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Influence of prolonged tendon vibration on perceived effort during
submaximal fatiguing contraction

MIFUYU KAMO, MANAMI IWASA, AYAKA HINATAYA, SAYAKA HAYASHI, CHIAKI MARUYAMA,
YUKI SATO, SACHIKO SUNAGARE, and HIKARI YONEBAYASHI

Abstract

The purpose of the study was to determine the influence of prolonged tendon vibra-
tion on ratings of perceived exertion (RPE) during submaximal fatiguing contraction
with knee extensor muscles. Five healthy subjects performed isometric contractions
at 20% of the maximum voluntary contraction force with knee extensor muscles until
the limit of endurance with (VOLVIB) and without (VOL) vibration applied to the
patella tendon. The RPE, heat rate (HR), and endurance time were measured during
the fatiguing contractions. Prolonged vibration altered the time course of the linear
increase in RPE during VOL. The RPE of VOLVIB was significantly lower than that of
VOL from 40% to 80 % of the endurance time, but it subsequently increased more
rapidly to the end point of the contraction. The enduarance time and HR during the
fatiguing contraction were not influenced by prolonged vibration. It is speculated
that exponential increase in RPE may have resulted from changes in excitatory
input from prolonged vibration with time during submaximal fatiguing contraction.

Key words: Isometric fatiguing contraction, Afferent input, Motor drive, Vibration

Introduction

It is well established that ratings of per-
ceived exercirsion (RPE) increase linearly to
exhaustion during fatiguing submaximal
contractions (e.g. Taylor and Gandevia 2008),
even though a perception of effort repre-
sents a very complex interaction involving
multiple feedback signals (Williamson 2011).
During submaximal contraction at 30-35%
MVC with tendon vibration, RPE is lower at
2 and 3 min than that without vibration,

(Ogoh et al. 2002, Ueda et al. 2008; Sato et al.
2009; Shibuya et al. 2009, Ooue et al. 2011).
Goodwin et al. (1972) showed that an acti-
vated force fell when vibration was removed
during a submaximal contraction with vibra-
tion. This finding directly suggests that an
o montoneuron receives excitatory input
from the vibration in the presence of central
dive. Therefore, the RPE-lowering effect of
vibration during contraction might reflect
the excitatory input from the vibration.
Nevertheless, it remains unclear how the
RPE change with time when the vibration is
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sustained in presence of central drive.

The purpose of the study was to deter-
mine the influence of prolonged tendon
vibration on RPE throughout a submaximal
fatiguing contraction.

Methods

Subjects

Five healthy female subjects (20.4 £ 0.5
years, mean = SD) participated in the
present study. All studies were approved
by the Japan Women’s College of Physical
Education ethics committee (approval num-
ber, 2009-1) and conformed to the
Declaration of Helsinki. Written consent
was obtained from each of the participants.
Experimental set-up

Subjects were seated with their hip and
knee joint at 90 deg. To record the force of
knee extension isometrically, a metallic
plate was fastened to the lower leg and
connected to a strain gauge (9E-L33; NEC
San-ei Instruments, Ltd., Tokyo, Japan) at
the ankle. The strain gauge output was fed
into an amplifier (6M84; NEC San-ei
Instruments, Ltd., Tokyo, Japan). The
developing and the target force were dis-
played on an oscilloscope for subject feed-
back. The heart rate (HR) was measured
using a II lead and an electrocardiogram
monitor (BSM-7105; Nihon Kohden Corp.,
Tokyo, Japan).
Experimental procedures

Each subject participated in one familiar-
ization session and two experimental ses-
sions. The experimental sessions were per-
formed in random order on separate days.
Before the experimental sessions, each
subject visited the laboratory for an intro-

ductory session to become familiar with
the equipment and procedures and to per-
form three MVC trials. The MVC consisted
of a gradual increase in force from zero to
a maximum about 3 s. Subjects were given
a 60-s rest between trials. The greatest
force achieved by the subject was defined
as the MVC.

After a two-minute rest in the seated
position, subjects were requested to sustain
contraction at 20% of MVC force until task
failure, with (VOLVIB) or without vibration
(VOL). Visual feedback of the knee exten-
sor force was provided throughout the con-
traction. Subjects were reminded to main-
tain their feedback signal as nearly as pos-
sible to the target force line. The HR was
measured every 30 s during rest for 2 min
and contraction. And subjects were
instructed to focus the assessment of effort
on the knee extensor muscles performing
the task. The rating of perceived exertion
(RPE) was assessed with the Borg 10-point
scale (Borg 1982) every 30 s throughout the
contraction. The criterion for terminating
the force task was 3 s of not being able to
sustain the force within 5% of the target
value. The order of two contractions was
counterbalanced across subjects.

Vibratory stimulation was applied perpen-
dicularly to the patella tendon at 100 Hz fre-
quency with displacement of 0.5-0.8 mm
and a force of 5 N (DPS-380, Diamedical
System, Co. Ltd., Tokyo, Japan).

Data analysis and statistics

The endurance times of the sustained
contractions were normalized to 100%.
The mean values of HR and RPE were cal-
culated every 10% of endurance time.
Student’s ¢ test was used to compare the
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Fig. 1 Endurance times for VOL and VOLVIB.
Values are means + SD.

endurance time between two sessions.
Two-way repeated- measures ANOVAs
with time as one factor and session as the
other were used to compare the dependent
variables of HR and RPE. When ANOVAs
yielded significant interactions, post hoc
comparisons were performed using the
Bonferroni adjustment for multiple compar-
isons and t test to identify the source of dif-
ferences between the two tasks. All data
are reported in the text as the mean = SD.
The significance level was P < 0.05.

Results

The mean MVC was 332.0 = 70.5 N.
The endurance time during VOLVIB was
not significant but show a slight short com-
pared to that during VOL (Fig. 1, VOL:
518.4 = 118.8 s; VOLVIB: 427.5 + 86.1
s). RPE increased during both fatiguing
contractions but exhibited a different time
course (Fig. 2). During VOL, increase in
RPE was almost linear with time, although
it was slight (not significant) during the first
half of the VOLVIB and became steeper
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Fig. 2 RPE changes during VOL (O) and VOLVIB (@).
Values are mean + SD. Significant difference from
value for 0-9 s: 7, P < 0.05, and between VOL and
VOLVIB: *, P < 0.05
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Fig. 3 Changes in HR during VOL (O) and VOLVIB
(@).
Change in HR is expressed as a percentage of the
value measured at rest. Values are mean + SD.

thereafter. The RPE at the beginning of
contraction was similar for VOL (0.6 +
0.2) and VOLVIB (0.5 = 0), but RPE of
VOLVIB was significantly lower than that
of VOL from 40% to 80 % of the endurance
time and after 80% increased more rapidly
to the end point of the contraction. In con-
trast, no significant difference in HR at rest
was found between the two contractions
(VOL: 74.7 £ 5.7 bpm; VOLVIB: 72.8 +
5.6 bpm) and the rate of increase was also
similar (Fig. 3).
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Discussion

This investigation showed that prolonged
vibration increased nonlinearly RPE
throughout a submaximal fatiguing con-
traction with knee extensor muscles.

Up through the initial 30% of the
endurance time (about 2 min), no signifi-
cant difference in RPE was found between
VOLVIB and VOL. Previously it was shown
that the vibration-induced reduction of
force developed slowly during prolonged
vibration applied to a sustained MVC
(Bongiovanni et al. 1990). Consequently,
these findings might indicate that it takes
time for the nervous system to process
peripheral inputs from prolonged vibration
properly during voluntary contraction.

During VOLVIB, RPE was significantly
lower than that of VOL through 40 to 80 %
of the endurance time. Perception of effort
represents a very complex interaction
involving multiple feedback signals
(Williamson 2011). However, McNeil et al.
(2011) reported that an increase in RPE
during a submaximal fatiguing contraction
reflects that voluntary output from the cor-
tex increases to overcome the reduction in
motoneurone excitability. According to this
suggestion, the vibration-induced modifica-
tion of RPE would be associated with high-
er afferent excitatory input and lower cen-
tral command. If so, the prolonged vibra-
tion could provide excitatory input to
motoneurn to 80 % of the endurance time
during submaximal contractions. Under no
central dive, an increase in excitatory input
to a motoneurons by brief vibration turns
into a decrease in excitatory input when

the vibration is sustained for more than 10-
20 s (e.g. Shinohara 2005). Thus, the lasting
excitatory input in presence of central
drive is very long compared with that
under no central dive. Therefore, other
factors may also contribute to maintain a
low RPE during VOLVIB. Further investia-
tion would be needed to explore the long-
lasting effect of vibration on RPE duting
voluntary contraction.

In this study, the endurance time during
VOLVIB was slightly shorter than that
VOL, but it was not significantly different.
Generally, great individual differences exist
in the endurance time of even submaximal
contraction without vibration. For example
1405 + 728 s was found for in elbow flex-
ion at 15 %MVC (Hunter et al. 2002), 300 +
132 s was found for in elbow flexion at
20%MVC (Mottram et al. 2006), 528 + 216 s
was found for in elbow flexion at 20%MVC
(Rudroff et al. 2007), 450 + 97 s was found
for in planter flexion at 30 %MVC (Cresswell
and Loscher 2000), and 518.4 + 118.8 s was
found for in knee extension at 20 %MVC in
this study. Additionally, during VOLVIB,
individual variation in changes of input to
the motoneuron from vibration occurred
with time. Therefore we infer that no great
difference exists in the endurance time
between VOL and VOLVIB in this study.

During the fatiguing contraction, HR was
not influenced by prolonged vibration. To
date, prolonged vibration has been found
to reduce HR (Ogoh et al. 2002; Sato et al.
2009; Ooue et al. 2011) or to not affect HR
(Shibuya et al. 2009; Ueda et al. 2008) during
submaximal contraction at the 30-35%
MVC level, although RPE was significantly
less than it was without vibration in all
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these studies. The cause of the difference longed vibration has a stronger influence
in the effecst of vibration between RPE and on RPE than HR, which is similar to find-
HR remains unclear. We verified that pro- ings in some of the previous studies.
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Central command and vertebral artery blood flow during
static arm exercise in women

KOHEI SATO, AT HIRASAWA, ANNA OOUE, MARINA YONEYA, AND TOMOKO SADAMOTO

Abstract

We examined the influence of central command on static exercise-induced increase
in vertebral artery blood flow (QVA). Ten young women performed static elbow
flexion for two minutes at 30% of maximal voluntary contraction without (control
exercise; CONT) and with vibrations to the biceps brachii tendon (EX+VIB) in order
to reduce the effort needed to maintain the set contraction intensity while Qua and
cardiorespiratory responses were recorded. The rating of perceived exertion for the
exercising muscle (Arm RPE) at the end of EX+VIB was lower than that of CONT
(mean = SD; 4.9 £ 1.2 for CONT vs. 3.7 = 1.4 for EX+VIB; P < 0.05). The increas-
es in mean arterial pressure, heart rate, and cardiac output during EX+VIB were also
lower than those developed during CONT, while the end-tidal CO: tension was
unchanged in both conditions. The increase in the Qua during EX+VIB was lower
than that during CONT (42 = 10 vs. 24 =+ 13%; P < 0.01). These results demonstrate
an increase in vertebral artery blood flow during static exercise and suggest an influ-

ence of central command on vertebral blood flow regulation.

Key words: Cerebral blood flow, Neural activity, Ultrasonography

Introduction

Cerebral blood flow (CBF) increases
along with other cardiovascular variables
upon the transition from rest to exercise
(Jorgensen 1995). Although overwhelming
evidence supports an increase in regional
CBF as a results of an increase in brain
metabolism (Secher et al. 2008; Ogoh and
Ainslie 2009), many factors influence CBF
during exercise, such as cerebral autoregu-

lation, the arterial carbon dioxide (PaCO-:)
tension, cardiac output, muscle mechanore-
flex and sympathetic nerve activity (Querido
and Sheel 2007, Ogoh and Ainslie 2009). In
addition, central modulation of the cardio-
vascular system via descending signals
from higher brain centers (central com-
mand) contribute to CBF regulation during
exercise (Sato et al. 2009a, b; Vianna et al.
2009).

In previous, we applied the model intro-
duced by Goodwin et al. (1972) of carrying

Research Institute of Physical Fitness, Japan Women’s College of Physical Education,
8-19-1 Kitakarasuyama, Setagaya-ku, Tokyo, 157-8565, Japan.
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out static arm flexion at 30% of maximal
voluntary contraction with or without
vibration of the biceps tendon to study the
influence of central command on CBF reg-
ulation during exercise. When the arm was
flexed with concomitant vibration of the
biceps tendon, a reflex generate approxi-
mately ~ 8% of the maximal voluntary
force and the effort of carrying out the
contraction is reduced accordingly (i.e.,
attenuated central command) (Goodwin et al.
1972; Ogoh et al. 2002; Sato et al. 2009b). In
the original work by Goodwin et al. (1972),
the lowering of central command was par-
alleled by reduced heart rate and blood
pressure responses. We confirmed these
observations and further report an attenu-
ated increase in the middle cerebral artery
mean flow velocity (MCA Vuew), indicating
reduced demand for brain neuronal activi-
ty during static arm exercise with concomi-
tant vibration of the agonist tendon (Sato et
al.2009b).

Neural activity in human brain is sup-
ported by the blood via bilateral internal
carotid arteries (ICA) and the bilateral ver-
tebral arteries (VA) (Querido and Sheel 2007).
The ICA and its branches (e.g., MCA and
anterior cerebral artery) mainly supply to
the cerebral cortex while the bilateral VA
and its branches (e.g., basilar artery and
posterior cerebral artery) mainly supply to
the posterior part of diencephalon, brain
stem, cerebellum, and spinal cord. Studies
investigating the functional anatomy of
central command-related changes in
regional CBF have identified a network of
structures activated in the human brain
(Williamson et al. 2006). Activity of the cere-
bral anterior cingulate cortex and a part of

the insular cortex in humans, measured
with single-photon emission computed
tomography, increased during voluntary
static handgrip exercise but was unaffected
during postexercise muscle ischemia
(Williamson et al. 2003), suggesting that
these cortical structures may be involved
in the generation of central command. On
the other hand, renal sympathetic nerve
activity and heart rate abruptly increased
before or at the onset of spontaneous body
movement or locomotion in decerebrate
cats (Sadamoto and Matsukawa 1997;
Matsukawa et al. 1998). Since decerebration
disconnects the cerebral cortex and rostral
diencephalon from the lower brain stem,
this suggests that central command may be
generated in the caudal part of the dien-
cephalon and/or regions within the brain
stem, which may be triggered by descend-
ing output from the cortical structures
(Matsukawa 2001 ; Nakamoto et al. 2011).
Thus, it seems reasonable to hypothesize
that central command also influences the
VA blood flow response to exercise as seen
in the MCA Vuen (Sato et al. 2009b). The
purpose of the present study was to deter-
mine the influence of central command on
static exercise-induced increase in VA
blood flow.

Methods

Ten young women (mean + SD: 21.4 =
1.7 years, 161.1 + 5.3 cm, 56.5 £ 4.6 kg)
participated in this study. Written,
informed consent was obtained according
to the Ethics Committee of the Japan
Women’s College of Physical Education
and the study was conducted in accor-
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dance with the Declaration of Helsinki.

Maximal voluntary contraction

On the first day, the subjects performed
three maximal static elbow flexions of the
right arm to determine their strength (max-
imal voluntary contraction; MVC), defined
as the highest of three trials. After the
MVC measurement, the subjects were
familiarized with the exercise protocol
involving two-minute arm flexion exercise
with and without vibration of the agonist
tendon.

Exercise protocol

On the second day, subjects performed
static elbow flexion at 30% MVC with and
without vibration of the biceps tendon
using a computer-based multifunctional
dynamometer (VINE, Tokyo, Japan). The
subjects were seated in a chair in which
body position could be maintained, while
the right elbow was kept flexed 90° and
supported on a padded armrest and the
wrist was attached to an arm lever by a
Velcro strap.

After three minutes of rest in the seated
position, each subject performed the two
exercise protocols: elbow flexion (CONT)
and elbow flexion with biceps tendon
vibration (EX+VIB). Before exercise, sub-
jects were read instructions of the 6-20 rat-
ing of perceived exertion (Overall RPE) cat-
egory scale developed by Borg (1973) and
these ratings were obtained immediately
after exercise. In addition, a rating of mus-
cle fatigue (Arm RPE) was obtained after
exercise by a 1-10 category scale (Saito et
al. 1989; Sato et al. 2009b).

Muscle spindle vibration
A custom-made vibrator was used to

induce right biceps muscle contraction by
reflex stimulation of the distal tendon while
the subjects performed sustained isometric
elbow flexion. The oscillating frequency of
the vibrator was 100 Hz and its amplitude
was 0.8 mm. The tendon vibration reflex-
3.0% of MVC.

Vibration of the biceps tendon at rest did

ively induced 7.7 +

not cause significant effects on the resting
cardiovascular and cerebrovacular
responses (Sato et al. 2009b).
Vertebral blood flow

Left VA blood flow (Qva) was measured
with a high-resolution ultrasound system
(VIVID7pro, GE Yokogawa Medical
Systems, Tokyo, Japan) equipped with a 10
MHz linear transducer while the subject’s
head was slightly elevated. The systolic
and diastolic diameters of the VA were
measured and the mean VA diameter (Dva)
was calculated in relation to the blood
pressure curve: Dva = [(systolic diameter x
1/3)] + [(diastolic diameter x 2/3)] in the
ultrasound B-mode. Each diameter was
measured at at least 3 points and the val-
ues were averaged. The time-averaged
mean flow velocity obtained in the auto-
matic-calculation mode (PW-mode) was
defined as the mean blood flow velocity
(Vva; cm-s!) and QVA was calculated by
multiplying the cross-sectional area of the
VA [area = m x (DvA /2)?] with VvaA: QVA =
Vva x area x 60 (ml-min') (Sato et al.
2009a). In all VA measurements, care was
taken to ensure that the probe position was
stable, that the insonation angle did not
vary, and that sample volume was posi-
tioned in the center of the vessel and it
was adjusted to cover the width of the ves-
sel diameter.
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Table 1 Cardiorespiratory and cerebrovascular variables at rest, recovery and during static arm exercise

Rest End of exercise Recovery
CONT 78+ 4 106+ 8* 79+ 6
MAP (mmH
(mmtg) EX + VIB 77+ 5 96+ 8* 75+ 7
CONT 68+ 7 95+ 12° 67+ 8
HR (beats/mi
(beats/min) EX + VIB 67+ 6 86+ 10 66+ 8
CONT 4.6+ 0.6 6.9+ 1.3* 5.0+ 0.8
CO (I/min)
EX + VIB 46+ 0.8 6.1+ 0.8 % 4.9+ 0.7
CONT 37.3+ 2.5 374+ 4.5 41.6+ 3.7°
PETCO. (mmH
BrCo: (mmHg) o vip 373+ 3.1 36.9+ 5.7 407+ 3.3¢
Qs (ens) CONT 93+ 11 131+ 17* 110+ 18*
EX + VIB 97+ 14 118+ 17 ¢ 106+ 16
CONT 1.20+ 0.47 1.25+ 0.53 140+ 0.22°
CVCi (cm-s'/mmHg)
EX + VIB 1.24+ 0.53 1.23+ 0.64 1.41 + 0.25%

Data are mean + SD. CONT, exercise without vibration (control exercise); EX + VIB, exercise with vibration; MAP,
mean artetial pressure; HR, heat rate; CO, cardiac output; PETCO:, end-tidal COz; QVA, vertebral artery blood flow;

CVCi, cerebrovascular conductance index. Different from rest: *P < 0.05, Different from CONT: { P < 0.05.

Cardiorespiratory responses

Mean arterial pressure (MAP) was meas-
ured non-invasively by photoelectric
plethysmography with a Finometer
(Finapres Medical Systems BV, Arnhem,
Netherlands). Furthermore, heart rate (HR),
stroke volume (SV) and thus cardiac output
(CO) were determined from the blood pres-
sure wave form using the Modelflow soft-
ware program, incorporating gender, age,
height, and weight (Beat Scope 1.1;
Finapres Medical Systems BV, Arnhem,
Netherlands). Ventilatory parameters were
determined breath-by-breath with expirato-
ry gas sampled from a face mask and gas
fractions analyzed by a mass spectrometer
(ARCO-1000; Arco System, Chiba, Japan)
that was calibrated before each test. Data
were analyzed using customized software
and the end-tidal partial pressure for CO:
(PETCO2) was recorded.
Data processing and statistics

All variables were averaged over 30-s

intervals and the ratio Qva to MAP was
taken as an index of cerebrovascular con-
ductance (CVCi). To calculate change from
resting values, resting parameters were
obtained during the 2-min resting period
30 sec before the beginning of exercise.

Differences in the cardiorespiratory and
cerebrovascular responses between the two
exercise conditions (CONT or EX+VIB)
were evaluated by a two-way ANOVA with
repeated measures. If a significant F-value
was present in the main effect and/or the
interaction effect, the mean value at a
given time point was compared by
Wilcoxon’s signed rank test (SPSS12.0,
Tokyo, Japan). The level of statistical sig-
nificance was defined as P < 0.05 and data
are expressed as mean += SD.

Results

The Overall RPE after EX+VIB tended to
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Fig. 1 Changes in vertebral blood flow (QVA) and an
index of cerebrovascular conductance (CVCi) dur-
ing static arm exercise.

Values are mean + SD. T Difference between
CONT and EX+VIB, P < 0.05.

be lower than that for CONT (P = 0.067;
13.9 + 1.3 for CONT vs. 13.0 + 1.6 for
EX+VIB) and the Arm RPE was lower than
that for CONT (P < 0.05; 4.9 £+ 1.2 vs. 3.7
+ 1.4). In Table 1, the cardiorespiratory
and cerebrovascular responses at rest, at
the end of exercise, and in the recovery
are summarized. There was a difference in
MAP, HR, CO, and Qva between CONT
and EX+VIB at the end of exercise (P <
0.05), whereas PETCO: and CVCi did not
differ significantly between CONT and
EX+VIB. The increase in cerebrovascular
variables during static exercise were com-
pared between CONT and EX+VIB in Fig.
1 demonstrating that the increase in Qua

during EX+VIB was lower than that in
CONT (P < 0.05). EX+VIB attenuated the
CVCi in the 60 s after the onset of static
exercise as compared with CONT (P <
0.05).

Discussion

The purpose of the present study was to
determine the role of central command for
the static exercise-induced increase in ver-
tebral artery blood flow. We found that
Qva was elevated by ~40% at the end of
control exercise, while the increase in the
QVA with tendon vibration (i.e., attenuated
central command) was only by ~ 20%.
These findings demonstrate an increase in
Qva during static exercise and support the
hypothesis that central command con-
tributes to regulation of Qva during static
exercise.

Vibration is a powerful stimulus to the
primary muscle spindle afferents when
applied to the biceps tendon during static
exercise. When the biceps brachii was con-
tracting (arm flexion), activation of its mus-
cle spindle primary afferents provided
reflex muscle activation, so that a lower
effort (decreased central command) was
required to achieve a given force without
altering the muscle force (Goodwin et al.
1972; Ogoh et al. 2002; Sato et al. 2009b).
However, we did not also use that model
to record the CBF response to arm exten-
sion with or without vibration of the biceps
tendon to study the influence of increasing
central command on CBF regulation during
exercise (Goodwin et al. 1972; Ogoh et al.
2002). In addition, our subjects did not per-
formed exercise at a workload that elicited
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the same RPE (an index of central com-
mand activity) as those obtained during
EX+VIB (Goodwin et al. 1972; Ogoh et al.
2002). These facts are major methodologi-
cal limitations of the present study. In an
effort to determine the selectivity of the
tendon vibration technique in activating
central command, subjects should repeat
the arm extension and flexion exercise at
the same RPE (Goodwin et al. 1972; Ogoh et
al. 2002). Williamson et al. (2001) have
demonstrated that the individual’s RPE or
‘effort sense’ during physical activity, inde-
pendent of the force production, appears
to dictate the magnitude of central com-
mand. Hence, by comparing exercise with
vibration to the exercise without vibration
at the same RPE (or effort sense), we might
account for activation of the central com-
mand in CBF responses during exercise.
Even though these limitations remainsto be
solved, it is meaningful to discuss the new
insight drawn from the present finding into
the regulation of CBF during static exer-
cise.

The increase in CBF in response to hand-
grip exercise is eliminated after the arm is
blocked by regional anesthesia (Friedman et
al. 1991; Friedman et al. 1992; Jprgensen et al.
1993) suggesting that the increase in CBF
during exercise is dominated by the exer-
cise pressor reflex (muscle mechanoreflex)
and that central command plays only a
minor role (Jgrgensen et al. 1992b; Jprgensen
et al. 1993). However, our previous and
present data suggest that central com-
mand, reflected in “effort sense”, con-
tributes to the increase in CBF during static
exercise (Sato et al. 2009b). Support comes
from the study of Williamson et al. (2002)

that reported an increase in blood flow of
the insular and anterior cingulate cortex
during imagined exercise with no afferent
input from exercising muscles. In addition,
we find that the increase in MCA Vuen at
the beginning of dynamic exercise with no
load is mediated by central command acti-
vation (Sato et al. 2009a). Furthermore,
Vianna et al. (2009) report that selective
activation of skeletal muscle afferents
(muscle mechano- and metaboreceptors)
does not increase anterior cerebral artery
mean blood velocity (ACA Vuwen) and they
suggest that the increase in ACA Ve dur-
ing voluntary calf exercise depends on cen-
tral command. Taken together these find-
ings argue for an effect of central com-
mand on CBF during exercise.

We considered that a central command-
mediated decrease in Qva during EX+VIB
is linked to changes in regional cerebral
activity and metabolism. Although central
command from higher brain centers plays
an important role in the control of the car-
diovascular system during voluntary exer-
cise, little is known about the central nerve
system origin and pathways responsible for
the central command (Williamson et al.
2006; Green et al. 2007). Previous studies
reported that the diencephalon and/or
brain stem region (including mid brain)
contains neural circuits crucial for generat-
ing central command and linking the auto-
nomic nervous and motor systems, which
may be triggered by descending output
from the cerebral cortex (Matsukawa 2001 ;
Nakamoto et al. 2011). Since VA supplies
diencephalon and brain stem, it is possible
that attenuated activation of these regions
might be related to the reduced Qa during
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EX+VIB. However, due to the inherent lim-
itation of the Doppler ultrasound tech-
nique, we are unable to distinguish
between regional differences in blood flow
within these areas. Interestingly, we
observed that the increase in CVCi at 60 s
after the onset of exercise was larger dur-
ing CONT than that EX+VIB, indicating
that local vasodilator influences result from
increase in regional metabolism related to
central command and cardiovascular
responses during exercise.

In conclusion, this study supports that
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Relationship between superficial venous and arterial blood flow in
the resting limb during static handgrip exercise in women

ANNA OOUE, Al HIRASAWA, KOHEI SATO, AND TOMOKO SADAMOTO

Abstract

The purpose of this study was to investigate whether blood flow (BF) of the conduit
superficial vein in the resting limb depends on the change in arterial blood flow dur-
ing static exercise. Ten females performed static handgrip exercise at 15%, 30% and
50% of maximal voluntary contraction (MVC) for 1 min, randomly. Heart rate and
mean arterial pressure were continuously measured. Cross-sectional area, blood
velocity and blood flow (BF...) of the basilic vein and blood flow (BF...) of the
brachial artery in the resting arm were measured by ultrasound technique. Arterial
vascular resistance (AVR) was calculated from BF... and mean arterial pressure.
There was a significant positive relationship between BF...., and BF... and a negative
relationship between AVR and BF... during static exercise. However, the averages of
BF.., BFar and AVR during exercise were similar among exercise intensities. These
results indicated that the changes in superficial venous BF during static exercise are
probably dependent of the changed in arterial blood flow.

Key words: Cross-sectional area, Ultrasound technique, Arterial vascular resistance

Introduction

Venous system has been considered to
play an important role in hemodynamic
control during exercise because veins con-
tain a large part of blood volume in body.
There is, however, little information about
the adjustments in venous vessels and
venous blood flow (BF) during exercise.
Ooue et al. (2008) reported that the super-
ficial venous BF in the resting limb
changed with increasing in arterial BF dur-

ing prolonged dynamic exercise, suggesting
that the superficial venous BF was passive-
ly controlled by the changes in arterial
inflow. However, since the increases in
core and skin temperatures during pro-
longed dynamic exercise can alter the
superficial venous BF directly, the previous
report could not exclude the possibility
that the change in venous BF was caused
by a by-product induced by the changes in
body temperature. Indeed, during passive
heating, the superficial venous BF
increased with the arterial BF and skin

Research Institute of Physical Fitness, Japan Women’s College of Physical Education,
8-19-1 Kitakarasuyama, Setagaya-ku, Tokyo, 157-8565, Japan.
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blood flow (Abraham et al. 1994a, b; Detry et
al. 1972; Ooue et al. 2007; Roddie et al. 1956).
Accordingly, it is necessary to clarify the
relationship between the superficial venous
BF and arterial BF during exercise without
concomitant changes in the core tempera-
ture.

On the other hand, Mellander (1960)
reported that veins were not merely pas-
sive conduits of blood and stimulation of
sympathetic nerve supplying the cat’s
hindquarters resulted in a decrease in
regional blood volume, indicating a contri-
bution of active veno-constriction.
Anatomical studies also showed a rich sup-
ply of sympathetic nerves to the superficial
veins. Naturally, a question is arisen
whether the superficial venous BF during
exercise changes dependently on the acti-
vation of the sympathetic nerve activity
(SNA). Since a short time static exercise
had no effects on the core and skin tem-
peratures (Kondo et al. 2000) but a signifi-
cant effect on the SNA (Saito et al. 1986;
Seals 1989), the static exercise was useful to
assess the venous BF adjustments during
exercise. Based on these considerations,
the present study examined whether the
superficial venous BF in resting limb was
correlated with the arterial BF and/or
dependent on the exercise intensity of stat-

ic exercise.

Methods
Subject

Healthy 10 women volunteered to partic-
ipate in this study. Their mean age, height
and weight were 21.4+ 2.2 (SD) years,
161.9+ 7.8 cm and 52.6 + 3.5 kg, respec-
tively. The purpose, procedures, and risks

of the study were explained to the subjects,
and their informed consent was obtained.
The study was approved by the Human
Ethics Committee of the Japan Women’s
College of Physical Education (2009-5).
Procedures

Entering the room maintained at 25°C,
each subject assumed a supine position.
First, they performed maximal voluntary
contraction (MVC) of left hand using a
handgrip dynamometer. The subjects had a
rest period at least 20 min before data col-
lection began. After the recording of base-
line data for 5 min, each subject performed
static handgrip exercise of the left arm at
15, 30 and 50 %MVC for 1 min in a ran-
dom order. During the sustained static
exercise, the subject used a visual feedback
system to maintain the force of the hand-
grip. A rest at least 15 min was allowed
between trials. During this time, circulatory
parameters [heart rate (HR) and blood
pressure (BP)] returned to pre-exercise lev-
els. In all trials, subjects controlled the res-
piratory frequency at 15 breaths/min by
using a metronome, because the move-
ments of respiration influence the venous
BF and/or sympathetic nerve activity.
Measurements

HR and mean arterial pressure (MAP)
was measured noninvasively by photoelec-
tric plethysmography with a Finometer
(Finapres Medical Systems BV, Arnhem,
The Netherlands). Furthermore, HR was
determined from blood pressure waveform
using the Modelflow software program,
incorporating sex, age, height and weight
(BeatScope 1.1; Finapres Medical Systems
BV).

Ultrasound imaging of the basilic vein
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was performed 5-6 cm proximal cubitus
using 8.7 MHz linear array transducer
(Vivid e, GE Healthcare Japan, Tokyo,
Japan). A large quantity of ultrasound
transmission gel was used allowing no
direct contact with the skin to avoid com-
pression of the vein. Because blood veloci-
ty and cross sectional area of vein could be
interacted, these variables were simultane-
ously studied on a transversal scan of the
vein with the transducer tilted to an angle
of 60°. The positioning of the transducer
were determined at the beginning of the
each experiment and remained unchanged
limiting the errors in the Doppler angle.
The measured blood velocity of the basilic
vein (V...) was the result of the mean veloc-
ities during 12s of spectral Doppler record-
ing. Csa was determined three points per
12 s, when is as same as the measurement
of V.en, and csa was measured by manually
tracing the edge of transversal venous
image. Then, these three values of csa were
averaged. Because csa was obtained from
the image which was measured with the
transducer tilted to an angle of 60°, accu-
rate cross sectional area (CSA...) was calcu-
lated by the following formula; CSA... = csa
x sin 60 °. Thereafter, BF in the basilic
vein (BF...) was calculated; Vie. x CSA..n.
In separated day, blood velocity (V)
and diameter (D..,) in the brachial artery
of the resting upper arm were acquired
during same trial as well as measurement
of BF... variables. These parameters were
measured from longitudinal image of
brachial arterial vessel using pulse wave
ultrasound and B-mode ultrasound with
same transducer which was used to meas-
ure BF... variables. Then, BF in the

brachial artery (BF...,) was calculated by
the following formula; Ve X (Duren/2)? %X 1.
Arterial vascular resistance (AVR) was cal-
culated as MAP/BF....,,.
Data analysis and statistics

HR, MAP, BF...., AVR and BF.... variables
(CSA..,, V.an and BF...) were averaged for
60-240 s before exercise as baseline value.
The relative change in these variables dur-
ing exercise from baseline was calculated.
To assess the relationships between BF..,
or AVR and BF..., the value at 12 s, 24 s,
36 s, 48 s and 60s of exercise was plotted
and Peason correlation coefficient was cal-
culated between BF.., or AVR and BF...
Data are expressed as the mean =+
dard error (SE).

Two-way ANOVA with repeated meas-

stan-

ures was applied to the absolute values of
HR, MAP, BF...,, and BF... variables among
exercise intensities. Main factors were time
(before and during exercise) and exercise
intensities (15, 30 and 50%MVC). When F
values were significant, Bonferroni’s tests
were applied. A value of P < 0.05 was con-
sidered significant.

Results

Table 1 shows the HR, MAP, BF... vari-
ables (CSA..., V.. and BF...), BF.., and
AVR before and during static exercise at
15, 30 and 50%MVC. HR and MAP
increased significantly from baseline with
exercise intensities. These variables showed
significant differences among exercise
intensities. BF..., and AVR did not change
during exercise significantly from baseline
and there were no significant difference
among exercise intensities. CSA.... at 30%
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Fig. 1 The relationship between brachial arterial blood flow (BFartery) and basilic venous blood flow (BFvein) at

12s, 24s, 36s, 48s and 60s of static exercise.

and 50%MVC decreased significantly from
baseline level, but that at 15%MVC did not
change. V... had no significant difference
among exercise intensities. BF... during
exercise at only 30%MVC decreased signifi-
cantly from baseline, although there was
no significant difference among exercise
intensities.

Fig. 1 and 2 shows the relationship
between BF.., or AVR and BF... at 12s,
24s, 36s, 48s and 60s of static exercise.
Through exercise, the change in BF...
depended on the changes in BF... and
AVR. There was significant correlation
between BF... and BF..., and between AVR
and BF..i.

Discussion
Major findings in the present study were

that the BF... in the resting limb was simi-
lar among graded static exercises but the

changes in the BF... were closely correlat-
ed with changes in BF..., and AVR in the
resting limb during static exercise. These
findings suggested that the resting superfi-
cial venous BF was probably independent
of the active venoconstriction via SNA but
probably mediated by the passive changes
in arterial BF and arterial vascular resist-
ance during static exercise.

Changes in the venous BF have been
regarded as a result from both active con-
striction of venous vessel (active changes)
and passive changes in transmural distend-
ing pressure (Oberg 1967). These active and
passive changes are interlinked. For
instance, the increase in SNA not only con-
stricts veins but also constricts arterioles.
This reduces flow of blood into veins,
resulting in less venous BF. In the present
study, these active and passive effects are
difficult to separate, but it seems reason-
able to assume that the active venocon-
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Fig. 2 The relationship between brachial arterial vascular resistance (AVR) and basilic venous blood flow

(BFvein) at 12s, 24s, 36s, 48s and 60s of static exercise.

striction mediated by SNA was not an
essential determinant for the BF in the
superficial vein. In the present study, the
significant increase in HR and MAP during
static exercise, used as an indication of
SNA activation (Seals et al. 1988), showed
the graded increase in HR and MAP during
exercise at 15%, 30% and 50%MVC despite
similar the changes in BF... during exer-
cise. In addition, if the venoconstriction via
SNA played an important role, the magni-
tude of change in CSA during exercise
would led intensity-dependent changes but
our data showed only a significant differ-
ence between 15% and 50%MVC. Taken
together, we inferred that the active veno-
constriction via SNA had a minor contribu-
tion to the changes in superficial venous
BF of the resting limb during static exercise
in our study.

Alternatively, it was suggested that the
changes in arterial BF and the arterial vas-

cular resistance have an important role to
change the BF... from the data that close
relationships of BF...-BF..., and BF...-AVR
were consistently observed during exercise.
Our present study showed the change in
superficial venous BF of the resting limb
depended on that in arterial BF during stat-
ic exercise which does not cause the eleva-
tion of body temperature. This agreed with
our previous study that superficial venous
BF increased with the change in arterial BF
during prolonged leg exercise which
caused the increase in body temperature
(Ooue et al. 2008). The present study and
previous report indicated that superficial
venous BF in the resting limb was passively
determined by the change in arterial inflow
during exercise. This explanation is in line
with the study observed by Brooksby and
Donald (1972).

Limitation of Study. We did not measure
the venous pressure in the superficial vein.
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The contribution of active constriction and
passive change to venous response is dif-
ferent among venous pressure at baseline
level. However, because the purpose of our
study was not to separate active and pas-
sive control of venous response, the lack of
venous pressure measurement affects
scarcely our results.

In conclusion, there was significant cor-
relation between arterial vascular resist-

ance and superficial venous blood flow,
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(Fuku et al. 2002). & 512, mtDNA IZRHE >
5 L2ERELEVWDT, EETOREIERE
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HCTHEICE»2 T, —H, n7a s/ Lr—7
L3 OB, — M A i L CEBSIR S v
—HCTHBICEDL 72, oM%K, av b
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#1 HAREKOTEE 2 —0 v 8 HLETFOR RO LR

-DETENTE
S CMJ CMJb DJ 6jump 15jump Index (6¥8 B D& )
JFA 410 449 519 454 482 40.1 271.5 (cm)
FRAATA 46 51 58 45 55 42 297.0
SPRINT *BIODEX
Om 10m  20m Index (EG{REFOSED1/2)
JFA 0457 1.745 3.027 (sec) JFA 1698.4 (Nm)
FRAATA 0.506 1.724 2.897 FRANTA 1670.8

“VMA
JFA  19.7 (km/h)
FRAATA 195

AITIFHAZE LTS, 22T, ¥vh
— B2 74 HLDOWASTE, Yy h—
HARZEDO 7 4 P AHNF = v ZFERPHRAT
DI E DN S fRHT 5,
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BIEF /X7 —
60 degs Jifh# (Nm) 121+ 20 95+ 27 149 78+ 13 78+ 9 105
(E;i")sec )2/ (Nm) 241+ 36 201+ 20 224 166+ 13 160 20 162
Je /i (%) 51+ 8 47+ 14 67 47+ 5 49+ 3 65
180 g (Nm) 100+ 10 78+ 25 126 59+ 15 54+ 18 82
(mﬁig/sec MIES (Nm) 156+ 23 128+ 24 159 107+ 10 97+ 21 111
JRHAE (%) 65+ 9 60+ 16 79 56+ 15 55+ 8 74
200 dea/see M1 (Nm) 81+ 7 71+ 13 98 55+ 12 49+ 14 63
kE@?wL WIES (Nm) 120+ 14 107+ 18 123 82+ 11 74+ 16 83
Ji i/ (%) 68+ 8 68+ 14 80 67+ 15 65+ 7 76
TS R/NT —
R RIERRTE 7 — (W) 969+ 121 831+ 95 1,200~1,350 647+ 45 593+ 41 780 ~ 850
HEH7D
BT — (Wike) 14+ 1 13+ 1 17~ 18 12+ 0 11+0 15
JESH 1 oA (mmol) 12+ 2 12+ 2 - 11+ 3 11+ 2 -
JHE) 6 3t DO AEEfE (mmol) 11+ 2 10+ 5 - 11+ 2 11+ 1 -
UNRDYRIv>T (R))
BEHIERY (sec) 0.16+ 0.01 0.16+ 0.01 - 0.17+ 0.01 0.16+ 0.01 -
2l (sec) 0.55+ 0.05 0.17+ 0.04 - 0.51+ 0.01 0.49:+ 0.04 -
BEiEE (cm) 38+ 6 39+ 6 - 32+ 2 30+ 6 -
RI$5% (m/sec) 23+ 04 24+ 03  28~32  20+01 1.9+ 03  24~26
1 PR B TR
PR B L OV R 2 HE L2, Z L b E L Ok BRI, B s bICR4E

T, BMEEB LU N Y PP v v TR
RIEH) 2#HHELKEH T OSN2/807)
ZEME L7z, VN Y FY e v 7R, fhE-

HiEY A 7 OVEEITH D, B o s R

TR OEHIR TR L RSP N %

ZHl ZIT N 2 T 5,

B, VA —

EREGHIORE, BrogkE (177.1+ 0.7
cm), KFEP (4 : 53.7+ 2.4 cm, /K
51.6+ 7.1 cm), FHEPH (45 : 38.3+ 1.8 cm,
A0 38.0+ 1.7 cm) ¥ X g (177.1 +
6.2 cm) X, [FA4FERHO—ME T T2 L
AKHEDEFEN EEbo Tk, FHERIC, &
ToHE (162.3+ 0.8 cm), KFEFH (45 :
53.1+ 1.8 cm, /*: 53.2+ 2.3 cm), FH
£ (83.5+ 3.6 cm) ¥ XM (161.1+
5.0 cm) b [EERO—ML T L KT 2 & A
MEDETRN EEFboTWwh, ¥, AH,

fio—MEL L IZIFRLT ThHho Tz,
W 7187 —, THBE 7 —B XY AN
YRy TORERRERKAITRL 2.
7, ZEMEELTHAY 2 = 7REL L
DfEZR L7z, HIEDFER, 2010 FEHIEE
F LY, 2009 FERMEEFDIZ D DS
R —, WBIERT—BLII NIV PPy
YZICBOWTHL L D ICEOHEIARA S N,
HAY 2 =7 LV O@EFLHIEL TAS L,
AREEDEFIE, B s I 7 —,
THEBREASRT—BLIRXYNY Y Ry
DIRTOHEBHICBE W TENZ EDRE
N, 20Ty, WET T —TidEih
MR L I o 7z,
2HDMBEFDIL, KT 14 (SEF)
DREFRERZ RS IR L7, THEGHI O
1, REOHN (53.8 kg vs. 55.0 kg) 234
LNT DA RE R ZMIEA S N o 7z,
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x5 FELEFSDT—F DR

T EH 2009 ££HE 2010 4
FERESTA
HE (cm) 161.5 161.5
fRE (kg) 53.8 55.0
pEfE (45) (cm) 23.3 23.7
RuHE (#5) (cm) 24.6 24.6
HilEEE (45) (cm) 22.5 22.1
KBEFE (45) (cm) 53.5 54.5
THEF (£5) (cm) 36.5 36.6
B (cm) 84.5 82.5
JEPH (cm) 63.3 64.0
PR (cm) 92.3 91.2
LR (em) 67.1 67.9
THE (cm) 82.9 82.5
$ahi (cm) 157.9 158.7
B H /T —
JEih7; (Nm) 68.1 83.0
fg;ue)g/ ¢ gESH (Nm) 1573 180.0
Je i/ (%) 43.3 46.1
JRih 7 (Nm) 61.9 72.2
(lz‘gfﬂieg/sec #ES (Nm) 1049 1107
et i1/ (%) 59.0 65.2
JAih 7 (Nm) 54.4 62.1
?z(;ﬂgeg/sec S (Nm)  83.3 82.8
et /e (%) 65.3 75.0
TR R/ T —
IRKIERRR ST — (W) 631 618
(RES 7 D e RIBF 7 — (W/ke) 11.7 11.2
HE) 1 3% OFLEEfE (mmol) 8.8 11.0
ST 6 3t OFMEME (mmol) 9.6 11.4
UNRTYRIv> T (R))
PeHbIRERE] (sec) 0.161 0.146
22l (sec) 0.496 0.503
B (cm) 30.2 31.0
RJ #5% (m/sec) 1.874 2.125

W S8 7 —1%, 300 deg/sec iZ E 1T % fiE
TZELTRTUTB LT, 2010 FEHIERFIC
HWETHH- 2, i, 9oL hELELAY
— F® 60 deg/sec R i)y (68.1 Nm vs.
83.0 Nm) & X OMfi/g /)1 (157.3 Nm vs.
180.0 Nm) 23 < eo T/, KEMYKD
D PR FE AT — 1%, 1ZEAEBNAS
Nzhot (11.7 w/kg vs. 11.2 w/kg). Y
N Y RFP vy 7T, 2010 FEERERICE
W CEEHBIRE R 23 A S 4, 2R RS O 2
CEIEDBERITE S o T (30.2

cm vs. 31.0 cm), ZDFER, YNV RFY
v 73, 1.874 m/sech 5 2.125
m/sec ~NEEZ L7z,

Q— b FEik
WG g R (HALFHRERY: - 7
7= AT FNA =)
F—FBfOEFEZNRELcavy T4 v a
V7Y AR— ML, PR23FEL DAY — b
L7720, HEBETOYR— MR 2346
Hic74 (K144, B134) 2HEL %
I OARTHS., F/, FRELIK— M iE
FIITRTHED 6 HiE 2 1Z U D mK 1 4R
EDARVBWNRTH L. Z2DRDHIZ, HENK
AR — PR OBEMMEICEHL L 2 b D X D g,
R IENEE o TS,
A, Y FR—-FNE
avyg4va vy R—rELT, UT

DIHHZHE L 7.
- JEREEHI, B & R IRERRSE ST — 8 X
O FLIRAH

HEEHE, Fhdo s X —FE & AkETH
5.
- 7 - BT HRI RSN E
HEEHE, Fhdo s X —FE L FAETH
5.
- B 11
HWEEHEZ, HRoRE Lgth L Ak TH 5.
- MIEEIEFE ST — B X OB
HWEEHEZ, HRoRE LEth L Ak TH 5.
B UNL & i
HERHL )L 2 X — & & H W 72 & 7 A
M X D BE L2, EB G, o 15
W DG I Y S & 7. e KB SR IE L
=%, WEIRAUEHEEE (aero monitor, T
FEEFHY AE300-S) % M v T 30 B o
mixing chanber (2 & ) FERA 2 % 4347 L
B L7, ZoBfEIE, Wk - 958, ik
Mk &AL RANELTHVS
Nn<Tns3,
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B, & — b5l

R— b (v 7V AAN) ITBWTIE,
BT % G 2 18T H 5 IR KB
HEDOBEAIH R 7 5 —= v A FICIZHAET
b5, SEEIZEIT 3 NRE DR KBFEE
B O (kRENYEDY) BB FEHET50.1
ml/kg/min (43.7 ~54.7), &{7340.6
ml/kg/min (37.6 ~45.7) TH-o7., ZDfH
i, FERDOA v & — A PaEL )LD
FBEATAETZ2 by 7LV sET L KT
2L, FREFERERBETH S, HiAL X
IS, NREREVSEEDLL PL—=v T
BAY—F LI ED, ZOMHEELTHIT
L5, INFETOHE LS E, 2000 m v
— A V7Y AL ERKBERBIGEO -,
FHOEOMHBBERENEO SN TWwE I Ens
b, R— MBI 22H5FHATTOLTEE L
HTdhs., HEHRMEELTIE, BFT65
ml/kg/min, % T 55 ml/kg/min TdH % &%
Z6N5, 5%I1F, FHANOMEICEREE
Wiz L=V T OREENa T4 a =
Y R—FIDHSLICRSTVRD, S
DIBRERH I DFsE L b T, FRATIDE
BERBEL T DR H 57259,

VF4vam vy R—rDBlRE
|

FHHBA R —VEE - BHE A — 1+ b 34 H
Mz, GEEDPSAREE Ko7, avT
4 a vy R—MCBL T, AR¥pE

U

b, AZX—, F=1FZ2XWRELTED, &
B R B K VRS & ol b AR I Y
Y7 LTED, FilhkEbZwEEZION
5, I R—FrZ2ELT, f@HICLS
TR RIS KL TE TV 3 5iEL H 5,
Ko h 2 —EificBwaid, ¥ —MNEFD
o, RERSERFEZIHENT S ETICL
Teo T3, 5%, HEE L oMz L) —
JgZIic L, PL—=v 5t ar T4y a
VT OMBICHEM Y R — 2Rk L T
A2 EPRETHD LKL S, £/, Y FR—
FOSEOMEE L TIE, LIOETE R
ICY R —FTE 200 END 2, B
B2k ->TiE, WHEEOMEIC XD, X
SETHPOHNI B d Ay, MWy R
— LW EDD S, TORICBIL T,
et A D 5 1A 1 i f& 1 2 BRI - 73
R— RG22 HERS T 20035 57259,
IO BAMEE L TIE, R¥EMICE T 3 HiHE
Th D, BlAIE, BickoTE, avig
SazZvg, R7F—<VA, bL—=v
PR — b OHELREPERL G5B H D, 2
Dy, BRIV HEEE L, w0 Lokt
L, @MYy —rNTELZLITRTS
ZEDBRETHL, Z LT, KN EHER
VAR — MEFIHEEEGRT IABL, 5
IiE, HARE L L CEBWICIGRTE %%
TFOERTHSL. 5, I6HH2TE—1LD
A E&->TW»E s,
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BE RER#EHEERNOBLE - BEYR—MEE)

N7+ —VAYFR—1F L
FL—=v 7Y —bMICPHT 5HE

ST
(AALTFHEAY)
PR-FHEONAFLLT, RHLTOBR  HETH2.

BRF—=YDINELINTICE B T7 =2V R
JE-—PLEOEHEELTDI L=V YR
—FD2ODH AP EITOT VS, TICZ
NENONRIZOVTHMZRE T 2. &8,
AP, B bk FOrERE - PE T 2 5
L, RREFIChD BEEF, FHalAlkE
e (DT« satkEl) A —F
L, @K1 - 24FEE2PMETFEE 2T
TWwhZwi, ke, HEHloy R — FH3E
DWNREFT, HAD by 7Y 2 = 7 HitH
ELTOEENZE S OETRICOWTIE, HA
B Lol (DUF © HARERE) b ZE S
Y2 =7 BRI O &R GFNE L 1wk
L0z, A OFEZITo., EEIH -
7HeE, HARBHEB(ELEESY 2 =7 HK
HOHFELZEHLEL THAELIEZHL AR
7=,

1. 74—V A¥HE—HFIZONVT
N7 =<V AYHR—=1 &L THHT B
57— DINEIE, WEEFVSINT 2
BOXBIIE T AN RA T RFELIAA, BT
DEE R LIS L . WL g%,
yHtY 7 & (Dart Fish Team- Pro) % #]
LTHT. - ftER T\, BEEL X OmE
23l U CRES ICHA S SRt 2 175 7.
nE, BESICBLTIE, BTERLOREE
EDREEPIERDOZINTE D L) I D %,
TR, TN F THREGEDORNR & o 7o

O 2009 1 BN RFiRS
- RS R EGE TS
HuX P2
(FS = WA Hl e E B A b siEss)
6HI19H (®)~22H (H)

CHARY =7 - - AR
(F% = IR/ INHEE B 20 [ o b ik 55)
I0H16H (#)~18H (H)

O20104Ff BN RFiRe
- RS b R EGE T RS
Hb[X gt
(> = YRS B A FPE L)
6H18H ()~21H (H)

- BREEF RO ERE RS
Oy = Pl IR ET B mihess)
7TH29H (K)~8H2H (H)

- EIRGE RS
Oy = TEERE B Bwihess)

I0OH1H (#)~5H (K)

NPT N
(f = iR A EB) A FEPE L)
10H30H (+)~31H (H)

XEREE RSO, 2012 FEEIRFE D
I FL B, 2013 4R EI AR O U H 2 5 &
L7 (BELgiEios, AN 2ETE
WCHUAE, DEEMGE, DEA, DEB LWV
X4y 2 e EifH M 2372 ST v
%), BELFEEmEREERNOE 7Y v 7

P PR

P PSR
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2m0¢%ﬁ%%¥ﬁ%ﬁ¢ﬁk§ RSP JOEY R — P OTSUET
X1 3Bt 7 b (Dart Fish Team-Pro) 12X > THIT. - fifk I n7-Wug

Tz,
O2011 4FJE BNt

- EE SRR RGBT RS B
K&

(fr : TEERAAR—Y ¥ —bE L
£45)

6HI17H (#)~20H (H)

- REEELEREHRE RS

(7% - AP R LR A EB N ERE EEiE)
8H3H (K)~7H (H)

- EREERS

(7%« I AT B A sl N B BE Lisibe )
I0H7H (&)~11H (k)

BB, MLLWRERNIM 1O XI5 % b
DTHY, PL—=v I R— Bk E%R
HBMUT, EFEANDT7 4 — Ny 7 &fTo7%,

2. AMHELTDLIL—=V I ERE—b
==V 79 R—FrELTDOENIZ,
FUEHEMELTWRHEEICOWTEAND v
Ta—FomhEST, FEELED3H4H
DHRETIT-o 7. &8, OEOWIRIE H AR
MWL RB A Y 2 = 7 ERGO JHfific kb,

HADY 2 =7 b v 7TBEDT ) WHEST &
F—WiHic, FA—HES5THEMLTES L9
WCHLEE L 72, Zuk, FUERTHR 2L
Ko7V 7 3INLEF LA THE TS L
kD, IEIEAMD>OOEHKESITEEX
LZbDTHD, B, MBERGIZOWTI,
HABESHD JEEIC X D, WoFEF> a i
FL—=vJ vy —fELN —=v %
FHZETCWERE W, 4, HEconT
AR TUX Y RPEEFIHL, #e, YBI
DVTEHFITAVEFHTSLIEE L. %
7z, BEIZELTEX, HEL Y Y Ey 7 £EH
ZDOIMEE WL E, BN RYTIER
{, TAU—=FrELY YA I I¥AL =T
ZAHAIETVEL VR, BERBRICOWT
X, B3RS EVRRE, Py 77 AY—LFLE
M, FRHZ EBICTHIET, I5%5H)
o tun—LEeFTLERSERER, HS
BELTH5IDTHS, £/, HED
BRiciy, HARBEMEBIEEESY 2 = 7 T
HRPHFOELD R TN EZEEE L T 579,
HHECLHEADLDE IR L, O OmH
TOREE it In Tl BT L Tw
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£1 FPL—=VIYFR—bEMHOT V7 — MR

2010 4EFE 2011 4
I HE - #EICOWT Ql HHARICOWT, EIROETR? 4.42 4.36
Q2 MEOBEMFICOWT, EIBBET,? 4.33 4.55
Q3 ¥ 7>y —Toiiiikl:, EH)TLE»? 4.67 4.36
I #EIz2WT Q1 FEAFBICOWT, EFRBETH? 4.67 4.73
Q2 WEEBCOWT, EHRuETH? 5.00 4.91
Q3 a—FOIEE - FHNIE, EHTLAEMR? 4.92 5.00
M. fF&Ic>nT Ql AlliFfE=ET L 2D, EITLED? 4.75 4.64
Q2 WREOLXIE, EHTLED? 4.75 4.64
Q3 PuEREFETEE LD ? 4.83 4.64
Q4 WEDEIF, EHTLEL? 3.83 4.00
Q5 HWEDEIE, EITLAEN? 4.17 4.36
Q6 HEDEF, EIHTLEL? 3.83 3.91
Q7 YEDREEE, EIHTLEL? 3.50 3.73

KM TIERICR Doy, TR o7y, Ty, ThFEh R Aoy, TR Aoty LB L, TIEFICEDL

o) ZS5RAVMELTHEMLZ,

5,

RRiZ, 2010 FFELRE I HAREE i o b 1
HWHHEFOAEELELZD, HEAO My 7
P EMEBREZECICT S I ENTE .
ZOBE, ¥ o= T7TERERRICHRY 2 =7
EPME R & — IR IS T 2 I RLE T HEH
AREZFRRL BT S, TH#oY 2=
TEPE HBIESTHTEL LI, £
LS HD, SEallEETciEEzsnx
W) BB AEZ TS ENTEL, BB,
HEEDT 72V T AL F =L LTI
Ha—F1F, Tilo#) Th .

(2009 4E )
TR (HBERY  HRAEBTFHAERE, 7
7 REHARNRE)

HHEA (ENAR—=YREL Yy — ik
Bk HASGEER R, i H AR ER)
R (7L —=—Y v v HARETHE
ANE#H)

(2010 4EE)

HHEA (ENAR—=Y Ry Y — ik
Bk HASGLER R, Jo i HARRZR)
FHEZ Girzr—<—Y vy HAET

IN-ED)
JNEE R (£v5u—¥: HARTEAEE,

2011 4Eph 7 & 7T ME HARRER)

T/, KAEWOBICIE, St & g Hl
AR AR e B A A & HRE
ZIREL T2 &, WEEFOAEEITO
REEFDEXD, RAfEa—F 230 EL,
ARHEEOKEE TH 2 HEH AR — Y LF
MR L v 7 & DR & %2 BRI AT
o7, FRZ, 2009 FEEDOETEICIE, SRk
iR ch o B FIK, I 5ITKN
e CRRERD), TILRER (b Z 2 5H)
DK HBIZZoN I 2N LTEE
7o\,

RBIC, KREFICHIZ->TIX, BINL &
Fle7 vy = 2FEML, GENEL L,
KON MBIE LTE, 207 v —
FERDP S, RDX )R EEHTE3
(F1ZH), &k, BB, 2009 G 12
%, 2010 114 THh D, /2, HEiL
EHICR o7, TR»-o 7, Md,, 5
FOR oty "B o7, OHE
BEGH & L, TIEMICR o7, #5684 ¥ b
ELTHERIL 7.

M, HAR - e icowTy, ML #HiE 2w,
T, TRTAEA Y FEERD, THEE
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B, % Ta—FoiEE - FiH, ic20v T,
FRICE>TIESRA v M 2EHL, JERIC
ORI ZZ 1 CTwb, —J THL fEa&ico
W, T, THROE,, TYROHELE) O
HTIX3HRA Y PABHEBELTED, MER
brrkIircEzZ6NG, WHELLTHAELT
WABRRTIIE, EPRARYENRELE
TNTHY, AXR—=—VEFOLEEMEL 2
FTFNTIER VD, 0k BiEEBEL
EEZoNDL, BoFEFrra il —=
Y7 v —DTAY—bEL Y PEFAHT
ZIUIMEZL VA, TAY—FEL v P OF]
JAR G F > a F L ROLDEF R ICHEE
INTWED, FIHTERro%, KEMHE
Tl, TE2HPTREDNIEZEZEZ TW»L
MENH D b, 7, 3SFA VA
DI Z T -EBIZ, HTTIEH B, &
EINTOVLHMICH D T EIFMHERTE .

BEFDOHEBRICDOVT)

2009 FFE DO AFE TIEAREY R — BT 3
N, RERFEBHE T4 CTHEN A R — v Bl
vy —fRETH L ERRFR» S, K
BIUCB T 2 AN FHOGERZZT>Tw»
VAR Y

2010 FEED AFE IR I 1, HHEBA R —
YV SACEZEM D S50 & OKEET, R
A b (TSMI) BEMS N, EF~D7 4 —F

Ny 7 pMThigz,

2009 4EFE, 20104EJ2 & b, RGETFICH
L<itbnTwdaryyFssa=y 4 R—
Foarybue—nL5 A bEFRDELZHIERS
RizonT, WEHHOHNWE & HITARED
ERERFTEI L D 7 4 — o8y 7 L LG
o TV,

3. SHROTVELHRS

2011 EED P L —= v I R—F ELTD
A1E1, 201241 A 6 H~ 9 H oWk <%
TEFETHS. AHEOEMICH->T, ¥
B D THE R W T B HARRE# & H AR
TV vy 7EEEIC, EHTIRETH S,
2010 FFEEENE, BBl M O PR ATE & A
FEOML—= v 7R — 25, HEMICE
B ahl, IHICMERERZLTH D
FEDE G LR B, Zhud, HntBER &
A EDEDOY R — FHEANDHHDE D,
¥ 7o, BORPER & AR AE & O BIfR, X
SICIEARFELZFETA> TV ARY L DR
7Y, BARYT 2EEDIER IC S IGIc b B 7
&, BGL 2ol ki, fHkE L
DaveryYRAEIDMERZLDICL, HW
DT LMD 5. ZNOBRESH
WicmsZ i, TAR—YRHEE 2013, O
B TFETE2HDEEZ S,



64

BE RER#EHEERNOBLE - BEYR—MEE)

I - B — L IRCE T B
R -

I #7
(HAZ B RY)

1. K#EYF— oA

RV R — M E, Y REEIN O B
RRFICHMIE 2L, BEIGEPHBRER
WO ELZIET I E2HME L, K21 4
JEX Dk L CEMTTH B, R — MR
MCEEME» s ==X %2 TV 7L, %
g, MOREREL 7 PS4 A, |
WIS S E2fTo T3, AR—V5E
DHELHEDIIE S TV BARENT 2D X
v R R, BEER S S E R
ZH, EELFHARYEE X OHAREERED A
5y 7 RHFHEA R — Y LT HER D H Y4
L oY R—F2HEEL TWw 5,

2. REYFR—FONE

BRI T AREY R — ML, KETL
ARV PR CGREZRE L, K&y 7T
HZVELTYHER—bE2EET S VLI RN
TITV, FEMRIEEHIIZ 1T 9. KET & R X
v, BREHE, AR - Ao,
Kizgdl, B, SHEOHEE R & DR
o, KEREZRAWICHM T2 ETH
5. BREHE & A - A ERE S X OERIR
PRI HEHDEMT 52X T4 AN F 2y
DiERZLEAEIETHL», BHHEE LV
IHE AT LAY R — ML E DT 5.
T AR MERIZREAECKEHREZD
WA ZRETT 270U, FESRIME
HWNZ7? FANA ZZEH L T7 4 —F Ny 7 L
Twb, hx—, 924 )7 740 kE

D D DR TIZAE 2 [ B FHFE %
L CTEML TWwa2s, 1EHE 2[0HED
FEEPURIE D22 e L, SR E TR AE
PHRBERREPEEINLDLE S DRI L
7223, RELZAADHEDONIEFLE
D, REGHMOBEEGEZEREL, RKEOZ L
HEZTHERND X ETFBHML 7.
BHEIZ7 4 — PNy 79 3 F—12 X 58%#
HEOMKTTH 5.

3. REERVEHIN - DIERL

REI R - Z2EHWT2cH7D, 2009
FICHBEH OB EREFZ R E L THRE
fRIEZCR TNutritiony 2 fERE U 72, SRR
BPLHMNB DRERA ~ P ZERICE &0,
BRI 2 BHelkaL 2 €Y 2 7L T4
LT3, FHEAA R =Y LFEH D F
— 45— (http://www.tef.or.jp/sports-
science/books/) kH ¥ vu—KFTE 5 L
I o7z,

4. PR FH

B 22 R\ K — b OHEF & L T20%
THNT 5.

(1) VAV ¥ ZicB 3 250550 $ip] (8

HCIENERSE DY)

L2Y Y VEHERDS BETIEA T4 AN
F = v 7 T T — & I S RIEIE, PG
WA EORERHROD o T, WTDERET
TR L 722, ARA SRS b SIS »
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K I -

WY, HEHD XA T4 ANF =y 7Y
78 —ICH#HE L, P77 —XbRERED
7 x=holl-d, BEIEZEL,
LR FoORER 2R L 72, JIsE Y L
TV RHES L mE L, BEARNeaERS
HRAZICOWTIRE 2 fTo %2, MIRT—F D E
=Z V) v B IOKEREEMEFTHD,
Py -l e 7+ru—7v 7% L
TWw3,

(2) DA bV 75 4 Y ICBT Bk

DAL

TIA MY T T4 TDOEEED S IXAE2
D REFHHE L@ 7 FNA 2 ZERIES Nk,
MO HEHEZFEM L5, HHEF
DEH L 2L ¥ —1% 1,714 keal & KT H
D, hORBERENRL PRV ALL TS
REETH -7, 200, EBFRHETOE
HHICRT B, EITEDE G EOERFHALR
ZIBE T, B 7S 2T 328000
M, avEoPRA—S—DEH L &% B
RIICIRE L2 & 25, BRFICHT 2EHD
RELWEL, 2HHOBHFEOHEDL S

flsl SR 2 f g st

R REB AR L 8GEE S e 2 L o3
AN, LR RD, BRI HP T
L=V IDEFICEETE 2 L ) Ice o7z,

PEDX)mdR—bickb, EREDM#E
FOBIHT 2EHREHOLDATERL, &
BHE2LESY, BRiFhary 74> avoff
Frcon P aoic, 5% S5 L oMl
BITORPOREY R—FZEEL TWEL
v,
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PR 22 A LS

I Z5&ICBId %980
O 84 BEE RS
Tk 2244 A 28 H
Fade FHIH
1, FRR 22 SFE G IS D W T
2. HEWEEDBEHNITOWT
O% 85 BiEERE
V2245 H 17 H
s I
1. FREFRE OBMIZ DWW T
O%E 86 BEERE
2248 H27H
Witk HIH
1. 21 RIRBHE 7 + —7 L1220 T
O% 87 MEERE
Pk 22411 HTH
e FHIH
1. PR 23 FEHEAHEIC DV T
2. FEEEEIIFEIT O NFIZDWT
3. Zofh
O%E 88 MEERE
Sk 22412 H20 H
s HIH
1. P23 FEFRICOWT
2. kIS —RfEIZONT
3. P23 FFEFHHMTE B O SEICDOWT
4, Zofth
O% 89 BEERE
PR 2343 H8H
s S IH
1. PR 23 FEFHEGHIRIC DV T
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2. FEMEEHOHTIZOWT
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