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Brooke et. al. [9] reported for the first time that
the majority of a group of cyclists showed non-lin-

ear heart rate (HR) responses to a cycle ergometer
task where the workload was increased continu-
ously from low levels to exhaustion. Conconi et al.
[15] used this HR response for the first time as
noninvasive method to determine the “anaerobic
threshold” by means of heart rate performance
curve (HRPC) analysis only. These authors used
the known effect that during incremental exercise
the heart rate (HR) usually shows an s-shape [9]

adenosin, phospholamban® &
(Tokai J. Sports Med. Sci. No. 12, 9-18, 2000)

and defined the running speed at the deflection of
the HR near maximal load as the “velocity deflec-
tion” (vd). Conconi et al. [15] could show a signifi-
cant relationship between vd and the anaerobic
threshold. This method has been modified for var-
ious groups of subjects and sporis activities [1, 6,
12, 16, 17, 21, 22] by the working group of
Conconi. Because this test is very simple to per-
form it is very popular in training practice [8, 13,
30, 33, 34, 53, 57, 60, 61, 63, 66, 81] and has been
modified for several applications [1, 2, 6, 17, 27, 33,
34, 35, 58, 63, 66, 72, 74, 76].

The method was supported by many authors [4,
5, 10, 11, 13, 29, 31, 33, 37, 38, 58, 59, 60, 61, 66, 75,
76, 81] but was also criticized and rejected by a
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great number of investigators (8, 14, 26, 28, 49, 50,
53, 54, 62, 78, 79, 80]. The main point of criticism
was that a deflection of the HRPC necessary to
detect a “threshold” could not be found in a certain
number of subjects. Heck et al. [28] presented a
review of the literature showing 7.1 to 100% of
HRPC's with no detectable heart rate deflection
point. Methodological differences for the determi-
nation of the deflection point may explain this
widespread of outcomes. In part there was a very
low correlation found between the heart rate turn
(deflection) point (HRTP) and other methods to
determine the anaerobic threshold [14, 80]. In a
review of about 400 papers dealing with the
Conconi method we could not find one paper inves-
tigating the phenomenon of heart rate deflection
itself. Only one group [64] presented an attempt
using a model simulation to describe physiological
causes for the phenomenon but did not support
their assumptions by measured data.

Most questions regarding the method in the liter-
ature were about physiological explanations of the
phenomenon. Additionally, low objectivity and
reproducibility of the method were mentioned as
reasons to reject the method [ 14, 26, 28, 49, 50, 54,
75, 80] which was in contrast to the high repro-
ducibility presented by the working group of
Conconi et al. [3, 15, 17]. The methodology itself
has been discussed critically [2, 17, 18, 19, 39, 48,
73]

Aim of our work group was to objectively
describe the time course of the HRPC during
incremental exercise, to investigate possible physi-
ological causes of the heart rate deflection and to

prove the practical application in exercise training.

I Methods

To objectively describe the HRPC we firstly devel-

10

oped a computer program (PA7000) [32, 38, 55,
56]. The direction and the degree of the HRPC
which is the basis for the determination of a HRTP
according to Conconi et al. [15] was calculated by
means of software PA7000 [56]. Due to the s-
shaped response of the HRPC it was necessary to
divide the HRPC into three phases to give a valid
and objective quantification of the deflection of the
HRPC. Three phases of energy supply were deter-
mined by means of lactate performance curve
analysis [77] using two lactate turn points (LTP,,
LTP,) [20]. The first lactate turn point (LTP,) was
defined as the first sustained increase of blood lac-
tate concentration (La) above base level values;
LTP, was defined as the second abrupt increase of
La between LTP, and P,,. Both LTP, and LTP,
were calculated by means of linear regression
break point analysis (for details see 29, 38).

The degree and the direction of the HRPC was
calculated exclusively between LTP, and P, in all
of our investigations. As a measure of the direction
of the HRPC a polynom was fitted into the HR
curve and classified as concave, convex or linear;
to measure the degree of the deflection two tan-
gents were calculated at LTP, and P,,,, respective-
ly and the difference of angels gave a measure of
the degree of the deflection defined as factor ky,
(for details see 69). Three different HR response
groups could be identified:

1) regular HR response as described by Conconi et
al. (15): ky;, > 0.1 (Fig. 1)
2) linear HR response: 0.1 > k,, > —0.1 (Fig. 2)
3) inverted HR response: k,; < —0.1 (Fig. 3)
The determination of a HRTP was only performed
in subjects with a clear deflection of the HRPC
with k,, minimally at =0.2. The calculation of the
turn point was performed by means of linear
regression break point analysis (29, 55, 56]. This
objective description of the HRPC was the basis for
several following studies.



HEART RATE TURN POINT AND HEART RATE PERFORMANCE CURVE CURRENT KNOWLEDGE

HR La

bpm mmol/l.min

200

150

100 PRI B

50

LTP2 POWER

HRTP

Fig. 1 Principle of the determination of the two LTP’s and the
HRTP in a young male subject with an upward deflec-
tion of the HRPC. The degree and the direction of the
deftection of the HRPC curve is described as factor k[k
= (k- Ko)*(1 + k,*kz)']. The LTP’s separate three phas-
es of energy supply. LTP, = first lactate turn point; LTP,
= second lactate turn peint; HRTP = heart rate turn
point, HRPC = heart rate performance curve, P, =max-
imal work performance, phase | = from rest to LTP,,
phase il = from LTP, to LTP, and phase Il = from LTP,
to P
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Fig. 2 Principle of the determination of the two LTP’s in a mid-
dle aged male subject with a linear time course of the
HRPC. See Figure 1 for complete legend.
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Fig. 3 Principle of the determination of the two LTP's and the
HRTP in a patient after myccardial infarction with an
upward deflection of the HRPC. See Figure 1 for com-
plete legend.

POWER

To investigate a possible influence of the
autonomous nervous system during incremental
exercise a placebo controlled study of the influ-
ence of parasympathetic receptor blockade by
means of intravenous atropine application [68] was
performed. Additionally, the relationship between
kyx and the plasma catecholamine concentration
was investigated [67]. It was shown that neither
plasma catecholamine response nor parasympa-
thetic activity could explain this phenomenon.

The aim of a further investigation was to evaluate
the influence of different test protocols on the time
course of the HRPC and the HRTP in subjects with
a deflection or a linear time course of the HRPC on
a motorized treadmill [73] as this was one major
point of criticism of the method [48].

To prove the relationship between the degree and
the direction of the HRPC and the myocardial func-
tion radionuclide studies were performed. Left ven-
tricular ejection fraction (LVEF) as a measure of
contractility was measured in young healthy sub-
jects (37, 69] in older healthy subjects [36] and in
patients after myocardial infarction [36, 72].

11
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As an additional hypothesis the influence of potas-
sium on the HRPC was investigated [41, 44].

The relationship between HRTP and maximal lac-
tate steady state important for exercise training
regulation was investigated both under laboratory
and field conditions and in various sports [29, 33].
The HRTP was evaluated by means of one or more
constant load exercise tests around the predeter-
mined HRTP.

m. Results and discussion

Contrary to the results by Conconi and co-work-
ers [12, 15, 16, 22] we found the HRPC not to pre-
sent a uniform HR response pattern like described
by these authors. Both in using a modified proto-
col on the cycle ergometer (N =227) or the origi-
nally described field test for runners [15] (N = 293)
we found approximately 16% (cycle ergometer) and
13% (field test) HRPC’s with a different HR
response pattern [38]. Independent of the method
of testing we found an inverted HRPC in 6-8% in
young healthy male subjects. This is in contrast to
the results presented by Heck et al. [28] who
found 7.1 to 100% of HRPC without a detectable
heart rate deflection. The reason for this wide-
spread of data may be seen in a different number
of subjects of analyzed investigations {38, 39, 45].

A heart rate deflection point could be detected
independent of the direction of the HRPC and HR
and power output at the heart rate turn point were
not significantly different from the second lactate
turn point (LTP,) and they were significantly relat-
ed [38]. These results supported our earlier find-
ings [11, 37] and that from other work groups [75].
Kara et al. [52] supported these findings using a
different method of heart rate threshold detection.
In older subjects [36, 74] and patients after
myocardial infarction [36, 72] a higher percentage

12

of HRPC being linear or inverted was found.

Additionally, ky, was found independent of the
plasma catecholamine response but both adrena-
line and noradrenaline were significantly related to
the blood lactate increase [67]. The parasympa-
thetic receptor blockade via Atropin modified the
time course of the HRPC but did not change the
individual characteristics of the curve [68]. As
shown earlier, the parasympathetic receptor block-
ade increased the resting heart rate [23] but maxi-
mal heart rate did not change significantly. The
increase of HR at submaximal load steps
decreased k,; in subjects with a regular HR deflec-
tion and increased k;; in subjects with an inverted
HRPC. The typical individual pattern was not
changed. The different HRPC patterns could not
be explained by an influence of the autonomous
nervous system.

The direction and the degree of the deflection of
the HRPC was found significantly related to the
myocardial function expressed as the left ventricu-
lar ejection fraction (LVEF) [37, 69]. The more the
HRPC deflection was inverted (k,, < —0.1) the
more was the decrease of LVEF above the LTP..
The decrease of the LVEF was significantly related
to the LTP, and was found in young healthy sub-
jects [37, 71], in older healthy subjects [37, 69, 71]
and in patients after myocardial infarction [36, 71,
72]. Similar results have been presented by
Boucher et al. [7] and Foster et al. [24] for the rela-
tionship to the ventilatory threshold. In patients
after myocardial infarction an important finding
was that a significant decrease of LVEF during
phase III down to values equivalent to resting val-
ues or even lower led to an augmented HR
response |72] (Fig. 4). To prevent myocardial over-
loading in patients participating in a cardiac reha-
bilitation program, it seems therefore to be useful
to determine the HRTP, indicating the workload at
which LVEF decreases. Further evaluations in
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Fig. 4 Principle of the determination of the LVEFTP in a patient
after myocardial infarction with an upward deflection of
the HRPC and a strongly downward deflection of the
LVEFPC = left ventricular ejection fraction performance
curve. LVEFTP = left ventricular ejection fraction turn
point. See Figure 1 for complete legend.

male and female patients with active ischemia, with
different cardiac lesions or in presence of pharma-
cological interactions are necessary to derive more
information about the effect, practice, and benefits
for a safer and more effective rehabilitation pro-
gram.

Additionally, we found a significant influence of
posture during the test (supine versus upright) on
kex Which was discussed also in relationship to the
influence of posture on exercise hemodynamic
[70]. A change of the duration of steps from one to
three minutes had no significant influence on ki
[42]. Test protocols with nonlinear time or speed
increments as proposed by Conconi et al. [17] are
not valid to estimate a true HRTP under laboratory
and field conditions as they allow arbitrary results.
Although a higher maximal speed can be obtained
in tests with accelerated speed in phase III, for the
estimation of a true maximal performance addition-
al and different tests need to be performed [73].

As an alternative hypothesis we followed the idea

that potassium released from working muscle dur-
ing heavy work could influence indirectly myocar-
dial function. We found a weak but significant rela-
tionship between maximal blood potassium con-
centration and k,; which supported our hypothesis
[41, 44].

Constant load cycle ergometer exercise set at 10%
below the HRTP was shown to give a steady state
in blood lactate concentration (LaSS) in female
[29] and male (unpublished resuits) subjects.
Constant load cycle ergometer exercise right at
the HRTP gave an indifferent response with both
lactate steady state conditions and increasing La
with early termination of the test. This may be
explained by methodological errors in the detec-
tion of the heart rate deflection point as well as by
individual day to day changes of performance. In
kayakers [33] and runners (unpublished results)
lactate steady state was found in all cases if the
subjects were able to keep the given pace. Our
results are in contrast to findings by Heck et al.
[28], and Kriichger et al. [53] but we have to ques-
tion their results as these authors did not use an
objective method to determine the heart rate
deflection. If we define the anaerobic threshold as
the highest intensity of load a subject can sustain
for at least 20 min duration without an increase of
La we may conclude from our studies that the HRT
gives the maximal LaSS [29].

The different HR response patterns found during
incremental exercise may be explained by a vari-
able load dependent adaptation of the myocardial
function but failed to explain the causes for this dif-
ferent interplay between frequency and volume
regulation of the healthy heart. The autonomic ner-
vous system seems to play not the major role.

13
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Although the relationship between HRTP and mus-
cle metabolism is not clear at the moment a signif-
icant relationship between HRTP and LTP. and the
LaSS can be described. Although in a certain num-
ber of subjects a HRTP can not be detected we
may recommend the method for the practical appli-
cation under laboratory and field conditions in
combination with lactate steady state tests.
Additionally, the analysis of the whole HRPC may
offer some additional easy to get information about
the myocardial function in heart disease patients
(25]. As an alternative hypothesises cardioactive
substances related to muscular work such as
adenosine [65] or phospholamban [51] as well as a
limited mechanical heart-lung interaction {46, 47]

may be discussed.
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Evaluation of the energy metabolism in a simulation of the fifth section of the
Hakone Ekiden using a runner-motion-response-type treadmill

Tamotsu TERAO, Tetsuya ONDA,
Seiji ARUGA, Yutaka NAKAMURA,
Suketune IWAGAKI and Masaru SAITO

Abstract
The purpose of this study is to elucidate the energy metabolism in a simulation of the fifth section of the Hakone Ekiden (dis-

tance of 20.7km) using a runner-motion-response-type treadmill in a laboratory. Five male runners aged 20.2 £ 1.6 years were
asked to run at their desired speeds on a programmable treadmill whose “slope-setting” was changed automatically every fifty
meters. The runners watched a video of the actual course during this experiment. We found a significant correlation berween
the slope every fifty meters and che mean step length (r=—0.695) and step frequency (r=0.64G). The mean values of oxygen
uptake and respiratory exchange ratio of the five runners were 59.83 %5.42 (range 56.35-62.55) mi/kg/min and 0.99 +0.05
(range 0.97-1.01), respectively. The total energy expenditure and energy expenditure deduced from carbohydrates and lipids in
this fifth section were 1632 %58 keal, 1502 %120 keal, and 130+ 96 keal, respectively. In the case of an upward slope, we
observed a significant correlation between energy expenditure (kcalfkg) for the five runners and mean step length (r=—0.942),
mean step frequency (r=0.918), and running time (r=0.982). These results indicate that about 90% of the total energy used in
the fifth section is supplied by the carbohydrate component and showed the high intensity of exercise during this section. In
conclusion, our results for the upward slope showed that good long-distance runners use a longer step length, and chereby save
energy and thus realize an improved running cconomy. (Tokai J. Sports Med. Sci. No. 12, 19-27, 2000)
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Abstract
The initial results of a study on the technological requirements for the remote and real time measurement of EEG activity of

athletes are reported. A specially designed portable integrated circuit consisting of an differencial amplifier, notch filter, analog
to digital converter and a transmitter was used to record the very small fluctuations in potential difference (electroencephalo-
graphs, EEG) between three sensitive electrodes (one common and two measurement electrodes) artached o the forehead of a
subject. The subjects were able to move freely during measurement without effecting the EEG signal measurement. The EEG
signal was measured in real time and transmitted to a receiver connected to a remotely located lap top computer for storage and
analysis. The hardware enabled the sampling of 120 data points per second and the frequency components of the EEG signal
were separated by a fast Fourier transform (FFT). Furcher, a unique set of program routines were developed using Interactive
Data Language (IDL) for analysis of che vast quantity of data obtained during each experiment. The practical application of this
system for the remote and real time measurement of EEG signals was studied by carrying out experiments on (1) the effect of
music on the excited stace of the mind and (2) the measurement of EEG signals of a subject vigorously pedaling a bicycle. Both
sets of experiments showed our hardware and analytical software to be promising for the remote and real-time measurement of
EEG signals of both stationary and mobile subjects. (Tokai J. Sports Med. Sci. No. 12, 28-35, 2000)
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There are increasing physical and physiological
demands on athletes to improve their performance
to successfully compete at an international level.
The performance of athletes has been experimen-
tally studied using methods such as monitoring
cardiorespiratory function, time variation of red
blood cell counts in long distance runners, and the
effect of atmospheric pressure on the metabolic
rate (see Tokai J. Sports Med. Sci. No.11, 1999 for
an excellent selection of articles related to this
field). The results of such investigations offer a
valuable insight into the physical state of athletes
and could be used for developing training pro-
grams to enhance their performance.

However, to our knowledge there have been no
reports on the systematic study of the psychophys-
iological state of athletes during training, that is,
investigations on exploring the usefulness of
“brain waves” as a means of enhancing athletic per-
formance. The monitoring of brain wave activity
during training could be a valuable method for
improving the performance of athletes by aiding
them to (1) perfect individual techniques for
improving concentration and warming-up before a
competition and (2) for maintaining a stable state
of mind during the actual event. Thus information
about brain wave activity could be used a self-diag-
nostic tool for performance enhancement.

One reason for the lack of research on the brain
waves of athletes is that conventional technology is
designed to measure stationary subjects, quite
often sitting or lying down. Brain activity of static
subjects is usually measured by attaching sensitive
electrodes to regions of the scalp and recording
the very small voltages of electrical activity pro-
duced by the cerebral cortex of the brain. These

recordings are referred to as electroencephalogra-
phy or EEG after the pioneering work of Berger".
The EEG represents voltage plotted against time.
The original cortical EEG signal is strongly attenu-
ated as it passes through the leptomeninges, cere-
bro-spinal fluid, dura matter, bone, galea and scalp
before reaching the electrodes. Corticographic dis-
charges show amplitudes of 500-1500 microvolts
and the scalp EEG are much less and lie between
10 and 100 microvolts. The raw EEG signal
appears to be a continuous “noise” spectrum but if
the frequencies are analyzed it can be seen that the
signal is composed of the following frequency com-
ponents and interpretations :

Delta range is between 0.1- 4 Hz Hz and is pre-
dominant in sleep.

Theta range is between 4-8 Hz and there is still
controversy about the precise interpretation of this
frequency band but it has been associated with
drowsiness.

Alpha range is between 8-14 Hz and perhaps the
most studied of all the bands. It is associated with
a resting state and a lack of mental activity.

Beta range is between 14-40 Hz and most
researchers interpret beta activity as indicating
high levels of arousal and active cognitive process-
ing.

However, the measurement and interpretation of
EEG signals is non-trivial even in resting, station-
ary subjects and significant technological develop-
ments are required for EEG studies of moving sub-
jects such as athletes.

In this paper we report on the development of
technology for the remote and real time measure-
ment EEG signals of both stationary and moving
subjects. Initial results are very encouraging and
show that our hardware and analytical software
could be used by athletes as a self-diagnostic tool
to assist with enhancement of their athletic perfor-

mance.

29



Adarsh SANDHU, Yoshiaki OTSUKA, Kyoko HIKITA, Akane OZAWA, Yasuhiro SHIBUYA, Suketsune IWAGAKI, Tamotsu TERAO, Tetsuo SHIMIZU

2. 1 Electrodes

Measurements on stationary subjects were car-
ried out using disposable EEG electrodes (NEC
medical supplies 45345 Ag/Agcl). These elec-
trodes were satisfactory for such subjects but they
became lose and eventually detached in the case of
moving subjects due to perspiration and vibration.
A wide range of electrodes were studied and
SEE103 Ag/Agcl EEG electrodes fixed to the fore-
head using surgical tape (Riba Tape Ltd) were
found to function satisfactorily even after the sub-

ject ran for over one hour on a tread-mill.

2. 2 Amplifier Design and EEG Signal

Processing

A commercially available lightweight amplifier
circuit” was modified so as to be able to monitor
EEG signals remotely up to distances of 500
meters. The EEG signal from the electrodes was
amplified (by a factor of 30, 000) using a differen-
tial amplifier and filtered by a notch filter to
remove frequency components above 60 Hz. The
resulting signal was then digitised at a sampling
rate of 120 times per second and recorded by a lap
top computer. The EEG signal could also be
recorded on conventional magnetic tape if

required.

2. 3 Data Analysis and Visualisation

The digitised EEG signal was separated into its
frequency components by a fast Fourier transform
(FFT) and stored as an ASCII text data file. The
FFT produces a power coefficient for each fre-
quency band being studied. The Fourier power
coefficients indicate the degree of brain activity in

the overall EEG signal that is present at each fre-

30

quency level.

The FFT data in the form of an ASCII text file
could be viewed in graphical form using standard
software routines such as Microsoft Excel but
there are severe limitations in the amount of infor-
mation that can be gleaned by such methods. We
decided to establish our own program routines for
an in depth analysis of the vast amounts of EEG
data. After an extensive survey of the software
available we decided to use the Interactive Data
Language (IDL) developed by Research System
Inc., USA. The IDL is a very powerful array-orien-
tated language that enables rapid visualisation of
almost any form of data including ASCII, JPEG,
GIF, BMP, and TIFF.

An example of the IDL program routines devel-
oped by us for this work is shown in fig. 1. The IDL
resembles languages such as FORTRAN and C,
but we found it to be much simpler to learn and
use. The use of IDL programming enabled us to
plot and analyze the FFT data with ease using a

wide range of parameters.

2. 4 Initial Experiments
The equipment used is shown in photograph 1.
We carried out two series of experiments to test
the potential of the technology described above.
In the first set of experiments, we examined the
differences in EEG activity during the process of
solving simple arithmetic problems and when lis-
tening to “relaxing” music (EXPT#1). The subjects
were 100 students between the ages of 18 and 25
who were each asked to add lines of numbers,
such as 2+8 or 3 +2, both before and after listen-
ing to the relaxing music. The experimental proce-
dure was as follows :
(a) solve simple arithmetic for 5 minutes
(b) listen to music for 5 minutes
(c) solve simple arithmetic for 5 minutes

(d) lie still without music for 5 minutes
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Exploring the Usefulness of Monitoring EEG Activity as a Means of Enhancing Athletic Performance

Fig 2 (a) shows a 3 dimensional FFT power spec-
trum taken during the four procedures (a-d). A
pronounced reduction in EEG activity is observed
when listening to music. Figs. 1 (b) and 1 (¢) show
the 2 dimensional and average FFT power cross-
section (averaged between 8-14 Hz) of the FFT-
EEG data, respectively,

Figs 3 (a) (c) show the IDL graphical representa-
tion for EEG data measured for EXPT#2. A compli-
cated set of waveforms can be seen with the large
power spectrum amplitudes corresponding to
intervals of intense pedaling of the bicycle.

The interpretation of these results will be report-

ed in a separate paper.

We reported on the development of technology
for the real time measurement of EEG activity of
athletes. A specially designed portable integrated
circuit consisting of an differential amplifier, notch
filter, analog to digital converter and a transmitter
was used to record the EEG signal between three
sensitive electrodes. The EEG signal was mea-

sured in real time and transmitted to a receiver

connected to a remotely located lap top computer
for storage and analysis. The subjects were able to
move freely during measurement without effecting
the EEG signal measurement. Further, we devel-
oped a unique set of program routines using
Interactive Data Language (IDL) for data analysis.
The practical application of this system for the
remote and real time measurement of EEG signals
was experimentally studied using stationary and
mobile subjects. Our experiments showed the
hardware and analytical software to be promising
for the remote and real-time measurement of EEG
signals of both stationary and mobile subjects.
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The study on the body composition of women Judo players
pre & post weight control
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Abstract

In weight—categorized sports, weight loss and weight control have a significant influence on an athlete’s competitiveness. This
study will attempr to analyze the changes in body composition of athletes as a result of weight loss for such sports.

Four female university judo club members were used as the subjects for this research. The following measurements using the
Hologic QDR-4500 were taken before and after weight control: body weight, body fat percentage, body fat volume (Head, L
-arm, R-arm, Trunk, L-leg, R-leg, Totals), and bone mineral density (BMD).

The results showed were as follows. An average weight loss of 4.2kg (% 1.1) was recorded. This was 6.7% of the body weight
before weight control began. An average reduction of 3.6 percent (% 1.8) was observed for body fat percentage. Weight reduc-
tion of 72.9% was as a result of reduced body fat. Sectional changes in far volume showed there was a definite reduction in all
parts of the body except the head region, (head and face), with the trunk showing the greatest reducrion. Subjects had a BMD
value that was above average both before and after weight control; this value increased after the weight control had been com-
pleted. From these measurements, it can be assumed that fat volume reduction was most apparent in the trunk, and there was
no significant influence in BMD through reduction of overall body weight. (Tokai J. Sports Med. Sci. No. 12, 36-41, 2000)
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QDR-4500A% I\ 1l T A b 3 — X #8080
(DXA®E) Citfl L., MR BN L
TiE, TF R b2 HIV 5 %KHET, FDOEDFE
2HEL

R (F 1) 2P T42kg (21.1) OFEAAH
fibh, COMITKRNETHORTDH6.7%L

Lho MOBKE CRALALBERIE., SHED &
EDED - - HEBRBED T5.4kgD AL ATA S,
WEMICHLHBRABE & &6 A THREMEN DA
N LT74% 0B EED Sz, /Ml bk
EOBHERHAT28kg, 5.5% NIt TH 720
ShekicBd s hEnE (& 2) TR, EY
3.6% (£1.8) DHEHAMHASINL, ftdb K& R
VL DIHEEBHEBDS5%TH Y. HIHE b Lk
PoZeniE, WLAREDODEL o o HEREDD
1.7%TH -7,
iRt D EIL 2 HEMNIATAS L, Head
(# 3) IZBU2HEBROBRIOEYIX, 20.8¢g
(£19.4),24% &£ TXTOEEOF Th D Dl
R HRECD40.2g (4.2%) THbhH., K\ T

®1 $HOEB (ke)
Table 1 The body weight of the pre & post weight control

Mar-99 Sep-99 %

A 50.8 48.0 28
B 59.5 55.1 4.4
C 66.6 62.5 4.2
D 73.2 67.8 54
I 62.5 58.3 4.2
SD 9.6 8.6 1.1

}®2 HEBHBOERE (%)
Table 2 The body fat % of the pre & post control

Mar-99 Sep-99 4

A 20.5 18.1 24
B 23 175 5.5
C 22.7 17.9 18
D 24.3 226 1.7
sy 226 199 36
S.D 1.6 2.4 1.8

£3 HeadD$iEME (g)
Table 3 The amount of fat at the Head (g)

Mar-99 Sep-99 X KRixoEG
786 784 2.0 0.3%
789.3 783 63 . 0.8%
958.6 918.4 402 4.2%
946 9114 16 3.7%
870.0 849.2 208 | 2.4%

95.2 75.9 194 | 2.0%
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Table 4 The amount of fat at the arms (g)

R s )
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L-arm R-arm
Mar-99 Sep-99 * HItoW e Mar-99 Sep-99 REROWE
A 864 689.2 174.8 20.2% [ 7939 699.7 | o942 11.9%
B 1002.9 663.9 339 33.8% 1002.3 701.7 3006 30.0%
C 966.4 754.9 2115 21.9% 984.4 751.2 233.2 23.7%
D 1255.8 1097.5 158.3 12.6% 13555 1112.2 2433 17.9%
) 1022.3 8014 | 2209 21.6% 1034.0 816.2 2178 21.1%
SD 166.4 2011 | 8l8 8.8% 234.1 198.8 87.6 7.8%
®6 LegsDBEEMA (8)
Table 6 The amount of fat at the Legs (g)
L-leg R-leg
Mar-99 |  Sep-99 b it a Mar-99 Sep-99 % witows
A 2090.9 1894.5 196.4 9.4% 2364.6 19879 376.7 15.9%
B 2553.4 1777 7764 30.4% 2592.2 1951.3 640.9 24.7%
C 3265.3 2385.3 880 27.0% 3305.3 24935 811.8 24.6%
D 37759 3349.2 426.7 11.3% 3921.7 3298.6 623.1 15.9%
Ty 29214 23515 569.9 19.5% 3046.0 2432.8 613.1 20.1%
) 7469 | 7154 315.6 10.7% 708.1 628.0 179.1 5.0%
LR VWHEBRADD3L.6g (3.7%) LtV A £5 TrunkDSEENR (8)
A BB D E T D D Wt Table 5 The amount of fat at the Trunk (g) {
- ) Mar-99 Sep-99 % Mitod s
Wit E BB EAD20g (0.3%) Tho7 e e T e T i
L-arm (% 4) 28T, 1HT2209 (+ B | 5709 | 3761 | 19338 339
81.8) OMItA A SN, e LTIk c 5654.6 3873.1 17815 31.5%
W& D21.6%AMA LIz L2 Bo NI D | 65207 | 58579 | 9628 148%
#BT. 339.0g (33.8%) OMAAAGK, fyn [ | 559 | 39629 | 13830 | 25¢
SD 1293.7 1200.7 553.4 8.6%

(3 HER-EDD158.3g (12.6%) TH -7

R-arm (¥ 4) Tix., F¥H217.8g (x87.6).
HETI211%DBYHH St IeFidl-arm
[ 4k 2 B BE T BT300.0g (30.0%) DB LT, i
LD hholo0id, KEOKE D HEVHEEA
T94.2g (11.9%) THH. COEBEHIZML Tid.
FHEDOEMICH TR MO RO KELHE
EoTwkb,

Trunk (¥ 5) TEGWHE L 2B op T,
Ik b MG AR TR B R RIS B W TS
M ote EE A, 1383.0g (£553.4) T
25.9%DMETH o7 b KEL Mo 7-DITH
B #BM1933.8 (33.9%) THhH. #HEFHACIZHB W
T $30% DA A Trunk Tidd Sz, htMITht

38

LBIA L LoD IXHEREA (854.0g.
24.4%) THHHM, ZOMABETIIHRED
(962.8g. 14.8%) Tdh -7,

L-leg (5% 6) OFyMh L gl ofaik, I
¥569.9g (£315.6), 19.5% & i—Head % Ex\ 7
HSEMIL TI0%IC & 5 o TV B, IERHITREIIZ X
BERACNBB0g (27.0%) Tdh o745 KA DN
BETREFREBNT6.4g (30.4%) Lol #
BEBIIARFEESL-legd It 2588 E 4 A
HiEb AR BoTwd, L PLRVRDITR.
HEEBOTHEOL D EVCHEREAD196.4g.
9.4%Tdh - 7=



LA FBFORRMEIC & 24H KN ZEL

R-leg (% 6) 2B\ T, F¥T613.1g (=
179.1) OBEHEAA L., KEAER L 0 201%D
BYBALNIT, BRI HEBREBD640.9g
(24.7%) OBRH L, B/MIBEREADI76.7g
(15.9%) Thoi.

HEWE (& 7) 1k, REREHEE D ICEYT
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X2 Tid B 5 7%0.02gms/cm?® (£19.4) DRI
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®R7 BEEOEB (gms/cmd)
Table 7 BMD of the pre & post weight control

TIBERHCH0.01gms/cm?® (1.06%) THR/ANTH
272
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1) &, & - KIRDGE - B%E - Head % B <
TRTOIMTHELENBD LNz,

SEOPEIZB VT, KB TldTFH T62.5kght
58.3kg & A FULHI % T4 2kgDWEA S . &
BEF I BT, REMNEGR226%H57:H D
P19.0% WA LT b, X, SEOEERNEIC
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DTHole T2 F) ¥y 2DRERT

(EREER " OREOEKERIWI% TH
BRILEEET DL, SHEOBEBRE AR
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Mar-99 Sep-99 ® D, FERALRICBVTREAS ORRTOMEIC
A L2 L2783 ~00 0. RAKHTTE ) LVHHHRISED
B Li51 1167 - 0016 . ) T
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S — .
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Fat Head(g) W Mar—99
Fat L~arm(®) [ Sep-99
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Fat Trunk(g
Fat L-leg(e)
Fat R-leg(e)
BMD(gms/cm2) X 1000
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Fig. 1 The body composition pre & post weight conirol
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Effects of Long-term Strength Training Program in Collegiate
Woman Volleyball Players

Seiji ARUGA, Akihiko NARITA,
Kazuaki TSUMIYAMA, Yasuhiro YUASA,
Ken UBUKATA, Tetsuya ONDA,
Yutaka NAKAMURA and Tamotsu TERAO

Abstract
The purpose of this study was to formulate guidelines for an appropriate weight training program for collegiate volleyball play-

ers in Japan. The participants were eleven collegiate woman volleyball players who had no experience in weight training. The

program was conducted for 25 months. The changes in body composition and physical strength during the term of 25 months

were examined.
The main results were as follows:

1) In the body composition, an effective gain of lean body mass during the term was not observed, bur a significant decrease of
percent fat was seen.

2) In the case of 1RM/body weight, bench press, squat, and power clean, which are the guidelines of muscular strength, were
examined, and the resules show chat all of the above contributed to a tendency of gradually increasing 1RM/body weight dur-
ing the program.

3) The measurement value of the vertical jump, which is the guideline of jumping ability, showed the greatest increase during
the term of the competition. It reached the maximum value after a decrease in the value during the off-season. On the other
hand, in the study of the running vertical jump, there was no successful change in the measurement value from the first to
the fourth. However, an increase was found in the fifch.

4) The measurement value of side step, which is the guideline of agility, showed a change similar to the value of the vertical
jump. The results show thac after a significant increase was found in the third, a tendency to decrease was once recorded in
the fourth, and the value reached its maximum in the fifih.
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This examination suggests that a long-term planned weight training program is effective for improving the body composition
of collegiate volleyball players and their general physical strength. In addition, the measurement value of the vertical jump and
side step, which can be considered as highly specific athletic abilities for volleyball, decreased during the off-season, and tended
to increase during the term of a rournament. Therefore, the results suggest that a program that changes the load and frequency
of weight training at every fixed term is effective. Meanwhile, the results also showed that the increase of the measurement value
of the running vertical jump took more time than the one of the vertical jump. This finding implied that a higher skill level and

superior effective neuromuscular function are demanded.
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Effects of virtual reality during bicycle ergometer exercise
on cardiopulmonary response and psychological factor

Takayuki MURAKI, Kyo SHIGETA,
Chizuru MORIKAWA, Miki TADOKORO,
Yoshiyuki MASUDA, Shinichi IZUMI
and Akira ISHIDA

Abstract

The purpose of this study was to examine effects of virtual reality during bicycle ergometer exercise on cardiopulmonary

response and psychological factor. Twelve healthy males aged 21 ~34 years performed the exercise in virtual reality simulating
cycling on the road (VISUAL) and normal exercise (CONTROL) at incremental load (experiment 1) and constant load (exper-
iment 2). Rating of perceived exertion (RPE) and visual analogue scale (VAS) were used to evaluate psychological status.
Cardiopulmonary response for both experiment 1 and experiment 2 resulted in no significant difference between VISUAL and
CONTROL and were shown to be highly reproducible. No significant difference was found in RPE and VAS berween VISU-
AL and CONTROL. However, remarkable inter-subject differences in psychological effects measured by VAS was observed.
These results suggested thart the exercise in virtual realicy might be as effective as normal exercise on cardiopulmonary response.
In addition, we believed that the setting of virtual reality needs to be adjusted for each trainee because of a remarkable inter-
personal difference in psychological reaction. (Tokai J. Sports Med. Sci. No. 12, 54-61, 2000)
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Table 1 Bland-Altman method at experiment 1

(%HR) 10% 20% 30% 10% 50% GO% 70%
\"()., LIA - 4,651 -4.238 -3.936 - 3.769 —4.884 -3.884 —4.146
ULA 4.140 3.794 3.558 3475 5.938 3.706 4.034
Ccv 0.224 0.147 0.108 0.085 0.108 0.066 0.063
VvCo, LA —357.238 - 335.246 —335.442 -320.728 - 348.394 —-379.975 - 422,002
ULA 375.115 340.001 317.095 308.279 313.843 332.323 361.249
cv 0.398 0.224 0.153 0.119 0.101 0.092 0.088
VE LLA -35.592 - 4498 -3.889 -3.934 -4.632 -5.813 —7.294
ULA 9.333 8.154 7.460 7419 8.032 9.128 10.524
‘ cv 0.226 0.135 0.093 0.076 0.071 0.073 0.076
RR LLA - 4.689 - 4.876 -5.332 -6.036 -6.934 -7.974 ~9.112
ULA 4.453 1.009 3.834 3.906 4.173 4.582 5.088
Ccv 0.120 0.107 0.102 0.102 0.107 0.113 0.121
TV LLA - 370.038 -373.818 —388.266 -412.482 —445.163 —484.883 -3530.301
ULA 554.683 557.842 571.667 595.262 627.322 666.419 711.216
cv 0.229 0.196 0.175 0.162 0.154 0.150 0.147

LLA ; lower limil agreement, ULA ; upper limit agreement, CV ; cofficient of variability
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4 FR2ICHIFTDHREVODE(L
Fig. 4 Changes in HR + VO, at experiment 2
VISUAL ; Exercise in Virtual Reality
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Fracture Toughness of Cortical Bone

Hisao KIKUGAWA, Hiroaki FUKUDA
and Yoshiaki YASUI

Abstract
To establish a preventive method against injuries caused by sports, it is necessary to clarify fracture characteristics of tissues. In

this study, fracture toughness, which is characteristic to prevent cracks in bones, evaluated wich bovine cortical bones. We stud-

ied the relationships between fracture toughness and bone density, which could be closely related to the decrease of bone

strength. The change of fracture toughness and bone density explained with Weibull distribution, and there was a positive cor-

relation between them. The results we obtained in this study are important in making simulation models of bone fracture devel-

opment.

L BL®i

AR =V BT IIHINO WIEL EREh b7
o, SR CIND B I A & L IYEIREE
EETHIRELE . N EHTINEEH LR
AR BAFEREM BB & D PR R %
ETH0T, RIS HMIN L 2Er e
BEHNESNTVD, HIEShSIE. AR— Ve
ELTHHH 3N, ZOERALISPECR R,
KB & BV Idh AT e KB IC Rz 6 h T
Wb

R E MR A S WA, R
OFEAIZWYGT DL LT, 0 JI2EMHRIEAT
FFRIFONE. ThonTFiinlollid, AR

B2

(Tokai J. Sports Med. Sci. No. 12, 62-66, 2000)

—ViGWIS BT, FoOMBEKEE & Ul
A SEBLILETMNL -0 Y S THIRET
5

F7:. CAEDIEEADIBHIA A, IS EHHE
BMTIIFEMBFT R L2k, B I 2L
—va v hoodhs. L L. BEY
HEIILDHET D FOFOWEA RIS
NTuhwicd, #LEoEFEIZO VW TIZER®
RHLZIATHSD,
AWFRETIE, b2 ERIER LIS WHEHT
HbH. BHEWNEOFME Y L EAREHVTIT-
2o FINEE S, KUEBADY KRG OERIC
DWTHGENL, Bl T L FEVMRICH S &
EZONTOVIUWHEEL LB OMEL L UE
B7— 5 I AMEDEWIIOVTHRLDT
BiET 5.



KR ORIt Iz onT

2.1 HBH
KRNV BRI #-30TC TR s
N7z #14~154 HOFdE % 7 o KB dgLdt i
%B1/3& DRI L 720 ZH & %#ASTM E399" {2t
LTy BIWKERTEIearynszbvyriarilk
B BRI L D ER L. 75 BB o
BEEDWEILTVFAFAEIE D Forls

2.2 HERE
BEEMMERBRIZIE, £ V2 PO s ERBR
(Model 1000) #%JHv>, $34#5# % % 5 mm/min
(OFAHBE 6=107°S"") Tliorz. RENICH
3722 207U L -8R 24 Li[RD &
A WE—ZAIMRE RS 2,

2.3 TREMEDEEMFTE?
FLLTEBEMR L EORASHEM BRI L
WAL I N-BEHDRIZD L O FED. FIOEH
TELDNMBOIEL L ZATIEHAH, SRH
K OB R & ML ik TRS - F OBl
WK EIYTITAT VAEERHTRDS
NATANFREFEGCOMIZIER(2.1)DES
e BIMR A B REBER L TV 5,

192
|

L a=8 '
s
B ) L9

1 VIO NPy a vRBRONMAETE (8{imm)
Fig. 1 Compact tension specimen and dimensions (in mm)

K,=CG" (2.1)
CIT, CRMBERIZL > TIEESN B TH
%0 £oT. MIEWHEAMEZANTE XL LT
5o

K=Ff(£)/BW™ (2.2)

E=a/W (2.3)
FCE)=1(2 +&)(0.886+4.64 & —13.32 &*

+14.72 =56 EN/I1- &)Y (2.4)
ZCZT, PIIFHE, BIIRBRHIE X, WITREBN

W, ald X)) v PREBIU F(&) SRIRKHFT
Hbs

2.4 BOWEIMDIUBBEOEHETIV
HEOMEZHDI IANBEELT, 747
WRAIEEEE) ¥ 2 3I2b EFVTWAHDT, i
R ZBALTOIRIBYTHLLELIOR
TW5Y, T TARERTIET A TV04 2w
TF— S DERZERLZ, X (2.5) 5
(2.7) CEOBIEMEHR UrANE) FG). Y
EOURD # BEU B o %R T,
Fl)=1- exp(-x"/ a) (2.5)
u=a"T{(1/m)+ 1} (2.6)
ag=e [Ir@2/m+ 11 - 1C(1/m)+ 113%]
(2.7)
SITmIZBRER (74 7VRE) . o ERE
BEBLUCTRT 2WETH D, $iomaflins
KEVEE2DESDEINNSVHERLTWY
o KBRF— 5 %74 TV T B KL LT,
AH T A TVEESH DI S DA% FEsHts
Tay b LT — 8 & REMTEMT 5 7:01E
WamBIUV DIV, ZITARRET
EREEREEY T L 7k > TRD, 747
NVEER LIS 7 ey b LAKERE R Ak
EANOCTHIE & (e L7

B2 EARKBRICEAL - By OB E®EL T4
TSR LICEHE LV DTH B, RhodEM

83



FIAK - HEHEW - MEIEFED)

2D T A TNGAITH D gL 3MmIE
EEEE L HEBPLTWB I LAbhr s, BT
04T, FHIE2.097g/cm®, 5riikid3.275% 107
BIUT AL TNREmIE58.75 Th - 72,

[ 3 R PE BRI X 0 5o s LB AT IR
— LMD ~FITH 5. MR—EV IR, 13
VRIS Ll R TL# L Aok, S RANE
BLTWS, 22 CHIEMGEMIEEZ P=Pmax &
LK (2.2) 2HOTHEWEMK 2L

B4k, R2oRBTicaLc#oniK A
P04 TNEERK LSOy PLAZLOTH D,
B OB OWT Y 74 TNHGAITTor4e8L
T&BHZ ENbh ol FHHIZ3.520MPam™?,
ST 05709 B L U7 A4 TV mIX10.83 Tdh

’)f:o

99.9 T
99.0r

90.01

F(0) (%)

[ ]
10.0¢ [}

5.0t °

!
1.5 20 25

o (g/em®)

2 I JIEREECTOY MENEBBEST
Fig. 2 Distribution of bone density plotted on Weibuil probabili-

ty paper
00—
400 .
I Pmax |
~300F .
Z
N
A 200} §
100 E
. . l ]

02 04 06 08 1.0
u (mm)
3 FHE--TIER

Fig. 3 Load-displacement curve

84

99.9 ———— . Tty
99.0
| V-notch
90.0F B=9mm

[

F(Kc) (%)

10.0f

5.0t

a1

X Y S ¥ E—— Y R T/ T
Kc (MPam'?)
B4 DATIERELICTOY FENERBEHEDST

Fig. 4 Distribution of fracture toughness plotted on Weibull
probability paper

4.1 9VREBOERAICDONT

7 VBT RIS AR ICIE VW & SR T
Wb, Fo. MEPBEICAFETE, RENTTIE
NTEDLEV)HH»S, TOROBIZIZ IR
KHWHhTwa: L L, 20BN
HOHBIZ OV TR TE ST, Thboo
HREL-oT, F—yOMLN e PREB OB
BWEZ R LA ISR D 5 AW TIEE T,
v e MEREOMBIEEIC oW TIBL 2,
—HRABCA T OB R DM R e i L
Vo LA L, FOHESEEAN S LT INY L bR
a7 =7 P RHESBRBE LKL TWA T, 1)
WHICEBTH D 7 VTS OB B & UK
T) REAFOFEGTMOBBMIEE (X 7%,
BREE, WO AR) ICoWT, k FOFRE M
£ £ BEUDYOREISEOHLR

Table1 Mechanical constant ratio of human and bovine long
bone

Young's medulus  Ultimate strength  Ultimate strain

E g, £,
Tension 1.1 0.9 0.6
Compression 1.2 1.1 1.0




B OB OV T

(v b)) LTABEERLI"DEHICED,
Y/ RITT IR L I L BT VAR
HRE L, BEICOVWTIHIZZR%STH B BT
DRI RBRTOT A T0.6& 7 VEHAHHE
fliERLAD, WFRIZLTL 4 —F—MIcitk
PRV,

Tl BEEIICOVWTH, REBRTHM LY
YRBRE OEYHIX2.097g/cm* THH, & bk
AR H B BEHIICH LT o - F84ili1.9g/cm’
EHBAE VTR LTWA Y, & o THEME
HOHETIE, 7 VRAFTEZLERICHNTHELX
AWVt EZ 5,

4.2 HEFUSIUBBEOEHICOVT
FREMLEEMNIESAMETH Y, MM
Bl —%RBN %2 2 2L BT 5 LEATHETD
5. Lo THBMEMHEPEERIZ. BRI ICEo
TRELEWHT2LEELZDND, 2D, 5
N7 — & & BRI ATy & Bk RE TRt
ROFHITIE, HFEOED) % MIEICIREL TV 3
LIREVEEw, LAdoT, HIFFRiEERLL
BRI 2 L—Ya 273848101 B0
PSR, SISO e L THERTETH
BRIV LoT, RERTIIHFOREOET %
BbLbTEFNVELT, 747V HERHL .
COEMRE LT, FiE—MEREE L WD
hTw5bZ e, REBRN OBMHA & RO
BEzR2LTWwWihoThs, R2BLU4I2FN
FHARLZZED IS, BHWED L OB
#ZEL, VA TNGHTHEMWETHL I E
W AEBHERLIOBOAE R0, FLT W
HEDZOREICKRELEDEHALTVD I LN
b b, AIRO LD & ORI
x93 B HER IR W) S8 A O L BEHEAUREE S h
7=

4.3 WBRPEEEESBEORERICDOVT

BH RWHNT B ELGHBIEDOMHIIOVT
. AR—VBLE) THRVHIZBWT, W
AEHMEERDL LOHMELE W, Thoidb

L= 7 EICB 5 RMME (Mechanical
stress) DSFROBIMCOLAMBLEZLRTY
5%, Fh AEY S, v VBT EOESHE
BRI BT B S RUFA L AR ¥BT) % FRISHE
L. ThoilhETWTHETBROY I 2L—2
a v EfToTwh. TOME, EHFHEGE OV
FEGERFGICRIETREBEEOREINEDDHTK
EVEBRRTVD, ZO7-OHBEWEE OMIZD
BUOMBRITFET A L FHENS, L2 L,
D ¥ KU H A OBIEW M & HEEOWRIZOV
Tid, EBRPIARS N, R HEAES N,

Wreight® 513, 7 ¥ KBS ORBEWHEK,
(MPam'?) & Z DB HE p, (g/cm?®) O
FREHEL TS, ZOHLEE - KBEETHEMDT

BLRANZRD,
K. =903 p,—14.1 (r=0.625)
L2l TZTW) HEEIRE OERIREDTRE

THH, EHOREL S G TR THE. Sh
L, BEFTOFEE 2TV F AT AER
HWTHE LA LB RIS BV TR, Bl
BEEATHAROERINGRE L,

K. =138p,—249 (r=0.741)
ERBEEL BETFEEORBNCEHHH, T
N BN L B EEO IS EOH MR
ET 5,

4. 2B LOARMTHRRIHRIEE. 5%
FOBEETF—OFRIZEY b PEEATOBIE
WS FRTREE 2, MEOKWEIER >
3alb—3Yaro—lLiWBiETHAH.

7 RKBEEEE D, B E FEED
MERIC DT L 72 TORNE. Bl
FUBEEOEWMITA TV HTHRITE, &
SICFEDMIZIZEDHINMFELH S = Latbr
o720 BONAERIE, HIOFREERIL 724
WHEBRYI2L—YarEFMERIIHH, &
ELRHRE LV LEIOND,

65



HNA K - BWHREY] - HEOFEY]

AW, HHlEAS A R — 7 BRHENEET BER
PR 2T 5 & IRIT AR O RBefi & M THTH
N72bDTH Do RN OIERIC TN WA 2w
ToASE TR A B T AR (BRNR ) A
WA R LY, b RBIYORYE
B & KRBT LTIt TEBE) IR TR
I - NP RN E OGS L UHREZ
BEOBMIEBEIAHKTH 5

SEM

1) ASTM Standards E399-80. American society for
testing and materials, Philadelphia, PA, USA.

2) MIA, HEIE&N, FRES  KHNoRE
CAMIZRIZTOFAEEDRE, HAMRER
ik THHL Vol 49, No.3, 2000. (M),

3) MIA -, MY B MAMROBRE, £
Fcihig, 169-171, 1978.

4) YU B 7 A TVERKoO MWLtk
oo E—, HEBEH S, 33-69,
1966.

5) Nl R, AN BN TR K BHERT
— ¥ ¥, 157-176, 1982.

6) REAZ  METTOERRBRICNT 5 LM
WE7E, sCHSEE Kk, 49, 567-589, 1950.

7) WURSEX: | ADNIERF OBEAT TR TG HD
FERRAEE, SOMFBRREE, 51, 291-313, 1952

8) M AN ADNIIF OBE TTOTIRIE,
LIHFBE K, 53, 503-525, 1933.

9) Sweeney A. W., Byers R. K. and Kroon R. P.:
Mechanical characteristics of bone and its con-
stituents, American society of mechanical Engineers
publication, #65-WA/HUF-7, 1-17, 1965.

10) Burstein A, H., Zika J. M., Heiple K. G. and Klein
L.: Contribution of collagen and mineral to the elastic

66

-plastic properties of bone, J. Bone Joint Surg., 57-
A, 956-961, 1975.

11) Burstein A. H., Reilly D. T., and Martens M.: J.
Bone Joint Surg., 58-A, 82-86, 1976.

12) AMNAFE, K 8%, ARk e MEEFD)
Mk tE, HAMEHMHEHFRIE, 3, 32-37.
1977.

13) il 0 AR & AL, B AR HRITG
£, 1979,

14) LR, ML #, BTF&ERE, LT XA,
BN =, ERtE g, Flfssd: @ B E A oL
WHLBE—B 2RV RBICBIAETI—-RAT 12
LIy yaristt—, BEAR AT AHZS R,

8, 59-63, 1986.

15) Evans F. G.: Mechanical properties of bone,
Charles C. Thomas, Illinois, 1973.

16) My dhAl, KIEME, B &% - &b
EATERIEL DM, AR, 41, 742, 1992

17) ik F—-, BIEE, KEHV:HFE72) -
FORBKEFHREFGH—HF LB HUESR
MedX# v T—, BERRAK— VK%, 10, 707-
711, 1993.

18) Fehling P. C., Alekel L., Clasey J.: A comparison of
bone mineral densities among female in impact load-
ing and active loading sports, Bone, 17, 205-210,
1995.

19) LB, TR, W ¥, k&FE B4
LW OEF RO SREE, ERFELEGA
foarEa—¥%s3ab—var, HEREBRE
QR (A%). 62, 640-646, 1996.

20) Wright T. M. and Hayes W. C.: Fracture mechan-
ics parameters for compact bone —Effects of density
and specimen thickness—, J. Biomech., 10, 419-430,
1977.



PR

FHEAIR—Y B FOFEFE =R

RSB R B RO

ORI SOUEORBORORBOROR B B B RO ROROR

H

(X UAT—FIVLICKD
IDEAIRENTDIBRI T o= 2§

HOEE., HARA. SH 3. I 2,
(EPBERB[ARD

BRI S B RO R SO O

FUSHIC

HF—FN - TTL—3a>r (LGEERR) &
REEA 7 — 7V 2B ML LIRS A
L. 7 5— 7 Vs & A3 1 AT L 2o 58
WE DM THBE T, LA % SE0 LN
ERAEBICEMNT HHETHS ", BlfE, =20
F—IIB RN TH DA FOHERIX 187D
Borggrefe & OWPWIHE & 8E D HIZ B IZ0h F
%Y, AETHI990EMRICA o THOAKIREM
EOHHT 5 WMl bW R LG
D7z 19944E LABE19974E £ TOYGH TIEN R
IRISWPW it i I 0 $7i143.5% . 541 57 45 143
HH122.0%. St OB ALTN15.4%, JEL4E
HOLEHUN0%, LFEHIN4.8%. £D{4.3%
End ¥y
BLOubb—=72ffoTwhAR—VH#F
IR EHHRE 2 E AR SRR AL 12 & B ARNRVEAS HEIR
PEERTVAEFLIALND Py ), AR
— 7 EFT —AREEHE NS AR T 0L M A E
BROMBLHEINVEVDRE Y, AR— Y BEH
IR O FMIER A FUEIT - & DGR vt
BEAEA S ) 7o & 70 F WUBHRE 4 &1 584 LR

ETHRBEICBEINSZ 2R L EIZH D, LED
BN RET 2 LT D S B, E5ICREWE

SICIEBAM LT S LLH D, £<13 B
WRE IR & D Bk 2 A RIREDFEN
Lb%b, fER. DX RFITIEIER 2 EM
AR LEEIRBEZ FRIT50H 5 IR ELT
POWRABREREL ETHILXETE . Ly
L. BEBHTIRL2VADKBORME A% L
BB,

Katd, BEoORE—HAR—Y BT T, — B
DB, ¥ a— R ETHHIMRAEL, RELH
WS AN A T & 2N OB R 1T
v, REMICHNREDER T 2 2R
Bl 7 Wk Emicb il tundboli
BINLLHIIIIHE L. SHROBUIHE X
A=V REHPIEOKE FHNLIHL L E
AL,

IEF 1. 19mB. XK¥ESITE—RF
NFEZET S & I RAEECIEOE LS 2
ERBoH, BOTEILT A E CITHEHRI
Ladolce BBAZER LD WER S HUIRED

87



HICTE - IMERA - Al L BN 9 RS 8- A Jem < - Bigz 4

HELRTA), REREZZICL ) WPWHERE
tEMan, LaLl, BEROBEINLOGERT
BEEE SR T d ol KEILATHL L%
FIREEEEHD IV —RFE LTERMEL
TE-OYUMERRENR LB L. B E
P4 KBRS Lo BER BT D 1238 LU BRIZ R T 4
TR MHELLER (Vs —ERD RsR%E
Tolbkl AT = 7HiZWide QRS tachycar-
dia (RifzSHGEBRORMEMCEMD ?) 2%
7otz (M 2) WAZEBZEMBRAE, DBt
TTEHWMTABE Lz, ERAEHEFWNRATIAS T —
FVERENVARE, ©ARA, ARORB. T
RN OGH 4 RIFAL, FIRELEHRE &Y ET
ik, BRIEOBRE ARG L KD,
BMZA IR 3 A JTHERC/R $ iR A L3 7
L7zh 7 —F VM ERIE W ICH o/ O

TR

CIZKBMIRZ BH L THA L2208 4 7 — 5
VEBOER L D HREREE TV, BEE%E
BERT U720 I3BIZGENEMEWINA F—FVE
BOMEEZPSIELTRLARITH S, 4138
A B R O L BERI AT, BEAs ek, O
ERER BRI, BUE TR O R @O
HE AL V,) &OEAGER (HRA, CSp.
CSm. CSd. His. RV) %#ZAEH» H&BRHEMIZRT,
RAZ 25 BE T 1 C L B SR A D CSd. G
HHIR P EARAL ) ISRTEHICLFEE A) &
LEE B) BE#HERKLTVWE, ZoHzhsd
WM (25W, 308PH) LI E ZARA
B (Rz8 e %) OCSAUZRY & I L Fik
(A) L0 B) i, COZLEZRFAD
R B AL L BT L 72 Z & % g B, S28,
BRALNE D) (F R & N S (LRI L B e

198 B WPWERE

B DESEHSET (EE) St (BE) O1RESOEE. WPWEREICHIT D LBEOFREPQ
BRPEMR. QRSIBER. § (FILY) BOFETHD. EROV. BEOXEDOBHTIL IR T
GHBOFEEEKRT 3. HRORPIMINC L IBICHBEHRETIVIRIHELTVD (KB

Mo

68



4 ZR—BEOREE LEFNICH LA F—F ML B OHBENRIE D TH o726

1912 Pt WPW IEREE

@2 RILS—DBEECREFICIRS SNIEEBEDOWide QRS
tachycardia.

®3 WPWERBANBECSIIBRERLORE, MHROBOBENT—TILOME (A) &
BREFIAT—FIVBRGERORNE (B),.

DR SERED LIS BB S RN

i S I

B4 DEpgEmel. MNREERREP. LHRNERMMIRE. BIREMRENEOOEZALEBE. HRA,
AR : CSp. BEIRBMENE : CSm. BEMRARRI ; CSd. BRIREEAS : His, £
SRAAT : RV. BEOREBRIL A, DE®B V. DEB.

69



VRN - HUBA - el B RN % - Ry i -

BICIEELEIREN LA, BEI12FE0ER
T 5 UDREBERIRIT IS A& S N - WPWIE 5 BE L3R
727Ny () (017800 1L ahBeto
Bk (RHiEy) (M1 440 LTwa (3
14, T2 e X DEHMIKIh L %2 FH%
FT LU Dtk Sl TROBBIEE L Tv/aat3
HHEHFETH MR LW OMEL TS
Yo to

fEfl 2 . 17EB. BRI (R Ty MR—ILBF,
NERO L 3 E ISR, BOR G BRI
W 2RI Loz, WFEREI DRy bR
— VBN LXVOET L LTHERLTE
7oo AHBEESHIRIE 2, FAMLVAETY
EOBIZHT KN L e o B
FRANFBRL SR,y PR=VBIZ LI L T
oA 1HEADUTA LY QIO PED L
CRMABEE D &) BIIEAEL B X5 12%
ol BEUIHIZ 1 ~2IETH - 7275 MK I HE
KA THHRPISHIIIRIL, WA RYT
v PRV OHRII LI LIEREL, P a—
FRIREFROTIENNRE oo RIFREIZIEHE
LEDDI T B ERP% L DREL JE
DRIV & & TN, WL T3040
ETH ot —RWBIABENRIE NI 5 & g
L TREBETERML 7oA, KAy bR
—VBFEL LTOWBME M HALI L, HIAE
IRIEDBRIIIBRIEN D D Z L2 & DA B
A, ORBERIREITHMTABRE o/
EURNE& P 2P Al Ry A EU R 2 U NP sl o
MO E Lk S L HNTH S, QRSER
DHEFIE 7 . RRIIBSIE @ COMBUS T+
5 L182H1. 53 Th A Z L O M LR FiEn AT
REbN b, AREth. LR LB MR AL RETT 2
o, SAERCRB LI TF—TViEBE DT
O 75 ARSI & A WA RA D L0
80 oA ER SN (M6A K
6B). KADFL Y Vo MEHIFIZ4: U 5 i
RAEL L L R TARBOFEEINIEREE LREHN
DLHOFGBEEMBRERINE B L, BIEE

70

W 05 el ¥ RmfEZS

| , 1T
; r,*LuLJ} ,\, h‘,"}‘ L 1,.‘1 4 L lr; Jl »,L,‘ o ULL V‘ ,\L(Jl

WYV P

o p

y/ "/

App f‘l MI/"/

gdan

B5 175, SEEEFRIRORILY—DEBE,

B A PE U 2 0 M #4E  (fast pathway,
BRHE) LD CEHEE (slow pathway, a &
) %EEET 5T b slow pathway 2 B3
A ERERAA LY, HiINIRER kD, 22T
slow pathwaylZHURICBEI A F—F VBB %k
BEEHRBETEIT-> 2o BERBABEICL Y
B (slow pathwayDEERTRRICA 1 2)
BL7e BD7zsd, BEW & F US4 cHings#
ERAZHPRINNEERTE LD o2 (7). L
B, ST R TORBBIBEITV, N2 ¥
v PR OGS L 2258k e S 1
B HURAEE L S Tuin,

ER

JEF 1 EWPWHERRBEL R T, K¥EF/E—#
FThbo NFIZASTHOIXRBIEMICA L B
HD72HBRT-& LTOWRBDATLR S BFAEFIC
LEMATH LI otz ZORD, HE. &
FEMBLUKELZA, #F—FN - TTL =¥
3 22 & B HUTBUGR TR ASEIS & BT LB 7=,
WPWHE B i 12 Wolff, Parkinson X U'WhitelZ &
STRPINIBETHH ., EPQIEH., QRS
HERE, BEARME LSSinzRI§ME LTHES
TWwa, LUROPQIFIATIH . QRSHE &KLl
WOHLERMLGORBOIEIIITT v PR E X
NDHIEHEEE BEET 5720, NHREOMS
HE LTOMNRTHD, HifE LTIk, 3815 L
HHPUN, BIELLOHHL - QTR E 285 wh
bHIZ A A & 2 B -0ICEL B, LA
ATy mﬁﬁ%%%ﬁ#nw&%w%ﬁ%M%
WMBIEHOHR E 7 ) B EEARIAE LT,
%ﬂ%%mhﬂ%wrmﬁwuﬁbbf<&6c



EEAR— Y BEORMBELSMHNIIS LA F—F WL B LRAFEFH R TH 7228

A Y
1-1
AESM v
11 - W\—-&_
S1-S2: 210
o N R AR
b A AAAAAA A A
b-ovr A A A A A AN
-t AR ALARRARAA
a 484846 04000041
11-v8 MM/
12-v6 W_AW
(! 1, o | iy )
B (-t A\ AV LY g N SR Y S VA Vo
100 s/s b——1— 200 ha
G-avF
7-v1 /L/_/\_/‘_/\_/_h_\/\/\_ﬁ/u\\_,v/\_/“
My—'\ﬂw\/——-'vw—mw
12-v8
\
15-HIS px
16-H15 w0 m
17-11S a8 M
18-CS 910 A \\/\} /! A A Py A
i k| 1 y 1 f
19-¢5 70 4 . # + _‘l
20-C5 38 _AT A A Ar—_'\r Ay Ay v\ —
21-CS 34 A f——— AN ———A ﬁ/\‘g_./\l————/\,#—/\,h—\/w—_—
a-cs 12 AA———— A N,__NL——M—_M..—M._—
20 -Ava M_/\Jl\_/\lg\/\_,_,}d\g/\_jl\_/\_ml./\m‘\/\
20-3T 10 a2
1} L 5 " 2 L L

®6 SEERRPORFHLEE (A) LDEACRE (B). hRA. BiIEE  HIS px. & ARBABEN
88 HIS md. ERRMAMNT : HIS ds. b ARBITSUES | CSIIBEMRADOBEMFITCS12
D SBFHPLENSE D SARBEILRIICH D, Rva. BEDRE . STIM A2, FIRBHE.

19834EJackman 5 *'. Weber 5 *' idifi i ic &
HREHEBBE 2177 LA L, BEHLmEEL

DL, MRERE, LY 3y /L DR
BLOMEETRBIEMRAP LBV e, B

71



TS - AR - A0 A I - R 3 MM kI s RIEZ A
b-11 e ! !
. 200 m/a 7\7°° = ABL#6 Sf}ssim. SITE
B-avF ‘/'k ‘/\__—.
[7-v1 SN S
37-A8L 1-2 A VJ\/ A *.J\,
- A — ! —AA——
N~ N~
r - -
" ———

19-HIS 8-6 ——-“,._—V-—VJV 4"__,_,\/\/______
e e
Bi-uis 1-2 [\/ r\_/

redl A -

7 DBENOERERMIICSHIT DHENEEDOEADER. ERIOBESEE6 LB,

TEVHASE K F 7o e AR LT o ki &
oM E iz edh ot
19874EBorggrefe 5’ 3B Rk 2 M35 2 L
&) RES 2 B L 2o, Eo®mEn sz
larg-tipfEE Z iS5 Z L 2 L2 & b B EIR
W BB R O G RBEMICEE D,
D IZIFML Sz, AR oM fEEE I
WPWHEERARITH ), LB OB L
BRFEHOT v L VFERD DL VIR
AEHE O i B LA SR F A0 e AU T A
Kent# B 7% & D IAT EAIREISIES Tk
Khae", e b FEICE DT LA —Ro
B TRME MM SISl T & L, — 1
WPWHEBREIC BT AR T b b K MICA
LA D B B LGBERI R DB H1395% LA L &
whitd, L L. BERRIC & 5 G UFHEAS VD
Tk ve RSB BLHBERREITo> T
% A% T OREHT O T 4 A O-AE L H1T12,888
it & 205% Th o7z EHEGIHED I BN
HEAGLIR S N TWABHER D % TLRFILC LR
IR 22160 (62%) Lib %<, ERicyay
728 Mol F AR 4 EMTIIEIL

72

H795% L bE L. BETO v 7 $15.1%% k5
DI, BETO v 7 AL 7 BANE T R
2 D & e GFBASE BRI LT H Ok
PIMDIThNB L) kol ELON D,

REMY 2 I RHE 3 EN Ay v R — VBT THRE
HEZMAETIHE R $TRATH L. BIENESE
RS R LEHNMOKKE E L TWPW
FEMETE (S BT B FEMEME T S I 4R9A & 6 O HUE
R ON D, AHHUIIEGHEE A RIS o
W fast pathwayd & OMZEHEEASE S RIS o 4
\islow pathway 25 % 2 EE#E#EN _—ERBB L O
ZOMICHET A 0EH 2 BGERE L L T4
45", slow pathway % JHIT{ziE . fast pathway
EHZEHE T HREEAN 40 GEER) T,
fast pathway % IfTI538#5. slow pathway % ¥ T
(RHEBR L3 HHEM (HAR) WMTHD. AL
BRAEHFWREDI OB THo 7z BIEEER
A5 E RSN B0 R EBEBEL 1 X — 2 2 slow
pathwaylZxF L TH7 9. Blilidslow pathwayh*fast
pathway (Z LN v L AR o U Bk
AR T T, LHBREHIRICSERERE 70y 2 %
il C& 245 Cdh b slow pathway® il



4 A K-V BEORMELE LEHNICH LA F— 7 M X B OHRERRSANTD 72 2 fl

ERALIZSE IR IR A 1380 LB L XV DA KPR
ZRABWTH Y. ZOBORHFEMILLE L
FHEMHAH03UT CLERMA I JackmanEHL &
IFHEN B IEIRIHED R84 Z BuSRBHONL I E
HHEW?, AFlH ZOHOEEBEMELC L D slow
pathway»SBEH T & 7.

SEVEIE B S A 10 LR PSSRV SO 3 B O BERI AN
OETIF0B LU vbia, L L, BEHE
MNABEETR L ARIZHEW-OEHEE L TR
EEBTOy 7 EERLTCLEI LD L E
B, 19964F % TIIAMBEIAIIN T B BEW T A
o 27 ONRIBOAIEL LTOERER
Ty 7 OEEES o o 19974 R Y, R
TSR B HEDAFAINT Bicoh, BFE7 O
v 7 DEBHEARIML TWw 3 ¥ St £ mk
M. BIFEFEEIRBEFmENRE LL
KEOHEY TREHEL LTOBE oy 7id
10% B bh, hoE-20HEHETH
Ly rRFE—F (0.6%) RMBRERE (0.4%)
PRROBEETHoIz, T TOHETRIE
%300 KI20.3% (3/105081) DIETH RS
NTWV B, AIRIZ BV T BEIRTHEFT 1< 18
LRI S s &R Tl v, BENHLO5H
HERIRT AT 12 R 3 A0 & B PRHEE I 2 A
27

b, SE—HFAR—YBE 2 HORMEE LR
FHpIcRE 2 F—F N - 7T L—Yay (b
RBERIMH) (L AMEEHRPIEHE Lz HeD
BB S —ICAR—VRFIECOHKICHT
57 A FAERERTEMICH L, LML, Z¢
B L CIERNC & o TIIRBHRFEA T B
BAIC 2 o THE D, BIEDH D LWHBERH OB
LB CIRBEFARDAEL 20, MORER.L
B2 AR—VIEBICHbRAD S, KikllkD
SUEDOHEBIREE R DNTS%E R DKL,
P % T O AR EENRE MTABE AT 2 SRR
EHRFRELVR D, BILFAXDNIHDLV—
DDWEFETH 5o

BEXM

1) REEN, LAF—FALTTL—ar OEE.
1p. HHHEZFEH B3A. 1996

2) Borggrefe T. et al. High frequency alternating cur-
rent ablation of an accessory pathway in humans. J
Am Coll Cardiol 10: 576, 1987.

3) BHREIEIH. 194EUROHTF—F L - TV
— ¥ vOEPWECHST ZHE. TER 15
353, 1999.

4) HBRAZH». KFFEEFICBT 2 L0HED
BRATIC & 2 AR ARRTAN. WEKFER K —v
FEREMERE. 6 035, 1994.

5) Caru B., et al. Arrhythmias in sport. Eur Heart J 8:
47, 1987.

6) Pantano JA., et al. Prevalence and nature of car-
diac arrhythmias in apprently normal well trained
runners. Am Heart J 104: 762, 1982.

7) Wolff C, White PD. Syndrome of short PR interval
with abnormal QRS complexes and paroxysmal
tachycardia. Arch Intern Med 82: 446, 1948.

8) Jackman WM, et al. Direct endocardial recording
from an accessory atrioventricular pathway: localiza-
tion of the site of block, effect of antiarrhythmic
drugs, and atempt at nonsurgical ablation.
Circulation 68: 806, 1983.

9) Weber H., Schmitz L. Catheter technique for
closed-chest ablation of an accessory atrioventricu-
lar pathway. N Engl ] Med 308: 653, 1983.

10) Jacckman WM et al; Catheter blation of accessory
atrioventricular pathways by radiofrequency current.
N Engl J Med. 324; 1611, 1996.

11) Calkins H et al; diagnosis and cure of the Wolff-
Parkinson-White syndrome or paroxysmal supraven-
tricular tachycardias during a single electrophysio-
logic test. N Engl. ] Med. 324; 1612, 1991.

12) Jackam WM et al: Treatment of supraventricular
tachycardia due to atrioventricular nodal reently by
radiofrequency catheter ablation of slow-pathway
conduction. N Engl. ] Med. 327; 313, 1992.

13) Calkins H, et al. Cathter ablation of accessory
pathways, nodal reentrant tachycardia, and the atri-
oventricular junction. Final results of a prospective,
multicenter clinical trial. Circulation 99: 262-270,
1999.

73



AR—YENERAPTEE

1. THZRESEAR
IR L WK R R — 7 A7
#30% . Research Institute of Sport Medical
Science, The Tokai University
2. FRTEME
Wi KR E
3. BEFAR
IHF1624:108 1 H
4. EEEN
AR OZBOBME. AK—Y - BWB &
U, ZHUC 5 BRe o a5 13 5 2k
i, HRMmEZIT) £ L bic, BEHomE, 2
R— v EEEO B, SIRGOHTFik, FHEHOMR
LEDBHOEL, BEEZNTHECAIIDH S,
CDDIIRERFE L TOMEESEN L, #5
MAGRE R, REMHMIFO LTV - 2R 2 A
T3,
5. SRZRERHALE

AR — R
AR—=URY
AR—=INAXAH=T R
ZR =18

T Ot

— EFF R EBP

Kik
Bk
L s i
& o
" & i

20

— REAREM

AR=IOVNZ2Y
(AR —yBTBDOTFRE.
AR

— EIRR3E R EBFY

RBAREAR—YERZRRARE

19874E10A 1 B HllsE
(20004F-BLiT F3)
F1E £ A

F15 ARBRIZEEEANRRFEORE TR
BEBI0EBIUBIRPICETE, JEAYE B
F IAE] L) RO RF— Y ERERR
(T [RBET] £v9) ofEomEL L,
b o CANIEATRFMOMG 2 R T0ICED S
bDET B,

B245& AUIEAOZEAME. AK- - H B
LU FRICMET 2 tHEOMERE, W LSz
BN, ICHMRIREEZITI & LI, BEE#
ofi) L. AR—vWBEOFH, MG OH Tk,
AR OMBL Z0ISHO KL, SEBREMT 5
LIAIIH A,

COLDIRERFL LT ERENL., #
BREIRE R, BANBTO LISy - W% %
Hedt$ 5,

B35 AWEEMWRIZEDONZ-AREERT
HLOIZOEDHELIT,
VAR - BFFEB X UV
(2% - BIREDFK R DR
(P OPUREEIE L UTRAY
OWFES: - MBS B X UM AS oM
BIHAE - IFEDFA0E 2 id skl
(6 VKRR A DT
(NEOMl, RFERFOHMEERT H/DICLE

7 6]
F4% KEETIIBITWEHEDOTEHE*OED
MWHISED D,
R FLERFE ST EF
HEYORIA]. BEDHERF L, IR, %
WE, AT ANF 2w 7 LUIPLS,. FOlb
HEHTREPE 557
NAF AR A LB, BB O L&

75



2o, FL—= TR 2ot
(3R RS U
AR—y - MHEEO-FRE, il Sk
5, PIYER S UERE, Fofl
E DD 4T
B KA LI BRI, RIEAR—v D
EREE N, AR— v B L UMD, B,
s omstL, FoRett. 2ofl
545 ABEFICOEOMERMEWL
BB EEEZR R
(DHMEFERRIM
(3)REsEHF7ERBIM
OISIBEAS B 1M
H6 & ANFERTIEL, AFHIBRGICIC,

F28 B &

EL1EH AR -RE

BT AR ABEFICHTEAR < RIS ATTE 2
fL&L, 81 TIZED SR ARTATORIEL R
TR BB E L LI, FOME B L TUKM
PHEIAE Y 5,

B8 F AMRITMIIBBOREEMLS I LENTE
Ho KR #MlEL, MEPM DL S, £
AR OH -1 EEDLEERAT S,

oS BRI, MEEEONEERL LU
DY & (ERE L, ERERFJC BRI 22
OiRERETHIROKREER}DLILDOLT 2,

g2H BE

W05 AFRINCIWATO#EE - BhEdt - # - 1)
T - AR L USRS 2 S A TE 2,

ZFOE IS D .

$3;  WEMEB

BlGk ABRICHRETRNETHERE, BRI
PENEL . A OWRTTOMEIZHIZ S

2 WEEMHLLENR E L THFOYEEIRN O
S HEhHRAWARBAEZRIIMEGT LD
EL, ZOMWIHE L » BIEE T Do 22720, W
U v,

76

FiH H=RE
125 FEFICHEAB THEME, FiEsh
7B R HEN T B,

2 WIEEIINUNE U CAZOBM AR
2b0L LEATIRBHINE BREOKZEHT
WRITRIMESGTH2bDEL. ZOMEMIE 1 » 5
WEFD, 22720, HERWIITRV,

ER: i

$13% AHEITEPESIBOEBLELLE
(3, AU ORGP E R T NS INT 5504
BREEWICE L, Wk - FRICBEH LI LN
T&5,

oA HR&E

145 ABETIGEA - FRICBTAHE. -
B ERETLEERLELTHI LN TE L,

FH ERAMRDBIURKER

155 AWNENG. FREAERFUNOR S
FHOTIHETCHE - BIRZITHIC LA TE S,

2 BEENAE. WIROZIECHML TR, Z202
CEER R HEFE RT3 U AR O RIE A £
Fhudn i,

$165 BLCEIHBE ROER L LEDH

HLaid, BHHELGZORETEE (TR
BALHTE) 2, IEOTHE ) ZTH
., MPRICBE I EHLIENTES,

g3 43 B
W17% AU OMEIFARR&RORERT
90
B8k WIEFMBSBIILTOHER - THET 5.
(IMIFZEIE I
(2PN R E
S-S & OCFILO#ER - Bh3dS - EW
LEIIG L TR L IE SE LI LM TE D,
H194% WRITRKXRE > EDWUL I ZHRT 5.
UPERETEIC T 52 &,
oty ez L.
BIPRRCYIIINT A L.



WABHIHTZZ L,
(GWFRRITICMETE I L,
(OMFFELEIT B Lo
(1% DMLE Y,

H4E £ B

$520% FHEFORAIIHAERBEIL L TOE
T 5

$21% RURHOXTHEEL, BE4 81 BICH
FOREIANAEZL->TRDS,

§22% AR OBERRIZ. REVRBE»S
O EDII N, HEHiM & - F68 - BHEWHA
B-IERAERBLY, £0MOPAZ b TH
L¥5.

7L RETRBI, S DR EUN DR
DEEA S PRIV TR FILE 0K
BELEE LAERRAY - T o

$523% MRGEBEEORDL D ICKEEOTFHLE
KL, BEWRBHELESBoBEETHYRD
REAEBRINIE ST,

245  FTRGFEERD ICHER ORI 2 (R
L\#AW%%mﬂﬁ%&m&%ﬁrﬂ$Emﬁ
BE/LETEES LV,

E58 REDIUSBEE
#25% ABFEAICHSTHHER. BIRIZEITR
M- FRFAGEERORRS LUEOFIRIIIS
WTOHBIRINIZED Bo

geE 4 Al

§26% AHBE, WATE QLT LB,
AT R SO L TRETFERHTILE XBOK
BELEET S,

§527%  AWFEHTOFY M EE I L0, &
BRBRICEDE EZHADEILELHHMERIT
IENTE %,

iR oI, BWHIGEIOA1HBLYIH
2T %

[BRBXRP AN — Y ERPAMEE]
EFRRE

19984E4H 1H

I.mxﬁ@
. AECHFRTE OB L LTHEEREA K
=V RBERFERT AT AR U RIS 2220
: o P aicid, MAMAT

2. FRABE. 2K KERIZB
BEH. BEFRX. WARRER, M NOwE
W, MR LoMERER L, 2ol L. T4
L2-bDIZMR S,

3. BHoOES X CHIROBEIE, RiEERER
HZIIBVWTHRET 5,

4, FFICBIRS RACBEHGL, BHIE LTEAIL L
W,

5. FFFRE LT - F oty —%H0A
AR E, 259304T& L7y E—%iRZ T
WMET 5. SHEG SAERARE. LEDESE S
Ci3EEE, YkEE, HiHEREEA Y H T, B
FNIPNE AT 5, W RUHALIE B (A
R R, A— PAkEEEET 5, HEDT

X, coeeee T, ceeer M, oo 1 2, e 1 )
2), e (1), (2}, ---=a). b) ------(a). (b),
£T5,

6. . FEFRX. RO, FE L

TI1FC2 &, RIK WSz o Thlh Lath
10— VLA, AR, INSLIFSERDIE. F7E Lo
MBROHEIE, BID LD 1 R=TJPRET
bo TONR—IHERBLLYE, HEVIE, ¥
Bt EDR & 2 L 2o AT, %m%ﬂ%#h%#
fiT 5,

7. AFISHUALL, TOTFHRITESZ LD
REHLLOLTS, BHRAR - #7-tbL
Wt LR YIEAROA LTS, (BL, L
HYEHT—CHATHHA RO N R E

77



LB whEotiL 4 5,) 2> TilF e R=IFHETRREPIHIZEHL

8. RRKiF, FhFhizpFaLEyL, 74 ) MMXIZE2HADTFICEHRL (O—<F),
v (KoM, LIS BoMS. Tl fil HWIZHAHO PR 2 BI04 % EREFE LR
XEEE LT, AKMISCTIAA) 220, 1R 2it>T<,

DHEFDNEINHISWE D . AL L IEP oMM 6. BRGIEINE LTIRIC2&, KRWaEED
&Y Do BN AR, AR B THED EATHI0R—=F LR E T 50 () LA
o, R4 22 TENRFROFHFIZL > THRT IR=Vik, BBLE600HTHB), 7275L., Z
5, DNR—THERBLIEE. D DHVITIEE 2 EIR)

9. FIH - BELEIE, KHIE LT, Kxokikic FELZHGIE, TR ARArEET A
FIHMBUZ--$E L. Hitodgecit, & - Wl - 7. 8. 9. i, AISCHEICHE L.

Mkt - Bl N—V - WKESORE L, HAT 10. BURSCE, 2379080 LT, Aok 248 -
ROYEIIE, FH - W4 - B AT - R FERH - R BIN G LU (600FUM) %R
G - R=YOMUIIET 5. b, FIHIRDE Z %o
ARG I MR oIS, 1), 2) @ 1. 120 13, FCBBEicR L.

TEL, VMR T RMAT 5 BEE] CooBLE131998%E 4 H 1 HAH8H$ 5,

10. &3, M¥HX. MRTEHORRI G, 43759
BELT, MKICHES. a). b). ¢ (ZiE- 2Bk BERPAR—VERILREER

X(HM&LTL&)CIo&M%HW@Wﬁ% AM—YVERPHEREEER/E  (199. 4. 1)
RZ B e, [i sk ORI A 1 BHE EE R

A LFuEMET A, 2 0N ¥R R
11. BB XONE D 2 HRTLHE & FOLE 3 & H W Bk

BHE, HoH LOMMBBAKICWLAA, FHE 4 B {1 Ik ¥E

FIR=J TR D] 2835, 2B, 5 % {1 AH i

S0 E R Z A HIE D ORI FHAIUNE T 5, 6 & H By 1=

12. HFRR LG TRICEMNT 5. TR I N %

T259-1292 WLINBCEEN@H1117
(R R AR — 7 EREBE T | B &

1999F B A NR— Y EFRIEMAMR
0. BSHE 8 - MRERE
1. 2. 3. 4. &, FICHEIZML
5. a) WRHE. W BHNE LTHHE) L, A
4O EN RS A THE (LY —~y FEDD
2L0%EL) S, AROE®REM, FTLR
NR—ATY A4 FWEZTHH BYRIBICH B X
FAZOWTIRZ DMWY Tldde v, 7o, RFKHB
DAR—RXS TNV ET B,
b) o L#, FTHBIOEHKIHI L F.
I35y FORAZT A&, 1 JIZ27TICDT

PR Pl R RTRE GEaw b
CROKOFR R RAAF— R
WA R B ARV IRFERERT
CMOE T MR R RBERTRER
WO Wl Ed xf—/mﬂ%muﬁ
WM TR R (ERERE)
D HI sk TR ERATEED
SRR Bl OB EER (ETERD

0 N O U W N =
.
-
=

78



11.
12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

=
iz i 1 1 s

o
ot
m m

R
WER
WER
WA

Al
FK
T
H:4

£

WE
FIR
HEL

iy:.__.
HHe
e
N

hEES KEE
HHEEE (FHEER
T (BT TER)
EH#H (ERSFE)
HEEE (FHFER
TR (THMLER
HEFEE (REERD
BAR BRI
BHER (FEERD)
EEE (INEYF—3
a ¥ ¥)

HEFEE (EHFEH
BAREE GERERD
B2 (5 FEGFRE)
EFR (NEHEHE)

27 2% G BR G 2R BRI S L R G A PR G DR S B8 SR I R
L DL EL G EEIB IR R R B TR PR 2 2B S b ZE T T8 T ZF

R RF H R OBEEEM)
HAR —ZF & Sl GiERD
WaA B L= GEFESH H4FERD
MR =B BF #FE8 ESgEeER)
WER AKE F HER GEERD
R W H— EER GTFEafE)
WER A& HE ERER s
WER #> by -7¥0ia THH ER
T8

EVBRIFHRS

1999F B AR —Y ERIZHFFR
0V 10 MRRZRE

REERARRENPEREBE S M T 2 RE MR

79



LEE

SGUEETAMAROI 7 70V 2 7 MK THOEARMEHEEREIECNT 284
] RT3 5, PO 2EMIE, BAFERROFEBIGRIFREL D, Tiio
3 THo WIRAT AN KR % LT, BIEFOEME .0, FEAR— VGO
EBMERIIEAMTEL I ER2FE LTV, Z0%, BAFTRE Lo, KERICR 1
Zeld, MmO a7 7ad s MIEOEBIRREICH Y, oL HicE e, it
WA Y72 B DL W) HARYETH o o FHHIEREDS LA TELHXTH Y. HIETO
RIZETI—FLEFLLURB NI RELEIEHRED o o0 MIEMEZFATLISET
DFWHTTHEE VI L AT B WHHIED: LTz, BIERTRIEBIRRcrL—= > L
72T, BHEEFMELED EHBLALIVWAWAHEERE L, BIRFTOFEZT
E— L&) LT, 20728, WIENTTCHOMEICH L, #F « o—F I TEREREBIC
Hote

COBEEEBILEDS, MEOHEZIE L, £ ORBEERF L 3 —F 20K
HTHFEHEEHE ML, SHTLSOENIEHLMS, a77adc 7 b LTO
BB ERTTE 20005E 2 A260 (1) 124k, 2y Y RY Y A [HRIREXRET
2] #fE, —BELLIATHS,

oy FHEPLF—A NI TORAR—YHEZARLOTRGLIBWEL L 1T%
% (SPECTRUMDER SPORTWISSENSCHAFTEN, OSTERREICHSCHES JOURNAL FUR
SPORTMEDIZIN.) Zh#% SBICEEEM:% b RBAMAMES T T EIRAE LSS
LEFEL TS,

20004 2 A
WRERN HERE

81



82

[RBRFEAR—VIERIPHE]
BRES

EHE
% H

4

Eepcrl
¥R
#HN
IS
HH
%43
153

R14E
®
Bk
Hifi
L=
mﬁ_.

RBARFZANR—VERZME $125 2000

. 78 20004 3 3011
BRE———— WBEREXR— Y EREMREERS
RTH Wil KFAR = REEMFERT  AERE
T259-1292 IR ® F 1117 TEL 0463-58-1211
BfE— R F IS
BRI ——— R JL M RRENR #R X & 1
WE ——— Rl S RN

RGBT —— A SRR R

l




