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Heart rate variability (HRV) is an often dis-
cussed theme in the last years [11, 12]. The reason

is that HRV, as a product of sympathetic and
parasympathetic activity and, as a consequence,
the continuous change in the RR intervals [8], can
be used for evaluating the condition of the heart
and the entire system and thus it has an important
medical significance [10, 12]. Contrary to earlier
opinions, heart rates that are too regular are a sign
of a pathological condition [5, 12]. Cardiac beat
shows some changes in morphology, amplitude
and, especially, in phases from one beat to the
other, which is a sign for health. In healthy per-
sons, the deviation of the instantaneous heart rate
(HR) from the mean HR value at rest is about 10%
{6]. To utilize this phenomenon in medicine as a
reliable diagnostic tool, it would be important to
develop generally accepted standards and methods
allowing us to make more clear diagnostic state-

ments. There is a disagreement about physiologi-
cal connections, pathologic and diagnostic validity
and, particularly, in the measuring of the HRV
{12]. Currently, three non-invasive on-line measur-
ing methods are in use for recording data during
various activities without interruption and thus
allowing representing events to be examined over
the entire period [1]. This allows us to observe the
relationship between sympathetic and parasympa-
thetic activity during any stage of exercise. The
three HRV measuring methods are the time
domain method, the geometrical method, and the
frequency domain method, with each method hav-
ing different advantages and disadvantages [12].
The time of examination is a important factor of
selection, too [9]. The time domain method can be
used for short and long term recordings. They are
also important in judgement of illness and physical,
psychological and pharmacological influence [10].
However, this method depends on the quality of
the time records, which is influenced, for example,
by artifacts.
not influenced by the quality of the records, which

Instead, the geometrical method is
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are used for construction of a geometrical figure.
This figure reveals information about the HRV
[13]. The frequency domain method, usually using
the Fast Fourier Transformation, splits the RR
intervals in their frequencies. The classification in
frequency ranges permit declarations about sym-
pathetic and parasympathetic activity during exer-
cise and rest [6]. Many authors have found corre-
lation between the results of the three HRV mea-
suring methods {9, 10, 13, 20]. It is important to
find the best method (accuracy, expense, validity,
record time) for each application.

The aim of our study was to make comparative
evaluations of HRV data determined during cycle
ergometry work and recovery by means of the geo-
metrical method and the frequency domain
method and find differences in HRV behavior
between the two methods and examine their
advantages and disadvantages. The geometrical
method used in our study, the Poincare Maps,
enters successive RR intervals in a diagram to
obtain a geometric shape [13]. The shape of the
ellipsis thus plotted describes the HRV; the short
diameter of the ellipsis (SD1) corresponds to the
standard deviation of the instantaneous short-term
variability, while the long diameter (SD2) repre-
sents the long term HRV. SD1 shows in particular
vagal activity, since parasympathetic influence on
the sinoatrial node is faster than sympathetic activ-
ity [22]. In frequency domain measurement, how-
ever, the RR data series are divided into their fre-
quencies to describe the HRV by means of differ-
ent frequency ranges-the ultra low frequency
(ULF), very low frequency (VLF), low frequency
(LF) and high frequency (HF) ranges (3, 4, 20].
While the meaning of the ULF range is not certain
and it is assumed that VLF is dependent on sym-
pathetic activity [19], it appears to be certain that
LF is influenced by sympathetic activity [6, 14] and
the HF range by parasympathetic activity [2, 4, 6,

8

7, 10, 14].

Based on the frequency domain parameters and
SD1, the correlation between HRV and the deflec-
tion of the heart rate performance curve, which is
described by means of the k-value [16, 17], was
examined.

Subjects

The data used in this study was obtained from
53 subjects of both sexes aged between 21 and 79
years. The group comprised 27 male and 26 female
healthy subjects. Their average age was about the
same and their fitness level varied greatly, since
both trained sports students and untrained sub-
jects were participants in the study. Preconditions
for participating in the study were that they had
not taken any medication and abstained from caf-
feine drinks or eaten rich meals before the exer-
cise tests. Table 1 shows the subject-data accord-

ing to sex.

Protocol

Each test was preceded by a period of 5 min rest
in supine position. During this time, an electrocar-
diograph recording at rest was conducted and the
HRV values were recorded. The subjects per-

formed the exercise test until exhaustion on a elec-

Table 1 Characteristics of subjects according to sex

Parameter Unit X+SD

M (n=27) |W (n=26)
Age years 48.7+16.8 | 48.4117.9
Height cm 177.317.7 | 164.8+7
Weight kg 78.119.7 | 63.116.8
HRou 1.min 6719 68+8
HRmax 1.min 173116 170417
Lactate,q, mmol.| blood 1+0.2 1+0.4
Lactatemas mmol.l blood| 10.4+2.5 9.3+3.1
VOamu mikg .min" [ 41.9+11 [ 32.7:8.7
Max. power output Watt 242471 159158

Values are means (X)+SD.
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tronically braked cycle ergometer (Excalibur
Sport, LODE, Holland); the pedaling rate was 70-

80 revolutions per minute (rpm) and measure-
ments were conducted in 1 min increments for
determination of the heart rate turn point (HRT),
which is the point of deflection of the heart rate
performance curve. Up to the age of 29 the load
increment was 20 Watts (W), between the ages of
30-50 the work rate was increased by 15 W, and
for subjects aged over 51 the increase was 10 W
per min., The starting workload for all subjects was
20 W. The load program was controlled by a com-
puter program and the HR was recorded by means
of POLAR Elektro “Vantage NV TM” pulse teleme-
try watches (Kempele, Finland) in a 5-sec record-
ing mode. The respiratory gas exchange measures
were recorded and analyzed with an open-air
spirometry system “Oxycon Alpha” (JAGER,
Wiirzburg, Germany) in breath-by-breath mode.
The test was terminated when subjects reached
voluntary exhaustion or when they could no longer
maintain the required pedaling rate. This was fol-
lowed by an active recovery phase at a low intensi-
ty for 6 min. The recovery load was not standard-
ized. The ergometer load (W) and rpm were sub-
jectively determined by each subject. During the
first and third minute of recovery, the RR data

were recorded again.

Determination of HRV

For determination of the HRV we recorded and
stored data for every minute of the intervals
recorded in the RR mode (beat-to-beat), using two
pulse watches (POLAR Elektro “Vantage NV TM”,
Kempele, Finland) alternately. This allowed
recording of every individual load step, which
would not have been possible with one pulse watch
only. Following the exercise test, the RR interval
data series stored on the watches were transferred
via the “Polar Advantage” interface of POLAR

Elektro (Kempele, Finland) to a PC, where they
were subjected to correction by the POLAR
Precision Performance software to prevent errors
in the HRV data due to the presence of artifacts.
For determination of the frequency-domain HRYV,
the corrected data series of the steps were subject-
ed to a Fast Fourier Transform in the “D-plot”
computer program to split the tachogram formed
from the data series into their frequencies. The
result was indicated in a power spectral density
(PSD) diagram. Figure 1 shows a rest-tachogram
of a 23-year-old male subject, while Figure 2 is the
corresponding PSD diagram. The graph of the
PSD diagram was subjected to integration and,
subsequently, interpolation to determine the size
of the frequency bands providing information
about HRV when the frequency domain method is
used. We took also bands that were over the limits
as reported by Bigger [4], which are shown in the
Table 2.

For determination of the HRV values of the cor-
rected RR intervals by means of the geometrical
method, Poincare Maps were compiled via the
POLAR Precision Performance software. In our
study we used SD1, which is shown in Figure 3
during rest of the 23-year-old male subject and is
designated as “stab”, as a criterion for the determi-
nation of HRV.

Statistical methods

Differences in mean values were calculated by
means of “Statistica” computer software program
utilizing the ANOVA-MANOVA analysis method.
Post hoc tests were used for multiple mean value
comparisons. Differences between dependent vari-
ables were examined with the Least Significant
Difference Test (LSD), while differences in differ-
ently sized data series were determined with the
Tukey Honest Significant Difference Test (HSD)
for differently sized random samples (SPJOTVOLL/

=]
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Fig. 1 Rest-tachogram of a 23-year-old male subject (abscis- Fig. 2 Power spectral density diagram of a single male subject,
sa: beat#; ordinate: RR intervals in ms) whose tachogram is shown in fig. 1 (abscissa: frequen-

cy in hertz; ordinate: power spectral density in ms*/Hz).
The area under the graph gives information about the
size of the frequency-parameters

m s
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1
tres | Table 2 Limits of the frequency bands
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00 = f : Frequency-band Range
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Fig. 3 Poincare Map of the 23-year-old male subject at rest (abscissa/ordi-
nate: RR interval length). Successive RR intervals were entered to
obtain the ellipsis. “Stab” in the figure is called SD1 and gives informa-
tion about the parasympathstic activity

Table 3 SD1- and frequency parameter-values at rest, lactate turn point 1 (LTP,), lactate
turn point 2 (LTP,), maximum power output (P....) and in recovery (R1: recovery
1min; R3: recovery 3min)

X+SD Rest LTP, LTP, Ponax R1 R3

SD1 (ms) 24.55+26.3 2.60+1.18 1.9910.63 2.30+0.71 2.481+0.97 2.90+1.58
TP (ms?) 24.51£10.7 873+3.3 51111.86 7.2114.7 4.89+2.02 7.78+3.06
ULF (ms?) 2.70+0.49 1.50+0.24 1.2010.17 1.08£0.13 1.15:0.09 1.4710.24
VLF (ms?) 11.28:4.71 3.8241.79 2.09:0.97 3.2842.41 1.98+0.99 3.37+1.61
LF (ms®) 5.7743.34 1.8940.83 1.00:0.42 1.63+1.56 0.96:0.56 1.6610.8
HF (ms?) 4.7642.7 1.5140.6 0.82:0.35 1.22:0.93 0.80+0.46 1.28+0.57

Values are meanSD.

STOLINE). linear correlation coefficients were used. Error
For determination of correlation, the measuring  probabilities were 0.1%, 1% up to a maximum of 5%.

correlation coefficient and the tables for examining
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HRV parameter curve
Based on the SD1 curve and the frequency

domain parameters from the state of rest via LTP,,
LTP,, P.... to the 1st (R1) and 3rd min of recovery
(R3), differences between the two measuring
methods were examined. After a significant drop
from rest to LTP,, SD1 remained constant. In con-
trast, TP, which combines all frequency bands,
VLF and LF showed a significant and further drop
towards LTP, (after the significant drop towards
LTP)), then they increased toward P,,,, then
dropped again significantly to R1 and increased
towards R3. After forming the same curve initially,
HF did not show a significant change from LTP, to
R1 and then increased towards R3. ULF, however,
dropped, with significantly lower values compared
to each preceding step, until P,,, was reached and
did not exhibit a significant increase until R3; thus,
it did not show significant increase from LTP, to
P,... (where ULF was lowest), which occurred in
TP, VLF and LF. The HRV values are presented in
Table 3; curves are shown in the Fig. 4-9.

Correlations between the frequency domain

method and the geometrical method

The correlations between SD1 and the frequen-
cy parameters at rest and during exercise are list-
ed in Table 4. There were positive correlations
throughout and between all frequency parameters
and SD1 at rest (TP: r=0.43; ULF: r=0.39; VLF:
r=0.35; LF: r=0.40; HF: r = 0.54), but in particular
at LTP, and LTP,, where significance was very
high (p<0.001). At the end of exercise, however,

the significant correlation was no longer detected.

Correlation between HRV and deflection
of heart rate performance curve
According to Pokan (16, 17], a positive k-value

is reflected in a downward deflection and a nega-

tive k-value in an upward deflection. The correla-

tion between SD1/frequency parameters and the k

-value are depicted in Table 5. We show that at

rest there is no significant correlation between

HRV and the k-value. During submaximal exer-

cise, however, there is a significant negative corre-

lation between the freqﬁency parameters and the
k-value (LTP,;: TP: r= —0.36; ULF: r= - 0.43; VLF:
= -0.36; LF: r= -0.32; HF: r= - 0.31; LTP,: TP:
r= —0.45; ULF: r= -0.52; VLF: r= -0.41; LF:
r= —047; HF: r= - 0.45), while with SD1 no cor-
relation was observed. Only ULF exhibit this cor-
relation (r= —0.53) at the end of exercise.

The characteristic curve of SD1 observed in this
study was also reported by Tulppo [22], who deter-
mined that SD1 was dependent on parasympathet-
ic activity. This shows that its activity decreases
during exercise, but does not disappear complete-
ly. Our study showed that the frequency value
curve does not form a ramp, which indicates a
higher sensitivity and thus a better analysis poten-
tial of the frequency domain method. Contrary to
that of Tulppo [22] we found a marked drop to a
lower level for LF and HF, which then remained
constant until the end of exercise. Thompson [21]
observed, after a drop to 90% of VO,max, a con-
stant leveling of the HF component. The increases
of the frequency parameters towards the 3rd min
of recovery may represent the beginning of a peri-
od of recovery of the HRV, as observed also by
Pagani [15] and more so by Shin [18] 2 min after
execution of an exhaustive cycle ergometer test.

11
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Fig. 6 Fig. 9

Fig. 4-9 Mean HRV-curves of all subjects at rest, during the cycle ergometer test and in recovery (abscissa: steps; ordinate: HRV-
parameters)

Table 5 Correlation between the HRV-parameters and the k-
value at rest and during exercise (LTP,: lactate turn
point 1; LTP,: lactate turn point 2; P,,,: maximum
power output)

Table 4 Correlations (r: measured correlation coefficient)
between SD1 and the frequency parameters at rest
and during exercise (LTP.: lactate turn point 1; LTP.:

lactate turn point 2; P,,,: maximum power output) HRV-Paramater
TP ULF  VLF LF HF SD1
Frequoncy-parameter Rest(n=53) 0.03 003 000 006 0.04 0.25 r
TP ULF VLF LF HF ns. ns. ns. ns. ns. ns. [ S
Rest(n=  0.43 0.39 0.35 040 054 r value

LTP\(n=53) -036 -043 036 032 -031 -0.18 f

<0.01 <0.01 <0.05 <001 <0.001 p- 001 <001 <001 <005 <005 ns o

LTPy (n= 0.49 061 0.46 0.45 0.45 r valve
<0.001  <0.001 <0.001 <0.001 <0.001 p- LTP;(n=53) -0.45 052 041 047 045 021 r
LTP;(n= 063 0.60 0.60 0.62 0.66 r <0.001 <0.001 <001 <0001 <0.001 ns. p-
<0.001 <0001 <0.001 <0.001 <0.001 p- Pru(n=53) -0.06 053 007 001 003 023 "a:”"
Prex (n=583) -0.07 0.24 -0.10 005 -007 r ns <0001 ns. ns ns. ns. o-
n.s. n.s. n.s. n.s. n.s. p- value
n.s.: not significant n.s : not sigruficant
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The fact that there was no significant HF increase
from LTP, to P, (quite contrary to VLF and LF)
may indicate that after a drop of after the work load
had been removed, parasympathetic influence
remains at a constant low level and then experi-
ences the recovery mentioned before. As parasym-
pathetic influence is dependent both on HF and on
SD1, it was astonishing to note that correlation
exists not only between SD1 and HF but also
between SD1 und all other frequency parameters.
The highest correlation at rest was observed
between SD1 and HF, which is a confirmation of
identical results (r =0.94) achieved by Tulppo [22].
The same author observed a decrease in this cor-
relation (r=0.70) at the ventilatory threshold and
at LTP1, which was also confirmed in this investi-
gation. Tulppo [23] observed the same effect
between LF and SD1, but with a lower correlation
(rest: r=0.72; LTP,: r=0.62), which did not apply
in our study due to the higher correlation at LTP,.
Tulppo [23] also stated that there was a high HF-
SD1 correlation at the end of exercise (r=0.78),
which did not occur in our case. As the results are
partially contradictory to the literature, in particu-
lar the short recording periods of the frequency
HRYV of one minute may have to be reconsidered.
Kautzner [9] indicated a recording period of one
minute for HF only (with this period being the
lower limit), for LF at least 2 min are necessary
and for ULF, VLF, and TP recording times of sev-
eral hours are necessary to obtain optimum values.
Yamamoto [24] regarded short term HRV mea-
sured with Fast Fourier Transform as applicable
only for low intensities. This could explain the low
correlation values at P, between SD1 and the fre-
quency parameters in our study.

The negative significant correlations between the
frequency parameters and the k-value during sub-
maximal exercise show that a high frequency

domain HRV during exercise is a reason for an

upward deflection of the heart rate performance

curve.

Based on the present results, the frequency
domain method allows making clearer and more
detailed statements on HRV curves during exer-
cise. In particular, HF can replace SD1 especially
at rest and during sub-maximal exercise and thus
it is possible to utilize the higher accuracy of the
frequency parameters. To be able to make further,
admissible statements on the behavior of the fre-
quency parameters it will be necessary to further
examine this method with regard to short term
recording, as this is necessary for short term
changes in work loads.
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The Effect of Walking Exercise in a Hypobaric Environment
for Weight Reduction in Obese Adults and Athletes

Tamotsu TERAO, Hideyuki KIMURA, Tetsuya ONDA, Sciji ARUGA, Yutaka NAKAMURA,
Adarsh SANDHU, Yoshitaka YAMANAMI and Masaru SAITO
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Abstract

The purpose of this study was to elucidate the effects of walking exercise based on the lactate threshold (LT) in a hypobaric
environment on the body composition and energy merabolism in body weight reduction of athletes and obese adults. Before and
after the training in experimental group I (EG 1) of athletes, experimental group Il (EG II) of obese adults and control group
(CG),the following parameters were measured; bedy weight (BW), body composition and resting metabolic rate (RM) ar 8:30
-9:00a.m.. The subjects performed exercise under hypobaric environment (1500m) in EG I and II, and under normobaric envi-
ronment in CG, for 60 min/day, 3 days/weck for 4 weeks. BW in EG I and 11 after the training for 4 weeks was significantly
lower than that before the training (p < 0.01, p < 0.05). Body composition of body fat, was also significantly decreased after
the training (p < 0.01, p < 0.01). RM after the training in EG I and 11 was significantly higher than that before the training
(p <0.05, p<0.05). Energy obtained from lipids was determined based on the respiratory quotient at rest in EG I and 11,
which was observed to have increased after che training (p < 0.01, p < 0.05). These results indicate that walking exercise based

on the LT in a hypobaric environment may be a useful method for body weight reduction and exercise treatment for obesity.
(Tokai ]. Sports Med. Sci. No. 13, 15-23, 2001)
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Fig. 1 Changes in energy expenditure during walking exercise
under normobaric (sea level) and hypabaric environ-
ment
Values are expressed as means = SD
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Fig. 3 Changes in body weight before and after training for 4
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Abstract
The purpose of the present study was to determine the effects of a resistance training program in triathletes. Eight healthy
university competitive men's triatheletes who had no experience of the resistance training were assigned to either the resistance
training group (TRAINING: N = 4) or the regular training group (CONTROL: N = 4). The resistance training program that
Johnston et al. (1995) used for women long - distance runners was carried out three times a week, for ten weeks in TRAINING.
Body weight, body fat, muscle cross-sectional arca of thigh, squat 1RM, leg press power, isokinetic strength, and the incremen-
tal exercise using treadmill were examined before and after the training. At the same time, VO max and blood lactate concen-
tration were also measured.
The main results were as follows;
1) In regard to body weight, body fat, and muscle cross-sectional area of the thigh, no significant changes were found in either
the TRAINING a CONTROL groups.
2) In the case of squat 1RM and leg press power, a significant increase was noted in the TRAINING group (p < 0.01, p<
0.05). There were no significant changes in isokinetic strength for either the TRAINING or CONTROL group.
3) There was no significant changes in VO,max/BW in either groups. However, there was a significant increase in blood lactate
concentration in the TRAINING group (p < 0.05).
4) There was a positive correlation between the percentage change in leg press power/squat 1RM and in blood lactate concen-
tration (p < 0.05) in both groups.
From these results we suggest that the resistance training program in criachletes was useful to improve the muscle strength and

power withour muscle hypertrophy, and to enhance during endurance high intensity exercise.
(Tokai J. Sports Med. Sci. No. 13, 24-33, 2001)

24



YIALTATVBFIZIBIBLVIRAI YA M- TOR)R

kLD, RBREMERENMIMESL 747 A0
YRR LOETHIRARBROSE. Bl
DOIFNF—EFERNIfTTPhEI LD b,
7 F =2 ACHMETAETE LTI, B
HBWESOARANEDNCHT 2HBE Y 2,
7 A —LOBEEEDORAFVICHT HER Y B
HMEENTEL, LEALEDS, EE HFARSE
HBFEOHNIBRUIH 7 — 1T H8E " A
SNBEHLD, BRARBHEFD I 7+—<
VAR ERIZTHTFLLT, BIRUESY
—MEHEND LI EoTETV S,

—7i FARGEBOERIC X 5 2B L
LT, WHNDET™® 2, Fav7Ix 7D
BEMOMET ™, MR—E&EY 1 7 Vv EBIZBYT
D87 —OFERET O 2B EAHE
ENTWAIEd, REMS = 712X 548971
PG Yo 7 —AREL LTS
R, TV TORBUSE T Lo T HHE™
AL, BARERKICBWTEWS 7+ —<
AR BT L2010, HEBREDOKEDH)) -
NI —FHIZDTBH L L DI, HAMNMARHIZZ
N EMRTAMBHIOEETHSL I LARKEIN
Twb,

EAT, RARBHBFICBILLIRAY Y
A ML=V ZORHRIIONTIE, ERIEDHH
FL—= 72k 5T, BRREESIU AL
HTH, WEMCBITAF—NVT Y FCES
FCORMBER LHHEE 2, LYRY R
M=oV TOERIIE-TT ¥ = v 7 ORHENE
W EAHR bR E N, 72 v TR o
R OERAA SN LT HHIE, ik
P X AN L —= Y IO EHEREOMBE
BB BRI R TH o 72 L T HHE™ & LHt
HY LIRAF VAP L—Z v VOEMICE T,
MEDH /87 — Dl LR MWIR—EMY 1 7 Vol
HEONRMGROBIEARI D, ThHhT =

21D
[)

v ORFEEOBLEE LS TOTIE VAL
flZxhTWA,

FRo X3, GE, FRARBREFO/ (7 +
—TVAMLIEVIRAY VA ML= v T D5ER)
ThHEILNPRINDD2HBH, FLALIIREL
BHREERFEHRELLELDTHE, 2T
AHETIK, Fv=v T, AL A, XL 7D=D
MR E LT HHRARBEETHE b1 T A
UHHORTENRELT, LYRAS YA ML—
SV TOMBIIDWTHRFHTHIEEHMEL
7%

1. MR
ABROBEREIL, LIYAF VA PL—= Y
BEBROLVWKENIATAQOYBIZHIRT 591
RFBATHo Iz, HHEBEIR, AV ¥V ¥
AT7DIFA4A 720 #iH (R4 A15km, /¥4

2 40km. T 7 10km) Z¥M& L. 24U Lo
BHRBRBREROHRTHY . FL—= TN D
ERB L THRIEEA TR, 2002085 (1
fti £ BHERI %) . 1725 £ 44cm ThH o720 85D
PEEDOR» S, ERIC4BE P L—=y THEE
L. Z0fhn sk ar bu—nBLRELL,
B, ETOHEBRBEICERONES X OfERMk
DWTHBL, EBRBMOME B,

2. VIR VANV—ZV T DR

FL—= 7O 4 ZOBBRE X, HEDOF
FATAOOHFIIMZ, BIBDOLIRASY ¥
Abb—=—=r 72 108MIZb: o TITbE L,
VIAI VA Mb—Zvrrarss (F1)
}%. Johnston et al. ® A EHEHRFEICH W70
FaAaNLFEFKEDBDOTHY, FELTT7Y—7 T
1M REYTA PR v NP L—= T r
PHHL. 7007904 IR ENS 2
DO —= vy a—RAEREICERSE, B
Mz, BAREEE (RME) e LT

25



AP FLRY) - SB1e B - BIE W - hi

LR R 0 42 I

i I UL TP

£l VIZAFIVANN—ZIDTOIS A (Johnston 5, 1985070 )
Table 1 Resistance training program (R. E. Johnston et al., 1995)

Course A

Weeks 1-3 Weeks 4-8 Weeks 9-10
Parallel squat 3 x 10RM 3 X 6RM 3 x4to5RM
Knee flexion 3 x 10RM 3 x 8RM 3x 6RM
Straight-leg heel raise 3 % 12RM 3% 12RM 3x 8RM
Seated press 3x 8RM 3x 6RM 3 X4to SRM
Rear lat pulldown 3 x IORM 3x 8RM 3x 6RM
Hammer curl 3x 8RM 3 x 6RM 3x4to5SRM
Weighted sit-up 2 x 15RM 2% ISRM 2 x 15RM
Course B

Weeks 1-3 Weeks 4-8 Weeks 9-10
Lunge 3 x 10RM 3 x 8RM 3x 5SRM
Knee extension 3 x 10RM 3 x 8RM 3 X 6RM
Bent-leg heel raise 2 X 20RM 3 x 20RM 3x 20RM
Bench press 3x 8RM 3 x 6RM 3 x4 to SRM
Seated row 3 x 10RM 3 x 8RM 3x 6RM
Front lat pulldown 3 x 10RM 3x 8RM 3 x 6RM
Abdominal curl 2 X max 2 X max 2 X max
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LIRY YA ML—= 2y TOHPIZOTHRE
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Table 2 Changes in body weight, %Fat, LBM and Muscle CSA
(Cross Section Area)

" Body Weight %Fat LBM Muscle CSA
&g} (%) (kg) (cnd)
Pre 61360 125+1.2 53.6%5.1 158.1 174
Contro!
(n=4) Post  618%60 124x12 541154 16051188
% 0914 -02+26 11226 15218
Pre 627145 12419 549138 159.2 £20.0
Training
(n=4) Post 63238 129%10 S537x18 163.3 £24.7
% 0811 53186 02%13 23142
Values arc meantSD.

X; mate of increase of pre training
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3. BAMRENERUMPIERBEOEL
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(ALa ; BEAfH — LD oW e 2R
L7 bL—=r 7o KM Efiic>nTid,
WA TR EERD OG> o7,
Fo—=r7HiE#EOa Pa—- A ERT ML
—Z VI BT 5 FWESTH LRI oW T
&, ilidh 7o) ORKEHBAE (1.1 £ 14.3%
vs1.3%20%) ICBWTHELENEDSALH
o foAS, ML FLERIRE DRIt (6.3 £4.9% vs
50.7 £ 26.0%) 2BV TR AELBDSNL:
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Table 3 Changes in Leg press power, Isokinetic strength and Squat 1RM

Squat IRM  Leg press power Peak torque (60deg/sec) Peak torque (180dcg/sec) Peak torque (300dcg/sec) Decline rate of Work (180dcg/scc)
Group Extension Flexica Extension Flexion Extension Flexion Extension Flexion
kg) W) (Nm) (Nm) (Nm) (Nm) (Nm) (Nm) (%) (%)

Pre 710489 1769.64232.1 165.3£26.9 105.5£15.4 120.5215.5 88.5:18.6 96.5x11.7 76.31£2.3 46.046.0 51.538.5

Control
(n=4) Post 71.0489 1676.6£348.0 168.0£31.4 125.0£16.3 126.3£19.0 95.8213.3 11082152 74.01125 51.523.0 547247
% 0.010.0 -5.749.6 14253 19.3£13.7 4.716.7 9.316.5 15.0£10.4 -3.022.5 13.4213.1 8.6£14.2
Pre 66.646.3 1715.84105.9 188.5128.7 118.3£602 131.0£103 95.0£9.3 97.026.7 79.316.8 45.419.1 47.112738

Training
(n=4) Posxt 93.7:8.5°%¢ 2023.3£101.0* 203.5£19.5 125.8¢£14.2 137.0216.6 98.0£10.9 101.847.1 83.329.5 48.827.7 470£56
% 4162291 18.2¢781 8.7262 63212 45270 3a1226 5.1£73 $.7213.2 8.618.6 221211

Vatucs are meantSD.

% : rate of increase of pre training

* ; significant diffcrence from pre training, p<0.05.
*¢ ; significant difference from pre training, p<0.01.
t : significant difference from control group, p<0.0S.
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Table 4 Changes in maximat oxygen uptake (VO.max) and Ala

VO2max Ala
Group )
(ml/min/kg) (mmolA)
Pre 69.316.5 88102
Control
(n=4) Post 68.9+£5.8 93104
% 1.1+£143 63149
Pre 69.3 4.9 88+£27
Training
n=4) Post 702+5.5 13.1 £3.9*
% 13120 50.7 £ 26.0t1
Values are meantSD.

AlLa is the difference between blood lactate concentration at rest and that peak
after exhaustion

% : rate of increase of pre training
¢ ; significant difference from pre training, p<0.05.
T i significant difference from control group, p<0.05.
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FAHBNEIHM CRETFH P/ TES LN
WECTHBHER LSS 0070 srsak L
THITHhHo 7Lt sz,
ATFHRGET) 7 R M pE S M FLERE R OB
RiCowTid, PL—=r7BiZBwThlL—=
Y 7WIMBICAERRENSA bR, £z,
ARREORIMEOEKE Ly ¥ T L AT —
DEARL DM, AREZHEMIED SR,
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S HBI oM L, #RE) 1o e T
DWAMEN O LISWG LizoTldhuer L
Wahrz, —F, HEHIVT A =5 —%2fnwT
RPN B % S0l L 7oy, ST RREIC R
SHERONRY ) ¥ FIEIIIND S A 1EA% h A
Ehbdbolih, Whombk, HEEoL T
A =& =2 K B KU A ) o IR I & HE R &
EHILIIDEHNBLEZOND, PTFAT AT
PHEHACE S JHIA DB, SHRULIRY
YAML=Z Y TOYHNRT = ANDOEY
RIEFTH LT, HEERIL T A= —% il L
TTHEZERT Z2LENH L ERbh,
ARG X, KikEFZHHL LT, 8HIN
D= ZHMBIZB VT, KikOHHOA%
ol V=T LKKDOHMBIZMATLI RS~
AN == T %fFbElIV—TIZo0T, b
—= Y7 WHE BRI HEE IV T XA — 5 — %]
W7 BB RGRTY A S dep LRRRIE DRt &
WELEL A, WTV—T L DIHA TN
Abhi=Z LB LTwd, ABIREOHEH T
FIATAGYEFTHY, FL—=r 7l
WAL L08R BIFTLTHEBL T2 1
AR EERTM B AN L 2z b L—= 0 7
DHZRTHoT.

Johnston et al. * X, LAY AL —=V
TOERKIS, 5oy yORFEOREE LT
HlE L2t KTF oM (214m/ 53, 230m/ %) TO
FL v FINEThOKITS D ORI
DWTHBRBIDS AL EHMELTEY, &
DOEEE LT, HEEHOBHH O LHBRD %
BHRRFECHBOEFORBE RS, T =
YT HEOBBIHSE R END LIRS
272 ERRT W3, flEkD#HEE( Hickson et al.
WKbHOND, RBIRTIR, 7= 7o
KM 2WEIfTbadhod. SH%IEFSA7
A0 YO AM T A AL A 17,7
D 3 O>OMBYE WP E 73 Hide L TEBL B0
BEEIZIDVWTOWEb LML, I TRT Y
BERIZBUALIVATF VA M- 7ORRIC
DNTHIHTHZEALETHS L Ubhi.

AWROEMIZ., PFATRATERICBITS
LIRS VAP L= v 7 DR ERETE L
Thote. BRIIE. REMIAT AT U HICH
BETBLVIAI VAN L=y 7OBRBO WY
TEF8HTHY, 20 LD 42%Z. LY
AZ YA ML= 7 Ll OM O ) % 1T
o=V 7 20O 4 1%, AFEOHRD
Axffrarba—nBEELl, PL—=U 7R
{Z4Z. Johnston et al. (1995) #%4&F & Hijk# T
KHWEVYRAS YA M —20 Ty Tassn%
HA3IM, 108MIchloTHEBEE, PL—
Z Y 7Moo, Al R, KR
OWWIGiH, A27 v P1RM, Ly 7 7L A

VEEESM . Pl oy F IV ENI T

M7 A P ICBVT B IRREHERUNLE S X O L

B EOWE L ATV, KDL I iR 2R

1) ki, IR, KBS R oWTid,
Mo—= R, avibo—nfrdicLy
AY AP L= FORBMBIAT G0 E
ftigabnidore.

2) ATy FIRMEL Y YT LRI —ID
WTiE, PL—=V7HIZBTL YRS Y
A b b—= 2 Y OEREIATERRIMAED
L7z (p<0.01. p<0.05). 55dithmith
2oWnTid, WiFE ISR EEALN
Bhoiz,

3) Hhilid 7z ) DI ARRERBINIIZ >V T, Wl
HLBIHATRBILIIASN ol LA
L. ifRGEE) 7 2 b 2B 5 M ELR I D
RIMBZoWTIE, L= FRIZBWT
VA VAL = Y ORKEHRIAT TS
BmasiZd sz (p<0.05).

4) LIRS YA ML —= v Y OERWT I
BUIAL9 T VLANRT—=KTRAZ 79 M1
RM DZALHS & il FLRE I KERV Ik D 2L
EDMIZIE, AR IEOHINNELIBDSHI

31



LT - g 1R - BN -
72 (p<0.05),

Pl eds, FIAT7AQVBRFENLIR
YA T EERMTAIEICLST, B
WA SFIIHHB LU/ ST — % L&
BIENTE, MMEOMIC BT B IEES
R AW B RIR E iz,

AWFFED—#Bi%, 2000 4E H AT F L4551 0
K& THE L

SEXER

1) Astrand, P. O. and K. Rodahl: Textbook of
work physiology, physiological bases of exercise
3rd ed. McGraw-hill Inc., N. Y., 1986.

2) Conjey, D. L. and G. S. Kahenbuhl: Running econ-
omy and distance running performance of highly
trained athletes. Med. Sci. Sports Exerc., 12: 357~
360, 1980.

3) Sjodin, B. and Svedenhag, J.: Applied Physiology
of marathon running. Sports Med. 2: 83-99, 1985.
4) Daniels, J. and N. Daniels: Running economy of
male and elite female runners, Med. Sci. Sports

Exerc., 24, 483-489, 1992,

5) WilER BN ALF—DO5AL -HLKTE
WS o F—oRE7+—HICHT D%,
Japanese Journal of Sports Sciences, 16(1), 127-132,
1997.

6) WMy, fESERER C WHEE— A FPASHRZ
5 = D7 +— L, Japnese Journal of
Biomechanics in Sports & Exercise, 2(2), 92-98,
1998.

7)) Hortobagyi, T., F. L. Katch, and P. F. LaChance.:
Effects of simultaneous training for strength and
endurance on upper and lower body strength and
running performance, J. Sports Med. Phys. Fitn. 31,
20-30. 1991.

8) Sale, D. Q., L. Jacobs, J. D. MacDougall, and S.
Garner.: Comparison of two regiments of concurrent
strength and endurance training. Med. Sci. Sports
Exerc. 22, 348 -356, 1990.

9) Sale, D. Q., J. D. MacDougall, L. Jacobs, and S.
Garner.: Interaction between concurrent strength
and endurance training, J. Appl. Physiol. 68, 260-

32

B ool - A5 @l - PIESE
270, 1990.

10) Dudley, G. A,, and S. J. Fleck.: Strength and
endurance training, Are they mutually exclusive?,
Sports Med. 4, 79-85. 1987.

11) LG W, oM, WEET, S50 —
WHRFRIV I F—DRKEBENT—-LE
MR I, A%, 71, 10-24, 1989.

12) W47, Nz, MO o JEHEERETEC
B2 S ML M R & SRR S DR,
ERRAEATURRERTHL 8, 27- 32, 1990.

13) Sherman, W. M., Armstrong, L. E., Murray, T. M.,
Hagerman, F. C., Costill, D. L., Staron, R. C,, and Ivy,
J. L.: Effect of a 42.2km footrace and subsequent rest
or exercise on muscular strength and work capacity,
J. Appl. Physiol. 57, 1668-1673, 1984.

14) Chevrolet, J. C., Tschopp, J. M., Blanc, Y., Rochat,
T., and Junod, A. F.. Alterations in inspiratory and
leg muscle force and recovery pattern after a
marathon, Med. Sci. Sports Exerc, 25 501 -507, 1993.

15) Nicol, C., Komi, P. V., and Marconnet, P.: Fatigue
effects of marathon running on neuromuscular per-
formance, Scand. J. Med. Sci. Sports 1, 10-17, 1991.

16) ZAKM, AR, AEH, HoRE 8
B ORI vI VI L—ALBTAEMEL BB
LU — DT & DWR, KEFIZE, 45-4,
503-512, 2000.

17) Buckalew, D. P., Barlow, D. A,, Fisher, J. W., and
Richerds, J. G.: Biomechanical profile of elite women
marathoners, Int. J. Sports Biomech. 1, 130-147,
1985.

18) Nicol, C., Komi, P. V., and Marconnet, P.: Effects
of marathon fatigue on running kinematics and econ-
omy, Scand. J. Med. Sci. Sports 1, 195-204, 1991.

19) Hickson, R. C., B. A. Dvorak, E. M. Gorostiaga, T.
T. Kurowski, and C. Foster.: Potential for strength
and endurance training to amplify endurance perfor-
mance, J. Appl. Physiol. 65-5, 2285-2290, 1988.

20) Hickson, R. C., M. A. Rosenkoetter, and M. M.
Brown: Strength training effects on aerobic power
and short-term endurance, Med. Sci. Sports Exerc.
12: 336- 339, 1980.

21) Kraemer. W, J., and W. L. Daniels.: Physiological
effects of training. In Sports Physical Therapy, 29~
53, D. B. Bernhardt, ed. New York, Churchhill



FIATRAOVBRICBYALIRAY VA ML= YORR

Livingston. 1986.

22) Johnston. R. E., T. J. Quinn, R. Kertzer, and N. B.
Vroman: Improving running Economy through
strength training, NSCA Journal 17-4, 7-12, 1995.

23) Bell, G. J., S. R. Peterson, J. Wessel, K. Bagnall,
and H, A. Quinney.: Physiological adaptations to con-
current endurance training and low velocity resis-
tance training, Int. J. Sports Med, 12, 384 -390, 1991.

24) FEMASE—, WIOIEZ, &/BH, #E—-K K
Yi%E#E 12 BT 5 Eccentric + Concentricfii b L
—Z 7D IR EHERA L —
= 7#, 6(1), 33-38, 1994.

25) MWRE, BLXE, BAkWHA, EMHC —
BT ERLIZBTBHHFMREL LTONR-A
N EREHIEORA, HFETE, 39, 403-419,
1995.

26) FEefk BB E £ 8V AORY
$#, Japanese Journal of Sports Sciences, 8, 668-
676, 1989.

27) Baechle, T. R.: Essentials of strength and condi-
tioning, Human Kinetics, 1994,

28) Bompa, T. O.: Periodization of strengh, Veritas
Publishing Inc, 1993.

29) Fleck, ]. F., Kraemer, W. J.: Designing resistance
training programs, Human Kinetics, 1987.

30) Fitts, R. H.: Cellular mechanisms of muscle
fatigue, Physiological Reviews, 74, 49-94, 1994.

3) REFM: AR—VRBHED AN =XKL LETFHD
FA b, 0k, 1092,

32) Dolezal, B. A., J. A. Potteiger: Resistance training
for endurance runners during the off-season, NSCA
Journal 18(3), 7-10, 1996.

33) Bielic, E.: Practical considerations for utilizing ply-
ometrics, Part 1, National Strength and Conditioning
Association Journal, 8(3), 14-22, 1986.

34) Chu, D.: Jumping into plyometrics, Human
Kinetics, 1992.

35) SWARHERL, MOMGIEFE, BUMRAET, MR M1 K
KBFEOLIRAZ YA ML ==V 7H#FCO, HE
B ETAL LI87 =7 Y A RITTEHR,
HIF4E, 49(3), 355- 364, 2000.

33



Yy O 202008 ¢
e

GBI BRI

GFTEEFOFIBRFSTRD
T DT

BHB W cr-—vensemm A EH WA - vesswzm
FR R ze—vessammn PN B cr-vessemmn
EIFRE] srsepesn  BHIER sesvemsyw
FHPE L savanar  JLHRERZE s

The study on the body fat distribution of women Judo players

Tetsuya ONDA, Seiji ARUGA, Tamotsu TERAOQO, Yutaka NAKAMURA, Seiji MIYAZAKIL
Hideharu SHIRASE, Hidetoshi NAKANISHI and Kouzo KITADA
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Abstract

In competitive sports, the body composition of athletes has a significant influence on the athlete’s performance. In this study
we analyzed the body compesition of women Judo athletes.

Twenty - eight female university students who were members of Judo club participated in this study. Using the Hologic QDR
-4500 body weight, body fat percentage, body fac volume (Head, L-arm, R-arm, Trunk, L-leg, R-leg, Totals), and Bone
Mineral Density (BMD) were measured.

In the righter weight categries, body fat % and LBM were lower than in the heavier weight categories, and this tendency was
more marked in the higher level athletes. The fat volume % increment was most marked in the trunk and tended to be higher
in the hevier weight categories. However, the fat volume % in the legs and head decreased at and over 78kg weight categories.
The fat volume % in the arms did not change in any of the weight categories. There was no significant correlation berween righe
or left hand grips in regard to body fat composition. Mean BMD value was 1.2gms/cm’ above average in all weight categories
as a result of Judo training, weight training and their daily diet. (Tokai J. Sports Med. Sci. No. 13, 34-40, 2001)
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SR ORDAEED) THA I L LEudD, £
BoMETIZ, BT =D B —E ORI A
LETH o720, FHANIBGI 87—, HAN
AR ELLBEI oD, The 0REIHH
WKHEABESTVDHEBE WV, T2, LFIIBW
THEBTFICHRTHEVEY DN Y ARSI
&, WHE0LOMRENTLEE &, BFick
REDOEERZ V. ZOMRMEZE LI, B0
ML > TEDHRBRE Y, FPRHEL Vo2
DIZHWPFRTHETFHINS, 1991 4FITHERS
B Y FRERF O TR ORI OWT
HELTY2b00, FENOEMHPHRT &0
BT 2 MG 2 &% ol & U 2z (AL OB
MG L RWEEbNRE, 22T, I, &
BHBC BT T RERROER LB T L %
HigE L. LT7-FERF 2040 BEYRRTZ
D5 FEEICOWTHELR TV, FELHEHR
KB, MFRHE, BRLAVIonT
DENEBE LR E1To 72,

HRIWHERELFREBE 284 (Fi#p
197 £ 1.6, 4 163.2+6.0cm) Tho7 (¥
1)o

REORMEICH LTI, Bk, BEROLEL Hla
FoOEE, BHRGER. BREBEREFICOVT,
B2 ROREETo 720

TEHE R OWBRLICDOWTH, A, IR,
KRt (Head, L-arm, R-arm, Trunk, L-leg, R
-leg). FWE (BMD) 2fELZ (7l

£1 AENREOSEHE
Table 1 The Physical Characteristics of Subjects

N Age hight(cm) | weight (kg)
48k 1 20 162.0 50.1
2k E‘ 21. 0% . & 58. 31, 54. +0.
57k 1 51, 61.0+3. 61. 62,
63k .61, 65.245.3 | 65.0+3.
10k |3+1, 63. 7+8. 69. 64,
78k 20.542. 71, 0:45, 83.9+44.0
18k 18.3+0. 69. 743, 98.6+14.7

ZIH) . MEF (L Hologic#:8, QDR-4500A %
HOZEI A VF—-XHENE: (DXAE) TF
%17 - 720

S RIOWMAE T, FEREFEHEEROKEX 5 T,
&7 BB ABkg B 1 . 52kg#h 5 %, STkgMk 7
4. 63kg# 7 4. T0kg#H 3 %4, 78kg#k 2 %,
T8kg B 3 B TH 720 BEDOAMIZOWTIL,
B2 H2dLEXLEN20%, VWL EIlH
BATHY, HbHLEXTHENI L., TOEMNM
DWEIE 1 kg S 9 kg DT TLEL ShTw
A

WHORSTCH L Cid e B AR RRFIBEHRE
ULEORBICHB LA RTEN, 48kg 1 4.
52kg# 3 &, STkg#h 5 %, 63kg#k 3 &, 7Okg
2%, 78kg#k 2%, T8kgBHR 2B TH 70

FEHEBICBIAMFICHEL TX. AHAH20
% EMA84THY, BEICHL THARMM
20%. HHEIME8HTH -7,

T 7o, BIEBMGERICOWTIE, PIY1098E T
BAIL 68, MEBIZ16ETHY., Fho izl
L. 8BUERIZBWTIX, .16 THUE 4 4,
ERIZISETH o7

R 1 RS OFIEIR & BRIRDIFEZRLT
V3o IR BB T AR T ARV 48kg
17.7%. 52kg#%19.3%DFETH O, Mz, KD
Ehro ot 78kg D 32.1 % TR\ T 78kg iK%
M300%Tholo Ttk (48kgM. 52kg#k).
hit % (G7kg#k. 63kg#H. 70kg ). MhtH
(78kg#%. 78kg#iR) L=OlXHFTHETH L,
I e OMICERB, iR, ThEhaEL
EMFEDLN (p<0.01)o

BRIRIAREIC DV TiE, b BV RO 48kg
BOBTH I SEL 41.2kg T, fix D E\r78kg i
MOBFA68.5kg &k bMlizRL, &k
LCHUED LAz T, BRIBHEE RIS
DHERAFFICMZ A (r=096). MBI
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(2, Bt Lo htEAs, Rt olizEhER
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4 2 xRN OEERI s i85 — > DEE ER
LTwa, 2otz 100 LThk%
Head Hi#. L-arm/ L. R-arm {3 LB,
Trunk ki, L-leg/i T, R-leg 4 FIK o 6 &b
AT EOBAZRMHNB LI DTH S,
WFRORBERIZ BT IS IR o #E0 0
DR TH Y, 78kgMIIBVTIETXTOR
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1 BEEROBENHEELBM (p<001)
Fig. 1 The body fat % & LBM in each weight category
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bo PSRBT, BIBNEERLDE, 4E
DEV2HERT, ThENT78kg M 18.0%.
78kg M 185% L o TWwbo A b ¥ i
ERLDOIX, 70kg#kT22.7%. 48kgHh D
222%DMTH oz ETFHICBNTY, Z0#H
FRBHED > DHPEMOTE N 2 BT, Th
Fh78kg % 18.1%., 78kgM18.1% L E T &
ATt %R U 7o e b # WElE 2 7R LRSI,
KREXFOBR TR LEV, 48kgMTH Y 21.9%.
K\ TC52kg#%21.6%. 70kg®21.4%DIETH -
7o LLBRMBS, FTRISBW TR FER L FHi
LR AR - PR L D EFROWE DR
W EZR LA (p<0.01).

EHizBnwTid, FRICBIERBEALR
TWhAWAS, THRERC 7 BE#h 4 BERiICBWT
A L OHE OFED D L h SRV AL
BT, D ZOHEIENEZR LD,
63kg M L 78kg B D 6.2%TH Y . WIZNgHikt D
HEFRD B ORI EV48kgH T7.2%, X
WTRLEWVTSkgBMTT7.0% L Lo TWh, £
EBIZBWT S, FREGERETE LEmERLT
B, 52kgHHE D HEDOEN6.0%. 63kg Kk
6.1%. 57kg#k. 70kg#%. 78kg#HH6.3% DIHIZ
oTWwd, —h, BRIHVWHIEGERLADE,
48kg M 7.5%. T8kghBH6.8% & 2 o7z LIKIZ
BWTE, R, TRERER% ) BEORERIC
LBEWERO O o7, FERIZML T,
6 AL TIRIF R DOFEA M L FHEAHY
s % L FMDOBROBEHW B HRAFER 5
(r=-077). &bFBTORYROHEGHE
Beid, 78kg M 3.6% T, K\ T 78kg H D
3.8%Thol:e £z, ZOFENRDH R
1%, 48kg#%9.0%. 52kg#h7.9% DI KR >TH
0, B E i, BERBOMICHERREVA
@ ohi: (p<0.01).

FEEICHLTE (K3), BB EEZRL
oD%, 78kg B 1.347gms/cm® T, 48kg#H D
1.323gms/cm? ASKICE W R L7z, Mis, &
LAV 2 R L 7= B 52kg 9 1.224gms/cm®
T, TRTOKZETL.2gms/cm® 22 @i

ERL7Ze L L&dtn, i, BRIBDEE. %
FEi%e & OME L 78U S AR e d o7

—#&iz, BLRICBIIHERAF— v Tt &k
Wid “woaEy” i), YEAF—-VOZED
NI+ =TV ACRAF R RBEEZONTY
o LA L%dS, S L o T HHhokEo
HMHE A7 + —= > A D) EICH RIS B
bdsb, /o, BB L L CHEMERZES
Elvo o EREHAMIIHBREZGI &R L,
KAizes Vv sainy M) =L EORAMN
CARELDHTEIRGORLZFIEEITLEwD
NTWwa, FEHFHICBOTE, ThHEOEFED
BHECHAS Y, MATHRICL IO L &
THEMThhTwb,

RSB DO KRR U T, FEE &k
FRiEP BN EZ S5h5A L L, SEOH
BICL B LTI, BRI 2 BRI VT
XZOWMARENLLOD, HMOBERTIEZD
£ LBINIHMETR V. TOBBELTERZS
haZlid, SHONREDEBMAICLIT BHiH
LARNVIZEBEDHENET LN S, K435
OXFEN S, EHARZEEETRI EOKEICN
B LIBFORES. KEVRREOBREI4EZ
ARLTWh, 48kg#k & 52kg#. 57kgk 2 6
T0kg#%. 78kg#h & 78kgMfh L 3 DITKE L T
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Fig. 3 The BMD in each weight category
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Fig. 4 The body fat % & LBM in elite athelete
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Fig. 5 The difference between Right & Left hand grips in the distribution of body fat
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Relationship between MCV and plasma HDL in distance runners
with endurance training for a prolonged period

Sukersune IWAGAKI, Toshihiro ARAI,
Masaichi YAMAMURA and Masahide HASHIMOTO
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Abstract

A longitudinal study was designed to clarify the background of the compensatory increase of MCV in distance runners under-
going endurance training for a prolonged period, four years. The subjects were student distance runners (n = 35) who lived in
a dormitory, had the same training program and graduated from university from 1996 to 1999. Blood collection was performed
in the carly morning (7:30-9:00) and measurements of MCV and plasma HDL were performed by SRL company.
Longitudinal changes in individual MCV and plasma HDL during the 4 years were parallel and non-parallel. The parallel group
showed a significantly high correlation in MCV and plasma HDL, bur the findings in the non-parallel group were not signifi-
cant. Distribution of the correlation coefficient was normal and half of the subjects had no correlation. However, there was an
exponential relationship betrween the correlation coefficient and performance in the 10000m run. In particular, the subjects
whose time was under 29°30" in the 10000m run showed significantly high correlation coefficient between MCV and plasma
HDL. A difference in plasma HDL level with endurance training was found berween subjects with high and low correlation
coefficient. In the low plasma HDL group ( less than 70mg/dl ) there was no significant increase of MCV even after heavy train-
ing at summer camp for two months. Thus, from these findings, we suggest that the relationship berween MCV and plasma

HDL depends on changes in plasma HDL due to endurance training over a prolonged period.
(Tokai J. Sports Med. Sci. No. 13, 41-46, 2001)
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Plasma particle image of student distance runners

Lujian XING, Masaichi YAMAMURA, Suketsune IWAGAK]I and Hui-Zhen WANG
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Abstract

There are many particles in plasma such as lipoproteins, albumin, globulin, fragments of cell membrane and leaked enzymes

from the cells. Flow cytometry can detect these sizes and functional structures and make a scatter graph using the forward scat-
ter (FS) and photo multiplier tube PMTT; a plasma particle image (PPI). Changes in metabolic function induced by exercise or
prolonged training directly influence the availability of PPI. To our kowledge there have been no report on the availability of
PPI and the purpose of this study was to investigate the characteristics of PP1 in student distance runners and che availability of
PPL. The subjects were student distance runners (n = 45), control subjects (n = 12), and a patient with myocardial infarction
{n = 1). Blood collection was performed in the early morning and the plasma was obrained by centrifugation at 3000rpm for
20min. The diluted plasma was used for flow cycometry. The stability of the PPI was clarified by plasma incubation (tempera-
wure, pH). The PPI of student distance runners contained many fragments of cell membranes such as WBC, platelec and DNA.
The large FS fraction sorted by flow cytometry contained more TG and protein than the small FS fraction. In particular, dif-
ferent molecular proteins were found in the large FS fraction. The PPIs were roughly classified into 3 typical scatter graphs; small
and round scatter graph with small FS and PMT. swords type scatter graph with large FS and PMT1, and many swords type
scatter graph with middle FS and PMT]. The PPIs of student distance runners were small and round type with small FS and
PMT1 and there was a significance difference in FS, PMT1 and the number of the particles between student distance runners
and the control students (p < 0.0001). Jogging exercise caused changes in PPl with number of plasma particles FS and PMT1.
Our findings showed the availability of PPI as a metabolic field and the characteristics of student distance runners.

(Tokai J. Sports Med. Sci. No. 13, 47 - 54, 2001)
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Coulter) &, E1X3.6u4m ® [Flow-Set] (Beckman
Coulter) &. [Calibration grade 1.0 micron YG)
(Polysciences, Inc.) # M7z, #lls@izix. Hidd
{ZFS (Hil#ELY. forward scatter). #fidhic
PMT1 (Bl /il Y. side scatter = photo multi-
plier tube 1) @1 7 R4 — % w7z,

4 . Plasma particle image DEEE & B
1) #E§Y incubation @ 55

1 moOBHERE (- 37C) plasma iz 50ml®
PBS (pH7.4) %#EMML. 37.0 C»ifiKincubator
(HFF R 2 Tt L 2455 incuba-
tion L72. 1 BRI %12 1 ml® plasma PBS &k
k%> 7Y 7L, PPIO%E{LE FCMIZ Tl &
L7
2) HIEDRH

1 ml O HRE (- 37C) plasma (n = 10)
1250ml D PBS (pH7.4) %ML, 30. 32, 34,
36. 38, 40. 42, 44 COFRBLMAT T, ENW
L 225 155 M D incubation 1T 7:#%., #h¥
NOPPIOE{LE FCMIZTHIsE L 725



LargeTfS
Contro! MP Contro!

Fig. 2 Thin layer chromatography of plasma lipids of large FS and small FS frac-
tions. Each fraction was sarted from PP! and the lipids were separated with
development solvent. TG; triglyceride, CE; cholesterolester, PE; phos-
phatidylethanolamine, PC; phosphatidylcholine, PS; phosphatidylserin, Sp;
sphyngomyerine

T T R WRYTT L I WY ITIY kil T

Localization of positive and negative reactions with varicus antibodies in PPI
A; The red particles were labeled with CD45 antibody.

B; The green particles were labeled with CD42b antibody.

C; The pink particles were labeled with Annexin V.

D; The brown particles were labgled with propidium iodine (PI).
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3) pHO¥HE

ams, IEAKEAET Y AT, pH7.4DPBS
% pH7.0. 7.2, 7.6, 7.8, 8.0(I#H L 75 0.1ml
DO HIRTE (- 37C) plasma (n=10) i25.0ml
O#pHOPBSHAEHEML, 37CTI5 7MW
incubation 17 - 721, ThENOPPIOE{LZ
FCMICTHIE L 70

5. Plasma particle image D#EMER
1) o5

Sorting = & 1) #4372 plasma $ 7-# % C/M (Chloro-
form/Methanol —2:1, v/v) i BHICIEMH L. No.7
D i#& (Toyo Roshi Kaisha, Ltd.) T##E. &
HKHABAT CTHERER L, Shood T
MG~ v 75714 (F645, Merck) (12X 94
L 720 BB IE, PR (Heptane/P-
Ether/D - Ether/Acetic acid—60/20/20/1, v/v/v /v) .
Y UIEEM (C/M/H0—65/25/4 v/v/v) & H
Wi,

2) &y EOERL G

Sorting (= & D 47> plasma ¥ - % Bradford & "
WX gL, 5GHRERT (Spectrophotometer,
U-2000. HiZBkEs(&H) KT o 37 B
Tt WEL 72.

F7, Y L7 plasmakiT20p1iC 1 mlod K7
INVEEREF D) A FTARER (1%D K7
VBT )Y A 1%D2-ANHT LY
J =W, 50mM @ pH6.8 D Tris-HCI &Mk,
20%D 7)) r) A, 100CT 2 5k
MAEL, 10%727)V7 3 FYVTHEEABR
k@l (AE-7300, ATTO B &) %17\, plas-
maki-f¥ v s \{osTREEN L
3) WEDGH

0.5ml @ plasma % © I L 7= plasma - % ik
Peif L. 18000rpm T 604Dtk (20PR-
52D, HitkA&H) #1To74 B, 50410 PBS
ZRML, YVa—R7F 4% — (Stat Plus,
2300 %), YSI%) cT/Nva—2oaf it illE
L7z

4) PlasmakiTD¥ets

I VGHRE (-37C) LoREMR
F (n=10) L.LAHEELE (n=10) Dplas-
ma % flvi7z, PlasmafiFDHethilid, CD45-
FITC (Beckman Coulter) . CD42b — FITC
(Beckman Coulter). CD16-FITC (Beckman
Coulter). CD56-PE (Beckman Coulter) .
Annexin V-FITC (R4 W#RiEmskli&th) .
awi{k7u ¥ 51224 (Propidium lodine; PI,
AW RH) 2wz, FH 74
7aryhro—iiZik, 1gG 1 -FITC/1gG 1 -FE
(Beckman Coulter) # fiv27:,

50u1 @ plasmatZ. 3.0u1% CD45-FITC Hitlk
(Beckman Coulter), Xid10u1® CD42b-FITC
pifk (Beckman Coulter). XixCD16-FITC#Hi
4 ( Beckman Coulter) & CD56- PE i &
(Beckman Coulter). Xi 10419 Annexin V. X
X 5ulDPIZ A, =il TN 15 573 0 incuba-
tion # L7:%%. PBS (pH7.4) TH50f5ZMML,
FCM Tillise L 7z,

6. EBICHITDIHE
1) Jogging DIE

BHREQIPREMET (n=1) Tholo
8 km/hDHE T6045 D jogging k1T o7
Jogging DT, #2048, 4057, 605, T H#H
303 DFZRERT, XSS 0.2ml DI F IR L
0.8ml D PBS # %, 3000rpm T 204304k ik LA
247w, Liffplasma %, FCMICCHllE L,
plasmafi F DK E & LHEHFEORLE ST L
pARS
2) KREEHERTF L Ao

WERE X, KHEMET (n=45) &
(n=12) #olze RMIFABL ViTo 70 R
L 7202ml DILHIC 0.8ml D PBS (pH7.4) %%
MU, 3000rpm T20 M DL 2 17vs, ki
#HTNELT, FCMICTHIEL 720
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1. Plasma particle image [CR8Y %#&5¢
1) Plasma particle image % &1k

Fig. 1 TR L7z & 9 B incubation DK R T
(k. BEITAS 6 WENGLAPY. HRIEAT30~44C. pHAS
7.0~80 DM Th UL, plasmakif-o ki fikHL

10
- o . o -
§ PMT1log{Mean)
o
f A e A A A A A
S FSlog(Mean)
a
>
[
10°
> e i A 1 2 Ti ;]
0 1 2 34 5 ime
Incubation
1]9!
: ~ [ — & O
g B PMT1log{Mesn)
; - A A A A A
2 FSlog{Mean)
<
T
e,
70 72 74 76 78 80
1_0!
= PHTilogiMean)
5 —
E - A A A A a " 2
= FStog{Maan)
=
a1
2
m-;
=
j — L A 1 " ' 1 'nc]
32 k7] 36 38 40 42 44 N
Temperature

Fig. 1 Stability of plasma particle image (PPI) in various tem-
perature and pH and incubation
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rBiRN - E
(FSlog) &M BELE (PMT1 log) (dHid T4
L TWise LA T, KEREH FToEHI
BOTHLWI eS0T,
2) Plasma particle image D HE R B #:

Fig. 2{d sorting |2 & V) # 7= plasma ¥ F % Wi
TR L &% Td %, Phosphatidylethanola-
mine. phosphatidylcholine. phosphatidylserine.
sphyngomeline & I L A 7o —, gL 2
LAFa— VI AT VEDIADHAENHEZ SR
Poo LIHIEME L REHDOH TR, MFONE
H3um FORE, SRAOEAIEIR- &Y
LEABBEIShLwd, 3umzBITHA,
LEERFEOHICKRDOBHERE (TG) off
AR TE 7,

Bradford 42 & 0. 1 ml @ plasma i 112 9.19mg
DY Ry ANWE SNz, LERICSH B 20% DR
TAZHEL 3.99mg D, FEIZdH B 80% DRI xt
L520mg® ¥ ¥ 37 A& TN Tz (Table 1),

Fig. 313/ LM JE B # Plasma b - % 4 XD K
IPIZ & Y sorting L (EAUKEY L72HRTH s
KAKTFOMIZIE, 7 FH 75, 60, 40,
I8KDa iDL TAIZBMEDR LD 5 Y37 ]
DAL R S T

Stat plus (YSI#kaU£3#l) 12X B, plasmaki-¥
IRV a—ANEETN T LW EAHBL
(Table 1).

Plasma$i--®Yets 5 A b ik, Table 2 T/RL 7,
KRBT LM ECE, BECL.
CD42b, CD45. CD56. Annexin V. PIIZ—E®
Betkss, LSRR %R L7, Fig. 41347 2

FOMBIY L PPITH %o
3) Plasma particle imaging O Hi$i

Fig. 513, FI/RSVRIFTHBT 5 LA L4
V73, KIOKEVREFAMBLL, 4 EICIE
O JIRD 53 Ai, Xix 2 ~ 3 RKTKRD 3D
plasma particle image /¥ — ¥ DMREE S N7,

e



JE i i 3% 00 plasma particle image (< & % metabolic field D4

503 ot B
D nms
35=
L5
Rt ¢
25=p -

A:large FS B: small FS

Fig. 3

Electrophoresis of plasma
protein sorted from large and
small FS fractions by flow
cytometry. Arrows show dif-
ferent proteins in A fraction

Table 1 Number of plasma particles, protein concentration and glucose in A and
B fractions sorted by flow cytometry

particle nunber ( % )

protein ( mg )

protein ( %) | glucose ( mg )

Large FS 20.0

3.99

43.4 0

Small FS 79.8

5.20

56.6 0

Table 2 Positive and negative reactions in plasma particles with various antibod-

ies

CD45

CD42b

CD56

Annexin V PI

LDR -

=5 +5

MIP +

LDR: long distance runner, MIP: myocardial infarction patient, PL: propidium iodine.
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Fig. 5 Various kinds of plasma particle image (PPI)
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2. EBCHITDHE
1) Jogging DEH

Fig. 6 C/R L7 & 9. jogging % HUiT 5 & plas-

ma ki O £ XANE L Y HEEwED
it % o 72, Jogging DREBEIZ O, K[-ARE 4
WWAKECRY, ML N> T 30
SOMBEFHET, K T-OBRIZZIZNBUTE T
7oo MT-OHIX, jogging DRHEIZPEV AT L T
Wiz, 3047 D recovery £ TEH AL 72 A5,
T Xjogging Wi D TH - 72,
2) KHEGRT L -8l L ol

Fig. 7TR L7z & IS, KHBERT & 8 4
D plasmakiid. K& & (FSlog Mean). Hizk
#)E (PMTI log Mean). R-T-08 (fi/ul) (2

BuwiAHZAEEPROSN (FhEFhp<
0.0001) -
10
9l Exercise RecoveryA
-600
81 number
7} \
PMT1 log
6 (Mean) 500
St h)
i o
E 400 3
4+ o
h-]
= 2
o
£ 3F - 300 =
.3 g
] 4
3 R .
-200 N
2r x
/
100
- 50
1 1 1 1 1 ]
0 20 40 60 80
Time (min)

Fig. 6 Changes in the number of the particles, FS (Mean) and
PMT1 (Mean) of PPI during jogging exercise and recov-
ery
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1. Plasma particle image (PPl) OZEM

Flow cytometry T#} 545 PPHIZFS & PMT1
I2& 5T 843 228, Plasma particles O IRNTE
HPPLICH B S D, HEE, pH. KWW
incubation {2 2WTPPIZ7pHi3 5L, Thso
WFRDOEMEFIZBWTH, FSIEIZPMTL Ik
CEIR L, EbDTREMEH->7PPITH
-7 (Fig.2)o - T, PPHIXERE L TWWAHD,
ZOEL AN T plasmah DR LE# LT
WhHZI &l b,

2. PPICBITZEEEYIVINIEDZER

L2L. SHsdparticle 4 X% FS % il
A. BiZIX7r L. #hZhd sorting % {7\v>. Plasma
lipidsd#qM7a~ b7 57 4 —TOSHENR
(Fig. 2) %W 5% &, HiiZparticle 4 X215 Tl
T, REAMICOFELVEISRDOSN, FSL 5
CIZPMT 1 D g v id plasma i O PIHIO =R L
LKL TWD, PPITONTE (%) % 6HTIHI
B sER (Table 1) IIFSOKRKE A ﬁ‘f’li\

Bifsricie# L, it L £2fit % 3
HIZFig. A0SR P LB & bﬂ)ﬁﬂ'_‘ﬂ;(i
WICFSONES LR O E LTHELTWS
DTIAEL, NELFSKH IR h VW%
GAHLIEFSTholze SHHDEENS, FSD
WO ERHITOLRIZE VBRI R b L E
Zbhb.

3. Plasma®i~OBMERER, MJWRETICER
BRROB R DRE
CD45. CD42b DOl % CD45-FITC. CD42b
-FITCHith& L TRt L 72E 25, KHMETO
plasma P iZid S D EULA RS H it (Table
2). & 5i2iZ Annexin VIZ X Y phosphatidylser-
ine (PS). propidium iodine (PI) {2 & ) DNA

DOAiAED @ i, plasma particle image 121X =



S B % T-@ plasma particle image | & % metabolic field D

oD fragment bIRALTWH T E, S 6ITHE,
R b L —= 0 710 & 2 AR REO R A
BELSNOEHLKRE WG LTW Y26 A
Ehotco LELLEDSH, ZOWHIOVTIES
SICH 22T 5o

4 . PPIDfERE metabolic field

PPIDOMiE (Fig. 5) IS BIMHzELH 5
ELBIXZIHBUCDIT LN S, FSETIZPMTI
SN E L MBEE BUTAA, FSIECICPMTI
ISR E QHEUTIRDHAT, 2 ~ 3 HBTVIRD 5
AL THMBIL T B0 THh B, ThET
DRI HHRDE, ThOLDHMHENEND plas-
ma particle £ L CHEENFFHEL TV RETTH
5o

N F TOMBAVSBEHEMPOSE L THRHUZ
n, ZOBRROBENBLONTE, L L
36, flow cytometry TH 672 PPITid. plas-
ma'PR T OEEBRELBH, ThHDPPLIC
Birsidvit, plasmafifF24ICHE L ENLLT
Hy., BLOWHMTIEA L, plasmafiT& L
To TR#MYs (metablic field) J 124 LA &1L
EEZOND, D& BLEZHEINTTON
BWMETIIHERTD Y. PPLIZ L ) 91D Tmeta-

bolic field & L TOMBI A TREL 2B L %
7t L7zc PPIO#ERIE. ThENO5A OFED
WohbhbIl bildoT, BHITLIBIE
Wt BAEDOEIARHTTH B,

5. EBEICHITIES

Fig. 675, plasmafi-f-DIEE & #id, Mihe
DUBRPBDOTEETHL LI Dh s,
Jogging # Bi#A$ % &, plasmaky F25 2B B
Eh, AEEREOMII o, KREVRTH B
L7z, MIh# T #. plasma#T- O BUIKAM <
o TWT, MANIFRIEL TS SOBRDE,
WTHIZBEER D S VB VA P ~O BN %
L. UiBfCH2RtEd s L #HRIEL TR LEE
Abha,

IR L RIEHER T L o PPLO Tl Fig.
51 2L L7z & ) (I KEREE®RTF O plasma particle
B/ ul) LA %L, FSETIIPMTL A&
VA& 2o JEHEERTF o plasma lipid D45 #LE.
PEEREASE L L, ) VIREAIS WS L 2
BTaE, ThoOBMREREE LTFSAVMS
{, PMT1 4 /8L %% Z LH% plasma particle
EROHHIFHE LTHRBLTWwE I L b E X
Livs,

7 p<0.0001
10’
— (7p)
= .76 f.%.%
_ 3 289 [ p<0.|0001 ~400
E - p<0.0001 o
s Siy 343 2,%,4319.3
% j ot Fro | 140 668 300,
E - ’ﬁnh.i :
144 v 3
g10%_ - joe e 4
E =] e e -200 ;
- ::::"'
1 vl Qa‘aen
Cont. LDR Cont. LDR Cont.
FS Mean PMT1 Mean

Fig. 7 PPIs of student distance runners.

There was a significant difference in particle number, FS and PMT1 (p < 0.0001)
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Dynamic evaluation of ankle joint movement
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Abstract
In 15 college students wich no history of ankle joint problems, we performed a dynamic evaluation of ankle joint movement.

We examined the joint characteristic in regard to joint laxity and speculated that a low value of joint resistanice moment reflect-
ed joint laxity. Two features, the curvilinear pattern of joint laxity and the curvilinear pattern of hardness, were noted on the
obtained joint angle-moment curve. The anatomical feature of the ankle joint was reflected in the joint angle-moment curve;
the dorsi~flexion angle was restricted as the inversion-angle increased, and the plantar—flexion angle tended to become larger.

We suggest that this dynamic evaluation was useful to give some combined characteristic information on joint laxity and joint

instability.
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(Tokai J. Sports Med. Sci. No. 13, 55-60, 2001)
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Fig. 2 A joint angle-moment curve and evaluation parameter.
A curve is equally divided to five and it asks for the incli-
nation A and B to both ends, and the inclination C and D
of movement middle. H is the distance of a moment zero
part
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Case7 inversion-cversion
left ankle
planter flexion angle 0°
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B
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loft ankle
planter flexion angle 0°
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Jont moment(Nm)
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Jont angleldeg )

3 BIMAE—TE—XY Mg EYRMBOCEDOHE. aldCEDDEEFAEN
IF—T, BBPMEOERERIIS. blZCEDDHENPEL, BIHERH
PEL
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Inclination of C and D is a large pattern and a receives the resistance at the time
of movement middle. b has litile inclination of C and D and its movement resis-
tance is small
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—flexion angle decreases and a planter-flexion angle increases
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Evaluation of Fracture Toughness of Bovine Cortical Bone

Hisao KIKUGAWA and Hiroaki FUKUDA

o
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Abstract
To establish a preventive method against injuries caused by sports, it is necessary to clarify the fracture characteristics of bone
tissues. [n this present study, fracture toughness, which is a characteristic that prevents cracks in bones, was evaluated in bovine
cortical bones. The object of this study was to examine the effect of initial crack geometry and specimen thickness on the frac-
ture toughness ,Kc, under an opening mode. The change of fracture toughness expressed using Weibull distribution, which
showed a positive correlation. The plane strain conditions have been gotcon with over Smm thick specimen. The results

obrained in this experiment well expressed the simulation of bone fracture development.
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Delaying the development of diabetes and increase resistance to
low temperature exposure by swimming exercise in C57BL db/db mouse

Shigeo TAKADA, Kunimitu MAEJIMA, Isao SUGURO and Masaichi YAMAMURA
Vi

Abstract

The effect of exercise on diabetes was studied using C57BL db/db mice, which are known to develop diabetes following obe-
sity. Exercise, swimming for 20 min at 35 C, three times per week, Monday, Wednesday, and Friday, was started at 6 weeks
old. The effect was determined by the blood glucose level and free heat release measured at 21 C via a whole body calorimeter.

Ouir findings was showed that although the blood glucose level in both the exercise and non-exercise groups increased steadi-
ly over age, the increase in the blood glucose level was slower in the exercise group than in the non-exercise group; at 17 wecks-
old mean blood glucose was 340 mg/dl in the exercise group and 470 mg/dl in the non-exercise group. Free heat in the exercise
group gradually increased from 19.8 £ 5.7 ac 11 weeks-old, 26.6 £ 4.8 ar 18 weeks-old and 30.6 % 4.1 KJoules /day at 26
weeks-old, while in the non-exercise group it was 22.3 £ 6.6 at 11 weeks-old and at 18 weeks 21.7 + 6.8. At 26 weeks old all
the non-exercise mice died during or immediately after measuremencs, but all the exercise mice survived.

We speculate that our findings may suggest that exercise activates the metabolism of fatty acid, which subsequently slows the
(Tokai J. Sports Med. Sci. No. 13, 67-71, 2001)

rise in the blaod glucase level.
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Table 2 Average amount of heat rekeased from mice
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Remote and Real Time Measurement of Mobile Athletes’ EEG Activity
using PHS Technology
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Abstract
We report on the development of a new versatile telemetric system for the remote and real time measurement of the EEG

activity of mobile athletes during training. The system consists of a PHS transmitter and receiver terminals (29200 bps), one-
chip CPU (PIC16F873), EEG signal amplifier, and laptop personal computer. The raw EEG date is analyzed by initially carry-

ing out a fast Fourier transform (FFT) followed by 3D visualization using Interactive Date Language. Transmicting and receiv-

ing EEG signals in a laboratory environment confirmed the operation of the system. The measurement and analysis of EEG

activity of mobile achletes during training is expected to yield valuable information for use in enhancing their performance dur-

ing competition.
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Microwave Dielectric Spectroscopy and Determination
of Water Content for Tissue in Vivo

Yoshihito HAYASHI, Yasumasa HARAMOTO, Naoki SHINYASHIKI,
Shin YAGIHARA, Daisaku KURITA, Munetaka HAIDA, Sumie SHIOYA,
Yukito SHINOHARA and Minoru FUKUZAKI
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Abstract

We have proposed a new approach to determine water content for tissue #n vive through microwave dielectric measurements
via a time domain reflectometry (TDR) method using flat-end probes. Dielectric spectra observed on human skin of finger were
drastically changed by soaking in 37 T water during 30 minutes because of change in water content. The high frequency relax-
ation process observed around 10GHz was due to reorientation of free water molecules, and the water content can be deter-
mined from the dielectric strengch 2¢,. A recovery process of the skin was also observed, and time dependence of the warer con-
tent was examined. On the other hand, the water content estimated from TDR measurements depended on weight of a slug
that is one of the most uscful samples to control the water content én vivo. Furthermore, the water content was detected on heal-
ing process of human skin of face damaged by hydrofluoric acid. During the first six days, the water content of the damaged
skin was significantly lower than normal skin. This difference disappeared after twelve days, since the damaged tissue had healed
up. The present work suggests that TDR measuremenc is useful and effective method to determine water content, and will be
applicable to a diagnosis. (Tokai ). Sports Med. Sci. No. 13, 76- 84, 2001)
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Fig. 2 Pictures of human skin on face damaged by hydrofluoric acid
Left: after 2 days, Right: after 20 days (healed up)
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Fig. 4 A: dielectric dispersion and absorption curves for slugs controlled weight (1: intact, 2: decreased
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Fig. 5 A: dielectric dispersion and absorption curves for human skin of face: damaged by hydrofiuoric acid
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