL )&=

O

71%& % Airborne split position®} Rocket split-=
29l 35 w35t 1 R A& wHdM 2F
A FHloFat7] wiZol 71241 Al & dafAl = 2~
gl Hoe d9FAol 27HoAth. Homma et
al.(2002)9] A olAle AARATAN S 39 B4 A4
4 YA Aaes 1t FH 92 52 ASAIA E0
ol it #1 49 (peak height)olA el gk Aol 7} 91
gov Haud 28l de 3 59 82 o] BB
AZE debsttha Baskgict. o] ¢ 2o, ofg ~g 2~
9% B7101A Saeokd FAEE o] 5] whe} A%
7} golsk7] Wl (FINA, 2017) 7] 5 158 w

> 9 m
1H LA

7] e e B $9AM Fe) ofgrhgol & 85
ofokshe Aol - Fa3lth 2 AFEL 4T £
Sk JJr 6]—7]]] _/‘Ezl—ﬁ o HH]-

4o 2 3le I3lete] 45 A
o

2A F83  de 23S M E AT e 2

l

R Na 299

ZFd !
2 EE 3 9 FA 9. B Ape A%
A D AA TGN HFAL g vAT 21FET
=2 7ol Yepgon volg ATl frof st A}
o|7} ‘/}E}‘XkDKTable 2> Lee & Lee(ZOOI)—E 2d7)

E 57 FH(5Y, 5T HFES B 57,
=]
L

9=t (Lee et al., 1996), £ AT A= A
AgGAFolM et 5 S5 AFE9 A
o} AR =9 Ao 2 et Lee et al., 1996:

Yamamura et al., 2000). |83 23= FAZF} 7]

, Eilaﬂ :IL % q—oo 0 [}

, o] EAlste Faolghe A 544
(Hong & Lee, 2002) % EH o= Z] gellA A
B3 vlaste] 83 AF
A7} A 273 ¢ Aol & %‘?—i
ATolM e A TFNA 2

&k zko] 7} e, ol= 0} Eal
5ol A9l FHAN I
Aoz Holzlth, JdE A5
Apale] Al Ao ‘%“C AAZG ] F
g] OE "?53 ] ;<1;<4;<40] ooﬂz‘;ok,.
(Sundgot- Borgen & Garthe, 2011) 8
718E FA77] YA AAAL 2
2 e th(Wolfe, 2006).

rE ri
2,
ol
o
[JO
=2
lo,
S
2,
0%
o
(¢ HE‘
ESY

Lt

flo i

r
=

)
N ol
n‘.
&)
&
= |o
2
iy
)
ey, b

¢
ik

=
Ho

iu}

i I

Ao

ofr o2
B oox
o

|

_,d
= 5 U
i
r.m —E

of\
i
2
o or 2 ptt & e 2 1o rfr oy ofN X 2

=
RAEEN
-

(Z o
ox HiF

%9
2
>~

L:o

[ ox
T o o rfo
e
0 ez
-
o qu[rt
1o

7HE8g A

ZE 9 AL

& el B4 AU A& 2] 90

it

2. 7ZAZ e AFA 2Fol ¥ dehis 2%
QAT £]3F Aol LiehbA] gt

3. fA4e AFAL 2 —‘EUH?LEWH] SRR
o JolH FA4o] £ AT

£ e gt
155%4% 59 B 2B #2A
o] )37 A Yeter, 100m 49
oA frol @ Aol s JEIA gt

of

£m£4>mtou Jo I X
H o
o o @
~

I
1m



T,
T
M
hichl
o
=
2
T,
1

olde] AzE FHAHE W,
aFEY AY, f94 a8l
ol Uehd S & & 9k,
400m 9 HAEA=
o oole 4o FUF, f4
olg] 2~H 291 MFES AMH
g8 4 J& Aoy 71&4
JJ\}—- o}E]/\E] /\f] )
He FeAs dAAATE A7 E
?i?%ﬂ e & 04?%1]*1 e A £5
O B otE 28 299 derES o s A7t
EM?@O]E & Aolth. ®3, 7P 2 Aol S Kol
79 o8 HZES w9 Al 2 ad Ao

|

™
o oy

>
o Olr r_>L
of M
2,
+ 5
(N
O o
¥
oL

[
ol

det

re
O

_>|~l_ll

o

/g

o

S,

mg{_t
WD
bl ool ¥O, ol

rL
=
¥0,
2
N,
P
>

r
ik
_or\L.

=
HUorS 39 i oxd

ol-N E
\l —11"1 r'O T

é -0,

to =
paik r_?\_', -
o % o
il oo
E?L O
all 2
g
ALY

on

=
T
i

N
O

HLJH

> 30
feorfr o § s

|

e
AR

Alentejano, T., Bell, G., & Marshall, D. (2012). A comparison of the
physiological responses to underwater arm cranking and
breath holding between synchronized swimmers and breath
holding untrained women. Journal of Human Kinetics, 32,
147-156.

Aspenes, S., Kjendlie, P. L., Hoff, J., & Helgerud, J. (2009).
Combined strength and endurance training in competitive
swimmers. Journal of Sports Science & Medicine, 8(3),
357-365.

Bante, S., Bogdanis, G. C., Chairopoulou, C., & Maridaki, M.
(2007). Cardiorespiratory and metabolic responses to a
simulated synchronized swimming routine in senior (> 18
years) and comen (13-15 years) national level athletes. Journal
of Sports Medicine and Physical Fitness, 47(3), 291-299.

Bjurstrom, R. L., & Schoene, R. B. (1987). Control of ventilation in
elite synchronized swimmers. Journal of Applied Physiology,
63(3), 1019-1024.

Chatard, J. C., Mujika, 1., Chantegraille, M. C., & Kostucha, J.
(1999). Performance and physiological responses to a 5-week
synchronized swimming technical training programme in
humans. European Journal of Applied Physiology and
Occupational Physiology, 79(6), 479-483.

Chung, E. J., Cho, J. H., & Chung, J. W. (2017). The development

The artistic swimmer physical fitness test 617

and effects of modern dance applied land exercise program for
youth synchronized swimmer. The Korean Journal of Growth
and Development, 25(1). 151-159.

FINA (2017). Artistic Swimming Rules(2017-2021). Lausanne:
Fédération Internationale de Natation.

Homma, M., Ito, K., Kubo, Y., Takamatsu, J., Ichikawa, H., &
Homma, M. (2002). Routine analysis of synchronized
swimming at the 9th FINA world championships 2001.
Biomechanics and Medicine in Swimming, 9, 529-533.

Hong, H. O., & Lee, O. H. (2002). Comparison of lumbar bone
mineral density and bone metabolic markers in healthy
collegiate female swimmers with college women. The Korean
Journal of Exercise Nutrition, 6(2), 163-168.

Lee, D. O., & Lee, C. J. (2001). An analysis on body composition
development trend of youth. The Korean Journal of Physical
Education, 40(2), 899-911.

Lee, D. T. (2004). Physical characteristics and heart rate responses
during competition in elite synchronized swimmers. Journal
of Korea Living Environment System, 11(1), 15-20.

Lee, S. C., Kwon, T. D., & Kim, H. K. (1996). The characteristics of
physique and body composition on athletics items of athletics
high school in Korea. The Korean Journal of Physical
Education, 35(4), 402-428.

Lee, S. O. (2013). Training program for duet technical routine of
synchronized swimming. Journal of Coaching Development,
15(3), 215-224.

Lundy, B. (2011). Nutrition for synchronized swimming: A review.
International Journal of Sport Nutrition and Exercise
Metabolism, 21(5), 436-445.

Mountjoy, M. (2009). Injuries and medical issues in synchronized
olympic sports. Current Sports Medicine Reports, 8(5),
255-261.

Robertson, S., Benardot, D., & Mountjoy, M. (2014). Nutritional
recommendations for synchronized swimming. International
Journal of Sport Nutrition and Exercise Metabolism, 24(4),
404-413.

Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Chaverri, D.,
Irurtia, A., Erola, P, & Rodriguez, F. A. (2014). Perceived
exertion, time of immersion and physiological correlates in
synchronized swimming. International Journal of Sports
Medicine, 35(05), 403-411.

Rodriguez-Zamora, L., Iglesias, X., Barrero, A., Torres, L.,
Chaverri, D., & Rodriguez, F. A. (2014). Monitoring internal



618 Ji—eun Kim et al.

load parameters during competitive synchronized swimming
duet routines in elite athletes. The Journal of Strength &
Conditioning Research, 28(3), 742-751.

Rodriguez-Zamora, L., Engan, H. K., Lodin-Sundstrom, A.,
Schagatay, F., Iglesias, X., Rodriguez, F. A., & Schagatay, E.
(2018). Blood lactate accumulation during competitive
freediving and synchronized swimming. Undersea and
Hyperbaric Medicine, 45(1), 55-63.

Sands, W. A., McNeal, J. R., Stone, M. H., Kimmel, W. L., Gregory
Haff, G., & Jemni, M. (2008). The effect of vibration on active
and passive range of motion in elite female synchronized
swimmers. European Journal of Sport Science, 8(4), 217-223.

Sasahara, C., Nakagawa, K., Fukaya-Shimizu, R., Fujishima, H.,
Kawai, Y., & Homma, M. (2014). HAVKFGHEIERIEZ B A
V2 7 u R 20134 > Jua—2 ) — |-
Uy ioi— BHREGEEFR— EERY.  Japanese
Journal of Sciences in Swimming, 17(1), 16-21.

Sekuli¢, D., Zeni¢, N., & Markovi¢, G. (2005). Non linear
relationships between anthropometric and motor-endurance
variables. Collegium Antropologicum, 29(2), 723-730.

Storck, N. (2017). Upper body strength and endurance and its
relationship with freestyle swim performance in elite
swimmers. Bachelor Thesis, Halmstad University.

Sundgot-Borgen, J., & Garthe, 1. (2011). Elite athletes in aesthetic

and olympic weight-class sports and the challenge of body
weight and body compositions. Journal of Sports Sciences,
29(supl), S101-S114.

Tinto, A., Campanella, M., & Fasano, M. (2017). Core
strengthening and synchronized swimming: TRX®
suspension training in young female athletes. The Journal of
Sports Medicine and Physical Fitness, 57(6), 744-751.

Vassilios, T., Chyssoula, C., Sophia, K., & Georgia, R. (2016).
Differences in physiological responses of synchronized
swimming athletes and female swimmers. European Journal
of Physical Education and Sport, 12(2), 58-62.

Wolfe, R. R. (2006). The underappreciated role of muscle in health
and disease. The American Journal of Clinical Nutrition,
84(3), 475-482.

Yamamura, C., Zushi, S., Takata, K., Ishiko, T., Matsui, N., &
Kitagawa, K. (1999). Physiological characteristics of
well-trained  synchronized swimmers in relation to
performance scores. International Journal of Sports Medicine,
20(04), 246-251.

Yamamura, C., Matsui, N., & Kitagawa, K. (2000). Physiological
loads in the team technical and free routines of synchronized
swimmers. Medicine and Science in Sports and Exercise,
32(6), 1171-1174.



The artistic swimmer physical fitness test

ofelzel 2919 FANE A AWt £l wE
o =

Iz
Ra
02
o)
rok
5
02
|-O
0 o
oy
re
foi
o
H
i
o
El
ra
2z
N
rok
H
[>
Hl
[
04
]
A=
o
o

(§3) & dFE ofel2g 299 S7hdE A A7t A58 2] AYsES vaste 33 194
M ARAe) AQG7} ES daeta ke 28 299 F2e AR AL B2 T
Z2jo] g}, (W) ol 28] 297 SR ARl A7 oAl A 228 St o2 AYPILE 23
Tk 38 FEL ARG (W, A, AAEE, A2, AAEE, BMI, oAHe], A1), 71249
(FF8 7], gdesly], 9o, AFE A7y, NHE AZ), RAGRAFZ, AAFAA, A,
% 258 R, L), ¥9 % H2E(100m AFE, 400m AH-F3)E AAaslt g £4L SPSS ver

o EUXE t 747 (independent t-test) S AASke] HFAT
FEg Hln BASGY. () 2 A7 E F3AT 25 1n=10),
ot A7} o], FAZ A 25 7ol BAHR fFofd Aol UERE oW (p(.05), 400m F% B2
A& g 3ol BAACE fog 2ol 7F Yt tH(p(.001). ¥HH, 71242 (M4 %
AEdoy)7], gZo], AfZ AFg)oA HFHAL aFo] vAE 2FET =& Ago| YEoy OF
Ffolet Aol UehA] skt et fiA 5 e A9 5 2Z3 8 (R,
b aFo] Bl AgEY A e Aol vERARE 25 1 & +

T HEAL aFo] v aFEY AYH el e Aol

=
2
L=

dERiT. ol AA 2% A 4450l Q2149 aaw ofe AQAe RRo| delNE arhe
AL AAE, oE WRoR $F uT} 943 A5ES A 99 ofelzy 29W $2 B4 B
] g oz AmE.

619



	Comparison of physical fitness levels of artistic swimmers according to adoption of artistic swimmer national team trials physical fitness test

