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=Abstract=

Effect of Rope-skipping Exercise on the Enhancement of
Cardiopulmonary Function

Sang Ik Hwang

Department of Physiology, College of Medicine, Seoul National University

In an attempt to observe the [effects obtained by the regular physical -training, nine
soldiers performed regularly the ;rope-skipping for nine weeks. All subjects were healthy
and did not experience any special {military training programs. During the course of the
training, their cardiopulmonary functions were measured in the resting and the post-exercise
recovery periods, and the values were compared with ones of the pre-trained. The test
exercises loaded to the subjects were rope-skipping and step-rising & falling.

The results obtained were as follows:

1) By the training, heart rates decreased very significantly in the resting and post-exercise
recovery periods. And the effects began to bring out at the early stage, about the 7th day.

2) As the duration of the training increased, the systolic blood pressures decreased
meaningfully in the resting and recovery periods.

3) Only in the early recovery phase after the exercise of the rope-skipping, the respiration
rates decreased significantly by the training.

4) The lighter the intensity of the test exercise loaded was, the more prominent the effect
of the physical training on the cardiopulmonary functions was.

The above results suggest that the 9 week training of the rope-skipping would bring about
the enhancement of the cardiopulmonary functions.
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% Aol w# st Sok(Astrand 9} Rodabl, 1977). A E JHAE 93¢ uiel(Fox, 1979).
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teh, Bl EEE S50 H3el ey Ae £59  F(adaptation) e AlA %™ Es(training
At Axol et 2 m= SF21Y Ad ww effect)sh b, G AlA Adel AH dolhin

>

Table 1. Physical characteristics of subjects

Age Military Height Body weight Body surface Total body  No of
(yr) career (mo) . (cm) } (kg) - area(m?) - fat(% wt) subjects
22,2 10.6 170.0 65.8 1.76 17.2 9
0.6 3.3 7.1 5.6 0.15 4.2
mean+SD . -

Table 2. Changes of cardiopulmonary parameters during recovery period from rope-skipping exercise
<2-1>> ‘Heart -rate,/min

Recovery period, min

Day Rest - ——— ~——— $Score
0 1 2 3 5 10 20
0 57.6  154.8%%  110.3%F  101-4%F  92.9%%  86.4%F  8L.6%%  76.4"* .98.5
4.5 13.9 12.5 9.1 7.2 6.5 5.4 6.1 5.1
7 57.5  145.4*%  101,8%¢ 90.0%#%  86.4°%  82.0°*  78.6°%  73.3%% 107.8%*
4.0 7.8 10.4 9.0 6.9 5.1 4.8 5.6 6.8
14 57.4  130.9%**  05.0%¥%.  go gHHRR g gkeE .g) 7#4 78 3% g gEs 113 1%k
4.4 12.0 12.1 10.6 9.7 7:0 5.8 3.0 4.2
21 56.9  133.8%KFF G 1KKEE ] DRERE 70 SkKEE 75 TARRE .73 4R GQ QERE  |]Q 7RE
5.1 14:3 13:2 10.4 9.0 8.7 7.6 6.8 4.8
28 B5.7  132.0%4¥ 8O THRER  7g QXKER 70 [REER 74 GRKRS 7] GHERE g7 7RIS 19 GRE
4.9 12.4 11.8 11.0 9.1 6.9 6.7 4.4 = 5.1
35 56.1  132.4%%4% Q0 GHKRE  7g KR 75 4RARE 74 GRKEE 7] QFES g7 Grres |53 oxx
5.2 14.1 15.3 13.2 12.0 10.1 8.5 6.3 3.9
42 55.4  130.3%K8 Q] HHAE g5 QRRER 7 gREEE GO gREHE g7 SREEE  Go gikEE 30 3k
5.1 13.5 12.4 9.8 8.5 7.1 5.0 2.9 4.2
49 54,2 126.6¥H%F 77, 2%HRE g7 TRESE 07 gRERE  G7 SRKEE G5 GRKEE G0 okkeR [4] (¥
4.0 11.6 7.5 7.5 6.5 65 6.2 6.9 5.1
56 53.8  123.7%*F 75 QWERE o5 DRKEE G4 7RAEE  G3 QRARS  G] QRXR GO gRAR 145 ghk
4.4 10.8 6.8 6.9 4.2 7.1 7.3 6.8 4.8
63 B2.0%  121.0%*eE 74 0%kEE g4 gRREs g4 gkres g3 gREe gn gEkes 5o giew 147 pk
3.0 12.4° 7.1 8.4 4.2 8.1 5.5 7.4 4.3
meaniSD- v

significantly different from the resting value: #p<0.05, #*p< 0.0l
significantly different from the value of the pretrained: *p<{0.05,: **p<0.01
significantly different from the 35th day value: °*p<0.05, *'p<0.01

day: the day from the beginning of the training

exercise: rope skipping at 150 times per min for 5 min

score: exercise duration(sec)x100/(1st min HR+2nd min HR+3rd min HR)

~— 8.0 —
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T 4 gt FYs L350 T AA el Estell R
AREL 2 8 ATE AGstgrh AAF o]
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NER F97] $5¢ Adeget. wd s $e 2

<2-2> Systolic blood pressure, mmHg

Recovery period, min

Day. Rest
0 1 3 5 10 20

o 122.6 154, 7%% 148, 3%# 138, 2% 129.1 124.7 123.2
9.1 16.5 15.4 17.1 15.4 12.1 11.8
7 120.3 149, 6%% 143, 3%* 133.1 124.1 122.9 121.2
13.6 18.3 14.3 18.6 17.6 15.1° 10.7
14 121.2 147, 2#%¢# 140. 8%# 130.4 121.1 115.4 117.4
13.5 15.8 14.5 10.9 10.1 12,1 12.1
"~ 21 120.4 143.1%¢# 137.9% 126.6 120.6 118.4 118.8
. 9.7 18.7 15.2 13.2 12.2 11.9 11.9
28 119.9 135.1* 130.7 123.2 116.6 114.9 115.7
' 15.5 21.7 2L.5 16.6 12.7 8.7 8.0
35 117.8 136, 1%## 129. 8* 118.3* 117.3 115.1 116.2
6.8 11.9 16.4 14,3 9.8 8.0 8.9
42 117.1 135, 6*#¢ 128, 2%*# 117.7%* 116.6 115.2 115.9
10.3 13.2 8.1 11.9 9.1 9.4 9.6
49 115.3 135, 4*%## 130, 1*# 118, 2%* 114.4* 114.1 115.4
7.7 15.5 16.9 10.8 12.0 12.1 12.7
56 114.4 132, 3#x## 128, 0%¢ 116, 3%* 113.4* 114.8 115.2
8.2 12.5 15.1 11.4 10.9 11.0 10.3
63 114.1 131, gF*e# - 126, 8**¢ 114, 9%* 113.9* 114.6 115.4
9.8 11.4 10.4 9.9

8.5 . 181 12.4

— 8
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<2-3> Respiration rate,/min

Recovery period, min

Day Rest
1 3 5 10 20
0 15.2 26.9%% 24,1%% 21.4%% 19.0 17.3
3.1 2.7 3.1 3.4 4.9 3.1
7 15.3 26.4%¢ 23,9%# 21.1%*% 18,6 17.1
3.4 2.8 2.9 3.9 3.2 2.8
14 15.2 26.1%% 23.7%¢% 21.2%% 18.6 16.9
2.6 2.6 3.4 3.5 4.4 2.5
21 15.1 25. 6% 22.4%¢% 20.6%% 17, 9% 16.3
2.5 2.3 3.1 2.9 2.5 2.7
28 15.1 26.7%¢ 22.1%¢# 20.1%# 18.0% 16.6
2.4 1.7 3.1 3.0 3.2 3.4
35 15.2 25.9%% 22,4%* 20. 344 17.8 16.4
3.8 2.6 3.5 3.4 4.4 5.0
42 15.0 25, 1%¢% 21.5% 19.9 17.4 16.1
3.9 5.9 5.6 5.7 4.8 4.2
49 15.1 24, 2%% 20.7¢% 19.1% 17.2 15.6
3.4 4.1 4.7 4.5 4,1 2.7
56 15.2 23, 7%% 20, 8+ 19.3% 17.3 15.8
3.6 4.0 3.9 4,2 3.9 2.7
63 15.1 23, 2%#4 20, 2%# 18.9 17.1 15.4
31 4.0, 4.2 5.1 3.8 3.3
#el AAA EAL ASD % ARsgc A ek,
2) S BT SF WA, £34 4 +3F 3 4 8 4 4

5719 4%

(1) &Y 7I(rope skipping): £7 1505414 5 &
d Ed7 £FE St % AFEH 55 202744
AFLEF, 57 FNEY, EFIFE FANH
AAg" A1z F9 FEL vy

(2) HCHR S (step test): 40cm, 45cm Fol4] A

kg 2 30384 cEveElE ¥FE 58T & F 3
27 10872 A, ek, FIFE 33
sglet.

3) AAYTTE 225 EAYHer FAsNYxn
Fh8 ¢ A5AA4 o ¢ (Digital Sphygmoma-
nometer, UA-271, Copal 2| )V} %4 FLygsr12
Z2Astgd o sFIFE F3egy. R AEE 3
71 Aol 208 WA 6083 FEAR F4L Atz ¢
AAd9 e T F 5L 444

2ZE 48444 A4 Ho4L t-HA4R AR5

P

“+57)

D ePgAlel MHE7Is

(1) eHHAIS| MEHES(E 2~49 7 1): A4
Hell A8 At wEA] 57.6~57.83 0] g EHl 4l
A RS golth A A Fhdld 97709 HEF
ol 52,9~53,33 2 ¢ 10% F&stglEn] SAAdeE
9 st o}

(2) gtEAIel £57|) SHEe(E 2~49 4 2): ¢
Aol A Er18ee jeAd 122.6~123.5mm
Hgolg&nl 4la] vl o2 A} zh4sle 9FFol &
114,1~114.6 mmHg 2 A 5 o] z4atg et

(3) otFAI2| E&E|S(E 2~49 A 3): ¢4AANY
Z¥4E 2dal 15.2~15.93], ¥&AF 15.1~15.73]
2 tled JE2E W3s AY gigeh

2) 847 2% 8719 MHIIS(E 2)

(1) AZHELS(E 2-1): E4d 7

£5% 3

7]
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Table 3. Changes of cardiopulmonary parameters during recovery period from 40 cm-step exercise
<3-1> Heart rate,/min

Recovery period, min

Day Rest Score
0 1 2 3 5 10
0 57.8 162.8 122,1 109.8 102.4 97.2 92.7 89.7
4,2 10.1 8.1 7.6 5.3 5.4 4,8 7.1
18 57.1 144, 7%* 106. 0** 95, 0%* 90, 3** 86, 9** 81, 1%* 103. 0**
3.3 8.4 7.0 4.8 4.4 4.8 4.6 5.5
32 55.8 140, 3** 96, 7¥* 85, 4% 84, 4%% 81.6%* 78.4%* 112.6%*
4.9 9.1 7.8 6.9 7.8 6.0 5.6 8.8
46 54.9 131, 3** 92, 1%+ 78.0%* 76.1%* 73.8%* 71, 5%* 121.8**
4.7 9.5 7.9 7.5 4.6 5.0 2.7 7.1
63 53.1 130, 75+ 88.9%  77.6%*  76.0%  73.4% 70.4%  123.7%
4.5 8.9 7.9 7.1 6.2 5.8 5.2 6.9
exercise: 40cm-step exercise at 30 times per min for 5 min
<3-2> Systolic blood pressure, mmHg
D R Recovery period, min
& ot 0 1 3 5 10
0 123.5 177. 4%*% 170. 6%# 160, 9%# 147.7%*% 136.1%¢
7.5 12.5 13.1 11.5 10.6 10.3
18 121.4 171.2%#% 162, 2%¢ 149, g¥## 137.1%#%# 128.8
8.5 1.9 11.3 10.4 10.5 9.7
32 119.3 163, 7+4# 154, 3%4# 141, 3¥+## 133, 8*## 123. 0**
6.9 10.9 10.4 11.4 11.1 8.4
46 116.8 154, 2¥¥## 142, 9F#e# 126, 7%* 119, 2%* 115, 3%*
7.6 11.1 11.6 12.1 9.8 8.7
63 114.6* 150, G+*#* 139, 2¥*#* 123. 9% 117, 9%* 114. 8%
9.4 10.2 11.8 10.8 9.9 8.2

Autgrt A FgoE Folet £EE v
otz wetgich whE 154 FSE Zabvl JeEge
3| E7] 1~38d 74 TR gd 55434 &
s} Tl Ale] vEbtEn] EFAZE Ea 24
Avt zb4 Fshob vt ga 95l Abg TR W
S Jeb gt

A gkEF H A4 ghol Ahgsle A -(score) & A4k
she] Bl [ =95 A 2H(E) X60(&) X100/(1% A
uhe+ 28 Ak 33 b)), o] dF 2R whE Al
o] 98.50] ¢l el wd 1FFHE] FAAHLR ol % #
q3HA Frkekg 2 9F F8 ol 147.52 50% 7+
9 F7HE veba el

(2) £S7I8(E 2-2): FF718te] P4 F2
2 388 Az wEAdE 10~208 Ad A
o] IR FlE 3% stReE A REFH & A
A 44 & vt = gFrld whe} "] zr4sg
I 538 F AFEE 3E7hA s A TR

(3) BEEIS(E 2-3): +5F 3599 IAEFER
o2 webglEdl 59 357 1,38 3] FHI
Al &3k -

3) Ho2SF sls7le MuHIIs(® 3,4

40cm 9} 45¢cm Zo]8 Frhx AulS o] &35hd]
4 BElel & cleld W& AWs Y A4y 43t

o
T
=
=
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<(3-3> Respiration rate,/min

Recovery. period, min

Day Rest
1 3 5 10
0 15.4 26. 9% 24.1%% 22.1%% 19.7¢
3.9 3.2 3.9 2.9 3.8
18 15.3 26. 2% 23.6%* 21.9%¢ 19.3%
3.6 3.1 3.2 3.9 3.5
32 15.6 25, 8%% 22.8%* 20.9%* 18.8
2.7 4.4 4.1 3.6 4.3
46 15.8 25.7%¢ 21, 9%* 20.8%* 18.4
3.6 3.7 3.8 2.9 3.3
63 15.5 25.8%% 21. 4% 20, 3%* 18.7
3.3 41 3.3 3.1 3.1

Table 4, Changes of cardiopulmonary parameters:-during recovery period from:45cm-step -exercise
<4-1> Heart rate,/min

Recovery period, -min

Day Rest - - Score
0 1 2 3 5 10
0 57.8 170.2 129.4 115.3 106. 4 103: 4 98.3- 85.4
4.1 9.4 ‘7.1 5.4 5.1 5.0 4.1 5.2
23 56.3 151.9%*  109.6** 96, 7% 93. 6** 90. 2** 86.4%* 100, 1**
3.5 8.2 6.0 5.2 4.3 4.6 4.8 1.6
37 55.5 148.9%% 103, 7% 92.3%* 87, 7** 84, 74 80.3%*  105.8**
5.0 8.7 5.7 4.4 6.0 4.4 4.4 5.7
51 54.1 147.1%%  102.2%* 89. 0%+ 84. 1% 81. 3% 79.3%  109.0**
5.2 8.7 4.9 4.8 5.6 5.3 4.5 5.6
63 53. 3% 145.2%%  102.3*%  88.1%* 82. 6** 80. 9** 78.9%% 109, 9**
4.4 8.5 5.1 4.3 4.8 4.9 4.4 4.8

- exercise: 45cm-step exercise at 30 -times .per min-for 5.min.

LIEA S 02
(1) MHUHESL(E 3-1, 4-1): A=A o8 F
7HA &°H AREFAAE Aukse 3| %e] Fa
g9eh 28 Azl A F95A Adkast
23+ £ 40cm ARSFAA B FRIAL o2
% F3E FohA $F EF 1~330A A3 R
g}t Ak$E A4E 40cm Solalq A 89.7,
DA E 123,72 38%9 £78 Eg: 45cm Fold
AE w3 85.4, wdlF 109.9% 29%9 F7HE v
el o] w9 FHI FAE Bk
L (2) SETIBEU(E 3-2, 4-2):
°I HEHE £55 weoz walr

$EF 37199
7 Az

ghol Felat WsE By Evl Ba. 1~5% ghel

73
wol a4yl

- (3) BBEIH(E 3-3, 4-3): LFF FF4Y FHE
= 40cm ARLFNA v oz & wepg s #
gL gt 45em FololdE AY wWast ¢

) s

ﬁ 6~157H%4 *}
HrAdd dit

%E glet. &3 Al

._84;_
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<4~2> Systolic blood pressure, mmHg

Recovery period, min

Day Rest
0 1 3 5 10
0 122.8 182, 3%# 171, 2%#% 164, 8%# 150, 8%# 137.2%¢%
9.4 11.4 10.8 11.6 11.8 8.4
23 120.1 173, 4%% 164, 7% 152, 2%## 140, 3%# 130. 3%
8.1 10.3 9.8 10.5 11.0 7.5
37 117.4 168, 2*## 157, g*## 146, 3*¥## 136. 2*## 126, 6¥*##
6.9 11.7 11.5 10.5 9.5 6.1
51 115.8 167. 6¥## 154, 8%## 140, 2%*## 131, 1¥%%# 124, 9¥*#
8.0 12.1 13.7 12.1 10.4 7.9
63 114.3 165, 9**## 149, 4¥*#¢ 138, 3¥*## 129, 6¥*#¢# 123.1%*
9.2 10.4 8.7 9.4 11.4 8.7
<{4-83> Respiration rate,/min
Recovery period, min
Day Rest
1 3 5 10
0 15.9 26.8%* 24.9%¢ 23.2%# 20, 2%#
3.1 3.1 3.0 3.1 3.0
23 15.7 26. 6%# 24.9%% 23.4%* 19, 9%#
2.4 1.7 2.1 2.4 2.7
37 15.3 26.7%% 24.3%% 23.7%% 20. 1#¥#
1.8 2.7 3.3 2.9 3.3
51 16.0 25.9%# 24, 2%% 23.3%% 19. 8%
2.7 2.9 3.6 3.4 3.3
63 15.7 26.1%# 24, 6%¢# 23. 1%¢% 19, 9%#
2.8 2.6 3.1 3.2 3.2
& ookl 24E 49 4% S 2L JYE L AE TFE TRl vhehtn @l Azl ¥les

2 dx gf Adelmni F T ] o]AAq Ak

2 2 (Falls, 1968) A 7=},

M 23] 5% o]Ay & 1505]214] .l
wheio] qkxl dakeldlAl &
Zg4 o HEe] A=

R FFov 154 s AR E -9—:17‘ TE5FE F
] 8 + i

ezt glo] 957 Fk vk & A
Zketel 3715 A5 E
o g EAY ;e APAAANA g
FTFdl di 23 1550y

LT3 =

A dA 3 7l
4 A
A4t
» TEZIE S 3 &

H —=-]_5—1_

o [
TS

A3 A FoE A3

_4‘_\:];;}_3

— 85—

W g ake
Rolzha
Tipton &, 1971)
2% 98 A4zrw (Astrand ¢ Rodahl,

§ &3t FaEgleh. TEH4 WHE 0% @
Ho] BF By o by
ol W84 &

oo} Avpasl sty W
=R Goth

AT FAAR FAR BAFAAA A4 AY
(bradycardia)e] }& 5% ) (Scheuer 9} Tipton,
1977) 2813 &7} o] AXY 90 &F
AAE el (E 2~49)

4 F

Z 1. wkEle] dk -4
TA-Lma AAAY FY WE
A A5t (Clausen, 19763
PES

o 8
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38718 b4z A
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SCORE ..
150 [ .
*x ROPE SKIPPING
* %
140 [
130 |
40 cam STEP
120
110 I 45 cm STEP
1006 [
90 |
1 ] 1 1 1 1 1 1
2 . R
0 10 20 30 40 50 60 —_—

Fig. 1. Effect of the physical training, rope-skipping on the scores obtained after the load of vest
exercises. The exercises loaded were rope skipping, 40cm- and 45 cm-step exercises. As the
duration of the training increased, the scores increased step by step. And the effect was

prominent in the load of rope skipping, the most light test exercise.
significantly different from the value of pre-trained: *p<0.05, **p<0.01
significantly different from the 35th day value: *p<0.05, ~"p<0.01

day: the day from the beginning of the training

score: exercise duration(sec) x100/(1st min HR+2nd min HR+3rd min HR)

5 $5 254 FAHAEA(E 2~49 21, o A FAEqe] E3ko] w-wl(Clausen, 19763
23 1) FAY FEE 2% A3 $%4 4 ¢ Kilbom, 1971; Shephard, 1982) & AddiA &
3":_

ARG AT A% Sem ARLE  AA $57 Yo Aua FEFAH(E 2~49]

o}
7_]1-

A4 F7t AEA AR Ageh. T AEFA 2). 2 A ek A9, &5 AR =4

o AgstE %ol FHAE Aelst i F YAAR 2 A5} 2 Ve F 98 7,4\ o @ A 7Ee] = Lu
(Wright &, 1978) £2& Alnt L2 E7] 54 of EAle o2 & Be AT APH o} F
5 Folol wet A AErt bR AR Hel 2FF ok, EFF B F57] °J°l qAFeE
8 AZd) wte} FA A Ee Aolst Atz AAYE otet AZE =R & Fye] wEFHE A&
T+ A4 T+ JEd 2 EE A} ulsehA 5%

FAe AR +Fo el Yok gl A st Tl 9% wol e A e

el

A
=
A
X
=
7
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FFITE A2 8 g sz Agydl #g
25 2)nk ojulel] YAt FA JHAE FIFE W
7] W Eoll $Fol) wlel FA9E shRshEw ARtE
vk TGS 2 25 FAE Bt Aol
(Casaburi 5, 1978). 28 A4S 2 AFel7lE
A mk whald] o8 o E FFIFY WHE F 7

ol wE Aol 27 FHggte
FAE VPR (R 2~498 7 3),
AAtge, 57 sHEY, TFIGF EF o) o
TollA B AR wedd] &3] #FE Mol AL
2 Jeba A Balsle 23 (test exercise)o]
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L =

247 €39 AA Bd 532 2330 a9 A
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D AFHEFE wel g8 4P L5F 3
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