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Abstract

We investigated the muscle energetics using 3P nuclear magnetic resonance (3:P NMR)
spectroscopy, muscle cross-sectional area by magnetic resonance imaging (MRI), isokinetic
strength, maximal anaerobic power and 40-sec maximal cycling test (40 seconds power) in All
Japan soccer players (JPN : n=6), Olympic and Youth representatives (OL : n=6), and Japan
Soccer League players (JSL : n=5). There was no significant difference in muscle energy
metabolism measured by *P NMR between the JPN and the OL or JSL players at rest, during
exercise, or in the recovery period. The total muscle cross-sectional area was significantly
larger in the JPN players than in the OL players at the upper (70%) and the middle (50%)
parts of the thigh (p<{0.05) and than in the JSL players in the upper (p<(0.01), middle (p<
0.05), and lower (30%) parts (p<(0.01). The isokinetic strength in left leg extension at 180
deg/sec was significantly greater in the JPN players than in the OL players (p<(0.05). Muscle
strength was also greater in extension of both legs at 450 deg/sec (left p<(0.05, right p<{0.01)
in the JPN players than in the JSL players. The maximum anaerobic power was significantly
greater in the JPN players than in the OL players (p<{0.05) and the JSL players (p<{0.05),
and the anaerobic power per kilogram of body weight was significantly higher in the JPN
players than in the JSL players(p<{0.01). There was no significant difference in the 40 seconds
power among the three groups. These results suggest that the JPN players have greater
muscle power than the OL or JSL players because of the differences in the muscle mass.

(Jpn. J. Phys. Fitness Sports Med. 1992, 41 : 368~375)

key words : 3P NMR, MRI, isokinetic strength, anaerobic power

PR RBARE SR Master's Program in Health and Physical Education, University
T305 IR O IETHKRERL-1-1  of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki 305

ARSI AT R Department of Sports Sciences, College of Arts and Sciences,
T153 H EXEE3-8-1 University of Tokyo, Komaba 3-8~1, Meguro-ku, Tokyo 153
FATRIR A SR HE T College of Genaral Education, Ibaraki University, Bunkyo 2-1-1,
T310 TI/EAKAHRR2-1-1 Mito, Ibaraki 310
R T TR R TR Faculty of Engineering, Tokyo Institute of Technology,
T152 HERXKMIL2-12-1 Ohokayama 2-12-1, Meguro, Tokyo 152
R I iy = N S K= Institute of Health and Sport Sciences, University of Tsukuba,
T305 W2 IETHRERLI-1-1  Tennodai 1-1-1, Tsukuba, Ibaraki 305
FAARET W AR IS IR B S R e R Department of Radiology, Institute of Clinical Medicine,

T305 KR E 2 IWETHKERLI-1-1  University of Tsukuba, Tennodai 1-1-1, Tsukuba, Ibaraki 305

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

NMR i X 5 EA—Y » 7 —BF O =5 4F — G LOHRBTER O 369

. &%

CHETHERDYV » 71 —FEFIT DO THEIER
BEN B L DR THRTW5SH, T bD
Woecix, FCHE, BRRBRBEENELR ST
WTHRE Lich O 3% H% D Ty 5 hH59 1020
2 7, REL®R IOAE LY ity A
W, B0 BREE B X ORISR ET - Tw
5. LL, ThHDOWETRENEICKFEY » 7
—BFEHACTEY, WTFhbEAL » T
DEFCIEI\. TOXISRERN vy VLD
FEREOWT, ThbDERA I EFTADLRER
otehl, FOEEO—DE UTEEHRTER
BUHTCH-Te ERET BB,

—7, FEEC DL &% Nuclear Mag-
netic Resonance : NMR) EEX W5 Z it X
D, FEREBACHOEIENER (MRS) LT
TREMTER (MR % 155 & L A3 FRE & 7o » 1257
Fxx, “h*cicz o NMRERZHW, ¥y
7 — HARFER L LB IOKEY » 7 —HFIC
HNUTH =31 ¥— R, HEHERRL, Ho
BE X OCEBNBEE» OB EIT - TE 5.
L LD, BREOBRBEVSALRBT LD b
v UM TR, e v IBENDR
HE LWy V- EFORTBTHIH LT
SThisnbo L Ebhs.

Z 2 CAR T, BERRCETS Ny S
TADBEFCHD HAREREF R, &+ V) v &y
7o 2— ARFHEPHBIERY 9y I—V— 7
1F—2vF . 5—RFLUBETA Z &L X
D, HOBR « BRBEIDRIY » 7 —FFD
HE LWV A2 LMeTH LR HNE
L.

i

[} B+ ) ik

A. #¥BE

g, BEENTRVMES CTHD EEX
bhs HARIEFFH(PN) 6 &, 23U ToN
KCHDHAV VEy 7B ICIIRUTORETH
%= — ARFEHEFFE (OL) 64, 20/RF7THF0 A
Py h— Y — 71U F . 57— FBFRE (JSL)Y54
Wi, PREOER R I OHEEEIE L
A Byt

LTOWEE, BAYy »— V) — 7B IXOBKE
KEYV » I~V — I EEDLHERDO I ACERL
7.

B. iz ¥F—KH

#i= R F — REO R, HEAFHBERE
CRBEIR T 5EEHE MR %E (GE #4L 1 1.5
T) # T o7z, P NMR o #ilE o g &
LCEHOKREBESGZHA WP 1o AXRZ b
X, B DR URERIS.SH, FEEEIE6 [, PFreiy
[9% 1 4 cHlE Lic. 3P NMR A7 + viL, &
B, EEF(64) Rk XOEEH(S 5)eownT
A bR, AW IOER A FITAPENAL
TRER 1kg OFxb vEEEFL, BOMBERZRE
FLicik@Bcosloz BB chy, 1P
E1EDOR—-AT{T Tz, £, ¥ I—DORE
BT B EBEALERTH D70, AnicA
ERNIE3S% 2y (5 64)TTw, £y b
Iz 30F D R B & BT 7.

BONIcARZ ALY, 7VTF v VR
(PCr), fE¥&vy vER (Pi), 75/, v v=0 vk
(ATP) % R L1=#, Picx$+ % PCr ol
(PCr/Pi) Zsko7-. PCr/Pi 3, E&EE$ X O
i r, ATP oBFAREL R TIHEThS &
2 bh3?. ¥bic, PCr wx35 Pi oy 3

Table 1. Physical characteristics of subjects.
N Age (yrs) Height (cm) Weight (kg)
All Japan (JPN) 6 23.3+1.1 177.8+4.2 72.8+4.2
Olympic and Youth (OL) 6 18.3+05 176.2+-4.6 68.0£4.5
JSL first division (JSL) 5 212+1.2 175,055 67.6+6.8

Values are means and SD. JSL : Japan soccer league,
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Fig. 1.  The PCr/Pi ratio and intracellular pH

at rest, during exercise and recovery in All
Japan (JPN), Olympic and Youth (OL) and
Japan soccer league(JSL)players. Values are
means and SD. Symbols are assigned for JPN
(@), OL (O)and JSL (A). *; p<0.05.
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Fig, 2. Relationship between intracellular pH

and PCr/Pi ratio at rest and during exercise.
Symbols are assigned for JPN (@), OL (O)
and JSL ( X ) players.
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Fig, 3. Muscle cross-sectional area -of the

right thigh in All Japan (JPN), Olympic and
Youth (OL) and Japan soccer league (JSL)
players. Values are means and ‘SD, (a) ; upper"
thigh (70%), (b) ; middle thigh (50%), (c);.
lower thigh(30%]). CSA ; cross-sectional area,
TMA ; total muscle area, MQF ; M. quadri-
ceps femoris, HM ; hamstring, RF ; M. rectus
femoris, VM ; M. vastus medialis, VI; M.
vastus 1ntermed1us VL ; M. vastus laterahs

; p<0.05, ** 3 p<0. 01.
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Fig. 4. Leg extension and flexion torque in All Japan(JPN), Olympic and Youth(OL) and
Japan soccer league (JSL) players. Values are means and SD, *; p<0.05, ** ; p<{0.01.
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Fig, 6. The ratio of maximal anaerobic power
to muscle cross-sectional area in All Japan
(JPN), Olympic and Youth (OL) and Japan
soccer league(JSL)players, Values are means
and SD. 70% ; upper thigh, 50% ; middle
thigh, 30% ; lower thigh.
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