AAR+FAHRE R ARFILE 5238 2023

(R 2]
IR LIREE R IC X 5 MR A
AR RRERE & R BHER L2 ICE X 3R
RS ORI PR AT AT RIS
(2 Bl

(B8] AwFzeiz. SREATRBRRE TR EEE - BE vy & NRREBHAESERE 125 2 2 82O\ T
BES %17 5 720 [FHE] Wi i 3EE 2 BT REEB L TH o oo HRE ITIE T RUAHIHR I BERE AR & L o
FHRRTE . AR OSERMRER - BEEA M VY B X O%55EME (5deg/sec) TISEERES L O -10EEE
DR b v BEHAIL 72, FREAIX100F & L, 35°CO AT R R (CORIE ) F72137KEK (tap i) & L7z,
TRGAH. 2 MBI EBRRE MG 21T o 7o, [FER] RERE X CORED tap I & D BHERITIRED K EL T
Wiz (AB104r H tap 38 vs COR¥A. -0.384+0.52 vs 1.00£0.54, p<0.05), F7z. AIATE O MG 1Z
COJRIBDS tap IR & DA ITHEI LT 7z (3.04+1.40 vs 7.23+3. 51, p<0.05), 28RN & OV R S -
BE NV tap i & D COSEBTEWER TH - 720 [FE5R] COLRB TR Z NS 7. 2 005
REMFIEBIOIFNC L 2 HBIRL MRS 7 LRI N D, LrLErS, HEO CO,RTHADATILE
BEET b V7 ~NDEE IR TS o T,

[(¥—7—R] ATKEERE, Thhs, BEE BEHE 7D

I. #&

T O EREE T TR S L, HIRITEH LIcE
BEOZBLREFE (gL UL) 2&0EER (K
BiR) 1. W< 2 B0 - TERARRIER OIREICH
WH5ENTW3S (Hartmann, B., Drews, B., Burnus,
C., Bassenge, E. 1991), REERE L FRE D CO,E
Ea2aU NLRIBRE (COR) MMERTE2 LD
b, FBIE» b OFERE & MEMRICRBRIBORIR %
AR IRIT S 2 TE 2 L DTk o7z, CO,
RIRTIE, IRESP RS CHESE AL, K2R A 0¥k
. BRSO M B #%E s 15 (Hartman, B.,
Pittler, M., Drews, B. 1997), & 512, BEIK
T OE T IME ORI OIEMIES 2 &
OMEDD 5, Tz, FEBRIYIZ CORIBRITH DF
MEPEMT 2R EOHRERIMES TV S
(Yamamoto, Hashimoto, 2008; &4, U4, 2015).

B ORE S X RS 5 B (Marusiak, Jaskolska,

i

Koszewicz, Budrewicz, Jaskolski, 2012) < #3815
(Witvrouw, Danneels, Asselman, D'Have, Cambier,
2003) L ETEMT 2 Z LIRS LNATWS, F
7o, BESCHEGEOALLT, HXO b —=v 7%
270 EE) (Kubo et al., 2007). S o I2@E Ly
HIEBNC X 2 H L ETHRHOES PiRko 72RE%
RS 2, ZHOHORES 3ol 2 N2 &
ERBRANIG U TR S LTz,

B OME S 1T AT FEFRTEE  (muscle tissue hardness)
EEWV, “BITNT 2EEENITL > TAEL ML
B LEFZES N TWDB (Horikawa, Ebihara, Sakai,
Akiyama, 1993; Murayama, Watanabe, Kato,
Uchiyama, Yoneda, 2012),

ek, ARAARRAERE O FBRRIE & L CTINER DD
— AR & 3l 3 2 #E R AR AR5 D H
LADHMBEESF ZEPHWLEATS
(Murayama, Nosaka, Yoneda, Minamitani, 2000),
LOBLUDE, TUHDOHEFHOALLL T EER

*HARTFABERERY:  BEREAR - VPR " ELEREAREREA R —Y - v 2T AR

e BERIRA o B R A



ERE AT RIRIRIT & 2 THNA S HF AR R & RBEET b v 2 1t 5.2 25021

KTIROES &, b OpBEaTHl At E
Th b, MFFFS NGB EPAAMMEMEA X —Y v
7' (Ultrasound Elastography : UE) &, #Hf#% o
OFHMMERONGE ) 7T v EA LTAHLL, #
MO S ICBT 2 L D EBELEHRTRET 23D
T# % (Yanagisawa, Niitsu, Kurihara, Fukubayashi,
2011; Chino, Akagi, Dohi, Takahashi, 2014, Inami,
Kawakami, 2016),

—h. BiR% LH S22 L CHENET 5
TEDBEHEL L0 5 TWws (Bergh, Ekblom,
1979), Z #i Heat Shock Protein (HSP) di& Mk
VEEL TV EEZ LMD (Gibson et al., 2023),

ZD & DT UEHEE AW ORI 2 & ) &8
FIICEHE L. S 5l RIRIC X 2 ~o@E s
M ICHRE S 2 2 L BREBRNDDOLEEFZ LN D,
Z ZTERPETIEZ, AREEE O &IEE (1000ppm
PlE) COJRDTHEAIZ & D AHARRREEE & f5 H )~
DIFRIZOWTHEES 2 2 L Z HIVE LTz,

I. tARAE
1. EeE
RGN0 L T S R B T AFE 8 £
(4E#p19.6 £1.8/%. HE173.6+£7. dcm, AE67.7
+14. 1kg, HPEHHZE17.616.8%) TH - 7z, #Hik
FHix, Fh. BR. RE, HIEHRNZIZFERICR
X904 T O VRANT2BIITITC IO RS
— N—¥RITTEREIT o 7o EBRITIIL bHRE I
FHRFE RV, EEICCRBR RS, M, &
oe i HAR T FIBEEERFMEGEER RO
BEETTo 72

2. EERFIE

e %, FEBRETH 2 6 EBE T H £, BBIFA.
Ta— v, WLUWEB T Z 7, B IZ5ERRE
ICEIER, BTFEALIC TI0OpMEEIC LTz, %Dk,
e EB) & LT 3 Bl il & 77 % v X
T LUEE 2 AR 2 B3 0Ft 4 [T o 720 KIT, Ry
FATAPEAMLIZ 72 D 5 MRRE AR B 835 o AR REARAE BT % 5t
WL 720 ZAIEED O OWES HIEERIEICN T 2
FARRZAL 2. O3 AEZE W LRI O 2
i EEALT 2 EMCTH 2, T EHENIZ2OD
HE#PH (Range of Interest : ROI) #i%XE L. 1
o 034 (Strain Ratio : SR) #EH 4232 &
THUBIEE 02 2 ERBMNICFHE T 2 2 L 23Hk 2,

S 50T, HBWIZEEWN D 77— % FEMEYE L LT
FRE L. ALRRAE R O B D0 E BIVETHE 21T o 72
(Inami, Kawakami, 2016; Inami et al., 2017), il
FEEALEPERERNMIEEFEL E L, V=7 Pa— 7
TEFRAIL 720 70— 7 TNz 2 MUNGERIL, B
IR E AL AIA £ LTz strain graph 12 THEER L 72,
SRIZETRERG / BRI AMIEBE TR D T2, £ DIR.
P IcBFE L e RIREE A D HE S (T HHEERT
Etatt, B BHE1) HVTEHGOERE
EKE - SHEEK N V7 B X OFEHEME (5 deg/sec)
CTIEEES X C10ETE O EEE N v 2 % REAL
LECERIIL 720 B ABIEIZS ST, %
WC MR ZT R o7z, THYAIR, BN X CT2RE
S, 35°CO tap v B £ FERE O EEE (1000ppm
M E) COIzI0nMABLTzo CORIT AT R
W R BLEEE (SC40, =S IV - 27 ) Y A A
W, BE2) 12X WEfR LT, ThaH. 20%
WCEBRIREFHE (-3 TV, -2 1 w7,
1A Lwin, 0BT R, 1 AL
V2 TRV, 3 IERITE ) ZERLERL T,
YRR, T RSP AR AR AR R 2 AT . e
W C R BAE D IR E I DWIE 21T o T2,

3. AEIER

HEER X, AHEER AL O SR, =1 e B
OERMS L CEEREEE - BE N vs ThEgT
O EBURLFHICTDH - 72,

4. et

T — Z T FE AR = TR LTz, 2B O
BITIGED H 5 t-test AV, HEKEIL D %Kik
E LT,

5E1 REEESEHHAES



B5E2 AIRBREERE

AAR+FAHRE R ARFILE 5238 2023

x1 FHWEEFHEOZEE

g 160 g 100
v 120 PR )
3
g & S o«
5 40 *g 40
Q 0 w20
= |l g
< 40+ v r T T g 0+
0 10 20 30 40 50 0
Time[sec]
A Left e=——Right B

Torque

1 HEBRIBICH TS CORANBRDEIFHIE.

. #XR

£ LITEEBREFMGOZEE R LTz, R
bbb AT OMRERREIL CORIA D tap 1R
IODERIZEPCELC TV (AB104 8 tap
vs. CO, 5t . -0.38 + 0.52 vs 1.00 = 0.54.
p<0.05),

B 11213 COSRIRRITFRIR L 72 h o BB 1 45
TR LTz AFEERMENGHE. B I3SEMERE/R. C
WEHEREREOT—XERLTWS, INLDT
—Z Db, FNFROEC—7HLEEEEERD T,

B 2 135 R R IR ORKE D &P %R L
720 AERKE N, BIZERKH N, CI3EFY
BH. DREFEHHIERL TS, tapiGB L &
CORIB L DITTHRIARFIER TERLZNMIED b
Lroiz,

B 3 13 R REORKA D &P %R L
720 ARERKIN. BIZERKH N, Cl3EFY
. DIEEFEHHERLTWD, tapiB L &
CORIB L B ITTHRIRFIER TERLZNMEIARD b
Aol LEALADNL, THHRHZ, tapin & D
CO R TR FIE B WMER TH > 72,

B 4 13 SR MRS ORI L PR R L
720 A ARG, BIRERKHH. CIxAFH

i

Time [sec]

Significant
Time [min]  tap-water ~ CO, water ignifican
difference
2 0.88+0.83 1.50%0.54 p<0.05
4 0.38+0.74 1.00%£0.76 p<0.05
6 0.13£0.64 1.384+0.52 p<0.05
8 -0.13%+0.64 1.13+0.64 p<0.05
10 -0.38+0.52 1.00+0.54 p<0.05
0P g 10 2 ¥
Z g s 0 =
g g 2§
IS 8 -4 IS
0% = 5 P
< s 6 O
2 2 -10 8 &
3 g s 102
. Lo 2 < - -12 2
2 3 g 0 0.5 1 15 2 ::f
Time [sec]
Angular displecement C —Torque Angular displecemen

A (FFERMINE. B FFRUERERE. C FHEREESRE.

BH. DEEFEHHERLT WS, tapiiB L U
COJBRIB L D ITTHNARIE CER L ENMIZR D b1
umolze LLunb, THIAK, ZRBfIcE
W tap 8 & D CORIA THY D FAE D5E WMEH T H
-7,

B 5 3 R EE OR KA £ B R L
720 ARERKRE N, BIZERKH L. Cl3E¥Y
B, DXEFEHIERLTWS, tapipB &L OF
CORIB L B ITTHRIARIE CTERGENMIIRD L
Lhrols, LLUHS, Thntk, HRBEfzs
W tap B & D CORIA TR D FIE D5E WME T H
-7,

X 6 1213 TERABTERIC B 1) 2 B HRREE 021t %
U Tz AVBTR O FHAHAREE 13 COL IR A tap 1 &
DAERICHEML TWwiz (3.04%£1.40 vs 7.23+3. 51,
p<0.05),

V. ER

—fiz. BIEYIEEC Lo ThI SIS, B
DRMTEELET S D, ZIUTKS PR
ERMMIES 12T b s, RIEMEES L. HTo
FBERE., pHIET. Ca¥ OBE O, MKD >
SWHENREREFEZLNT VWD, AKXR—YRLHE



EREE AN T RERGUC X 2 TR 2SR AR EE & RBHET b v 2 1252 23R

Isometric Plantar Flexion Peak

Isometric Plantar Flexion Mean

(] Right Left (Nm) Right Left
150 Opre mpost 110
130 1004 Opre mpost
110 %
0 0
50 T 50 T T !
A tap CO, B cO C tap CO, tap

M2 FRUEBEEOSEAHHETOHNNOEIE. A BERAHN. BFEERAEH. CEEFIFHN. D FEFIFHH

Isometric Dorsiflexion Peak
Right Left

Opre mpost
co, B tap  CO,

[Nm]
40 -

30 4
20 A
10 -
0

A

[(Nm]

Isometric Dorsiflexion Mean

Right Left
Opre mpost

w0 e

M3 FRUEBEEOEKHHETIHHORIE. A BERAHN. BFERAEH. CEEFIFHN. D FEFHIFHH

Isokinetic Plantar Flexion Peak

Right Left
Opre mpost

[Nm]

190
170 4
150 4
1304
1104
90
70 1
50

A

tap CO, tap CO,

B

[Nm]
150

130-
110-
90+
70
50
C

Isokinetic Plantar Flexion Mean
Right Left

Opre mpost

tap Co, p tep CO,

M4 FRUEBREEORAHNETIHNOEIL. ARBEERAHN. BFERAEH. CEEFIEHN. D FEFIEHH

ATRITB W CHEBIERICHNDI Z I 2 REHRAH S
Nz, ZD& D EF U ARREE = 2 &
S WRU T Tk, ML X D B APHE S 1,
AR i) WICEEEEORBEY B L.
KBENZ X DHNEL EF T2 LS BIERA 0 =
XAHPEESNTVWD, —FH, COREEFIHAL TV
527 A ) = b OIBRRBRITHRABEL 2L LD EWD
WEHEZHE T2

EN G TiCQ%@ X 2B~ OB E G
3 57:%. RTE ZHA\WT CORE X O tap FHYAIZ
£ BIAARRAE S A RET L 7o S 60T, FTLCBAFL
TR « BERS DT AW ORI RIER O 5 H

HNFAEE IR U Tz 2 OFER. SHREMR MM 13 25
B & O tap i34 & HEE L T CORIBtE. BRITHEM
L7720 24T COMBIT & o TR oMM, 3 720h

LN T 2 REENIT & o TH L 5 FEMEHE N
L7cZ itk 3, $7:, FERERRIL CORH

tap I8 & LEIR L T T O THERIC
726 L22LZL2IG, COMRE & O tap B HITE D FH H
PITFERLEIZED LT 2o T2,
KREBRTITRIR AT A DIEMIZ X o THEWREEZE
FROMEI L IRBZALROFIIT X D tap BIREE L A
CIRETH CORDERL DIEI KL (FE1),
KEF S OKEF, HEF, AR, A, HER, 2010 1%,

EWEE o



Isokinetic Dorsiflexion Peak

[INm] :
40 - Right Left
30 Opre mpost

20

10

A

NN

AAR+FAHRE R ARFILE 5238 2023

INm] Is.okinetic Dorsiflexion Mean
20 - Right Left
Opre mpost

C

ap I CO, i:) tap I CO,

t

M5 FERERSEOERAHHNETIHHORIE. A BERAHN. BFERAEH. C3EFIFHN. D FEFIFHH

COSUARIRIC R ¢ ZXBICERE S 2 & AR
% B OBHMEIZZE L v oS B AT R A B o3 n
L. 3512, AR OEWSZEI BT A
IR S ReE R MET L. 100 D COLRIRSH
XU tap I CRBMRAERAEEMLI:Z &%
WE L7 OKEr, 85, MK, MER, 2013), 2
b OFERIE. COJRIBRIT X IR OBANIZ X o
THEABAOZR L. RESTR AT E A m L
TZHBEMEZ IR LTze ARWFFRIZHB VT D COJRDENR
TH 5 W RDINH] & IR D 18 50 H3H AR AT |2
LiztHEl s N2,

MES (FIHE, LB, #eh, +E, 1L, 2021) 13,
TR 2 BN % O CORAF IR D3 AR tap ¥ &
BLUCmHIBBEIEREIE T L2 L oG L
720 S5, ZOHOIEIRIZ BT 2 A MR EEH3,
CORIRT X DFEL | MEIRAIERIT COFIR DT D5E
fEER LTz, 24U COBRIT & D FhBMIMAE AR
‘L, iR ERES S, 510, REHEEEO
WX 2 7 v 7 ZAEROMERDD - 72 2 & 2UR
Baind,

T4 23T o TeRIBEER D CO,RIETE Tl MR E D
Whzrzr®k3 28R %45 TH D (Yamamoto,
Hashimoto, 2008). &KX FRTO kv —=> 714
12 CORIBHAT D ETEENAG T O FHARARIEEE AME T L,
B RIS E) DS H & AU 5 [RHEEERN R 3D 5 F
234> - 7z (Yamamoto, Hashimoto, 2014), F %
DFATHEDFER D & IHENfH TER L 1A EY
DYWL AMEHE S 2 AIREMEZ R L. COLR AT
a - yHEBEAEHL, SIOFRELEMS L%
Zobd, Flo, LAFEFEEHAVT, br—=
v 71D COJR DRI J5 RIE e 3 2 "l ettE 2 7
% L 7z (Yamamoto, Hashimoto, 2008; Yamamoto
et.al., 2017)o

p<0.05
p<0.05]

12

o
T

(=]
T

p<0.05

=
~ 4

tap CO,
Opre mpost
H6 TESARIZICHTZEHEENEL

H
T

Strain Ratio [AU] _,
(2]

N
T

Irie 5 (2005) &, <=V X & HWT COFHERIC
X D BB DA U 72 2 & B LT, RS
TR0 OHEIO AR TH o 72720, BHH~D
MBIV ot tEZLND,

ZD &I, CORBIT & B ~DEIIAME
IZBWTH TR L FRROFREREE, LerLlk
D35 HEOERE COR TRA 721 T H I~
DEEBIR LN Do T,

V. f&Ei

HIEE CO,% (1000ppm B _E) 12 X 2 FHEEE4
Beik, FIRMEORERE T bBMS 7, £,
AREBR OBELES T B 2 PERE A 7D O B AR % 1
sz, Lo, BEO AR T IICEEL
Lholze TDXIITCOMEBIE, EERNSFIZBI
DIEEOWEN LFAR— Y, & b ITEBEEIC



ERE AT RIRIRIT & 2 THNA S HF AR R & RBEET b v 2 1t 5.2 25021

% CHEIA IS O A BEME 2 b . A0 BF DFST 13 {8
BERZEAOIGHICO RS EBTE 3 LIS S,

VI. EiE¥

AW H AR HREE SR 2 5 B ZL B 2E (C:
21K11450) K& "0 2 4F A /R e 52 B LR 5%
20T o7,

5 |

Bergh, U., Ekblom, B. (1979). Influence of
muscle temperature on maximal muscle strength
and power output in human skeletal muscles.
Acta Physiol Scand, 107(1), 33-37.

Chino, K., Akagi, R., Dohi, M., Takahashi, H.
(2014). Measurement of muscle architecture
concurrently with muscle hardness using
ultrasound strain elastography. Acta Radiol,
55(7), 833-839.

Gibson, O. R., Astin, R., Puthucheary, Z.,
Yadav, S., Preston, S., Gavins, F. N. E.,
Gonzélez-Alonso, J. (2023). Skeletal muscle
angiogenic, regulatory, and heat shock protein
responses to prolonged passive hyperthermia of
the human lower limb. Am J Physiol Regul Integr
Comp Physiol, 324(1), R1-R14.

Hartman, B., Pittler, M., Drews, B. (1997).
Kohlendioxid als Balneo-therapeutikum bei
Arterieller Verschlusskrankheit. /NEj ik B 2£ 1% &
B COIMPBHERE « EI LR, . ANLTRERRAT
RS, 1, 10-16.

Hartmann, B., Drews, B., Burnus, C.,
Bassenge, E. (1991). Increase in skin blood
circulation and transcutaneous oxygen partial
pressure of the top of the foot in lower leg
immersion in water containing carbon dioxide in
patients with arterial occlusive disease. Results of
a controlled study compared with fresh water.
VASA. Zeitschrift fur Gefasskrankheiten., 20(4),
382-387.

Horikawa, M., Ebihara, S., Sakai, F., Akiyama,
M. (1993). Non-invasive measurement method
for hardness in muscular tissues. Med Biol Eng
Comput, 31(6), 623-627.

EAE, IUAREE (2015). EHBRBYICXL 2 AT
PR SR TR O B2 LR & B A& AR LR o 7Kg 51
.. NTRBREDFESMEES., 6 (1), 8-10.

Inami, T., Kawakami, Y. (2016). Assessment of
individual muscle hardness and stiffness using
ultrasound elastography. The Journal of Physical
Fitness and Sports Medicine., 5(4), 313-317.

Inami, T., Tsujimura, T., Shimizu, T.,
Watanabe, T., Lau, W. Y., Nosaka, K.
(2017). Relationship between isometric
contraction intensity and muscle hardness
assessed by ultrasound strain elastography. Eur J
Appl Physiol, 117(5), 843-852.

Irie, H., Tatsumi, T., Takamiya M, Zen K,
Takahashi T, Azuma A, Tateishi K, Nomura T,
Hayashi H, Nakajima N, Okigaki M, Matsubara
H. . (2005). Carbon dioxide-rich water bathing
enhances collateral blood flow in ischemic
hindlimb via mobilization of endothelial progenitor
cells and activation of NO-cGMP system.
Circulation 111, 1523-1529.

Kubo, K., Morimoto, M., Komuro, T., Yata,
H., Tsunoda, N., Kanehisa, H., Fukunaga, T.
(2007). Effects of plyometric and weight training
on muscle-tendon complex and jump
performance. Med Sci Sports Exerc, 39(10),
1801-1810.

Marusiak, J., Jaskolska, A., Koszewicz, M.,
Budrewicz, S., Jaskolski, A. (2012). Myometry
revealed medication-induced decrease in resting
skeletal muscle stiffness in Parkinson's disease
patients. Clin Biomech (Bristol, Avon), 27(6),
632-635.

KEFRIE, hEFERE, MAZE, WA, HIEA
(2011). ARSI HSBH SN W B & fif D BRI
5z a8, OREXZFERME, 48(1), 15-
22.

KEFRIE, rhEFERE, MAZH, HAZEA (2013).
NSRRI~ D AV ] D8\ A3 B AT B I8 12 5
Z o, HARARRERHME, 494), 149-
155.

Murayama, M., Nosaka, K., Yoneda, T.,
Minamitani, K. (2000). Changes in hardness of
the human elbow flexor muscles after eccentric
exercise. Eur J Appl Physiol, 82(5-6), 361-367.



Murayama, M., Watanabe, K., Kato, R.,
Uchiyama, T., Yoneda, T. (2012). Association
of muscle hardness with muscle tension dynamics:
a physiological property. Eur J Appl Physiol,
112(1), 105-112.

Witvrouw, E., Danneels, L., Asselman, P.,
D'Have, T., Cambier, D. (2003). Muscle
flexibility as a risk factor for developing muscle
injuries in male professional soccer players. A
prospective study. Am J Sports Med, 31(1), 41-
46.

Yamamoto, N., Hashimoto, M. (2008a). Repeated
arm immersion into artificial CO,-rich water
increased O, consumption and blood flow in
skeletal muscle of the immersed arm. Annalen
der Meteorologie., 1-4.

Yamamoto, N., Hashimoto, M. (2008b). Repeated
forearm immersion into artificial CO,-rich water
enhanced metabolism in skeletal muscle of the
immersed forearm. . J Physiol Sci,, 58, S106.

Yamamoto, N., Hashimoto, M. (2014). High
concentration CO,-water bath may reduce the
muscle hardness and soreness after resistance
exercise. J Physiol Sci,, 64, S264.

Yanagisawa, O., Niitsu, M., Kurihara, T.,
Fukubayashi, T. (2011). Evaluation of human
muscle hardness after dynamic exercise with
ultrasound real-time tissue elastography: a
feasibility study. Clin Radiol, 66(9), 815-819.
doi:10. 1016/j. crad. 2011. 03. 012

FIHES:, JeiRresy, sfmsl, LEA, ILAE
& (2021). ANLRBEAR S mBREEIDRO L
EE 25 2 Araete. . ElL#E RS T8
ACEE, 14, 159-164.

AR+ FAHRE R RS

fLE 5235 2023



ERE AT RIRIRIT & 2 THNA S HF AR R & RBEET b v 2 1t 5.2 25021

Effects of high-concentration artificial carbonated spring lower leg bath
on muscle tissue hardness and ankle joint torque
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[Abstract]

[Purpose] Facilitation of the blood supply and oxygen consumption in the muscle by a local immersion of the
extremities into high-concentration carbon dioxide water (CO,~water, CO,=1000ppm), suggests an
improvement of muscle performance and flexibility. The purpose of this study was to investigate the effects of
a highly concentrated artificial carbonated spring lower leg bath on plantar flexion and dorsiflexion torque and
lower leg muscle tissue hardness. [ Methods] The subjects were eight healthy male college students. The
subjects were randomly divided into a tap-water and CO,-water, and a crossover test was conducted. The
subjects immersed lower legs up to below the knee into tap-water or CO,~water at 35 °C for 10 minute. Subjective
thermal sensation (TS) during the lower legs bath were recorded by every two minutes. The medial head of
gastrocnemius muscle (MG) dominant muscle hardness was evaluated using ultrasound real-time tissue
elastography at pre and post lower legs bathing. The strain ratio (SR) between the MG and the subcutaneous
adipose tissue of calf was calculated. Therefore, maximum torque of isometric plantar flexion and dorsiflexion,
and ankle joint torque of 15 degrees plantar flexion and -10 degrees dorsiflexion at an isokinetic rate (5 deg/
sec) measured at pre and post lower legs bathing. [Results] TS in the CO,~water was significantly higher
than in the tap-water (tap-water vs. CO,~water at 10 minute in bath, -0.38 £0.52 vs 1. 00 £ 0. 53, p<0.05).
After lower legs bath, in the CO,~water compared with the tap-water, SR significantly increased (3. 04 £ 1.40
vs 7.23 £ 3.51, p<0.05). Although no significant differences were observed in this experiment, isometric and
isokinetic plantar flexion and dorsiflexion muscle torque also tended to be higher in the carbonated spring baths
than in the tap water baths. [ Conclusions ] We reported previously that the muscle blood flow in the
immersed part was larger in CO,-water than tap-water of a same temperature. In addition to a local effect of
CO,, suppression of muscular sympathetic activity may also contribute to the increase in local blood flow.
Facilitation of muscle tissue elasticity shown in this study might be caused by the increased muscle blood flow.
The present results suggested that the high-concentration artificial CO,~water lower leg bath improves the
muscle elasticity of the immersion part. However, there was no effect on ankle joint torque was observed with

only a single CO,~water lower leg bath.



