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Abstract : In order to investigate the changes in growth hormone, testosterone, blood lactate, double
product, and pain, this study conducted intensive weight training and circuit weight training with 60%

intensity of 1RM for 7 men who had more than 6 months of resistance exercise and then performed
Underwater Walking and Underwater Sitting with underwater recovery. Growth hormone was high in

all exercise forms and recovery methods in order of after exercise, after recovery, and after stability,

and testosterone was high in order of after exercise, after recovery, and stability. Blood lactate was
higher in all exercise forms and recovery methods in order of after exercise, after recovery, and after

stabilization, and dynamic recovery after concentration resistance exercise was lower than static
recovery. Double product was higher in all types of exercise and recovery methods in order of

after—exercise, after—recovery, and stability. Muscle pain decreased in the order of exercise, recovery,
24 hours, 48 hours, and 72 hours in all exercise forms and recovery methods. In the water

environment, dynamic recovery is considered to be more effective in improving muscle fatigue than

static recovery.
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Table 1. characteristics of subjects

FERN95 £5R71950] AYeE &

o, s 27H] 25 (KF FolE Efo]
4, A% f°lE Edfely)et 5 IEXRAG]E
EolgloAe] ¢krlet Ao wEr £2H9] w
2p vjEste] RE iz tE 2AERE 135 A9
of #Arlstes st F 43] Fofsiiict. AbdA
AR oY Al SE2E(HAEAHEZE, AFs=R)
I EE2AMETE 25190, 60%IRMZE
2 JYPsitt. 25 5 HNEF=E Al U2
Aatdorn, 54 Aot FEZA &

=

oX,
oz
fol
I
ta
A
AN oxl 28
O, o Mo mek

ZAstch 8% A e %] HF o] glo]
TZAA olgte] AT FoE HuH 34Ce]

A AAISFHTH26].

2.3 HEYE

0
i
rE
o
iy
0

2.3.1. 13HE H ) FF(IRM : 1-Repetition
Maximum) Z3%H

A AEx£ 5~108] §HEE & ol BAR &
H 252 AAsHt & H4 AEE 18 74
& 5~10kge] FAE F7Fste] 3~53] RHES A
o7 dFHe= Fobs AAT o AASHH
Al HAA AE A 28] JAE AL,
5~10kge] BAE F7Iot] 2~33] whEdl Ao
2 ASE= Fots A Y \A AEE

2~4B 70 FAS Fe F, o]F 5~10kge] #at
£ ° 376te] IRME Al=ste s ofgleh 4%
Al 2~AR A & HoE o FUete] AlEshed
ou, A A] 2~48 FA & 2 5~5kge] HIE
HAag o2 AAESHY IRMES AAsHH &
HEE AR 3 S8 VEeR SHgle

N Age(years) Weight(kg) Height(cm) Exercise career(years)
7 27.86+1.21 175.00+3.29 81.71£9.25 3.14£1.07
M=SD
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£ olgsto] ¢F SccEs ABsAh 2F F
5 fole A A% FEsHA Ul o=
sto] AQde AAstAeH, 2719 L5
7HA19 BlEEAANA A4z Y A%, 3]
314 A AYstoleh

Jor 4y

S

4%

Lancete =

b4

pro 2 LT-1730, JAPAN)Z o]g&s}o]
A it wf AR A o Al EF

£ ZAste] S4%kol 2mmol ofskel o
ZAolsle® 5tg.o™, 2mmol ©]

7320l
A Flek &
AHT ke FhE

LTE — 30sec -
f
3min
f
BR — 30sec —

BS — 30sec — BC
}

3cycle 30sec
}

DLR — 30sec - BSP

Fig. 1. Method of Circuit Weight Training.

leycle @ LTE — 30 sec — BS * 3
2cycle : BC — 30sec — BSP * 3
3cycle : DLR — 30sec — BR * 3

Fig. 2. Method of Concentration Weight Training.
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3.1. M3l fIo|E Egjol'd

3.1.2. AR fI°lE Edold & $F3E
g HAEAHES] W3}

M7 elE Edold & #EoEel e
HAEAHES Hol= (Table 3)9F &t H
EXHES A7 YolE Edleld o] 24 &
ofet Apol7h WEhFA] ¢hkTh(p=.473). Al7]el ot
gt FAHCE {FoRt AolE HALH (p<.00D),
ARSRL EY BE oupel go] 255 H
Al EREAFHO EUTH(pL05).

313, A7 9ol Edeld ¥ $582Ho]
e W5l Wl

Table 2. Changes in Growth Hormone according to Underwater Recovery after Circuit Weight

Training (ng/ml)
@ Pre @ Post @ After exercise contrast F p
Dynamic 1.08+0.19 14134267 10854200  @<@***@  Lype(Ty) 2249 184
Time(Ti) 151.504 .000
Smtic 4144020 1620184 T60+1.04  D@*HO** (i) 264 000

M+SD, *p<.05, **p<.01, ***p<.001
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Table 3. Changes in Testosterone according to Underwater Recovery after Circuit Weight Training

(ng/ml)
@ Pre @ Post @ After exercise contrast F p
Dynamic 5.19+0.54 621+0.61 5204070  @<@**y@*** Type(Ty) 064 808
Time(Ti)  61.957  .000
Static 496+0.36 6.29+0.37 5.20+£0.41 O@Q* **H@***

(Ty)yx(T) 472 .635

M+SD, *p<.05, **p<.01, ***p<.001

Table 4. Changes in Blood Lactate according to Underwater Recovery after Circuit Weight Training

(mmol)
@ Pre @ Post @ After exercise contrast F p
Dynamic 1674021 12244288 4304170 @<@**@** Type(Ty) 322 591
Time(Ti) 86.119 .000
Static 1.60£0.14  10.94+2.89 4891161 O@***H@** (Ty)x(Ti) 2.274 145

M=SD, *p{.05, **p{01, ***p<.001

Table 5. Changes in the Double product according to Underwater Recovery after Circuit Weight

Training (Hg/ the number of times/min)
@ Pre @ Post @ After exercise contrast R 2
_9700.00  20871.86 12413.86 wrymes  Type(Ty) 106 756
Dynamic 919604 +518206  +a5173  O@TVO
0553.57 2226429  11563.29 Time(Ti)  49.640 000
Satic  {o3e7.14  +396558  x179608 D@V ayxan 53 606

M+SD, *p<.05, **p<.01, ***p<.001

3.14. AR folE Edold 3 SEslEo]

we ARgEe] wsl

A7 SlolE Efleld & 455 we
AREEe] Wake (Table 5)9 2. A7 9ol
E Edo]do] zelA §oIgt Ffol7t e
RSITHp=.136). A7le] wet EAHCR Folgt
Aolg 1l ovl(p00D), AFHT Az} B v}
Zol oy Al mrt £EATI Boom, &
sl 45 Hrt o A|7h LltHp 05),

3.15. AR el Edlold ¥ S3slugo]

2§59 ws}

A7 SIolE Edlold & S8Rl o
520 Wals (Table 6% 2t} 52& A
ole Edolde] A7jeA; EAHCR §o)
Aol LB (p(00D), 27 The §elet

= Ay He veh go
TEATE FFYEAFTHG wokoH, 2447
& =, 7 o7

Z4TH(p<.05),

3.2.1. A% fI°lE Ego]
E ARG 2R

rE oﬁ
j?—" -[o{n

HZE HAlolE Edold & #Folund wE
AL EE] ditt WESA oldugdRAy A
SHw Ade (Table 7)¢F Zh Agszre
4% dlolE Efolde] zAdA {5t zto|7}
UehbA] ekokchp=.473). Al7]ol whet EAHC
2 fFofRt AolE AL (pd001), AFeHln Z
I Bl Hie} Zho] SEATL obYA|e} 423
B2AF T SUTHpL05)AFH| R F3 B bf
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Table 6. Changes in Pain according to Underwater Recovery after Circuit Weight Training

Agt)er ® ©® @ © Contrast F J2)
. After rest 24H later 48H later 72H later
exercise

Demamic 657 414 3.00 1.86 L4 ©@**H®*  Type(Ty) 322 .049
YRAMIC 4170 4069 +1.00 4069  +0.38 @*©*

Time(Ti) 86;1 .000
Static 6.29 4.00 2.71 1.29 L14  ©OQ**0**) (Ty) X
+1.38  £1.00 +095 +049 +0.38 @**G v 2.274 400

(Ti)
®®*

M=£SD, *p<.05, **p<.01, ***p<.001

Table 7. Changes in Growth Hormone according to Underwater Recovery after Concentration Weight
Training (ng/ml)

@ Pre @ Post @ After exercise contrast F p
DLD***>®**  Type(Ty) 586 473

ow* Time(T) 7154 .009
Smic  L11£225 18001147 10223156 D@**DO™* ooy 750 g0

Dynamic  1.84+2.12 15.96+3.00 8.66+1.34

M=£SD, *p<.05, **p<.01, ***p<.001

Table 8. Changes in Testosterone according to Underwater Recovery after Concentration Weight
Training (ng/ml)

@ Pre @ Post @ After exercise contrast F §2)
Type(Ty) 2397 173

Time(Ti)  18.906 .000
Static 5.29+0.67 6.51+0.28 5.12£0.50 OL**H@*** (Ty) x(Ti)  2.470 126

Dynamic  5.15+£0.61  5.60%£0.99 4.95+0.63

M+SD, *p<.05, **p{.01, ***p<.001

o ol AL AN £FABASHG  SFIARAFHL EITHECOS).
ETHp<.05)
3.23. 3% YolE EdolY F S3amge]
322, 3% folE Edold ¥ S3ao] 42 BFREES Wt
e grEsEze W A% AolE Edolyd § SFaRuol] e
4% OIS Edold § SEOMgEl MR WEAMES] Ust (Table 99 2t 835
daEsdEe] g WEZY olUWzEAl  FASLE YF dol= Edoldol 24w AV
AgelE AT (Table $9F 2ok HAEXE o4 BE FAHOZ fold AolE myo
EE 4% flol= Edeldsl 204 folB (pCO0D, AR Ak FATIRAE £F 2

Apol7k A rolthp=361). A7le] wheb B mrh 2% $Ub wglom, 9% ¥ nr} 3E §
Adom folgt Aols HALHELOD, A% o WA ehith AReAE &% Awch
HE A3 B ol o] SEATE NS 2% FUb Worow, £F 5 Ml 8% Fof &
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Table 9. Changes in Blood Lactic Acid Concentrations by Underwater Recovery after Concentration

Weight Training (mmol)
@ Pre @ Post © Af.ter contrast F p
exercise
Dynamic ~ 180+0.14 12444340 411+254 Q@@y@***  Type(Ty) 7970 .030
time(T1) 55.445 .000
. IXHB***
Static 1.61+0.21 12.86+3.39 5.89+3.30 DG (Ty)X(T)  11.625 002
contrast B@**

M=SD, *p<.05, **p<.01, ***p<.001

Table 10. Changes in the Double product according to the Underwater Recovery after Concentration

Weight Training

(Hg/ the number of times/min)

@ Pre @ Post @ After exercise contrast F p
Dynamic 9381.57  23378.86 11874.86 D@ *** "™, Type(Ty) 2968  .136
+2703.09  £3206.33 +2136.67 Xe*
Time(Ti)  96.293 .000
Stati 9620.43 20371.57 11247.71 O>Q***>**,
ME 415975 +402659 166871 @* (Ty)x(Ti)  3.546 062

M+SD, *p<.05, **p{.01, ***p.001

Table 11. Changes in Pain according to Underwater Recovery after Circuit Weight Training

@ @ ©) @

After  After 24H 48H Contrast If D
exercise  rest later later
. 7.71 4,14 3.29 2.14 Type(Ty) 157  .706
Dynamic D**ep@*® P
+049 +£146 +095 +0.38 £0.69 Time(T) 97.856 000
Sat 7.00 4.00 4.14 3.00 D>O***@p@** .
BOC 4191 183 +157 4163 +LII e TyxT 2356 082

M+SD, *p<.05, **p{01, ***p{.001

A UeRa, F
W

Anc 8% Fo] &7 et

3.2.4. JF F°lE Edold & £F3E
w2 AREE] Wl

S AClE Edold & $FoEH uhE
ARgro] WMol (Table 1009+ &k A7 €
olE Edlo]do] oA {elgt o]zt et
A F9tHp=.136). A71e] wat EAHO R fo|
3F zpolE HIom(pd.001), /\]-_ﬁ,;a] Ant o
A Al BHop $Z 257} kgton 423|HzT
Hoh OH Al7F Edth(p.05).

3.2.5. 3% flelE Edloly
e 30| sl

45 SIS Edeld § Sgsiniue) ue

Zo] Wshe (Table 119} 2t} 52 A7
Tu & Edoldo] AelA SAdom Fog
Apolg HYom(p001), 7o) B Folgt 2}
U gt AeEln 27 $545E 5
AER} gton], UAY T, UAT T, T2
A7 F 208 AT (pC05),
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4. = 9

+e2 T2 Z9 2H| Hlel BH|ES Z
HHo=z FI7MAZ26]%TE ot AHT 2R
HF2 S AR A7) AntEAEE (somatostatin) 2
S dAAFACRN T2 E] HEE £
AA71E 2829 Airs AE-TH2T7]. 43S
2E2 AEHA U 5 5o 9F Lo
o, 59 5l 9o FdF2 wWol] ¥= Ao=
a2 QIeH28]. WA A|F7HR] AMgFes F
AT =2Ro] BEH|el IHEY thRrEe dAFES
250 AFZERC] EHE TVHFIH 5 &
LAt I EAZro] HFAEA HPA] F02
Aste Ao=R dEA QIrH29,30]. T ATt
50 AT 2R £EL IVHKIFIAUEL, &

ZHAZIA] et AdntE Rk Qloi(32].

o] Aol PHATEEI HAEAHES
A7 flolE Edoldat AF fIolE Edflol'd <]
EZNA FrolRt Aozt U] gigtom, A7)
of et FAHCR RO AolE HAHh RE
et RN Aguln vt 25 A
zER FAF TP wdeH E %
Mg A &oE Eo £AE J|E5Art £
EAT A7l e dRTERe] ot e
= I ARATE AHEY, g2 §S
2 B2 I WAL AF Edold A

—IOh

HAEAHZ $E7k )9 5 Z71sm, S
g A

SJE7)1Eet HARAHES] w7t FASH
7Fe HASE o 33], o] dFoldEs &
of BE oA FA7F gashe AT
of £EIETHol 2R Fx vAE 7134
A77F dod Zlor Hodinh

T2 AFE % A BAs= H=z9
off] 712l 8¢ F shuolw, & ¥z TEA®
<9 shute A Ao34]. k2 5 W
Aske S 2% 22 oyxde] agEe] 4
&9 Fgol FET o BAYHRIH35]. Eot
Fita gy § EAshE AEe] mREL
NAD* o] Z35o] Zgsted NADH 9 H* &
FAJIH36]. olF HFEEel HEsHA T
HE ZAAgEARA (Lacticdehydrogenase,
LDH)el ofsf Zite @45 == AolH371.

o] Aol EFHEEE AZl AolE Ed
ol HF folE Edold BT AR
oA ¥ dFAIEEE Hth dFHtER

kT

N, o[N ol

i

FERN95 +5R71950] AL 2

e I
A7 AA=H3T], 54 35 £ A
A Atet Z|d® o] gEH A TPEollA At
Ael 22 o8 ZAkg w27 olFAlA FAIE
T8 Al iAol ofsf Z4te] whEA] A A%
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