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MEASURING DEVICE AND METHOD FOR INDICATING LEVEL OF FATIGUE

The invention relates to a measuring device for indicating level of fatigue, the

measuring device comprising a cuff, where two electrodes, an anode and a cath-
ode, and a power generator are provided to form pulses for the electrodes. Fur-
ther, the invention relates to a method where said measuring device is used for
indicating level of fatigue. |

Prior art

During physical exercise the level of fatigue of the neuromuscular system, experi-
enced by an individual, varies. In order for the exercising to be effective, it is go.od
to know what kind of physical stress the individual's neuromuscular system or a
part of it was subjected to during the exercise. In addition to the level of fatigue, it
is good to know about the recovery of the individual after the exercise perfor-
mance carried out by the individual, whether it concerns a top-ranking athlete or
an exerciser. If the individual does not recover after an exercise, he/;he may end
to a condition of so called overtraining due to excessive training‘.:" This may 'Iea‘d' to
a forced rest for weeks or up to several months. Especially, in regard to top-
ranking athletes, overtraining due to exercising is very undesirable.

rThe' individual's own subjective sensation of exertion and recovery thereafter has

been found to be insufficient.

There are different measuring arréngements for measuring the state of fitness of
an exercising individual. Aerobic fitness, i.e. the fitness related to heart, lungs and
blood circulation, describes the amount of oxygen pumped and carried to the
muscles by the heart, and the ability of the muscles to utilize the received oxygen.
Aerobic fitness is especially related to endurance sports.

A heart rate monitor and its heart rate analyses may be used for measuring aero-
bic fitness. With a heart rate analysis the effect of several body events on the
heart rate, controlled by the autonomic nervous system, is measured. Control of
the autonomic nervous system may be disturbed through hard exercising or men-
tal stress. The serious overstraining state, caused by exercising, is indicated in
the autonomic nervous system also at rest.
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Stress and overtraining are often shown with delay in the autonomic nervous sys-
tem, and that's why exercising may have been too stressing for a longer time be-
fore one comes aware of the situation. Thereby, amending measures may be
time-consuming.

One way of measuring an individual's fitness and recovery is to take blood sam-
ples often enough in connection with the exercises or after them. However, this
way of measuring is difficult to be utilized. Moreover, measurements made from
blood are complicated and expensive for an ordinary exerciser.

Recovery can be measured with extensive blood samples, where for example lac-
tate and creatine kinase are measured. Lactate is a product of glucose metabo-
lism, which is produced in the muscles especially as a result of anaerobic muscu-
lar activity. Creatine kinase is a common enzyme in muscle cells.

When a muscle is damaged because of exercising or for another reason, creatine
kinase is released from muscle cells to blood. The larger the damage the more
the measured value measured with a blood sample increases. In the same way, if
an unexercised individual suddenly uses his/her muscles'vehemently, soreness of
the muscles related to it and a slight damage of a muscle mcreases the measured
value of creatine kinase.

To optimize the end result of exercising the exercising individual needs to find the
right proportion between exercising and recovering from it. In this way, fatigue ahd
muscular damages due to hard exercising are prevented. Depending on the diffi-
culty level of the exercise the exercising individual needs on an average from two
days to two weeks to recover from a stressing exercise.

A change of an athlete's performance caused by such an exercise and recovery
from it, as a result of which the performance is momentarily above the normal lev- .
el, is called supercompensation. Thus, with a well-timed new exercise an ascend-
ing progress is accomplished in the training individual's performance.

The performed exercise and recovery from the exercise, in practice rest, play an
important role in the supercompensation phenomenon. Exercising too early or too
severely before recovering after the previous exercise leads to overtraining. |
order to achieve supercompensation, the exercising |nd|vsdual needs to opt|m|ze
his/her exercises such that the recovery time after the previous exercnse is not too
long or too short.
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A nerve can be stimulated electrically with surface electrodes or needle elec-
trodes. A stimulation stream travels from the positive electrode (anode) to.the
negative electrode (cathode). A negative charge formed close to the cathode
causes depolarization and action potential of nerve fibres, which proceeds both in
distal and proximal directions. In the area of the anode, correspondingly, a hy-
perpolarization takes place, which may weaken the nerve impulse proceeding in
direction of the anode.

The H-reflex (Hoffmann's reflex) is a monosynaptic reflex that is produced when
stimulating electrically the sensory nerve cells, triggered by the afferent nerve im-
pulses coming to the spinal cord along the sensory nerves. By measuring the H-
reflex, the whole reflex arc can be examined, which includes in addition to periph-
eral nerve fibres also a sensory dorsal root, the spinal cord and a motor anterior
root. Because in measuring the H-reflex an external electrical stimulus is used,
thereby the effect and activity of the sensory receptors of the muscle spindle and
the other muscles are disregarded. Changes in measurement results indicate
changes of sensitivity in the whole reflex arc. M-wave is a direct response of a
muscle to stimulation of a motor nerve, i.e. a direct response from axon of alpha
motor neuron. ' |

A hand includes. the median nerve that effects the innervation of the thumb, the
forefinger, the middle finger and the middle finger side part of the ring finger. The
median nerve is on the palm side at the wrist.

The publication US 7499764 discloses an automatically fuhétion’ing muscle stimu-
lation system. This includes electrodes that give electric signals to the muscle,
and a sensor that measures the size and speed of the movement of the muécle.

-The system according to the publication is self-adapted according to the results

measured by the sensor. The publication discloses an embodiment where the Sys-
tem monitors the muscular exertion during the stimulation of the muscles by fol-
lowing the transition in the fusion frequency. The fusion frequency is measured
before the stimulation of the muscles and it is repeated during the stimulation pro-
gramme. When the fusion frequency has fallen to a certain part of the original
value, the muscle has achieved some level of exertion. The fusion frequency is
obtained, when the time T between the stimulation signals of the stimulation de-
vice is shortened, until the sensor does not detect a mechanical response of the
muscle. This distance of the signals is the cycle time T of the fusion- frequency.
The fusion frequency is proportional to the exertion level of the stimulated muscle.
Thus, in the publication, the electric stimulation is regulated'u‘htil no measurable
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reaction can be obtained from the muscle. This can be very unpleasant for a
strained muscle. ‘ S

Publication US 2010/0069796 discloses a method, where it is monitored, whether
a functional stimulation of muscles (FES, Functional Electrical Stimulation)-i.e. a
method, where it is strived to make the muscles to contract and relax on a func-
tional level, has caused overstraining of muscles. In the method, equivalent elec-
trical impulses are sent to the muscle and observed whether the response of the
muscle is similar to each impulse. If the response is decreased, i.e. the muscle
isn't able to react to the same signal as intensively as before, the muscle is con-
sidered to be strained. Also here, the muscle is being strained in order to find out
whether it is strained. '

Summary

The object of the invention is a solution, by which the disadvantages and draw-
backs of the prior art can be diminished. Particularly, the object of the invention is
a solution by means of which the level of fatigue of physical exercising and the
recovery level after training could be determined with an electrical measuring de-
vice quickly and reliably without straining the muscle or without need to use
measuring electrodes.’

The objects according to the invention are achieved through a device and a meth-
od, characterized in what is disclosed in the independent claims. Some preferred
embodiments of the invention are disclosed in the dependent claims.

Inventors have discovered that generation of an H-reflex is proportional to the to-
tal level of fatigue which has been caused by exercising or other use of the mus-
cular system. An electrical stimulus, i.e. the size of the electrical impulse that cre-
ates the H-reflex, and the time from the stimulus in question to detecting the H-
reflex, change along with the change of the level of fatigue. Thus, by means of
these, the level of fatigue can be evaluated. Along with growing of the level of fa-
tigue, also the intensity of the current needed for developing the H-reflex grows.
Also said time difference has been found to grow along with the growing of the
level of fatigue. Time difference is also used to recognize the H-reflex, i.e. to dis-
tinguish it.from local M-waves and other movements detected by the accelerome-
ter, such as for example so called long Ianténcy waves.
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The main idea of the invention is to send gradually strengthening electric stimula-
tion impulses to the median nerve at the wrist. Thereby, an action potential
caused on some level of the stimulation signal proceeds along the sensory nerve
to the spinal cord, from where the nerve impulse (Hoffmann's reflex) returns via
the alpha motor neuron pool along a motor nerve to the abductor pollicis brevis
muscle and causes the movement of the muscle. This movement, i.e. the H-reflex,
is detected with an accelerometer that is connected to the device sending electric
stimulation impulses. The intensity of the stimulus or impulse and the time from
the stimulus to the motoric response is saved, and by means of these the level of
fatigue is evaluated. '

In a measuring device according to an embodiment of the invention, for indicating
the level of fatigue there is a cuff with two electrodes, anode and cathode, and a
current generator to provide impulses for the electrodes. A cuff is a part to be
wrapped or placed in another way, for example, by slipping, around the wrist. Ac-
cording to a preferred embodiment of the invention, the cuff |s provided in a way
that it can be placed onto the wrist such that at least one of the electrodes is oh,
the volar side of the hand at the point of the median nerve, and the measuring
device further comprises an accelerometer, that is provided to produce a signal
when the accelerometer detects a movement. The measuring device further com-
prises a control arrangement, which is provided for controlling the current genera-
tor to produce impulses, so that the intensity of the impulses grows proportionally

~ to time, and to monitor the signal of the accelerometer. Moreover, the control ar-

rangement is provided to stop the production of impulses, when the signal created
by the accelerometer is detected, and to save the intensity value of at least the
latest impulse and the time AT, which is the difference between the points of time
of the signal produced by the accelerometer and said latest impulse.

In an embodiment of the measuring device according to the in\A/entio_ni the current
produced by the current generator is alternating current. In a second embodiment
of the measuring device according to the invention, the current produced by the
current generator is direct current. In a third embodiment of the. measuring device
according to the invention, the signals produced by the current:generator are of
constant length. In a fourth embodiment of the measuring device accbrding to the
invention, the signals produced by the current generator have constant frequency,
i.e. the time difference between two successive signals is essentially constant.

Ih a fifth embod_iment of the measuring device of the invention, the cuff is provided
to go around the wrist, and the electrodes are placed in a way, that one electrode
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is on the dorsal side of the hand. In a sixth embodiment of the measuring de\}ice
of the invention, the electrodes are placed in the cuff in a way that when the cuff is
In its position, both electrodes are on the volar side of the hand essentially one
after another in direction of the median nerve.

In a seventh embodiment of the measuring device of the invention, the measuring
device comprises a part that extends to some finger of the hand where the cuff is
attached, and the accelerometer is in this part. In an eighth embodiment of the
measuring device according to the invention, the finger is the thumb, the forefin-
ger or the middle finger, and the said part of the measuring device is arranged to
go around the finger in question. The H-reflex is most clearly indicated in these
fingers.

In a ninth embodiment of the measuring device according to the invention, the
signal produced by the accelerometer is the H-reflex caused by the stimulation of
the median nerve.

In a tenth embodiment of the measuring device according to the invention the
control arrangement comprises a calculating unit for calculating the value of fa-
tigue at least by means of the saved intensity value of the impulse or the time AT
or both and for comparing it'them with the reference value. The reference value
represents the value of fatigue which has been measured when the'objec_:t‘ is in a
relaxed or recovered state, i.e. there is no noteworthy level of'fétigue_ in the mus-
cular system. The reference value can also be produced statistically. The differ-
ence between said value of fatigue and the reference value indicates the level of
fatigue and its type. In other words, the greater is the difference between the val-
ue of fatigue and the reference value, the greater is the type of the level of fa-
tigue. The level of fatigue can be classified in several different ways. In an elev-
enth embodiment of the measuring device according to the invention, the measur-
ing device comprises an arrangement for indicating the type of the level of fatigue.

In a twelfth embodiment of the measuring device according to the invention, the
measurement device comprises an interface unit for transmitting at least the
saved intensity value of the impulse and the time AT to an external device. In a
thirteenth embodiment of the measuring device according to the invention, the
measuring device comprises a clock for determining the time, and the interface
unit transmits furthermore the point of time of said saved impulse.
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In a fourteenth embodiment of the measuring device according to the invention,
the control arrangement is provided to detect the H-reflex by means of the time
AT. In a fifteenth embodiment of the measuring device according to the invention,
AT is 10-100 ms, i.e. the signals produced by the H-reflex fall into this time slot.

In a method according to an embodiment of the invention, for indicating the level
of fatigue a measuring device is used, comprising a cuff, where two electrodes, an
anode and a cathode, and a current generator are provided to form impulses for
the electrodes. According to a preferred embodiment of the invention, the measur-
ing device further comprises an accelerometer that is provided for producing a
signal, when the accelerometer detects a movement. The method comprises stepvs
where the cuff is placed onto the wrist in a way that at least one of the electrodes
Is on the volar side of the hand at the point of the median nerve, the current gen-
erator is guided to produce impulses, and it is monitored, whether the accel-
erometer is producing a signal. The method further comprises steps in which the
iIntensity of the impulses is grown in relation to the time, and the production of im-
pulses is stopped when the signal produced by the accelerometer is detected. At
least the intensity value of the: latest impulse and time AT, which is the difference
between the points of-time of the signal produced by the accelerometer and said
latest impulse, are-saved and the H-reflex is identified by -means of the time AT.
By means of said values the value of fatigue is calculated that is compared with
the reference value, and the difference between said value of fatigue and the ref-
erence value indicates the level of fatigue. ‘

In an embodiment of the method according to the invention, fhe size of the differ-
ence between said value of fatigue and the reference value describes the type of
the level of fatigue.

In a second embodiment of the method according to the invention, the type of the
level of fatigue is presented in a measuring device or an externél device with an
arrangement for connection with the measuring device, or in both.

In a third embodiment of the method according to the invention, the AT caused by
the H-reflex is 10—-100 ms. . -

An advantage of the invention is that by means of it the level of fatigue of the ob-
ject can be evaluated quickly and easily.

An advantage of the invention is that it can be used without a frain_ed operator.
Furthermore, the object of the measurement can use it by himself/herself.
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An advantage of the invention is further, that it does not require stressing the
muscle in order to examine the fatigue.

Further, an advantage of the invention is that therewith a device is pfqyided that is
easy to be carried along. ' ’

An advantage of the invention is also that it enables optimizing the training by
avoiding a state where one has no time to recover after the state of fatigue.

Description of the figures

In the following, the invention will be described in detail. In the description, refer-
ence is made to the enclosed drawings, in which

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6

Figure 7

shows by way of example a device according to the ihventiéh,
shows the device of Figure 1 in a block diagram,
shows by way of example a second device according to the invention,
shows by way of example a third device according to the invention, -
shows an examplé of use of a device according to th-e ihvention,

shows another example of use of a device according to the invention,

shows in an exemplary flow chart some main steps of the measuring

- method according to the invention, indicating recovery,

Figure 8

Figure 9

Figure 10

Figure 11

shows an example of a current impulse formed by the device according
the invention, -

shows an example of a current impulse sequence, formed by the de-
vice, and a signal of the accelerometer in relation to time,

shows an example of measurement results obtained by the device and
the method according to the invention, and -

shows another example of measurement results obtained by the device
and the method according to the invention.
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Detailed description of Figures

The embodiments in the following description are given as examples only, and a
person skilled in the art may realise the basic idea of the invention also in some
other way than what is described in the description. Though the description may
refer to a certain embodiment or embodiments in several places, this does not
mean that the reference would be directed towards only one described embodi-
ment or that the described characteristic would be usable only in one described
embodiment. The individual characteristics of two or more embodiments may be
combined and new embodiments of the invention may thus be provided.

In Figure 1 is shown by way of example a measuring device 100 according to the
invention for indicating level of fatigue. The measuring device 100 comprises a
central unit 104 which includes the parts related to the functioning of the measur-
ing device, and two electrodes connected to the central unit, a first electrode 102
and a second electrode 103, and an accelerometer 101.

Figure 1 shows the electric connection of the measuring device 100 with th_e: hand:
the accelerometer 101 is attached to the thumb, the electrodes, 'accord.ing"t_cf) the
Figure, the second electrode 103 or cathode proximally, and the fifst electrode
102 or the anode distally at the point of the median nerve on the wrist. Pro'}(imal' is
closer to the middle point, that is, closer to the spine. To facilitate placement of
the electrodes they are attached to the cuff (not shown in Figure 1) that can be
placed onto the wrist, for example, by slipping or tightening. The cuff comprises
instructions about its position of use, or it is formed such that when it is in its place
at the wrist, at least one electrode is at the point of the median nerve.

The central unit 104 of the measuring device 100 produces stimulation impulses
for the electrodes. The impulses get stronger with time, and-their production is
stopped, when the signal of the accelerometer is detected, i.e. that the. accel-
erometer has been in motion. Preferably, a limit value is set for the signal, after
exceeding of which the reading of the accelerometer is interpreted as a signal.

By gradually increasing the intensity of the stimulation impulséé,;firé)t the H—feflex
is obtained, because the sensory nerve cells react to a lower intensity of stimulus
than the motor nerve cells. While increasing the intensity of the stimulus, also the
M-wave appears, and while further increasing the stimulus the H-reflex diysa‘p-
pears. Because the M-wave travels a shorter way than the H_-reflex, the response
time of the M-wave is shorter than the one of the H-reflex. Cohsequently, the H-
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reflex can be distinguished from the M-wave, when the time between the stimula-
tion impulse and the response is known. In the measurements, there may also be
seen so called long latency waves that have a longer response time than the H-
reflex. Researchers have noticed the H-reflex to appear when the time difference
between the stimulation impulse and the signal of the accelerometer is in the
range of 10—-100 ms. Thereby, signals outside that range are not caused by the H-
reflex.

The measuring device 100 is provided such that the electrodes stimulate the me-
dian nerve, which stimulation with growing of irritation produces the H-reflex that
makes the fingers of the hand in question, and especially the thumb, the forefin-
ger and the middle finger, to move. The accelerometer 101 can be placed onto a
finger, or alternatively close to the electrodes, because moving of fingers in the H-
reflex also moves the rest of the hand, which movement is detectable by the ac-
celerometer 101. When the H-reflex is detected, i.e. the accelerometer 101 has
produced a signal, the measuring device saves the intensity of the stimulation
impulse and the time difference between the points of time of the impulse in ques-
tion and the signal of the accelerometer. The series of events from the first stimu-
lation impulse until saving of the results is called a measurement event. A meas-
urement event may include even several of the described series of events.

Figure 9 shows an example of one measurement event performed with a device
and method according to the invention. At point a) there is a current-time coordi-
nate system, where a series of stimulation impulses is shown, where the intensity.
of successive impulses increases as a function of time. At point b) there is the
signal of the accelerometer in the acceleration-time coordination system.. When
the signal of the accelerometer is detected, the production of stimulation impulses
is stopped. The time difference between the last impulse and the signals of the
accelerometer is AT. The stimulation impulses are naturally not grown unlimitedly,
but there is a limit value, at which the measurement event is stopped even if the
signal of the accelerometer was not detected.

Figure 2 shows in more detail the measuring device 100 acCording to the inven-
tion for indicating level of fatigue, shown in Figure 1. The measuring device 100
comprises a power supply 201 for satisfying the electric power needed by control
arrangement 207, user interface 208 and current generator 202. The power sup-
ply 201 can preferably be an accumulator or a battery.
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The measuring device 100 comprises preferably also an interface unit 203. The
interface unit 203 comprises means, through which the accumulatdr of the power
supply 201 can be charged from an external power supply 209. The interface unit
203 further comprises means with which the measuring device 100 according to
the invention can be connected to an external data processing machine 210. Data
transfer to this external data processing machine 210 can be performed either via
a cable or with a wireless data access. A wireless data access can be realized, for
example, with an infrared or a Bluetooth connection or similar. The interface unit
203 further comprises means, through which the measuring device 100 according
to the invention is connected to the accelerometer 101 on the individual to be ex-
amined.

The central unit 104 of the measuring device 100 preferably comprises also a us-
er interface 208. The user interface 208 preferably comprises regulation/control
means that the functioning of the device can be controlled. These regulation
means can be, for example, regulating knobs, slide switches or function keys on a
touch screen. Further, the user interface 208 preferably comprises display means,
with which the measurement results can be displayed during the measurement
event or thereafter. These display means can be a light arrangement where, for
example, a light of different colour is switched on, the light indicating the type of
the level of fatigue. For example, if the object is found to be recovered, a green
light is switched on, and if a level of fatigue is detected, a red light is switched on.
Level of fatigue can further be indicated by a flickering light. The central unit can
also be arranged such that it does not comprise actual display means in itself, but
the level of fatigue is indicated with an external data processin'g' machine 210, -to
which the measuring device has a data transfer connection. Functlons of the
measuring device can thus be divided to several devices. '

The control arrangement 207 of the measuring device 100 preferably comprises a
suitable processor 206 or a programmed logic and a memory 205 connected to it.
In the memory 205 either a non-volatile and/or a volatile memory technology can
be utilized. The computer programme to be utilized in an'arrangement for indicat-
ing level of fatigue according to the invention is preferably saved in the memory
205. The processor 206, the memory 205 and the computer programme saved in
the memory 205 are provided for determining and indicating on the basis of the
performed measurements the actual state of the muscular system. Also measure-
ment results describing the level of fatigue and/or recovery of the muscular sys-
tem can be stored in the memory 205, at least temporarily. The control unit can
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comprise a calculating unit which in the example works in the above described
processor 206 and memory 205. The calculating unit calculates the value of fa-
tigue from the measured values. A reference value that describes the value of
fatigue of the object in a relaxed or recovered state, i.e. a state.where the:muscu-
lar system is not essentially strained, has been saved in the memory 205. The
control arrangement does not necessarily have to include a calculating unit, but
the measured values are transmitted to an external data processing machine 210
that performs the calculations. The value of fatigue can be the value of the current
of the stimulation impulse or it can be the mathematically processed result of val-
ues of the currents of the stimulation impulses of several measurement events,
such as for example, an average value. For calculation of the value of fatigue, in
addition to the current value, also the time difference between the stimulation im-
pulse and the accelerometer can be used. ’ R

The control arrangement 207 receives the necessary control-commands from the
user interface 208. With these control commands the functioning of the measuring
device 100 is preferably controlled. The measurement event can be started and
stopped with the given control commands. The control arrangement 207 can re-
ceive also control commands sent from an external data processing machine 210
that are obtained through the interface unit 203. Further, the control arrangement
207 can send through the interface.unit 203 to an external data processing ma-
chine 210 information about the fact when the measurement was performed and
what kind of measurement results were obtained. ' ' '

The current generator 202 can form a stimulation current according to the control
command received from the control arrangement 207. The current generator 202
modifies the intensity of the stimulation current to correspond to the received con-
trol command. After receiving a measurement command, given by the user by
means of the user interface 208, the current generator 202 guides the stimulation
current impulse via electrodes 102 and 103 to the part of the neuromuscular sys-
tem being the object of measurement. At least one of the electrodes is at the wrist
on the volar side or the palm side, at the point of the median nerve. The current
impulse can be formed by alternating current or direct current. Current impulses
are sent in series. The current impulses of a series are preferably sent at constant
intervals. The measuring device 100 can also be provided such that the current
impulses have different intervals, for example current impulses that have exceed-
ed a certain current intensity have a different time interval than the ones below the
current intensity in question. The interval of the current impufses is preferably
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such that the H-reflex caused by a current impulse can be detected before ‘send-
ing the next current impulse, or that the current impulse caused by the H-reflex
can be identified. For example, if AT is so short, that the travel time of the reflex
would be physically impossible, the second last impulse is selected. Intensity of
current impulses in the series increases in relation to time. To reduce uncertainty
factors and to minimize failures, it is naturally possible to form several impulses
with the same intensity in succession. ‘

In Figure 8 there is an example of a current impulse produced by a measuring
device according to the invention. In this example, the duration of the impulse is 1
ms (positive phase), and the frequency of the impulses is 1 Hz, that is, they are
repeated at intervals of one second. Naturally, also other values can be used. The
impulses shown in the Figure are of equal size. For example, the next two impuls-
es can be of greater intensity and the next two again greater It is-possible that the
amount of signals, essentially of equal size, repeated in the measurement event
varies, that is, for example after the above-mentioned impulses there will come
four equal impulses, more intense than the previous impulses: - - ‘

The control arfangement 207 monitors, whether the accelerometer 101 gives a
signal during the measurement event. When a signal is detected, the control ar-
rangement 207 stops the production of current impulses and saves in the memory
205 the intensity value of the latest current impulse and the time difference AT
between the time of sending that current impulse and the point of time of the sig-
nal detected by the accelerometer. Instead of the time difference AT also the
points of time in question can be saved. By means of these results the control ar-
rangement 207 can calculate the value of fatigue. Limit values can beigiveh to the
signal of the accelerometer 101, where for example too small and too great values
are rejected. The limit values are calculated such that they eliminate incorrect
results. After a rejected result of the accelerometer the measuring event can ei-
ther be continued or it can be started from the beginning. In order to minimize fail-
ures, the measuring event can be repeated several times, and the results can be
processed with a mathematical method. The measurement is also rejected, if the
time difference AT is not in the given range, i.e. it is not the H-reflex.

Figure 3 shows another example of the measurement device. 300 according to the
invention. The measurement device 300 comprises a central. unit 301 which in-
cludes the parts related to the functioning of the measurement device, and two
electrodes connected to the central unit, a first electrode 303 and a second elec-
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trode 304, and an accelerometer 305. The measuring device 300 further compris-
es a cuff 306. Said electrodes and accelerometer are attached to the cuff. The
cuff is of fabric or plastic or combination thereof or of similar material, which is
preferably elastic. It goes around the wrist and can be put in its position, for ex-
ample, by slipping the hand through the cuff by stretching the elastic material of
the cuff. When the cuff is in its position, the stretching can be relaxed, and the cuff
takes its position such that the electrodes are placed at their measuring points. In
the case according to the example, the electrodes are one after another on the
palm side of the wrist in direction of the median nerve such that at least one of the
electrodes is at the point of the median nerve for its stimulation. The cuff can also
be an elongated piecé that is put in its place at the wrist and tightened, for exam-
ple, with a buckle, Velcro tape or similar. The cuff may include an instruction, for
example a form or a marking that guides to place the cuff in the right position.

In the example of Figure 3, the cuff 306 comprises a finger part that extends to a
finger of the hand that the cuff is attached to, such that said finger. part can be
attached to the finger in question. The accelerometer 305 is.in this finger part.
The finger part is formed in a way that the accelerometer can be put tightly in its
place, so that it cannot move and thus cause incorrect signals. In the example this
has been realized in a way that the finger part comprises a hood that can be
pulled on the fingér such that the finger part is tightened and presses the accel-
erometer in its position. Material of the finger part may differ from the cuff material.

The central unit 301 is connected to the electrodes in the cuff 306 and to the ac-
celerometer wi_t‘h'a‘ connecting cable 307. In this case, the central unit is apart
from the cuff, but the central unit can also be integrated with the cuff, whereby an
actual connecting cable is not necessary. The accelerometer can also be apart
from the cuff. '

Figure 4 shows a third example of the measuring device 400 accordlng to the in-
vention. Here, the parts of the measuring device, the central umt the electrodes
and the accelerometer, are integrated to the cuff. Thereby, in order to make the
measuring device smaller, for example, the indication of level of fatugue can be
excluded, and instead of that, the value of the level of fatlgue and the m‘easure-
ment results are transmitted with connection 403 that is preferably wireless, to an
external device that then indicates the level of fatigue. Functions of the central
unit can thus be divided to several devices. |
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Because the wrist moves under the influence of the H-reflex less than the fingers,
the accelerometer is in the example of Figure 4 provided to produce a signal at a
smaller movement, or the control arrangement reacts or stops the measurement
event at a smaller signal than in the embodiment, where the accelerometer is in
the finger.

Figure 5 shows an example of an arrangement, where the measuring device 501
transmits with a wireless connection 502 measurement results to the first external
device 503, which in this example is a smart phone. The first external device is
provided to show the type of the level of fatigue, either calculated by the measur-
ing device or calculated by the first external device from the results sent by the
measuring device. Although hereby the measuring device and the first external
device are shown separately, however, these together realize the measuring de-
vice according to the invention for indicating level of fatigue. The results meas-
ured and/or calculated by the measuring device 501 can be transmitted also to
several devices, such as to another external device 504 of the example in Figure
5, which is a tablet machine. Different devices can perform different types of
tasks. The first external device can, for example, indicate the actual level of fa-
tigue, and the second external device can save measurement results from a Iong—
er time and process them with a statistical method. S S

in F igure 6, another example is shown about processing the results of the meas-
uring device 501 with external devices. The results measured by the central unit
501 are transmitted to the first external device 503 that further transmits the re-
sults to another external device 504. Now the other external device is provided for
receiving results from several first external devices 503 or several measuring de-
vices 501. Thus, for example, the trainer of the team can mbnitor the convenience
of the training and resting of the players of the team. '

Figure 7 shows by way of example a flow chart of the method accordnng to the
invention. Hereby the method is described step by step. '

Measurement of the neuromuscular system is started at 701. The cuff of the
measuring device is put on the wrist in a way that the electrodes are put on thelr
positions, whereafter the measuring device is started. ‘

At 702 the intensity of the stimulation current, used in the calculation, is selected.
If the measurement event begins with this measurement, the first impulse is de-
termined, the intensity of which is saved in the memory of the measuring device.
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While the measuring is running, the intensity of the stimulation current is grown or
it is kept unchanged. Naturally, there is a limit in the intensity of the stimulation
current, that is not exceeded, but the measurement event is interrupted, if that
limit is achieved.

At step 703 the neuromuscular system is stimulated with an impulse determined at
step 702.

If at step 704 a reflex is detected, that is the accelerometer produces a signal that
is interpreted to be caused by the H-reflex, the current value or the intensity of the
impulse that caused the detected H-reflex, and the time difference between de-
tecting the H-reflex and sending the impulse in question are saved at step 705. If
again the impulse did not result in a reflex, that is, it did not move the accelerome-
ter in a way that it would have caused a signal, one returns to step 702 where ac-
cording to the instructions either the stimulation current is increased or the previ-
ous impulse is repeated. ‘

At step 706 the value of fatigue is calculated from the measurement results, and it
is compared to the individual reference value in the memory, describing a relaxed
and recovered state. The reference value can be a measurement result or it can
be a statistical quantity that is determined, for example, by the size and muscle
mass of the object to be measured. The reference value may -also be a dynamic
variable, such as a long term average of the resting state. At step .708 it is
checked, how much the value of fatigue differs from the reference value. If the
difference between the value of fatigue and the reference value exceeds a limit
value, the object is interpreted to be in a state of'fatigue 708. If again the differ-
ence between the value of fatigue and the reference value does not exceed the
limit value in question, it is interpreted that the object has recovered from the state
of fatigue 707. On basis of the size of the deviation the state of fatigue can be
classified into different types. : ‘

Figure 10 shows.an example of measurement results obtained by the device and
the method according to the invention. The results are shown in a current-time
coordination system. On the Y-axis there is the intensity of Athe saved current, i.e.
the intensity of the current impulse, that has caused the H-reflex, 3h,d on the X-
axis there is the time. Time units may be, for example, periods ,df', twenty-four.
hours.
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In this example, the user, for example an athlete, performs the ['nea's'urement ata
standardised time, for example, in the morning before the exercises of the day,
whereby the measurement result is comparable with the 'previous measurement
results. The continuous graph is the value of fatigue, and the diagram shown in
broken line is the reference value, which is the long time average (LT AV, Long
time average) of the resting state measurements. Also a constant value can be
used as a reference value. The difference between the value of fatigue and the
reference value represents the level of fatigue. The exercise performed by the
athlete shows as a spike upwards in the diagram. The spike is followed by recov-
ery to the long term average, which means that there is no such stress of the neu-
romuscular system left that would not recover. This occurs for example at the
point of time 26.

Figure 11 shows another example of measurement results obtained by the device
and.the method according to the invention. The coordinate system corresponds to
the one in Figure 10. Hereby, the exercise performed by the athlete is shown as a
spike upwards, but the spike isn't followed by recovery back to the long term av-
erage, but the stress stays unrecovered. Several successive measurement results
that differ from the long term average, indicate stress that is not recovered from
and leads later to overstrain. On basis of researches of the inventors, an accumu-
lated stress of about three days that doesn't have time to get recovered from, that
ts, the athlete continues exercising with too hard intensity, shows as an occurred
overstrain also in other indicators of performance. This can be seen at the points
of time 26-32.

Above, some preferred embodiments according to the invention have’been‘ de-
scribed. The invention is not limited to the solutions described above, but the.in-
ventive idea can be applied in numerous ways within the scope.of the claims.. .
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Claims

1. Measuring device (100; 300; 400) for indicating level of fatigue, the measur-
ing device comprising a cuff (306; 402), with two electrodes (102, 103; 303, 304),
anode and cathode, and a current generator (202) which is arranged to form im-
pulses for electrodes, characterized in that the cuff is provided in a way that it
can be placed on the wrist such that at least one of the electrodes is on the volar
side of the hand at the point of the median nerve, and the measuring device fur-
ther comprises an accelerometer (101; 305), that is provided to produce a signal,
when the accelerometer detects a movement, and the measuring device further
comprises a control arrangement (207), that is provided

— to guide the current generator to produce impulses and to monitor the
- signal of the accelerometer,

— to grow the intensity of the impulses in regard to time, : .

— to stop producing impulses, when the signal produced by the accelerom-
eter is detected, and : '

- to save at least the intensity value of the Iatest rmpulse and t|me AT,
which is the difference between the points of time of the signal produced
by the accelerometer and said latest impuise.

2. Measuring device (100; 300; 400) according to Claim -1, characterized in
that the current produced by the current generator (202) is alternating current.

3. Measuring device (100; 300; 400) according to Claimr1, characterized in
that the current produced by the current generator (202) is direct current.

4.  Measuring device (100; 300; 400) according to one of Claims 11L-3, charac-
terized in that the signals produced by the current generator (202) ‘are of a con-
stant length.

5. Measuring device (100; 300; 400) according to one of Claims 1-4, charac-
terized in that the signals produced by the current generator (202) have a con-
stant frequency, i.e. the time difference between two successive signals is essen-
tially constant. e

6. Measuring device (100; 300; 400) according to one of the claiis 1-5; ‘¢har-
acterized in that the cuff (306; 402) is provided to go around’ the wrist, and the
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electrodes (102, 103; 303, 304) are placed in a way, that one electrode is on the
dorsal side of the hand.

7. Measuring device (100; 300; 400) according to one of the Claims 1-5, char-
acterized in that the electrodes (102, 103; 303, 304) are placed in the cuff (306;
402) such that when the cuff is in its posit'ion, both electrodes are on the volar
side of the hand essentially one after another in direction of the median nerve.

8. Measuring device (100; 300; 400) according to one of the Claims 1-7, char-
acterized in that the measuring device is provided such that it comprises a part
that extends to a finger of the hand that the cuff (306, 402) is attached to, and the
accelerometer (101; 305) is in this part.

9. Measuring device (100; 300; 400) according to Claim 8, characterized in
that the finger is the thumb, the forefinger or the middle finger.

10. Measuring device (100; 300; 400) according to one of the Claims 1-9, char-
acterized in that the signal produced by the accelerometer (101 305) is the H-
reflex caused by stimulation of the median nerve. '

11. Measuring device (100; 300; 400) according to one of the Claims 1-10,
characterized in that the control arrangement (207) comprises a calculation unit
for calculating the value of fatigue by means of at least the saved intensity value
of the impulse or the time AT or both, and for comparing it/them with the reference
value, and the difference between said value of fatigue and the reference value
indicates the level of fatigue. o

12. Measuring device (100; 300; 400) according to Claim 11, characterized in
that the measuring device comprises an arrangement for mdlcatlng the type of the
level of fatlgue ' <

13. Measuring device (100; 300; 400) according to one of Claims 1-12, charac-
terized in that the measuring device comprises an interface unit (203) for trans-
mitting at least the saved intensity value of the impulse and the time AT to an ex-
ternal device (503, 504).
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14. Measuring device (100; 300; 400) according to Claim 13, characterized in
that the measuring device comprises a clock for determining the time, and the in-
terface unit (203) transmits furthermore the point of time of said saved impulse.

15. Measuring device (100; 300; 400) according to one of Claims 10-14, char-
acterized in that the control arrangement (207) is provided for recognizing the H-
reflex by means of time AT.

16. Measuring device (100; 300; 400) according to Claim 15, characterized in
that AT is 10-100 ms.

17. Method for indicating level of fatigue, in which method a measuring device
(100; 300; 400) is used, that comprises a cuff (306; 402), where there are provid-
ed two electrodes (102, 103; 303, 304), an anode and a cathode, and a current
generator (202) which is provided to form impulses for electrodes, characterized
in that the measuring device further comprises an accelerometer (101; 305) that is
provided to produce a signal, when the accelerometer detects a movement,.and
the method comprises the steps, where

— the cuff is placed onto the wrist in a way that at least one of the elec-
trodes is on the volar side of the hand at the point of the median nerve,

— the current generator is guided to produce impulses (702) end to 'm"ori‘intor
the signal (704) of the accelerometer,

— the intensity of the impulses is increased in relation to time (702),

- the producﬁon of impulses is stopped when the eighal prod'uced by the
accelerometer is detected, which signal is the H- reﬂex (704) caused by
stlmulatlon of the median nerve,

— at least the intensity value of the latest impulse and time AT, which is.the

~ difference between the points of time of the signal produced by the ac-

celerometer and said latest impulse, are saved, and the H- reﬂex IS |dent|-
fied by means of the time AT (705).

-

— by means of at least one of said values the value of fat|gue is calcu|ated
that is compared with the reference value, and the difference between
said value of fatigue and the reference value indicates the stress level
(706). D
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18. A method according to Claim 17, characterized in thal the size of said value
of fatigue and the reference value describes the type (707, 709) of the level of fa-
tigus.

19. Method according to Claim 18, characterized in that the type of the level of
fatigue is displayed in a measuring device or in an extemal device with an ar-
rangement for connection with the measuring device, or in both.

20. Method according to one of Claims 17-19, characterized in that the AT
caused by the H-reflex is 10-100 ms.
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