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The effects of far infrared ray on performance
following training in elite tennis player

Cha, kng-Hoon'

Abstract

The purpose of this study was to investigate the effect of far infrared ray on serum lactic
acid, electrolyde, CK, LDH and aerobic acpacity in elite tennis player followed training. For
this study, fourteen elite tennis players (age: 23.11%3.14yr, height: 177.5245.21cm, weight
64.73+3.11kg. career; 7.01+057yr) were recruited and seperated CON (no far infrared ray
sauna, n=7) and SAUNA(n=7) group. SAUNA group enter far infrared ray sauna booth(%
-Bio) 20min"*"/8time >*** immedeately after tennis training. Blood was extracted before
training, immedeately after training and after far infrared ray sauna during before and after
sauna treatment. In ths study, lactic acid, electrolyde, and CK, LDH level was significantly
improved after sauna treatment. Based on these results, far infrared sauna may lead better
conditioning effect in elite tennis player because Blood product by metabolic process was
removed after training and electrolyde and blood stress marker was improved after sauna
treatment.

Key words : far infrared ray, lactic acid, electrolyde, and CK, LDH

1. A-] = magnetic wave)Z 1 Zojd wg} &4 (near
infrared ray, 0.8-151m), %3 £ (middle infrared
Mg Fol RHolA %+ AA7] 3 (electro- ray 15-56um) 281 Y& &M (far infrared ray,
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56-1000um)2-2 11, o]F 43 H e 3ol
7H Ay E4 & 4 dH(Toyokawa &, 2003).

AHYH L B A T 2R Y
& AFTY AHJHE WAL O B F5EHE
FALT B4S YA HI o= B4 U oy
A WA 8 AL FEA Ho) 53] QA9 o
RolAe AUAZ g B 5 F87]d) 9 4=
A ZFAEH(Inoue & kabaya, 198 9). ¥ 4z}
A AT 24 EE (Lioyd 5, 2003), 3%
% (Honda & Inoue, 1998; Udagawa & Nagasawa,
2000) o A 77 FPHALH, 53] FEAH
oA dFgHde] AREFE AD (Yu T,
2006), AEZAY, dA715E3 S 538 29¢
03 B3 (Lin F, 2007; Lin %, 2008; Inove &
kabaya) 94 H 2ol S oy g4 G Y
Gz HAF o iz A tig
Ao o] o] &5 Ut}

YA SFRYs) FAE AT &4
4 50N FTASFES U 4 W
E 7164 58S 49T FET T A2 &%
543 g3 Aeghd WES AR A5 Hujit
243, FALY X e B F ST
F715t9en ¥Eules HYFSyg FYFA
= Fol% AN BAE JHAYG 4404 558
o] 3 Bttt o3 F(2000)2 EAT e}
A& UAFLZ 49U 1Y 1543 o] FAYA
G-20um)°] FAEE 58S AL55E o Ho
EFFPANL H 9.0%, ANALAHFL 4% 1
g1 A EFF AdEEE 2% FA3en F
&5 3587 29424370 FostA 37t
&l AAHYN WAL EFETGEo] AL TTIY
3 &5F FE5Eol MAHAGT 35T

22X QRGN E &F B AR F FEA]
AL AFQE o) 88 W3 Ko go] &}
E Aok, B3] AU 37188 58 B o)

2% FE3Y AUEHE A4S ZANA H2
29 202 A, A&7 71%04, ddst Al
@4 AR o|tH(Sato & Kawashima, 1989).
Y Ay M aste] B3¢ 479 g
of Agute] ot WS HIHY AATF
ot B3 B} AA A He EAo] ¢ Bwo
o (AFF F, 199), E5A LFHRE =y
B, UHEA, AFFEE7] T e A
QU9 AR E AW AfAo] et 23
HAute R1E ITh(3 ST T, 1994).

EF AR AU 2L A2TFA 2T
HET e g MY EFY L EE 5F
Aol =28 F Y49 YT S| a9 ZF
32 529 AT R8I tHCostill, 1974).

HIde 371 Bv A2y 5298 AM
7] 918t 4AYA G wiksle AU BF
o]l #A3} Hi 1o 2¥xx AR wo| HE
HY Qe dFolt), 53] AFEY] 4¢ AT &
T EE AR F AFA F£E02Y HE JHL
737193 DA BAE 7HAL AoHCostill, 1974;
Stephens &, 2008). WetA] &5F AHYM AL
U Ao g Aty Hlat L5 gd v
A An7dge] a3ty ¥ 4 Qi

old £ dFelAe ¢4 HU2 dFEL Y

o2 @rzte] AHA HU2 &5 F 38A
AHAA AU QAo 2 A A AeA
%, CK, LDH % f4t&4 &55Yd riX &

E3E st I £ g,

2 97 €4 H otz A% Folo, gigd



Hux F3d 55 e 4 HU2HT 14
HE OAeR (9%, 23.11+.144; A%, 17752+
521em; AF: 6473311 kg, AR E, 13.12£1.27%;
574, 701105 7), € A7 ¢A 4F FF
5 Azl T Uig SE8 AP E dAs A
o2 Foq3lrE Asiv] AP FAAE B4E
HPAETE e dAsigd.

EE HIAEL 49 AF 43 ARHE
st 7l A E AdAZLn, X 48
< 583AY &2 sYHd dFE 1A + 4
T ARY 74 % AdE 4L Aee Az
FH AgAZ.

X

2 MAIEY 53

Jh

AYAEE 4YIY NYASS ARY 34
& 9Astel 104 7HES FEE AL HHol
A Tnbody 408 ol§5te] YRS AT, 43,
AT $¢ ZAHAL,

3. MR P BYBS

YAGH= BE HYAES0] HU2 &F A
AN EFAE 181 HYH APYRE
45T, 5 60%, A-BioAl, Korea)ol 208 &%
A4F FAFE st F 339 A F4HY
ol 10mle] Y& AFs. Y R
AYE Tukz Y 7NYSI 2300, USA)E ©)
43te] AFEE S5 Urlx Y& 4L
AA <k 1A ¥, 3000rpmol Al 1083 AE
2 (Beckman, USA)Z ¥ 4594 ¥4¢& &
FHol &4 -8 RaAsA,

g ¥3& AfA(2UE, Na EEHAT,

; g2eole, C; viaMlE, Mg EF3IZ,

glucose) F=E F4317] A 42 o8AG

22 &353]4], A18H A3z 975

o ogste] 4 it

2 ¥ 2% ¢ (F 48, F 839)) HYx &F3
¥ 13 2084 4398 ASHRE 45T, §5
60%)° Ydtsnt. 221 EYARHE F 730 2
A 4394 AU 4 F O "2 &5
A, A% 183 20809 4398 AHpu 44
F, 1349 59 $yjeg HAASA,

4 S5t M

AgdTolA AAE vi(Id3], 2000, €44
T, 2001) Yol EFFPYe] dFS vlA
EAE 793 Y RE JPAES PR
27308 AU AA A Foll AA 558 HA
g ANIAHIE 23T, FE 50%)

553 AAE HPAECl $FHU2AT
E A& AP KSSI H5HePEE o83t
AAE 5%04 £ OmolA &5 A3t
£-ok% FERAA FYSAT. FAUYL TR
7k HEE oj &3t HYFAAATFH Fia
A qXFE 183 SFFPATE BHEIH.

5. HUA 2204

2 A79A HPAE0l B B EFAD
ANSE AT FHOE B 1o AAIF nis} o]
FHEF, B 25, AYULTLE 7HH, F &
FATL 1008, 282 558 AACA 34
g Huiiuree 40-80% SR FFEER 4
A&t

6. AxeM AU

£ 7oA 2-BioAHKorea)IA th7187
100cc o1& 200-300cc L8l YH M ot
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Table 1. Tennis training program

5 8 AAPYE R E5TAY PAE 5%

42 Az 25UE (% HR)

L ez @ 28X
= [e] =
FH LT 2 27 10% 40-50%

1 29d&(ZTHE, WP AEZF)

2. ¥ & WP AEZZ

3. YY2rE=Z=

= 408 60-70%

2eE 42

5 AB

6. 2ujA

7. AYAE(EA] or B2) 4038 70-80%
A +F 1 d&Agz 2 2EYH 108 40%

< 7-1000um7HA] AR, ZRA T Atge] Y44
7Fedt=E 54 AZ(130 x 200cm)® 7HE € €
A APy BA(EHA TF, 20048 &3t
Aot

%1491’“ YA (L= 45T, %E-‘:— 60964 EE
< HYx 23538 ¥ %«l e HAig

ndas
AA L LFAFH vl ZFad AFHF
TE7H0.75£0.18 kg)S AF % "Jﬂ]‘ﬂ]’ﬂ 02t
ddstAut.

7. X=X

B AgS 53 Ao 2E ZHE2L Window
& SPSS A Z213 (Ver. 11.5)< &3l %
&3 EEUAE ST A9 713t o
2 ZH5HUAEY AohFL HHESH A 93t 9
A FEH (repeated two way ANOV A)E AA
dHon AzFE&aHst Q& AF 1 Al
FAHoZ ZRl37]98 =¥ (indepe ndent) t-
AEE AANEAT. A fFo=d oid 7H
F& FFL < BE BAF}A.

277k AHYM AFSU A H(before far
infrared ray sauna)-¥(after far infrared ray
sauna)l 1AM EHlYx &FABTT), AF
(A’I”I‘) a3 2087 439 AU A ¥
(AS) 8% AAtexd Wsld #% Ads I1d

1o AAZE vlo} 2o}

R after far infrared
ray sauna

2.0+

1.6

00 BTT ATT

=1 before far infrared
ray sauna

(mmol/T)
5

lactate concentration

Fig 1. the effect of far infrared ray sauna on blood lactate
concentration at BTT (Before Tennis Training), ATT
(After Tennis Training) and AS (After sauna). * p<.05



HU2 &5 A 23T 45 24dsE (439
A ARy AR A 060£0.16mmol/l; B LA A
U AAF 055£0.20mmol/)E HY 2 53
F 25 {43 FEAA FUMEEHAFH YA
AR AA A 1.30£0.11 mmol/); A YH AR
U X X% 1.6040.15 mmol/l, p<.05). L83 &
ZF 2089 47 A 94 F(AS) &4
g dF FAdeEe 4F3YH ARYUAA A
(1.00£0. 12m mol/) ol vl AMpud AR F
(058+0.0 7Tm moll) & FEANA F4dATh
(p<.0B).

2. ¥y HolR % 2RI~ 559 W

2779 4 AU AA A(before) F
(after)ol oM EHU2 ELFABTD), AF
(ATT) 233 2083 4394 Ay 4 #
(AS) 8% Adst 22irex dsd B
A 8 19 AN vpe} 2o

LHYL A+ AR A(before) HlUZ F
AFATDS ta #4% 208 Na), LEAF

TR S8 A, AsA A3z 977

(K), Pt2dlEMg), E2HIE(C) FE 20%
o 49 ALy AA F (AS) BAFHLE &
A FEoAA F7HHATHP<.05).

AHIYA A9 AR F(after) HUZ 254,
AF 32089 4HYH A AN F 243
¥4 AsfA3 2832 FAE FYF ZolE

Holx] ¥t

3. 88 K& LDK sx=o H3}

2739 LD AU AA A (before) F
(after)d] JAAAA HUx SLFABTD, IE

(ATT) I8l 2083 93IH AHpy A4 %
(AS) €% CK¢ LDH ®x9 #iste] 33 A
E E 200 AAG vhek 2ok AFd At A
A (before)oll YA &4 EA CKe LDH
TEE HU2 TFAETDH vlzgde 4 25
AZF(ATT) FAAF FEAA F718 A2 g
WwrH<05). 2y f3A8 A AA £
(after) 84 CKS} LDH F&& & Al7|¢ &
ZolE HolA @ttt

Table 2 the effect of far infrared ray sauna on serum Na, K, Mg, Cl and glucose concentration at BTT (Before Tennis
Training), ATT(After Tennis Training) and AS (After sauna) §significantly different between ATT and AS in before

treatment
X x| BTT ATT AS
Na' before 140572264 125.43+20.36 144711757
(mmol/1) after 141.71£2.92 140.43+15.27 139.29+14.93
K before 433077 4124066 4.36+0.83
(mmol/1) after 4363029 437+0.35 4.3740.35
Mg' before 2374057 1.97+0.44 2.44:055"
(mg/dl) after 2.3610.11 2.10£0.29 2.1410.28
cr before 10286159 92.43+15.09 109.14£19.35°
(mmol/dl) after 104.853.08 103.00£1055 101.57£11.47
glucose before 98.71£33.73 86.14+23.49 89.00£28.21
(mg/dI) after 04,86+1843 82571056 80.43£10.06
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Table 3. the effect of far infrared ray sauna on serum CK, LDH level at BTT (Before Tennis Training), ATT(After Tennis
Training) and AS (After sauna) * significantly different between BTT and BTT

A %] BTT ATT AS
CK before 198.19+38.23 20031+34.31° 217.73477.76
(/L) after 195.31245.71 216.79¢21.76 203.19+11.93
LDH before 287312551 38381441.71° 291.97+60.84
(/L) after 291.36+31.27 311.73:0.35 31071035

Table 4. the effect of far infrared ray sauna on exercise time, VOamax, Anagrobic threshold level at before and after

treatment
¥ ala
before after
exercise time(sec) 986.71+19.80 1002.55£47.71
VO:max(ml/min) 61.943.71 60.124.19
AT level 73.81+4.93 74.1213.16

4 FUEH 2S5l wat

257:7e] AHYM AU HA A(before) F
(after) F4tAA £3589 W3 A} Ad=
E 30 A upe} o] F A3 (exercise time),
A AAHHAF(VOmax) 18 T4 93
FEL AHIA AU Ao g {7 3ol
& Rolx ¥yt

V. = 9

£ dFdAEs 4394 A $FRERT
Sergogenic aids)22A 1 AF}E FHH}nA
- HU2 A4ES ddoE 2530 24 H
Us &5 3 38A 9434 Ay il o
g 45 A3t A¥ 2 EF5FPsY vAe

a3t disf 3 AT

Huxe @la 5477 2F 508 o4
ANNNNEY EF 7.7-109 kcalE £ESE F
2 - FaaA 5FH a7HE 2% 200
(Kovacs, 2002). 424 dAE A A BAHE
A (lactic acid)S FLE F9Eo TEZoZ
A 4 (gluconeog enesis; Cori cycle) HAY type
O A4, A% a8z 4324 9299y
(pyruvate) 22 AR A3 Ao Z(Kreb cycle) #
AL AXEA 443y gAdAE AAA 9
(Brook, 1990).

B ApdAM HUx &5 A3 S ¥ A
Apme AN bl fostA FUlste,
13 9394 Ay 94 F oa ZadAo,
Zoj2 He 2 F09 943 AU AHAF
o 2A3% ¥Y AEEE &5 3 F AAA
vls] Fol3tAl F7Esk Tzl 2082 AH Al A
LU T {odd FEAA TAATE Aot

olg|d YAYM AHA o g ALY AA%Y



PEE 71A9) YO 2 E Vaupel F (1995)°] ¢
HoH L AR HFIEEE MUY,
HAAH ANge 239 10mm Aol W &=§ o
4T %71, 2AEEE AT Y a8
I dFolyd F4E8Y glol Hst=23 2-3cm Aol
A FRLFE B3 AuA Y 2ulo] st
I Ru3y,

I3 YU 5(2006)2 434 A8 &
L-arginine/nitric oxide) pathway$} #dd &
7 AA 2 B8 YA 50 g of
¥ g = 2 2 € U(apolipoprotein) E-2R vl-2%
g9 FUWI NO(nitric oxide) FHEA LHE
upregulate A 71 AP E 57} (Akasaki 5,
2006 ARATE AT7EAFEF Y] Q& AL
2 Agdr,

AU &5 5 Udte] o) AA SR A8
A9 &4& zYsHA HAR AW FE3 A
E& BAER 713E B8 AARZE Aol2 A
EE HolY o2 AFE Tl FE B
o Wz FIFe 2 2D Brody, 1994).

ol g A AAAL AaI)s SAsle] A
A 9L uAAE FAT MEge] A7
Aspa, AAAT AR, 2%, A-EF 24, ¥
A, AdHELEY B2YY F& FIH
(Meyer & Bar-Or, 1994: Sato & Kawashi ma,
1989). wWehA A EFYL EFFPH
3 AHFA 93FE 1A 4 o

B dFdA o4 439 AAsus dF
A 8 ATEAM AFS AX UA
(2002)% Energy Glass Ceramic A4A& &9}
&3 Zrlndjd AAE-E oAl st dyka
SUdhe 24 A F s o e &
Mol A o] FofAA o HIER Yot
¢ AYFFANE Fol 22 T &UE, 28
N 59 A A9 o] 2318 F7HA71, o]t

B4 SR, A18A A3E 979

A8 F AZEY, 99T =HE &S
FA%tr B33t T (Jonassen, 1999, 2002).

£ d7dA 4894 AU A A EF A
HAF=(AUF, ZEHAE, ulavlg, F2dol
) HY2 &F3F A vl g 24
o, 08T AFUE OA Fd £EL2
EFHAY, 53] 2579 4H A AU HA
T ¥F A= A, &53AF, 18
08¢ AU F 2T A fAHe AL
2 Zda5Ar

& Yol 71U Al (Creatine Kinase, CK)&
PC+ADP -> ATP+C W3& FANI= 42
A FH I Bol EAY LFAE, NE, Azt
I YA FHo] Y= H¥F Boly Edoly
A4 5L EA (Lactate dehydrogenase, LDH)
£ &5A 24 YA A8/E 24 3iv] 24
IS Bdste] AL A& AN 94
< H(Everse 7, 1975).

ol ELEL f T2 EFRoti T,
1981), FE A E(Wilmore & Costill &, 1988) 1
g2 AA 2EH2AE Hrlele A E(Sander T,
197524 &85 53] 3 CK % LDH ¥4
=9 Fhe 239 &4E gu@dtdy R
(Jennifer &, 2001; Itoh &, 2000).

£ d7dAe 2309 4394 AXA =y
2 &5%F ¥% CK9 LDH F€°l 3 5
74 Wl X FoE HUA 53 fAR F
7HE BolA sttt ole|d dTAAE T
HYM AU gAe] 23 &4 3B An
d &S ZAeZ Asgn 2y oy Ad
of &t Bt A 7MY A9 3 A
&2l AT7E F3ll 7o) Holof & JLE A
i=220=

B AFdA s 273 YA Y4dd &
SEFYPAZL, HPALAAHAFTH AT 82 1



980 &% ¥ 4394 A Pl # HU2 A4ES 8 AAHEE R 23599 vXe 2%

37t Qe AR Jehdo, AT w=w
30, 0t A& ez YHYN Fole HE
71X AEE A4 F Hodad3 Tl st
A F7HIAeY (=45 F, 2008), WEHTAF
E UBoR 4979 9394 7154 £3ES
2e39e o HuUAaAAF FAaALA 9,
a3 F LFFPAe] fAA FHEHAG
I Byste B d7dss ikl 498 1Y
HEAY F, 2000). clE @ A APAEY
+34E AR, 43I AU =32 AT 7 V)
ol @& Aol2 BT

AfHeg LFF BN doiA AFYAM
Ay B3E TS A 270 439 A
U dAe mE AaAA 2 A £ Zh
a3y 2EG2 B I2E FF NHL F
8 4 gALEY] AuMyd 2Hd QoA
gAY oz Algdd,

F3 Ay 4471z B A S geldt
o $FHZFUOZA A AP #8H3
A "AFFHo| o]Fo] Aok T Z LR Nz,

V.4 &

273 9494 A ol - HU2 A
FEA YoM 7 F Y AdAA, HeiA
T 9 % 2Ef2 #d ZEE 7E9 AN
o o &5 F B EA AUMY frAd £} F
4 AoE Audn.
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