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(57) Provided is a respiratory muscle strengthening
device, in which an inhalation start signal is generated
correspondingly at an inhalation start time when a patient
inhales air or an exhalation start signal is generated cor-
respondingly at an exhalation start time when the patient
exhales air, an electric signal according to the inhalation
start signal or the exhalation start signal is transmitted to
an electric muscle stimulator via a communication unit,
a muscle pad installed on respiratory muscles of the pa-
tient enables smooth breathing motion by stimulating the
respiratory muscles based on a signal transmitted from
the electric muscle stimulator, and a receptor pad is pro-
vided to the respiratory muscles such that an alarm of
determining whether electric stimulation is normally ap-
plied via the state of the respiratory muscles detected
through the receptor pad is output, thereby securing re-
liability of a device.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a respiratory
muscle strengthening device, and more particularly, to a
respiratory muscle strengthening device, in which an in-
halation start signal is generated correspondingly at an
inhalation start time when a patient inhales air or an ex-
halation start signal is generated correspondingly at an
exhalation start time when the patient exhales air through
a spontaneous breathing signal of the patent or an arti-
ficial respirator, an electric signal according to the inha-
lation start signal or the exhalation start signal is trans-
mitted to an electric muscle stimulator via a communica-
tion unit, a muscle pad installed on respiratory muscles
enables smooth breathing motion by stimulating the res-
piratory muscles based on a signal transmitted from the
electric muscle stimulator, and a muscle pad internal or
external type receptor pad is provided to the respiratory
muscles such that the receptor pad detects a state (mus-
cle contraction and relaxation movement degrees, move-
ment time, or the like) of the respiratory muscles to de-
termine normal application of electric stimulation via the
state of the respiratory muscles detected through the re-
ceptor pad, thereby securing reliability of a device.

BACKGROUND ART

[0002] Mechanical respiration using an artificial respi-
ratoris arespiratory method inevitably applied to patients
having acute respiratory distress syndrome who are un-
able to breath by themselves.

[0003] Unlike usingrespiratory muscles normally, such
a respiratory method maintains respiration by artificially
injecting air using an artificial respirator in accordance
with a certain condition, and thus when the respiratory
method is used for a long period of time, the respiratory
muscles are prone to be in a deconditioning state as a
patient no longer uses his/her own respiratory muscles,
and accordingly, strengthening exercise of the respira-
tory muscles is again necessitated after a respiratory dis-
ease is cured and also, a respirator weaning period itself
may be delayed.

[0004] KR 10-2014-0051570 (published on May 2,
2014) discloses an artificial respirator that optimizes ex-
haustion and inhalation according to structural charac-
teristics of patient’s alveoli to provide a large amount of
mixed gas to the patient with a small respiration amount,
and a method for controlling the same, wherein the arti-
ficial respirator includes an inhalation adjusting valve for
supplying the mixed gas to the patient’s lungs by adjust-
ing a flow rate and pressure of the mixed gas provided
to the patient, a positive endexpiratory pressure valve for
externally discharging a discharge gas by adjusting a flow
rate and pressure of the discharge gas discharged from
the patient’s lungs, and a control module for generating
an operation signal corresponding to a high frequency
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respiratory mode based on biometric data about the
structural characteristics of the patient’s alveoli and pro-
viding the generated operation signal to the inhalation
adjusting valve and the positive endexpiratory pressure
valve. According to the disclosed technology, the oper-
ation signal, which has a respiration amount of smaller
amplitude than a preset respiration amount of amplitude
for a common person and has a shorter high frequency
respiration period than the respiration period of the com-
mon person, is generated based on the biometric data
about the structural characteristics of the alveolus to con-
trol the inhalation adjusting valve and the positive endex-
piratory pressure valve to supply the mixed gas required
by the patient such that the circulation of the lungs, which
is the exchange of oxygen and carbon dioxide in the
mixed gas, is generated without expanding or reducing
the alveoli. Accordingly, the circulation efficiency of the
alveolimay beimproved, and since the patientis provided
with high frequency respiration without separated addi-
tional devices, the respirator has a simple structure and
thus production processes and costs may be reduced
and durability and reliability of the product are further
improved.

[0005] KR 10-1138958 (registered on April 16, 2012)
discloses a flow velocity direction control device of an
artificial respiratory machine, which provides the artificial
respiratory machine having a simple structure and thus
movable, supplies only a required flow velocity to a pa-
tient, is applicable to a critical patient by increasing an
inhalation and exhalation velocity, provides an oxygen
therapy function as oxygen concentration corresponding
to a patient supplied air flow velocity is precisely control-
led, and reduces unnecessary oxygen consumption by
controlling the oxygen concentration, thereby securing
stability of a device.

[0006] According to the disclosed related art, there is
provided a pneumatic control device including a bypass
filter that is installed to face a flow velocity direction of
discharged air discharged through a blower and controls
the discharged air to be externally discharged based on
the flow velocity and pressure during inhalation and ex-
halation of the patient, and thus a response speed with
respectto the inhalation and exhalation of the air provided
to the patient is increased and the oxygen concentration
corresponding to the flow velocity of the air supplied to
the patient is supplied. Accordingly, the pneumatic con-
trol device is applicable to the critical patient and an in-
tubation type.

[0007] As described above, in the related art, most pa-
tient suffering from acute respiratory distress syndrome
are subjected to artificial mechanical ventilation using a
respirator in a intensive care unit, and it is well known
that, in this case, it takes a large amount of time for most
of the patients to recover a respiratory function after a
respiratory disease is cured while attempting respirator
weaning due to deconditioning of the respiratory mus-
cles.

[0008] Such deconditioning of the respiratory muscles
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is the most common cause of prolonged or failed respi-
rator weaning, and accordingly, prevalence of ventilator-
induced pneumonia may be increased.

[0009] When the general artificial respirator as de-
scribed above is used, exercise for strengthening the res-
piratory muscles is again necessitated after the respira-
tory disease is medically cured, and consequent man-
power, time, and economical costs for additional treat-
ment are generated.

[0010] In order to overcome such issues, KR
10-1572761 (registered on November 23, 2015) provides
a respiratory muscle strengthening device including an
artificial respirator for generating aninhalation start signal
correspondingly at an inhalation start time when a patient
inhales air or generating an exhalation start signal cor-
respondingly at an exhalation start time when the patient
exhales air, and transmitting the inhalation start signal or
exhalation start signal wirelessly or via wire, and an elec-
tric neuromuscle stimulator installed on respiratory mus-
cles of the patient and stimulates corresponding respira-
tory muscles upon receiving the inhalation start signal or
the exhalation start signal from the artificial respirator
wirelessly or via wires.

[0011] However, in such a general respiratory muscle
strengthening device, it is difficult to monitor whether a
correct signal is applied to the respiratory muscles ac-
cording to a respiratory time and whether the respiratory
muscles are moved correctly according to the signal, and
thus a subject would express inconvenience about
breathing motion.

DESCRIPTION OF EMBODIMENTS
TECHNICAL PROBLEM

[0012] Provided is a respiratory muscle strengthening
device, in which an inhalation start signal is generated
correspondingly at an inhalation start time when a patient
inhales air or an exhalation start signal is generated cor-
respondingly at an exhalation start time when the patient
exhales air through spontaneous breathing of the patent
or an artificial respirator, an electric signal according to
the inhalation start signal or the exhalation start signal is
transmitted to an electric muscle stimulator via a com-
munication unit, a muscle pad installed on respiratory
muscles of the patient enables smooth breathing motion
by stimulating the respiratory muscles based on a signal
transmitted from the electric muscle stimulator, and a
muscle pad internal or external type receptor pad is pro-
vided to the respiratory muscles such that the receptor
pad detects a state of the respiratory muscles and outputs
an alarm when the state of the respiratory muscles, which
do not satisfy pre-setting, is detected, thereby securing
reliability of a device.

SOLUTION TO PROBLEM

[0013] According to an aspect of the present disclo-
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sure, a respiratory muscle strengthening device includes:
an electric muscle stimulator installed on respiratory
muscles of a patient and stimulating the respiratory mus-
cles based on spontaneous breathing of a patient or ex-
ternal inhalation start signal or exhalation start signal;
and a receptor pad installed on the respiratory muscles
of the patient and detecting a state of the respiratory mus-
cles.

[0014] The electric muscle stimulator may contract the
respiratory muscles in accordance with the spontaneous
breathing of the patient or an inhalation or exhalation
signal detected from the outside according to a ratio of
inhalation to exhalation or pre-set an electric stimulating
time of the respiratory muscles corresponding to the con-
traction, contract inhalation muscles among the respira-
tory muscles for an inhalation muscle electric stimulating
time when the inhalation start signal is received, and con-
tract exhalation muscles among the respiratory muscles
for an exhalation muscle electric stimulating time when
the exhalation start signal is received.

[0015] The electric muscle stimulator may contract the
respiratory muscles in accordance with the spontaneous
breathing of the patient or an inhalation or exhalation
signal detected from the outside according to the inha-
lation start signal or the exhalation start signal or pre-set
stimulation strength for each region of the respiratory
muscles corresponding to the contraction, and stimulate
each region of the respiratory muscles by adjusting a
stimulation degree of each region to the pre-set stimula-
tion strength.

[0016] When necessary, the respiratory muscles may
be stimulated upon receiving the signal according to a
respiratory condition set in an artificial respirator.
[0017] The electric muscle stimulator may include: a
communication unit for inverse-converting the spontane-
ous breathing of the patient or a respiratory stimulation
signal applied from the outside to the inhalation start sig-
nal or the exhalation start signal; an operation control
unit for generating a first driving control signal or a second
driving control signal correspondingly to the inhalation
start signal or the exhalation start signal obtained by the
communication unit; a memory unit for storing a program
and data necessary for driving control of the operation
control unit; a plurality of inhalation muscle pads pre-
attached respectively to inhalation muscles among the
respiratory muscles of the patient and stimulating a cor-
responding inhalation muscle according to the first driv-
ing control signal generated by the operation control unit;
and a plurality of exhalation muscle pads pre-attached
respectively to exhalation muscles among the respiratory
muscles of the patient and stimulating a corresponding
exhalation muscle according to the second driving control
signal generated by the operation control unit.

[0018] The receptor pad may be attached around each
of the plurality of inhalation muscle pads or each of the
plurality of exhalation muscle pads separately from the
plurality of inhalation muscle pads or the plurality of ex-
halation muscle pads to detect a motion degree of the
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respiratory muscles.

[0019] The receptor pad may be attached to the inha-
lation muscles or the exhalation muscles by the plurality
of inhalation muscle pads or the plurality of exhalation
muscle pads by being integrated with the plurality of in-
halation muscle pads or the plurality of exhalation muscle
pads to detect a motion degree of the respiratory mus-
cles.

[0020] The operation control unit may determine elec-
tric stimulation output through the plurality of inhalation
muscle pads or the plurality of exhalation muscle pads,
and whether the electric stimulation is normally applied
via the state of the respiratory muscles detected through
the receptor pad.

[0021] The respiratory muscle strengthening device
may furtherinclude an alarm unit generating alarm sound
to a user when the operation control unit determines that
the electric stimulation is not normally applied.

[0022] The respiratory muscle strengthening device
may further include a respiration detecting unit generat-
ing the inhalation start signal correspondingly at an in-
halation start time when the patient inhales air or gener-
ating the exhalation start signal correspondingly at an
exhalation start time when the patient exhales air, and
transmitting the inhalation start signal or the exhalation
start signal to the electric muscle stimulator.

ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0023] A respiratory muscle strengthening device ac-
cording to an embodiment of the present disclosure has
following effects.

[0024] First, by continuously using respiratory muscles
even while an artificial respirator is used, the respiratory
muscles can be used while simultaneously curing a res-
piratory disease, and accordingly, manpower, time, and
economical costs of additional treatment for respiratory
muscle strengthening exercise performed again after the
respiratory disease is medically cured can be reduced,
and not only the respiratory muscles are strengthened,
but also early respirator weaning is induced.

[0025] Second, by performing strengthening exercise
of the respiratory muscles through a pad attached to the
respiratory muscles by using an electric neuromuscle
stimulator, a method of use is simple, an additional space
or equipment is not required, synergy is generated with
respect to respiration, and the respiratory muscles are
continuously strengthened, and thus the respiratorwean-
ing can be advanced.

[0026] Third, by further providing a receptor pad to the
respiratory muscles, the receptor pad detects a state
(muscle contraction and relaxation movement degrees,
movement time, or the like) of the respiratory muscles,
and normal application of electric stimulation is deter-
mined via the state of the respiratory muscles detected
through the receptor pad and an alarm is output when a
normal range is exceeded, and thus reliability of a device
can be secured.
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BRIEF DESCRIPTION OF DRAWINGS
[0027]

FIG. 1is an exemplary diagram of a respiratory mus-
cle strengthening device according to an embodi-
ment of the present disclosure.

FIG. 2 is an exemplary diagram of a respiration de-
tecting unit according to an embodiment of the
present disclosure.

FIG. 3 is an exemplary diagram of an electric stim-
ulator according to an embodiment of the present
disclosure.

FIG. 4 is an exemplary diagram of an electric stim-
ulator according to another embodiment of the
present disclosure.

BEST MODE

[0028] According to the present disclosure, an inhala-
tion start signal is generated correspondingly at an inha-
lation starttime when a patientinhales air or an exhalation
start signal is generated correspondingly at an exhalation
start time when the patient exhales air, an electric signal
according to the inhalation start signal or the exhalation
start signal is transmitted to an electric muscle stimulator
via a communication unit, a muscle pad installed on res-
piratory muscles of the patient enables smooth breathing
motion by stimulating the respiratory muscles based on
a signal transmitted from the electric muscle stimulator,
and a receptor pad is further provided to the respiratory
muscles such that normal application of electric stimula-
tion is determined via the state of the respiratory muscles
detected through the receptor pad, thereby securing re-
liability of a device.

MODE OF DISCLOSURE

[0029] Hereinafter, the present disclosure will be de-
scribed more fully with reference to the accompanying
drawings, in which exemplary embodiments of the dis-
closure are shown. The terms or words used herein must
not be interpreted in their common or dictionary defini-
tions, but must be interpreted in the meanings and con-
cept corresponding to the aspect of the present disclo-
sure, based on the principle that the inventor(s) can suit-
ably define the concept of terms in order to describe the
disclosure in the best manner.

[0030] Accordingly, the embodiments and drawings
described herein are only preferred examples, and do
not represent the technical aspects of the present disclo-
sure. Thus, one of ordinary skill in the art understands
that the disclosure may be embodied in many different
forms.

[0031] The present disclosure relates to a respiratory
muscle strengthening device, in which an inhalation start
signal is generated correspondingly at an inhalation start
time when a patient inhales air or an exhalation start sig-
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nal is generated correspondingly at an exhalation start
time when the patient exhales air through a spontaneous
breathing signal of the patent or an artificial respirator,
an electric signal according to the inhalation start signal
or the exhalation start signal is transmitted to an electric
muscle stimulator via a communication unit, a muscle
pad installed on respiratory muscles enables smooth
breathing motion by stimulating the respiratory muscles
based on a signal transmitted from the electric muscle
stimulator, and a receptor pad is further provided to the
respiratory muscles such that the receptor pad detects
a state (muscle contraction and relaxation movement de-
grees, movement time, or the like) of the respiratory mus-
cles to determine normal application of electric stimula-
tion via the state of the respiratory muscles detected
through the receptor pad and output an alarm when a
normal range is exceeded, thereby securing reliability of
a device, and will now described with reference to draw-
ings.

[0032] A respiratory muscle strengthening device ac-
cording to an embodiment of the present disclosure in-
cludes a respiration detecting unit 10, an electric muscle
stimulator 20, a receptor pad 30, and an alarm unit 40,
and first, an inhalation start signal is generated corre-
spondingly at an inhalation start time when a patient in-
hales air and an exhalation start signal is generated cor-
respondingly at an exhalation start time when the patient
exhales air, wherein the inhalation start signal or the ex-
halation start signal transmitted to the electric muscle
stimulator 20 is generated according to spontaneous
breathing of the patient or respiration via an artificial res-
pirator and is generated by the respiration detecting unit
10 for detecting inhalation or exhalation from a face of
the patient.

[0033] The respiration detecting unit 10 generates the
inhalation start signal correspondingly at the inhalation
start time when the patient inhales air or generates the
exhalation start signal correspondingly at the exhalation
start time when the patient exhales air, and transmits the
inhalation start signal or the exhalation start signal to the
electric muscle stimulator 20.

[0034] Referring to the respiration detecting unit 10 ac-
cording to an embodiment of the present disclosure in
detail, the respiration detecting unit 10 includes an inha-
lation start signal generating unit 11 that generates the
inhalation start signal by determining the inhalation start
time when the patient inhales air, an exhalation start sig-
nal generating unit 12 that generates the exhalation start
signal by determining the exhalation start time when the
patient exhales air, and a communication unit 13 that
converts the inhalation start signal generated by the in-
halation start signal generating unit 11 or the exhalation
start signal generated by the exhalation start signal gen-
erating unit 12 into a respiration stimulation signal, and
transmits the respiration stimulation signal to the electric
muscle stimulator 20.

[0035] Here, the respiration detecting unit 10 may be
replaced by an artificial respirator, and the inhalation start

10

15

20

25

30

35

40

45

50

55

signal generating unit 11 determines the inhalation start
time when the patient inhales air (oxygen or the like) from
the respiration detecting unit 10 (or detects a signal gen-
erated by the artificial respirator during inhalation of the
patient), generates the inhalation start signal when the
inhalation start time is determined, and applies the gen-
erated inhalation start signal (or the signal generated
when inhalation is detected) to the communication unit
13.

[0036] Accordingly, the inhalation start signal generat-
ing unit 11 according to an embodiment of the present
disclosure may pre-set the inhalation start signal operat-
ed during inhalation ofthe patient, generate the inhalation
start signal according to a pre-set condition, and apply
the inhalation start signal to the communication unit 13.
[0037] At this time, the inhalation start signal generat-
ing unit 11 according to an embodiment of the present
disclosure may pre-set a ratio of inhalation to exhalation
differently according to a condition of the patient, gener-
ate the inhalation start signal according to the pre-set
ratio of inhalation to exhalation, and apply the inhalation
start signal to the communication unit 13.

[0038] Also, the exhalation start signal generating unit
12 also determines the exhalation start time when the
patient exhales air from the respiration detecting unit 10
(or detects a signal generated by the artificial respirator
during exhalation of the patient), generates the exhala-
tion start signal when the exhalation start time is deter-
mined, and applies the generated exhalation start signal
(or the signal generated when exhalation is detected) to
the communication unit 13.

[0039] Accordingly, the exhalation start signal gener-
ating unit 12 according to an embodiment of the present
disclosure may also pre-set the exhalation start signal
operated during exhalation of the patient, generate the
exhalation start signal according to a pre-set condition,
and apply the exhalation start signal to the communica-
tion unit 13.

[0040] Atthis time, the exhalation start signal generat-
ing unit 12 according to an embodiment of the present
disclosure may pre-set a ratio of inhalation to exhalation
differently according to a condition of the patient, gener-
ate the exhalation start signal according to the pre-set
ratio of inhalation to exhalation, and apply the exhalation
start signal to the communication unit 13.

[0041] The communication unit 13 includes a wired
communication module (for example, a series commu-
nication module, a USB communication module, or the
like), or a wireless communication module (for example,
a short-range wireless communication module (for ex-
ample, a Bluetooth communication module, an RF com-
munication module, or the like)), converts (for example,
encodes, or the like) the inhalation start signal (or the
signal generated when inhalation is detected) input from
the inhalation start signal generating unit 11 or the exha-
lation start signal (or the signal generated when exhala-
tion is detected) input from the exhalation start signal
generating unit 12 into the respiration stimulation signal,
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and transmits the respiration stimulation signal to the
electric muscle stimulator 20 via wires or wirelessly.
[0042] In addition, the respiration detecting unit 10 ac-
cording to an embodiment of the present disclosure fur-
ther includes an inhalation exhalation ratio setting unit
14, wherein the inhalation exhalation ratio setting unit 14
pre-sets the ratio of inhalation to exhalation according to
the condition of the patient and transmits information
about the pre-set ratio of inhalation to exhalation to the
electric muscle stimulator 20 through the communication
unit 13.

[0043] Atthistime, the communication unit 13 converts
the information about the ratio of inhalation to exhalation
input from the inhalation exhalation ratio setting unit 14
into a ratio information transmission signal, and transmits
the ratio information transmission signal to the electric
muscle stimulator 20 via wires or wirelessly.

[0044] Also, the electric muscle stimulator 20 is in-
stalled on the respiratory muscles of the patient and stim-
ulates the respiratory muscles based on the inhalation
start signal or the exhalation start signal, and stimulates
corresponding respiratory muscles upon receiving the in-
halation start signal or the exhalation start signal from
the respiration detecting unit 10.

[0045] The electric muscle stimulator 20 according to
an embodiment of the present disclosure is described in
detail withreference to FIGS. 3 and 4. The electric muscle
stimulator 20 includes a communication unit 21, an op-
eration control unit 22, a memory unit 23, and a plurality
of electric stimulation pads 24 and 25. Here, the electric
stimulation pads 24 and 25 may be classified into inha-
lation muscle pads 24 and exhalation muscle pads 25.
[0046] First, the communication unit 21 inverse-con-
verts the respiration stimulation signal transmitted from
the respiration detecting unit 10 into the inhalation start
signal or the exhalation start signal, includes a wired com-
munication module (for example, a series communica-
tion module, a USB communication module, or the like)
or a wireless communication module (for example, a
short-range wireless communication module (for exam-
ple, a Bluetooth communication module, an RF commu-
nication module, or the like)), inverse-converts (for ex-
ample, decodes or the like) the respiration stimulation
signal into the inhalation start signal (or the signal gen-
erated when inhalation is detected) or the exhalation start
signal (or the signal generated when exhalation is de-
tected) upon receiving the respiration stimulation signal
from the respiration detecting unit 10 via wires or wire-
lessly, and applies the inhalation start signal (or the signal
generated when inhalation is detected) or the exhalation
start signal (or the signal generated when exhalation is
detected) to the operation control unit 22.

[0047] Accordingly, the communication unit 21 accord-
ing to an embodiment of the present disclosure receives
the ratio information transmission signal from the respi-
ration detecting unit 10 via wires or wirelessly, inverse-
converts the ratio information transmission signal into the
information about the ratio of inhalation to exhalation,
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and applies the information about the ratio of inhalation
to exhalation to the operation control unit 22.

[0048] Also, the operation control unit 22 generates a
first driving control signal or a second driving control sig-
nal correspondingly to the inhalation start signal or the
exhalation start signal obtained by the communication
unit 21.

[0049] Also, the operation control unit 22 according to
an embodiment of the present disclosure includes the
memory 23 storing a program and data necessary for
driving control of the operation control unit 22.

[0050] When the information about the ratio of inhala-
tion to exhalation is input from the communication unit
21, the operation control unit 22 according to an embod-
iment of the present disclosure pre-sets electric stimu-
lating times of corresponding inhalation muscles and ex-
halation muscles in the memory unit 23, and generates
the first driving control signal for operating the inhalation
muscles by an inhalation muscle electric stimulating time
when the inhalation start signal is input from the commu-
nication unit 21 and generate the second driving control
signal for operating the exhalation muscles by an exha-
lation muscle electric stimulating time when the exhala-
tion start signal is input from the communication unit 21.
[0051] In detail, the operation control unit 22 according
to the present disclosure controls operations of (i.e., op-
erates) the corresponding electric stimulation pads 24 or
25 according to the inhalation start time (or the signal
generated when inhalation is detected) or the exhalation
start time (or the signal generated when exhalation is
detected) input from the communication unit 21.

[0052] For example, when the inhalation start signal
(or the signal generated when inhalation is detected) or
the exhalation start signal (or the signal generated when
exhalation is detected) is input from the communication
unit 21, the operation control unit 22 may control opera-
tions of (i.e., operate) the corresponding electric stimu-
lation pads 24 or 25 in synchronization with the input
inhalation start signal (or the signal generated when in-
halation is detected) or the input exhalation start signal
(or the signal generated when exhalation is detected).
[0053] Here, when the inhalation start signal (or the
signal generated when inhalation is detected) is input
from the communication unit 21, the operation control
unit 22 may generate the first driving control signals cor-
responding to the input inhalation start signal (or the sig-
nal generated when inhalation is detected) and apply the
first driving control signals respectively to corresponding
inhalation muscle pads 24, and when the exhalation start
signal (or the signal generated when exhalation is de-
tected) is input from the communication unit 21, the op-
eration control unit 22 may generate the second driving
control signals corresponding to the input exhalation start
signal (or the signal generated when exhalation is de-
tected) and apply the second driving control signals re-
spectively to corresponding exhalation muscle pads 25.
[0054] Also, when the information about the ratio of
inhalation to exhalation is input from the communication
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unit21, the operation control unit 22 may pre-setthe elec-
tric stimulating times of the inhalation muscles and the
exhalation muscles corresponding to the input informa-
tion about the ratio of inhalation to exhalation in the mem-
ory unit 23. For example, the operation control unit 22
may contract the respiratory muscles according to a con-
dition pre-set in the memory unit 23, and in other words,
when the inhalation start signal (or the signal generated
when inhalation is detected) is input from the communi-
cation unit 21, the first driving control signals for operating
the inhalation muscles by the inhalation muscle electric
stimulating time pre-set in the memory unit 23 may be
generated, and when the exhalation start signal (or the
signal generated when exhalation is detected) is input
from the communication unit 21, the second driving con-
trol signals for operating the exhalation muscles by the
exhalation muscle electric stimulating time pre-set in the
memory unit 23 may be generated.

[0055] The electric stimulation pads 24 and 25 are at-
tached to and installed on the respiratory muscles of the
patient, respectively, and stimulate the respiratory mus-
cles by operating according to driving control of the op-
eration control unit 22, respectively.

[0056] Here, the electric stimulation pads 24 and 25
according to an embodiment of the present disclosure
are classified into the inhalation muscle pads 24 and the
exhalation muscle pads 25, wherein the inhalation mus-
cle pads 24 are pre-attached to the respiratory muscles
(phren) of the patient and operate according to the first
driving control signal input from the operation control unit
22 to stimulate (contract) the corresponding inhalation
muscles.

[0057] Also, the exhalation muscle pads 25 are pre-
attached to the exhalation muscles (abdominal muscles)
among the respiratory muscles of the patient and operate
according to the second driving control signal input from
the operation control unit 22 to stimulate (contract) the
corresponding exhalation muscles.

[0058] Here, in an embodiment of the present disclo-
sure, the inhalation muscles and the exhalation muscles
to which the inhalation muscles pads 24 and exhalation
muscle pads 25 are attached are described limitedly to
the phren and the abdominal muscles, respectively, but
the inhalation muscle pads 24 may be attached not only
to the phren, but also to large chest muscles, small chest
muscles, trapezius muscles, erector spine muscles, or
the like, and the exhalation muscle pads 25 may be at-
tached to rectus abdominis muscles, external oblique ab-
dominal muscles, internal oblique abdominal muscles,
muscle transverses abdominis, or the like, as long as
strain is not imposed on the patient’s heart considering
the condition of the patient.

[0059] The respiratory muscle strengthening device
according to an embodiment of the present disclosure
includes the receptor pad 30 that is installed on the res-
piratory muscles of the patient and detects a state (mus-
cle contraction and relaxation degrees, movement time,
or the like) of the respiratory muscles based on the inha-
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lation start signal or the exhalation start signal of the res-
piration detecting unit 10 or artificial respirator electrically
connected thereto.

[0060] Here, the receptor pad 30 detects contraction
and relaxation degrees and times of the respiratory mus-
cles, and s electrically connected to the operation control
unit 22 of the electric muscle stimulator 20 to detect and
transmit the state muscle contraction and relaxation de-
grees, movementtime, or the like) of the respiratory mus-
cles to the operation control unit 22 in real-time.

[0061] Also, as shown in FIG. 3, the receptor pad 30
may be provided separately from the inhalation muscle
pads 24 or the exhalation muscle pads 25, and the re-
ceptor pad 30 provided separately from the inhalation
muscle pads 24 or the exhalation muscle pads 25 may
be attached around each of the inhalation muscle pads
24 or exhalation muscle pads 25 to detect the contraction
and relaxation degrees and movement times of the in-
halation muscles or exhalation muscles.

[0062] Also, as shown in FIG. 4, the receptor pad 30
may be provided integrally with the inhalation muscle
pads 24 or the exhalation muscle pads 25 to detect the
contraction and relaxation degrees and movement times
of the inhalation muscles or exhalation muscles among
the respiratory muscles.

[0063] The contraction and relaxation degrees and
movement times of the respiratory muscles detected by
the receptor pad 30 are transmitted to the operation con-
trol unit 22, and are compared with a stimulation degree
of the first driving control signal or second driving control
signal pre-set in the memory unit 23.

[0064] The contraction and relaxation degrees and
movement times of the respiratory muscles detected by
the receptor pad 30 are transmitted to the operation con-
trol unit 22.

[0065] The operation control unit 22 may compare the
contraction and relaxation degrees of the respiratory
muscles transmitted from the receptor pad 30 with con-
traction and relaxation degrees of the respiratory mus-
cles corresponding to stimulation of the first driving signal
or second driving signal, and determine whether electric
stimulation is normally applied.

[0066] Here, the electric stimulation according to the
first driving control signal or second driving control signal
pre-set in the memory unit 23 and the contraction and
relaxation degrees of the respiratory muscles detected
by the receptor pad 30 are compared, and when it is
determined that the electric stimulation is outside a nor-
mal range, the operation control unit 22 outputs an alarm
by driving the alarm unit 40 to notify an operator that
abnormal electric stimulation is currently detected such
that a consequent action is taken.

[0067] Accordingly, the respiratory muscle strengthen-
ing device according to an embodiment of the present
disclosure may use respiratory muscles while simultane-
ously curing a respiratory disease by continuously using
the respiratory muscles even while an artificial respirator
is used, and accordingly, manpower, time, and econom-
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ical costs of additional treatment for respiratory muscle
strengthening exercise performed again after the respi-
ratory disease is medically cured may be reduced, and
not only the respiratory muscles are strengthened, but
also early respirator weaning is induced. Also, by per-
forming strengthening exercise of the respiratory mus-
cles through a pad attached to the respiratory muscles
by using an electric neuromuscle stimulator, a method
of use is simple, an additional space or equipment is not
required, synergy is generated with respect to respira-
tion, and the respiratory muscles are continuously
strengthened, and thus the respirator weaning may be
advanced.

[0068] Also, by further providing a receptor pad to the
respiratory muscles, a degree of electric stimulation ap-
plied to the respiratory muscles may be objectively de-
termined, and a first driving control signal or a second
driving control signal applied to the inhalation muscle
pads 24 or exhalation muscle pads 25 may be corrected
considering a movement (contraction or relaxation) de-
gree of the respiratory muscles, which is actually applied,
and thus reliability of a device may be secured.

[0069] While the present disclosure has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the present disclosure as defined by
the following claims.

Claims

1. Arespiratory muscle strengthening device compris-
ing:

an electric muscle stimulator 20 installed on res-
piratory muscles of a patient and stimulating the
respiratory muscles based on spontaneous
breathing of a patient or external inhalation start
signal or exhalation start signal; and

a receptor pad 30 installed on the respiratory
muscles of the patient and detecting a state of
the respiratory muscles.

2. The respiratory muscle strengthening device of
claim 1, wherein the electric muscle stimulator 20
contracts the respiratory muscles in accordance with
the spontaneous breathing of the patient or an inha-
lation or exhalation signal detected from the outside
according to a ratio of inhalation to exhalation or pre-
sets an electric stimulating time of the respiratory
muscles corresponding to the contraction, contracts
inhalation muscles among the respiratory muscles
for an inhalation muscle electric stimulating time
when the inhalation start signal is received, and con-
tracts exhalation muscles among the respiratory
muscles for an exhalation muscle electric stimulating
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time when the exhalation start signal is received.

The respiratory muscle strengthening device of
claim 1, wherein the electric muscle stimulator 20
contracts the respiratory muscles in accordance with
the spontaneous breathing of the patient or an inha-
lation or exhalation signal detected from the outside
according to the inhalation start signal or the exha-
lation start signal or pre-sets stimulation strength for
each region of the respiratory muscles correspond-
ing to the contraction, and stimulates each region of
the respiratory muscles by adjusting a stimulation
degree of each region to the pre-set stimulation
strength.

The respiratory muscle strengthening device of
claim 1, wherein the electric muscle stimulator 20
comprises:

a communication unit 13, 21 forinverse-convert-
ing the spontaneous breathing of the patient or
a respiratory stimulation signal applied from the
outside to the inhalation start signal or the ex-
halation start signal;

an operation control unit 22 for generating a first
driving control signal or a second driving control
signal correspondingly to the inhalation start sig-
nal or the exhalation start signal obtained by the
communication unit 13, 21;

a memory unit 23 for storing a program and data
necessary for driving control of the operation
control unit 22;

a plurality of inhalation muscle pads 24 pre-at-
tached respectively to inhalation muscles
among the respiratory muscles of the patient
and stimulating a corresponding inhalation mus-
cle according to the first driving control signal
generated by the operation control unit 22; and
a plurality of exhalation muscle pads 25 pre-at-
tached respectively to exhalation muscles
among the respiratory muscles of the patient
and stimulating a corresponding exhalation
muscle according to the second driving control
signal generated by the operation control unit
22.

The respiratory muscle strengthening device of
claim 4, wherein the receptor pad 30 is attached
around each of the plurality ofinhalation muscle pads
24 or each of the plurality of exhalation muscle pads
25 separately from the plurality of inhalation muscle
pads 24 or the plurality of exhalation muscle pads
25 to detect a motion degree of the respiratory mus-
cles.

The respiratory muscle strengthening device of
claim 4, wherein the receptor pad 30 is attached to
the inhalation muscles or the exhalation muscles by



15 EP 3 461 530 A1

the plurality of inhalation muscle pads 24 or the plu-
rality of exhalation muscle pads 25 by being integrat-
ed with the plurality of inhalation muscle pads 24 or
the plurality of exhalation muscle pads 24 to detect
a motion degree of the respiratory muscles.

The respiratory muscle strengthening device of
claim 4, wherein the operation control unit 22 deter-
mines electric stimulation output through the plurality
of inhalation muscle pads 24 or the plurality of ex-
halation muscle pads 25, and whether the electric
stimulation is normally applied via the state of the
respiratory muscles detected through the receptor
pad 30.

The respiratory muscle strengthening device of
claim 7, further comprising an alarm unit 40 gener-
ating alarm sound to a user when the operation con-
trol unit 22 determines that the electric stimulation is
not normally applied.

The respiratory muscle strengthening device of
claim 1, further comprising a respiration detecting
unit 10 generating the inhalation start signal corre-
spondingly at an inhalation start time when the pa-
tient inhales air or generating the exhalation start
signal correspondingly at an exhalation start time
when the patient exhales air, and transmitting the
inhalation start signal or the exhalation start signal
to the electric muscle stimulator 20.
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