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Description
BACKGROUND OF THE INVENTION
(i) Field of the Invention

[0001] This invention relates to muscle fatigue meas-
uring equipment for estimating the fatigue status of a
muscle.

(ii) Description of the Related Art

[0002] It is important for athletes, rehabilitants and
others to know the fatigue statues of their muscles so
as to build their muscular strengths.

[0003] An equipment for estimating the fatigue status
of a muscle is disclosed by US 5 349 963 A1.

[0004] Forinformation, the relationship between mus-
cle fatigue and passage of time is represented by a
graph shown in Fig. 8, for example. During training,
muscle fatigue accumulates and increases (muscular
strength lowers) as time elapses, as can be seen in an
accumulation period. This occurs due to a breakage of
a muscle caused by use of the muscle. Then, after the
training, the muscle fatigue lowers (muscular strength
recovers) as time elapses, as can be seen in a normal
recovery period. This occurs due to physiological resto-
ration of the muscle. Then, as can be seen in a super
recovery period, the muscle fatigue continuously lowers
as time elapses, and after it becomes slightly lower than
pre-training muscle fatigue (muscular strength im-
proves), it restores to the pre-training muscle fatigue.
This occurs since the muscular strength improves once
by a defense mechanism for adapting to a load given
during the training but restores to original muscular
strength for adapting to life strength.

[0005] Based on the relationship between muscle fa-
tigue and passage of time as shown in Fig. 8, trainees
(athletes, rehabilitants and others) have relied on sub-
jective estimations to know what their current muscle fa-
tigue statuses are, i.e., whether their muscle fatigues
are in accumulation, in recovery or other statuses.
[0006] Inother words, trainees (athletes, rehabilitants
and others) have not been able to know what their cur-
rent muscle fatigue statuses are, objectively and easily.

SUMMARY OF THE INVENTION

[0007] Thus, an object of the present invention is to
solve the above conventional problems and provide
muscle fatigue measuring equipment by which one can
know a muscle fatigue status objectively and easily.
[0008] To achieve the above object, the muscle fa-
tigue measuring equipment of the present invention
comprises:

myoelectric change acquiring means,
extracellular fluid change acquiring means, and
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muscle fatigue status determining means,

wherein the myoelectric change acquiring means
acquires a myoelectric change of a living body,
the extracellular fluid change acquiring means ac-
quires a change in extracellular fluid of the living
body, and

the muscle fatigue status determining means deter-
mines a muscle fatigue status from the myoelectric
change acquired in the myoelectric change acquir-
ing means and the change in extracellular fluid ac-
quired in the extracellular fluid change acquiring
means in accordance with criteria for determining a
muscle fatigue status based on a myoelectric
change and a change in extracellular fluid.

[0009] Further, the myoelectric change acquiring
means preferably comprises:

myoelectric potential measuring means,

first storage means, and

myoelectric change computing means,

the myoelectric potential measuring means meas-
ures a myoelectric potential occurring along with the
movement of a muscle of a living body so as to de-
termine a myoelectric value, the first storage means
stores an arithmetic expression for determining a
myoelectric change and a myoelectric value at a
base time, and

the myoelectric change computing means com-
putes a myoelectric change by substituting the myo-
electric value determined by the myoelectric poten-
tial measuring means and the myoelectric value
stored in the first storage means into the arithmetic
expression stored in the first storage means, and
the extracellular fluid change acquiring means com-
prises:

biological impedance measuring means,
second storage means, and

extracellular fluid change computing means,
the biological impedance measuring means
provides an alternating current to a living body
and measures a voltage caused by a biological
impedance so as to determine an extracellular
fluid,

the second storage means stores an arithmetic
expression for determining a change in extra-
cellular fluid and an extracellular fluid at a base
time, and

the extracellular fluid change computing means
computes a change in extracellular fluid by sub-
stituting the extracellular fluid determined by
the biological impedance measuring means
and the extracellular fluid stored in the second
storage means into the arithmetic expression
stored in the second storage means.

[0010] Further, the muscle fatigue measuring equip-
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ment of the present invention has measuring electrodes
serving both as communication ports to detect the myo-
electric potential in the myoelectric potential measuring
means and as communication ports to detect the volt-
age caused by the biological impedance in the biological
impedance measuring means and which also has a
switching device that switches a signal of the myoelec-
tric potential from the measuring electrodes and a signal
of the voltage caused by the biological impedance from
one to another.

[0011] Further, the muscle fatigue status determining
means determines a muscle fatigue status by a series
of procedural steps, i.e., comparing a myoelectric
change acquired by the myoelectric change acquiring
means with a reference value for determining whether
the myoelectric change is a myoelectric change at a nor-
mal time or not so as to determine the presence or ab-
sence of muscle fatigue as the muscle fatigue status,
comparing a change in extracellular fluid acquired by the
extracellular fluid change acquiring means with a refer-
ence value for determining whether the change in ex-
tracellular fluid is a change in extracellular fluid at a nor-
mal time or not so as to determine the equilibrium state
of the muscle fatigue as the muscle fatigue status, and
comparing the change in extracellular fluid acquired by
the extracellular fluid change acquiring means with a ref-
erence value for determining whether the change in ex-
tracellular fluid is larger or smaller than the change in
extracellular fluid acquired last time so as to determine
the progress of the muscle fatigue as the muscle fatigue
status.

[0012] Further, the extracellular fluid is the ratio of an
extracellular fluid to intracellular and extracellular fluids.
[0013] Further, the extracellular fluid is an interstitial
fluid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a block diagram showing a functional con-
stitution of muscle fatigue measuring equipment.
Fig. 2 is an oblique perspective view of the appear-
ance of the muscle fatigue measuring equipment.
Fig. 3 is a block diagram showing a specific consti-
tution of the muscle fatigue measuring equipment.
Fig. 4 is a flowchart showing flows of operating pro-
cedures and operations of the muscle fatigue meas-
uring equipment.

Fig. 5 is a subroutine flowchart showing steps in
computation of a change in extracellular fluid.

Fig. 6 is a subroutine flowchart showing steps in
computation of a myoelectric change.

Fig. 7 is a subroutine flowchart showing steps in de-
termination of a muscle fatigue status.

Fig. 8is a graph illustrating the relationship between
muscle fatigue and passage of time.
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[0015] Reference numeral 1 denotes extracellular flu-
id change acquiring means; 2 denotes myoelectric
change acquiring means; 3 denotes muscle fatigue sta-
tus determining means; 4 denotes switches; 4a denotes
setting switches; 4b denotes individual start switches;
4c denotes a start switch intended solely for measure-
ment of a body weight; 5 denotes a thermometer; 6 de-
notes a weighing platform; 7 denotes a weight sensor;
8 and 17 denote an amplifier; 9 and 21 denote an A/D
converter; 10 denotes body weight computing means;
11 denotes body weight measuring means; 12 denotes
constant voltage (sine wave alternating current) gener-
ator; 13 and 18 denote a BPF (Band Pass Filter); 14
denotes a V/I converter; 15 denotes current-carrying
electrodes; 16 denotes measuring electrodes; 19 de-
notes an LPF (Low Pass Filter); 20 denotes a switching
device; 22 denotes percent body fat computing means;
23 denotes extracellular fluid computing means; 24 de-
notes myoelectric value computing means; 25 denotes
myoelectric change computing means; 26 denotes ex-
tracellular fluid change computing means; 27 denotes a
microcomputer; 28 denotes a display; 29 denotes bio-
logical impedance measuring means; 30 myoelectric
potential measuring means; 31 denotes first storage
means; 32 denotes second storage means; 33 denotes
a ROM; and 34 denotes an EEPROM.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
[0017] Firstly, the constitution of muscle fatigue meas-
uring equipment according to the present invention will
be described with reference to Fig. 1 which is a block
diagram showing a functional constitution of the equip-
ment, Fig. 2 which is an oblique perspective view of the
appearance of the equipment, and Fig. 3 which is a spe-
cific constitution of the equipment.

[0018] The muscle fatigue measuring equipment of
the present invention comprises, as shown in Fig. 1, ex-
tracellular fluid change acquiring means 1, myoelectric
change acquiring means 2, and muscle fatigue status
determining means 3. The muscle fatigue measuring
equipment comprising these means are constituted by
specific sections as shown in Figs. 2 and 3.

[0019] Switches 4 shown in Fig. 3 comprise setting
switches 4a, individual start switches 4b and a start
switch 4c intended solely for measurement of a body
weight all of which are shown in Fig. 2. A thermometer
5 is disposed on a weighing platform 6 so as to make
contact with the back of a foot, detects the body temper-
ature of a living body and outputs the detected body tem-
perature to percent body fat computing means 22 and
extracellular fluid computing means 23 which will be
both described later. A microcomputer 27 comprises a
known CPU, a ROM 33 and a control unit and performs
a variety of computations, data savings and controls to
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be described later. A display 28 displays a variety of re-
sults to be described later and the statuses of inputs by
the switches 4.

[0020] Body weight measuring means 11 comprises
a weighing platform 6, a weight sensor 7, an amplifier
8, an A/D converter 9, body weight computing means
10 and other units found in a known scale and measures
a body weight. As in a known percent body fat meter,
the percent body fat computing means 22 computes a
percent body fat from a voltage caused by a biological
impedance when a specific frequency (e.g., 50 kHz) out
of a number of frequencies is measured in biological im-
pedance measuring means 29 to be described later. At
this point, based on the body temperature of a living
body outputted from the foregoing thermometer 5, cor-
rection computation of a voltage caused by a biological
impedance varying according to changes in the body
temperature of the living body is also performed.
[0021] The myoelectric change acquiring means 2 ac-
quires a myoelectric change of a living body. The myo-
electric change acquiring means 2 comprises myoelec-
tric potential measuring means 30 for measuring a myo-
electric potential occurring along with the movement of
a muscle of a living body so as to determine a myoelec-
tric value, first storage means 31 for storing an arithme-
tic expression for determining a myoelectric change and
a myoelectric value at a normal time (base time), and
myoelectric change computing means 25 for computing
a myoelectric change by substituting the myoelectric
value determined by the myoelectric potential measur-
ing means 30 and the myoelectric value stored in the
first storage means 31 into the arithmetic expression
stored in the first storage means 31.

[0022] The myoelectric potential measuring means
30 comprises measuring electrodes 16, an amplifier 17,
an LPF (Low Pass Filter) 19, a switching device 20, an
A/D converter 21 and myoelectric value computing
means 24. The measuring electrodes 16 serve as com-
munication ports to detect a voltage caused by the ex-
pansion and contraction of a muscle. The amplifier 17
amplifies the voltage detected by the measuring elec-
trodes 16. The LPF 19 allows only a low frequency com-
ponent of the voltage amplified by the amplifier 17 to
pass therethrough. The A/D converter 21 digitizes the
low frequency component which has passed through
the LPF 19 and sends the digitized voltage to the myo-
electric value computing means 24. The myoelectric val-
ue computing means 24 computes a myoelectric value
v in a known manner from the digitized voltage received
from the A/D converter 21. The switching device 20
switches between the LPF 19 and a BPF 18 to be de-
scribed later.

[0023] The first storage means 31 comprises the
ROM 33 incorporated in the microcomputer 27 and an
EEPROM 34 provided outside the microcomputer 27.
The ROM 33 stores an arithmetic expression (Av = v -
vAvg) for determining a myoelectric change Av in ad-
vance. The EEPROM 34 stores a myoelectric value at
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a normal time (base time) vAvg.

[0024] The myoelectric change computing means 25
computes the myoelectric change Av by substituting the
myoelectric value v computed by the myoelectric value
computing means 24 and the myoelectric value vAvg
stored in the EEPROM 34 into the arithmetic expression
(Av = v - vAvg) stored in the ROM 33.

[0025] The extracellularfluid change acquiring means
1 acquires a change in extracellular fluid of a living body.
The extracellular fluid refers to an extracellular fluid it-
self, the ratio of an extracellular fluid to intracellular and
extracellular fluids or others associated with the extra-
cellular fluid (the same holds true in the following de-
scriptions unless otherwise stated). The extracellular
fluid change acquiring means 1 comprises biological im-
pedance measuring means 29 for determining an extra-
cellular fluid by providing alternating currents of different
frequencies to a living body and measuring a voltage
caused by a biological impedance at each of the fre-
quencies, second storage means 32 for storing an arith-
metic expression for determining a change in extracel-
lular fluid and an extracellular fluid at a normal time
(base time), and extracellular fluid change computing
means 26 for computing a change in extracellular fluid
by substituting the extracellular fluid determined by the
biological impedance measuring means 29 and the ex-
tracellular fluid stored in the second storage means 32
into the arithmetic expression stored in the second stor-
age means 32.

[0026] The biological impedance measuring means
29 comprises a constant voltage (sine wave alternating
current) generator 12, a BPF (Band Pass Filter) 13, a V/
| converter 14, current-carrying electrodes 15, measur-
ing electrodes 16, an amplifier 17, a BPF (Band Pass
Filter) 18, a switching device 20, an A/D converter 21
and extracellular fluid computing means 23. The con-
stant voltage (sine wave alternating current) generator
12 generates constant voltages of different frequencies
(such as 5kHz, 50 kHz and 500 kHz). The BPF 13 allows
only the frequency components of the constant voltages
generated from the constant voltage (sine wave alter-
nating current) generator 12 to pass therethrough. The
V/l converter 14 converts the constant voltages received
from the BPF 13 to constant currents and outputs the
constant currents to the current-carrying electrodes 15.
The current-carrying electrodes 15 serve as communi-
cation ports to pass the constant currents outputted from
the V/I converter 14 through a living body. The measur-
ing electrodes 16 serve as communication ports to de-
tect voltages caused by biological impedances. The am-
plifier 17 amplifies the voltages detected by the meas-
uring electrodes 16. The BPF 18 allows only specific fre-
quency components (5 kHz, 50 kHz and 500 kHz) of the
voltages amplified by the amplifier 17 to pass there-
through. The A/D converter 21 digitizes the voltages
which have passed through the BPF 18 and outputs the
digitized voltages to the extracellular fluid computing
means 23. The extracellular fluid computing means 23
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calculates an intracellular fluid Ri and an extracellular
fluid (extracellular fluid itself) Re from the digitized volt-
ages (voltages at different frequencies) received from
the A/D converter 21 based on the known Cole-Cole cir-
cular arc law and further calculates the ratio e of the ex-
tracellular fluid (extracellular fluid itself) to the intracel-
lular and extracellular fluids based on an arithmetic ex-
pression (e = Re/ (Ri + Re)) . Further, at this point, the
extracellular fluid computing means 23 also performs
correction computations of voltages caused by biologi-
cal impedances varying according to changes in the
body temperature of the living body based on the body
temperature of a living body outputted from the ther-
mometer 5. The switching device 20 switches between
the LPF 19 and the BPF 18. The biological impedance
measuring means 29 and the myoelectric potential
measuring means 30 share the measuring electrodes
16, the amplifier 17, the switching device 20 and the A/
D converter 21.

[0027] The second storage means 32 comprises the
ROM 33 incorporated in the microcomputer 27 and the
EEPROM 34 provided outside the microcomputer 27.
The second storage means 32 shares the ROM 33 and
the EEPROM 34 with the myoelectric change acquiring
means 2. The ROM 33 stores an arithmetic expression
(Ae = e - eAvg) for determining a change in extracellular
fluid Ae in advance. The EEPROM 34 stores an extra-
cellular fluid at a normal time (base time) eAvg.

[0028] The extracellular fluid change computing
means 26 computes a change in extracellular fluid Ae
by substituting the extracellular fluid e computed by the
extracellular fluid computing means 23 and the extra-
cellular fluid eAvg stored in the EEPROM 34 into the
arithmetic expression (Ae = e - eAvg) stored in the ROM
33.

[0029] The muscle fatigue status determining means
3 determines muscle fatigue from the myoelectric
change acquired by the myoelectric change acquiring
means 2 and the change in extracellular fluid acquired
by the extracellular fluid change acquiring means 1 in
accordance with criteria for determining muscle fatigue
based on a myoelectric change and a change in extra-
cellular fluid.

[0030] More specifically, the muscle fatigue status de-
termining means 3 determines a muscle fatigue status
by a series of operations indicated by STEP D1 to STEP
D7 of a subroutine flowchart for determining muscle fa-
tigue in Fig. 7. That is, the muscle fatigue status deter-
mining means 3 determines the muscle fatigue status
by a series of operations, i.e., comparing a myoelectric
change Av acquired by the myoelectric change acquir-
ing means 2 with a reference value for determining
whether the myoelectric change is a myoelectric change
at a normal time or not so as to determine the presence
or absence of muscle fatigue as the muscle fatigue sta-
tus, comparing a change in extracellular fluid Ae ac-
quired by the extracellular fluid change acquiring means
1 with a reference value for determining whether the
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change in extracellular fluid is a change in extracellular
fluid at a normal time or not so as to determine the equi-
librium state of the muscle fatigue as the muscle fatigue
status, and comparing the change in extracellular fluid
Ae acquired by the extracellular fluid change acquiring
means 1 with a reference value for determining whether
the change in extracellular fluid Ae is larger or smaller
than the change in extracellular fluid Ae acquired the
last time so as to determine the progress of the muscle
fatigue as the muscle fatigue status.

[0031] Next, the operating procedures and operations
of the muscle fatigue measuring equipment according
to the present invention will be described with reference
to a flowchart illustrating flows of operating procedures
and operations in Fig. 4.

[0032] Firstly, when individual data including physical
characteristics of a subject (living body) to be measured
is inputted by operating a known device (such as a body
fat meter equipped with a scale) by means of the setting
switches 4a, the individual data is allocated to an indi-
vidual start switch 4b in a known manner (STEP S1).
[0033] Then, the subject to be measured presses the
individual start switch 4b and stands on the weighing
platform 6 (in such a manner that the backs of his feet
make contact with the current-carrying electrodes 15,
measuring electrodes 16 and thermometer 5) upon
which his weight is measured by the body weight meas-
uring means 11 in a known manner (STEP S2).

[0034] Subsequently, voltages caused by the biolog-
ical impedances of the subject at a plurality of frequen-
cies are measured by the biological impedance meas-
uring means 29 so as to determine an extracellular fluid
(STEP S3).

[0035] More specifically, at the press of the individual
start switch 4b, the switching device 20 is switched to
the BPF 18 side. Then, firstly, a constant voltage of 5
kHz is generated from the constant voltage (sine wave
alternating current) generator 12 under the control of the
microcomputer 27. Then, only the constant voltage of 5
kHz is allowed to pass through the BPF 13 by the BPF
13. Then, the constant voltage is converted to a constant
current by the V/I converter 14, and the constant current
is outputted to the current-carrying electrodes 15. Then,
the constant current is passed through the subject from
the current-carrying electrodes 15, and a voltage
caused by the biological impedance of the subject at that
time is detected by the measuring electrodes 16. Then,
the detected voltage is amplified by the amplifier 17.
Then, the BPF 18 allows only a 5 kHz component of the
voltage to pass therethrough. Then, the voltage is digi-
tized by the A/D converter 21 and taken in the micro-
computer 27. Thereafter, likewise, constant voltages of
50 kHz and 500 kHz are generated from the constant
voltage (sine wave alternating current) generator 12 un-
der the control of the microcomputer 27, and voltages
caused by biological impedances at that time are taken
in the microcomputer 27. Then, an output produced by
the body temperature of the living body from the ther-
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mometer 5 is taken in the microcomputer 27. Then, in
the extracellular fluid computing means 23, an extracel-
lular fluid (extracellular fluid itself) Re and an intracellu-
lar fluid Ri are computed from the voltages of 5, 50 and
500 kHz which have been taken in the microcomputer
27 above based on the known Cole-Cole circular arc
law. Then, according to the output produced by the body
temperature of the living body, the extracellular fluid (ex-
tracellular fluid itself) Re and the intracellular fluid Ri are
corrected. Further, the ratio e of the extracellular fluid
(extracellular fluid itself) to the intracellular and extracel-
lular fluids is calculated based on the arithmetic expres-
sion (e = Re/(Ri + Re)).

[0036] Subsequently, in the percent body fat comput-
ing means 22, a percent body fat is computed from the
voltage of 50 kHz which has been taken in the micro-
computer 27 as in a known body fat meter (STEP S4).
[0037] Thereafter, in the extracellular fluid change
computing means 26, a change in extracellular fluid Ae
is computed by use of the calculated ratio e of the ex-
tracellular fluid (extracellular fluid itself) to the intracel-
lular and extracellular fluids (STEP S5).

[0038] More specifically, steps as shown in a subrou-
tine flowchart of computation of a change in extracellular
fluid in Fig. 5 are carried out. Firstly, the extracellular
fluid at a normal time (base time) eAvg which is stored
in the EEPROM 34 and the number of measurements n
counted by the same individual start switch 4b as used
in the above measurement are taken in (STEP T1).
Then, the extracellular fluid at a normal time (base time)
eAvg and the ratio e of the extracellular fluid (extracel-
lular fluid itself) to the intracellular and extracellular flu-
ids are substituted into the arithmetic expression Ae = e
- eAvg so as to calculate a change in extracellular fluid
Ae, and the change in extracellular fluid Ae is stored in
the EEPROM 34 (STEP T2). Then, the extracellular fluid
at a normal time (base time) eAvg, the ratio e of the ex-
tracellular fluid (extracellular fluid itself) to the intracel-
lular and extracellular fluids and the number of meas-
urements n are substituted into an arithmetic expression
eAvg = (eAvg x n + e)/(n + 1), and the newly calculated
eAvg is stored in the EEPROM 34. Thus, at that time,
the original eAvg is updated (STEP T3) . Upon comple-
tion of STEPS T1 to T3, the subroutine is completed.
[0039] Then, a myoelectric potential is measured by
the myoelectric potential measuring means 30 so as to
determine a myoelectric value v (STEP S6).

[0040] More specifically, the switching device is
switched to the LPF 19 side. Then, firstly, a voltage
(myoelectric potential) occurring along with the move-
ment of a muscle of the living body is detected by the
measuring electrodes 16. Then, the detected voltage is
amplified by the amplifier 17. Then, the LPF 19 allows
only a low frequency component of the voltage to pass
therethrough. Then, the voltage is digitized by the A/D
converter 21 and then taken in the microcomputer 27.
Then, in the myoelectric value computing means 24, the
low frequency voltage taken in the microcomputer 27 is
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squared. Then, after the procedure starting with detec-
tion of the voltage by the measuring electrodes 16 and
ended with squaring the voltage by the myoelectric val-
ue computing means 24 is repeated over e certain time
period, the squared myoelectric potentials are averaged
so as to determine a myoelectric value v in the myoe-
lectric value computing means 24.

[0041] Subsequently, in the myoelectric change com-
puting means 25, a myoelectric change Av is calculated
by use of the myoelectric value v calculated in the myo-
electric value computing means 24 (STEP S7).

[0042] More specifically, steps as shown in a subrou-
tine flowchart of computation of a myoelectric change in
Fig. 6 are carried out. Firstly, the myoelectric value at a
normal time (base time) vAvg which is stored in the EEP-
ROM 34 istakenin (STEP U1). Then, based on the myo-
electric value vAvg and the myoelectric value v calcu-
lated in the myoelectric value computing means 24, a
myoelectric change Av is calculated from the expression
Av =v - vAvg and then stored in the EEPROM 34 (STEP
U2). Then, based on the myoelectric value v calculated
in the myoelectric value computing means 24, the myo-
electric average value vAvg taken in in STEP U1 and
the number of measurements n taken in in STEP T1, a
new myoelectric average value vAvg is calculated from
an expression VAvg = (vVAvg x n + v)/(n + 1) and stored
in the EEPROM 34. At that time, the original vAvg is up-
dated (STEP U3). Then, the number of measurements
n by the individual start switch 4b which has been taken
inin STEP T1 is incremented by 1 based on an expres-
sion n =n + 1, and the new number of measurements n
is stored in the EEPROM. At that time, the original n is
updated (STEP U4). Upon completion of the above
STEPS U1 to U4, the subroutine is completed.

[0043] Subsequently, in the muscle fatigue status de-
termining means 3, based on the change in extracellular
fluid Ae calculated in STEP T3 and the myoelectric
change Av calculated in STEP U2, a muscle fatigue sta-
tus is determined (STEP S8).

[0044] More specifically, steps as shown in a subrou-
tine flowchart of determination of a muscle fatigue status
in Fig. 7 are carried out. Firstly, the myoelectric change
Av stored in the EEPROM 34 and the reference value
for a myoelectric change which is programmed in the
ROM 33 are compared with each other so as to deter-
mine whether they satisfy a relationship "myoelectric
change Av < reference value for myoelectric change"
(STEP D1). If the relationship "myoelectric change Av <
reference value for myoelectric change" is not satisfied
(NO in STEP D1), the muscle fatigue status of the sub-
ject is determined as "no fatigue" (STEP D4), and the
subroutine is terminated.

[0045] Ifthe relationship "myoelectric change Av <ref-
erence value for myoelectric change" is satisfied (YES
in STEP D1), it is determined whether a relationship
"change in extracellular fluid Ae > reference value for
change in extracellular fluid" is satisfied (STEP D2). If
the relationship "change in extracellular fluid Ae > refer-
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ence value for change in extracellular fluid" is not satis-
fied (NO in STEP D2), the muscle fatigue status of the
subject is determined as "fatigue in equilibrium" (STEP
D5), and the subroutine is terminated.

[0046] If the relationship "change in extracellular fluid
Ae > reference value for change in extracellular fluid" is
satisfied (YES in STEP D2), it is determined whether a
relationship "present change in extracellular fluid Ae <
last change in extracellular fluid Ae" is satisfied (STEP
D3). If the relationship "present change in extracellular
fluid Ae < last change in extracellular fluid Ae" is not sat-
isfied (NO in STEP D3), the muscle fatigue status of the
subject is determined as "fatigue in accumulation"
(STEP D6), and the subroutine is terminated.

[0047] If the relationship "present change in extracel-
lular fluid Ae < last change in extracellular fluid Ae" is
satisfied (YES in STEP D3), the muscle fatigue status
of the subject is determined as "fatigue in recovery”
(STEP D7), and the subroutine is terminated.

[0048] Then, the status "no fatigue" determined in
STEP D4, "fatigue in equilibrium" determined in STEP
D5, "fatigue in accumulation" determined in STEP D6 or
"fatigue in recovery" determined in STEP D7 is dis-
played on the display 28 (STEP S9), whereby a series
of procedural steps are completed.

[0049] As described above, the muscle fatigue meas-
uring equipment of the present invention acquires a
myoelectric change of a living body in the myoelectric
change acquiring means 2 by measuring a myoelectric
potential occurring along with the movement of a muscle
of the living body by the myoelectric potential measuring
means 30 so as to determine a myoelectric value, stor-
ing an arithmetic expression for determining a myoelec-
tric change and a myoelectric value at a normal time
(base time) in the first storage means 31, and substitut-
ing the myoelectric value measured by the myoelectric
potential measuring means 30 and the myoelectric val-
ue at a normal time (base time) which is stored in the
first storage means 31 into the arithmetic expression
stored in the first storage means 31 so as to compute
the myoelectric change in the myoelectric change com-
puting means 25.

[0050] Meanwhile, a change in extracellular fluid of
the living body is acquired in the extracellular fluid
change acquiring means 1 by providing alternating cur-
rents of different frequencies to the living body and
measuring voltages caused by biological impedances
at the different frequencies by the biological impedance
measuring means 29 so as to determine an extracellular
fluid, storing an arithmetic expression for determining a
change in extracellular fluid and an extracellular fluid at
a base time in the second storage means 32, and sub-
stituting the extracellular fluid measured by the biologi-
cal impedance measuring means 29 and the extracel-
lular fluid at a normal time (base time) which is stored
in the second storage means 32 into the arithmetic ex-
pression stored in the second storage means 32 so as
to compute the change in extracellular fluid in the extra-
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cellular fluid change computing means 26.

[0051] Then, in the muscle fatigue status determining
means 3, a muscle fatigue status is determined by a se-
ries of operations, i.e., comparing the myoelectric
change acquired by the myoelectric change acquiring
means 2 with a reference value for determining whether
the myoelectric change is a myoelectric change at a nor-
mal time or not so as to determine the presence or ab-
sence of muscle fatigue as the muscle fatigue status,
comparing the change in extracellular fluid acquired by
the extracellular fluid change acquiring means 1 with a
reference value for determining whether the change in
extracellular fluid is a change in extracellular fluid at a
normal time or not so as to determine the equilibrium
state of the muscle fatigue as the muscle fatigue status,
and then comparing the change in extracellular fluid ac-
quired by the extracellular fluid change acquiring means
1 with a reference value for determining whether the
change in extracellular fluid is larger or smaller than the
change in extracellular fluid acquired last time so as to
determine the progress of the muscle fatigue as the
muscle fatigue status.

[0052] Thereby, the subject (living body) can know
what his current muscle fatigue status is, i.e., whether
his muscle fatigue is in equilibrium, in accumulation or
in recovery, objectively and easily.

[0053] Further, the measuring electrodes 16 are used
both as communication ports to detect a myoelectric po-
tential in the myoelectric potential measuring means 30
and as communication ports to detect voltages caused
by biological impedances in the biological impedance
measuring means 29. A signal of a myoelectric potential
from the measuring electrodes 16 and a signal of a volt-
age caused by a biological impedance are switched
from one to another by the switching device. Thereby,
measurements can be made by an inexpensive config-
uration.

[0054] In the foregoing embodiment, the myoelectric
change acquiring means 2 and the extracellular fluid
change acquiring means 1 acquire a myoelectric
change and a change in extracellular fluid through
measurements. Alternatively, these means may acquire
the data through inputting by means of switches.
[0055] Further, in the biological impedance measur-
ing means 29, voltages caused by biological impedanc-
es of a subject at a plurality of frequencies are measured
so as to determine an extracellular fluid. Alternatively, it
is also possible that a voltage caused by a biological
impedance of a subject is separated into a voltage
caused by a resistance component and a voltage
caused by a reactance component and an extracellular
fluid is determined from the relationship between the
voltage caused by the resistance component and the
voltage caused by the reactance component.

[0056] Further, in the extracellular fluid change ac-
quiring means 1, an extracellular fluid is determined in
the biological impedance measuring means 29, a
change in extracellular fluid is determined in the extra-
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cellular fluid change computing means 23, and in the
muscle fatigue status determining means 3, a muscle
fatigue status is determined based on the change in ex-
tracellular fluid. Alternatively, it is also possible that in
the extracellular fluid change acquiring means 1, an in-
terstitial fluid constituting a portion of an extracellular flu-
id is determined in the biological impedance measuring
means 29, a change in interstitial fluid is determined in
the extracellular fluid change computing means 26, and
a muscle fatigue status is determined based on the
change in interstitial fluid in the muscle fatigue status
determining means 3. By determining a muscle fatigue
status based on a change in interstitial fluid which is
strongly related to muscle fatigue out of changes in ex-
tracellular fluid, the degree of reliability of determination
is increased.

[0057] Further, in the myoelectric potential measuring
means, a myoelectric value v is determined by squaring
a myoelectric potential. Alternatively, it is also possible
that a value which quantitatively represents the move-
ment of a muscle is determined based on ARV (Average
Rectified Value)/MPF (Mean Power Frequency) and a
myoelectric potential. ARV is a value representing data
on the amplitude of a myoelectric value, and MPF is a
value representing data on the frequency of the myoe-
lectric value.

[0058] As described above, the muscle fatigue meas-
uring equipment of the present invention determines a
muscle fatigue status by the muscle fatigue status de-
termining means based on a myoelectric change and a
change in extracellular fluid which are acquired by the
myoelectric change acquiring means and the extracel-
lular fluid change acquiring means. Thus, a subject to
be measured can know his muscle fatigue status objec-
tively and easily.

[0059] Further, the myoelectric change acquiring
means acquires a myoelectric change through meas-
urements involving the myoelectric potential measuring
means, the first storage means and the myoelectric
change computing means, and the extracellular fluid
change acquiring means acquires a change in extracel-
lular fluid through measurements involving the biologi-
cal impedance measuring means, the second storage
means and the extracellular fluid change computing
means. Thus, a subject to be measured can know his
muscle fatigue status easily.

[0060] Further, the same measuring electrodes are
used both as communication ports to detect a myoelec-
tric potential and as communication ports to detect volt-
ages caused by biological impedances, and a signal of
a myoelectric potential from the measuring electrodes
and a signal of a voltage caused by a biological imped-
ance are switched from one to another by the switching
device. Thereby, measurements can be made by an in-
expensive configuration.

[0061] Further, the muscle fatigue status determining
means determines a muscle fatigue status by a series
of procedural steps including determination of the pres-
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ence or absence of muscle fatigue, determination of the
equilibrium state of muscle fatigue and determination of
the progress of muscle fatigue. Thus, a subject to be
measured can know his muscle fatigue status objective-
ly, clearly and easily.

Claims
1. Muscle fatigue measuring equipment comprising:

myoelectric change acquiring means,
extracellular fluid change acquiring means, and
muscle fatigue status determining means,
wherein the myoelectric change acquiring
means acquires a myoelectric change of a liv-
ing body,

the extracellular fluid change acquiring means
acquires a change in extracellular fluid of the
living body, and

the muscle fatigue status determining means
determines a muscle fatigue status from the
myoelectric change acquired in the myoelectric
change acquiring means and the change in ex-
tracellular fluid acquired in the extracellular flu-
id change acquiring means in accordance with
criteria for determining a muscle fatigue status
based on a myoelectric change and a change
in extracellular fluid.

2. The equipment of claim 1, wherein the myoelectric
change acquiring means comprises:

myoelectric potential measuring means,

first storage means, and

myoelectric change computing means,

the myoelectric potential measuring means
measures a myoelectric potential occurring
along with the movement of a muscle of a living
body so as to determine a myoelectric value,
the first storage means stores an arithmetic ex-
pression for determining a myoelectric change
and a myoelectric value at a base time, and
the myoelectric change computing means com-
putes a myoelectric change by substituting the
myoelectric value determined by the myoelec-
tric potential measuring means and the myoe-
lectric value stored in the first storage means
into the arithmetic expression stored in the first
storage means, and

the extracellular fluid change acquiring means
comprises:

biological impedance measuring means,
second storage means, and

extracellular fluid change computing
means,

the biological impedance measuring
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means provides an alternating current to a
living body and measures a voltage caused
by a biological impedance so as to deter-
mine an extracellular fluid,

the second storage means stores an arith-
metic expression for determining a change
in extracellular fluid and an extracellular
fluid at a base time, and

the extracellular fluid change computing
means computes a change in extracellular
fluid by substituting the extracellular fluid
determined by the biological impedance
measuring means and the extracellular flu-
id stored in the second storage means into
the arithmetic expression stored in the sec-
ond storage means.

The equipment of claim 2, which has measuring
electrodes serving both as communication ports to
detect the myoelectric potential in the myoelectric
potential measuring means and as communication
ports to detect the voltage caused by the biological
impedance in the biological impedance measuring
means and which also has a switching device that
switches a signal of the myoelectric potential from
the measuring electrodes and a signal of the volt-
age caused by the biological impedance from one
to another.

The equipment of any one of claims 1 to 3, wherein
the muscle fatigue status determining means deter-
mines a muscle fatigue status by a series of proce-
dural steps, i.e., comparing a myoelectric change
acquired by the myoelectric change acquiring
means with a reference value for determining
whether the myoelectric change is a myoelectric
change at a normal time or not so as to determine
the presence or absence of muscle fatigue as the
muscle fatigue status, comparing a change in ex-
tracellular fluid acquired by the extracellular fluid
change acquiring means with a reference value for
determining whether the change in extracellular flu-
id is a change in extracellular fluid at a normal time
or not so as to determine the equilibrium state of the
muscle fatigue as the muscle fatigue status, and
comparing the change in extracellular fluid acquired
by the extracellular fluid change acquiring means
with a reference value for determining whether the
change in extracellular fluid is larger or smaller than
the change in extracellular fluid acquired last time
so as to determine the progress of the muscle fa-
tigue as the muscle fatigue status.

The equipment of any one of claims 1 to 4, wherein
the extracellular fluid is the ratio of an extracellular

fluid to intracellular and extracellular fluids.

The equipment of any one of claims 1 to 4, wherein
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the extracellular fluid is an interstitial fluid.

Patentanspriiche

Einrichtung zur Messung der muskularen Erschdp-
fung bzw. Ermiidung, umfassend:

Mittel zum Erhalten einer myoelektrischen An-
derung,

Mittel zum Erhalten einer Anderung eines ex-
trazellularen Fluids, und

Mittel zum Bestimmen eines muskularen Ermui-
dungsstatus,

wobei die Mittel zum Erhalten einer myoelektri-
schen Anderung eine myoelektrische Anderung ei-
nes lebenden Korpers erhalten,

die Mittel zum Erhalten einer Anderung eines extra-
zellularen Fluids eine Anderung in einem extrazel-
lularen Fluid des lebenden Kérpers erhalten, und
die Mittel zum Bestimmen des Status der muskula-
ren Ermidung einen Status einer muskularen Er-
miidung aus der myoelektrischen Anderung, die in
den Mitteln zum Erhalten einer myoelektrischen An-
derung erhalten sind, und der Anderung in dem ex-
trazellularen Fluid, die in den Mitteln zum Erhalten
einer Anderung des extrazelluldren Fluids erhalten
sind, in Ubereinstimmung mit Kriterien zum Bestim-
men eines Muskelermiidungsstatus basierend auf
einer myoelektrischen Anderung und einer Ande-
rung in extrazelluldrem Fluid bestimmen.

Einrichtung nach Anspruch 1, wobei die Mittel zum
Erhalten einer myoelektrischen Anderung umfas-
sen:

Mittel zum Messen des myoelektrischen Poten-
tials,

erste Speichermittel, und

Berechnungsmittel einer myoelektrischen An-
derung,

wobei die Mittel zum Messen des myoelektrischen
Potentials ein myoelektrisches Potential messen,
das gemeinsam mit der Bewegung eines Muskels
eines lebenden Kérpers auftritt, um einen myoelek-
trischen Wert zu bestimmen,

die ersten Speichermittel einen arithmetischen
Ausdruck fiir ein Bestimmen einer myoelektrischen
Anderung und eines myoelektrischen Werts zu ei-
ner Basiszeit speichern, und

die Berechnungsmittel einer myoelektrischen An-
derung eine myoelektrische Anderung berechnen
durch ein Substituieren bzw. Ersetzen des myo-
elektrischen Werts, der durch die Mittel zum Mes-
sen des myoelektrischen Potentials bestimmt wird,
und des myoelektrischen Werts, der in den ersten
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Speichermitteln gespeichert ist, in den arithmeti-
schen Ausdruck, der in den ersten Speichermitteln
gespeichert ist, und

die Mittel zum Erhalten einer Anderung eines extra-
zellularen Fluids umfassen:

Mittel zum Messen einer biologischen Impe-
danz,

zweite Speichermittel, und

Mittel zum Berechnen einer Anderung eines
extrazellularen Fluids,

wobei die Mittel zum Messen der biologischen Im-
pedanz einen Wechselstrom zu einem lebenden
Korper zur Verfligung stellen und eine Spannung
messen, die durch eine biologische Impedanz be-
wirkt wird, um ein extrazellulares Fluid zu bestim-
men,

die zweiten Speichermittel einen arithmetischen
Ausdrucks fiir ein Bestimmen einer Anderung im
extrazellularen Fluid und einem extrazelluldren
Fluid zu einer Basiszeit speichern, und

die Mittel zum Berechnen einer Anderung des ex-
trazelluléren Fluids eine Anderung im extrazellula-
ren Fluid berechnen durch ein Substituieren bzw.
Ersetzen des extrazellularen Fluids, das durch die
Mittel zum Messen der biologischen Impedanz be-
stimmt ist, und des extrazelluldren Fluids, das in
den zweiten Speichermitteln gespeichert ist, in den
arithmetischen Ausdruck, der in den zweiten Spei-
chermitteln gespeichert ist.

Einrichtung nach Anspruch 2, welche MefRelektro-
den aufweist, die sowohl als Verbindungsanschlus-
se zum Detektieren des myoelektrischen Potentials
in den Mitteln zum Messen des myoelektrischen
Potentials als auch als Verbindungsanschliisse
zum Detektieren der Spannung dienen, die durch
die biologische Impedanz in den Mitteln zum Mes-
sen der biologischen Impedanz bewirkt wird, und
welche auch eine Schaltvorrichtung umfassen, wel-
che ein Signal des myoelektrischen Potentials von
den MeRelektroden und ein Signal der Spannung,
das durch die biologische Impedanz bewirkt ist, von
einem zum anderen umschaltet.

Einrichtung nach einem der Anspriiche 1 bis 3, wo-
bei die Bestimmungsmittel fiir den muskuléren Er-
muidungszustand einen Muskelermidungszustand
durch eine Serie von Verfahrensschritten bestim-
men, d.h. Vergleichen einer myoelektrischen Ande-
rung, die durch die Mittel zum Erhalten der myo-
elektrischen Anderung erhalten sind, mit einem Be-
zugswert zum Bestimmen, ob die myoelektrische
Anderung eine myoelektrische Anderung zu einer
normalen Zeit ist oder nicht, um die Anwesenheit
oder Abwesenheit von Muskelermiidung als den
Muskelermiidungszustand zu bestimmen, Verglei-
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chen einer Anderung in extrazellularem Fluid, die
durch die Mittel zum Erhalten der Anderung des ex-
trazellularen Fluids erhalten ist, mit einem Bezugs-
wert zum Bestimmen, ob die Anderung im extrazel-
luldren Fluid eine Anderung in extrazellularem Fluid
zu einer Normalzeit ist oder nicht, um den Gleich-
gewichtszustand der muskuldren Ermidung als
den muskuldren Ermidungszustand zu bestim-
men, und Vergleichen der Anderung in extrazellu-
larem Fluid, die durch die Mittel zum Erhalten einer
Anderung des extrazelluldren Fluids erhalten ist,
mit einem Bezugswert, um zu bestimmen, ob die
Anderung im extrazellularen Fluid gréRer oder klei-
ner als die Anderung in extrazellularem Fluid ist, die
das letzte Mal erhalten wurde, um den Fortschritt
der muskuléren Ermiidung als den muskuléren Er-
midungszustand zu bestimmen.

Einrichtung nach einem der Anspriiche 1 bis 4, wo-
bei das extrazellulare Fluid das Verhaltnis an extra-
zellularem Fluid zu intrazellularem und extrazellu-
larem Fluid ist.

Einrichtung nach einem der Anspriiche 1 bis 4, wo-
bei das extrazellulare ein interstitielles Fluid ist.

Revendications

Dispositif de mesure de la fatigue musculaire
comprenant :

des moyens d'enregistrement d'une modifica-
tion myoélectrique,

des moyens de détection d'une modification de
fluide extracellulaire, et

des moyens de détermination de I'état de fati-
gue musculaire,

dans lequel les moyens de détection d'une modifi-
cation myoélectrique enregistrent une modification
myoélectrique d'un corps vivant,

des moyens de détection d'un fluide extracellulaire
détectent une modification du fluide extracellulaire
du corps vivant, et

des moyens de détermination de I'état de fatigue
musculaire déterminent un état de fatigue muscu-
laire a partir de la variation myoélectrique enregis-
trée dans les moyens de détection de la modifica-
tion myoélectrique, et la modification du fluide ex-
tracellulaire détectée dans les moyens de détection
de la maodification du fluide extracellulaire confor-
mément a des critéres servant a déterminer un état
de fatigue musculaire sur la base d'une modification
myoélectrique et d'une modification dans le fluide
extracellulaire.

Dispositif selon la revendication 1, dans lequel les
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moyens de détection de la modification myoélectri-
que comprennent :

des moyens de mesure du potentiel myoélec-
trique,

des premiers moyens de mémoire, et

des moyens de calcul d'une modification myoé-
lectrique,

les moyens de mesure du potentiel myoélectri-
que mesurent un potentiel myoélectrique appa-
raissant conjointement avec le déplacement
d'un muscle d'un corps vivant afin de détermi-
ner une valeur myoélectrique, les premiers
moyens de mémoire mémorisent une expres-
sion arithmétique pour déterminer une modifi-
cation myoélectrique et une valeur myoélectri-
que a un instant de base, et

les moyens de calcul de la modification myoé-
lectrique calculent une modification myoélectri-
que par substitution d'une valeur myoélectrique
déterminée par les moyens de mesure du po-
tentiel myoélectrique et de la valeur myoélec-
trique mémorisée dans les premiers moyens de
mémoire dans l'expression arithmétique mé-
morisée dans les premiers moyens de mémoi-
re, et

des moyens de détection d'une modification de
fluide extracellulaire comprennent :

des moyens de mesure d'une impédance
biologique,

des seconds moyens de mémoire, et

des moyens de calcul d'une modification
de fluide extracellulaire,

les moyens de mesure d'impédance biolo-
gique délivrent un courant alternatif a un
corps vivant et mesurent une tension pro-
voquée par une impédance biologique de
maniére a déterminer un fluide extracellu-
laire,

les seconds moyens de mémoire mémori-
sent une expression arithmétique pour dé-
terminer une modification dans le fluide ex-
tracellulaire et un fluide extracellulaire a un
instant de base et

les moyens de calcul d'une modification du
fluide extracellulaire calculent une modifi-
cation dans le fluide extracellulaire en
substituant le fluide extracellulaire détermi-
né par les moyens de mesure d'impédance
biologique et le fluide extracellulaire mé-
morisé dans les seconds moyens de mé-
moire dans I'expression arithmétique mé-
morisée dans les seconds moyens de mé-
moire.

3. Dispositif selon la revendication 2, qui comporte

des électrodes de mesure utilisées a la fois comme
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ports de communication pour détecter le potentiel
myoélectrique dans les moyens de mesure du po-
tentiel myoélectrique, et en tant que ports de com-
munication pour détecter la tension produite par
I'impédance biologique dans les moyens de mesure
de l'impédance biologique et qui possede égale-
ment un dispositif de commutation qui réalise une
commutation entre un signal du potentiel myoélec-
trique a partir des électrodes de mesure et un signal
de la tension provoqué par l'impédance biologique,
et ce de I'un a l'autre.

Dispositif selon I'une quelconque des revendica-
tions 1 a 3, dans lequel les moyens de détermina-
tion de I'état de fatigue musculaire déterminent un
état de fatigue musculaire au moyen d'une série
d'étapes de procédure, c'est-a-dire la comparaison
d'une modification myoélectrique détectée par les
moyens de détection d'une modification myoélec-
trique, a une valeur de référence pour déterminer
si la modification myoélectrique est une modifica-
tion myoélectrique a un instant normal ou non afin
d'éliminer la présence ou l'absence de la fatigue
musculaire en tant qu'état de fatigue musculaire,
comparer une modification du fluide extracellulaire
détectée par les moyens de détection d'une modi-
fication du fluide extracellulaire a une valeur de ré-
férence pour déterminer si la modification du fluide
extracellulaire est une modification du fluide extra-
cellulaire a un instant normal ou non afin de déter-
miner |'état d'équilibre de la fatigue musculaire en
tant qu'état de fatigue musculaire, et comparer la
modification du fluide extracellulaire détectée par
les moyens de détection d'une modification du flui-
de extracellulaire a une valeur de référence pour
déterminer si la modification du fluide extracellulai-
re est supérieure ou inférieure a la modification du
fluide extracellulaire acquise la derniére fois de ma-
niére a déterminer la progression de la fatigue mus-
culaire en tant qu'état de fatigue musculaire.

Dispositif selon I'une quelconque des revendica-
tions 1 a 4, dans lequel le fluide extracellulaire est
le rapport d'un fluide extracellulaire a des fluides in-
tracellulaire et extracellulaire.

Dispositif selon I'une quelconque des revendica-
tions 1 a 4, dans lequel le fluide extracellulaire est
un fluide interstitiel.
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