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DEVICE FOR MEASURING MUSCLE
RELAXATION AND MONITORING
EQUIPMENT

TECHNICAL FIELD

[0001] Thepresent disclosure relates to medical devices, in
particular to a device for measuring muscle relaxation and a
monitoring equipment including the device.

BACKGROUND

[0002] In clinical settings, measurement of muscle relax-
ation can be used to detect the blocking level and recovery
state of neuromuscular transfer function caused by relaxants
given to anesthetized patients or critical patients. The conven-
tional method for measuring muscle relaxation is to apply
constant electrical current stimulus with a certain intensity
and pulse width, according to different stimulus modes, to the
corresponding nerve near the wrist of a patient, thus causing
contractions of relevant muscles. The strength of a finger
motion can reflect the depth of anesthesia of the patient.

[0003] The conventional device for measuring muscle
relaxation usually utilizes an acceleration sensor to sense and
output motion information of the body. For example, the
acceleration sensor is attached to a measurement site, such as
athumb, and the motion of the acceleration sensor is regarded
to be consistent with the motion of the thumb. Then the
acceleration sensor outputs uniaxial acceleration informa-
tion, biaxial acceleration information or triaxial acceleration
information. The acceleration information then can be pro-
cessed with algorithms to indicate the state of the body in
response to the electrical current stimulus.

SUMMARY

[0004] The present disclosure provides a device for mea-
suring muscle relaxation.

[0005] According to one aspect of the present disclosure, a
device for measuring muscle relaxation is provided. The
device may include a response signal detection unit and a
control unit. The response signal detection unit can be used
for detecting motion information of a measurement site in
response to a stimulus current. The response signal detection
unit includes an angular velocity sensor for detecting the
angular velocity information of the measurement site and
transmitting the angular velocity information to the control
unit. The control unit includes a main processor and a stimu-
lus signal source connected to the main processor. The stimu-
lus signal source applies the stimulus current to the measure-
ment site through an output terminal under control of the main
processor. The main processor can be connected to the
response signal detection unit by wired or wireless connec-
tion. The main processor can process the motion information
from the response signal detection unit.

[0006] According to another aspect of the present disclo-
sure, a monitoring equipment is provided. The monitoring
equipment includes the device for measuring muscle relax-
ation. The monitoring equipment can display a measurement
resulting from the motion information of the device for mea-
suring muscle relaxation.

[0007] The device for measuring muscle relaxation accord-
ing to the present disclosure utilizes an angular velocity sen-
sor to detect the motion of the measurement site, and thereby
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can sense the angular velocity information to obtain the
response information of the measurement site in response to
the stimulus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1is a block diagram of a device for measuring
muscle relaxation according to one embodiment of the
present disclosure; and

[0009] FIG. 2 is a schematic diagram depicting motions of
a response signal detection unit in a two-dimensional plane.

DETAILED DESCRIPTION

[0010] The present disclosure will be further described by
the following detailed description of specific embodiments
with reference to the accompanying drawings.

[0011] Referring to FIG. 1, according to one embodiment,
a device for measuring muscle relaxation includes a response
signal detection unit 20, a control unit 30 and a display unit
40. The control unit 30 includes a main processor 301, a
stimulus signal source 302, a second interface chip 303 and a
third interface chip 304. The main processor 301 can be
connected to the stimulus signal source 302. The second
interface chip 303 and the third interface chip 304 can be
connected to the main processor 301. The stimulus signal
source 302 applies stimulus current to a measurement site CC
through an output terminal 101 under control of the main
processor 301. The measurement site CC can be a thumb. The
output terminal 101 can be a pair of cables connected to the
stimulus source 302, and one end of the output terminal 101
can be connected to an electrode pad 10 affixed to a surface of
the measurement site CC. The electrode pad 10 can be affixed
near the wrist. The stimulus signal source 302 can be con-
trolled by the main processor 301 via a control interface AA.
The stimulus signal source 302 generates stimulus current
under control of the main processor 301, and applies the
stimulus current to the measurement site CC via the output
terminal 101 and the electrode pad 10. The output terminal
101 of the stimulus signal source 302 can also be connected to
the main processor 301 so that the stimulus current can be fed
back to the main processor 301; therefore the stimulus signal
source 302 can be closed-loop controlled by the main proces-
sor 301. In one detailed embodiment, the stimulus current can
be fed back to the main processor 301 via a feedback interface
BB from the output terminal 101. The control of the stimulus
signal source 302 under the main processor 301 is described
with more detail as follows. In one aspect, the main processor
301 controls the stimulus signal source 302 to generate con-
stant stimulation current required for the measurement of
muscle relaxation. The intensity and/or the pulse width of the
stimulus current are adjustable according to an acceptable
body impedance range. In another aspect, in order to ensure
the patient’s safety, the main processor 301 monitors the
stimulus current generated and fed back by the stimulus sig-
nal source 302, to determine whether the intensity and/or the
pulse width of the stimulus current generated by the stimulus
signal source 302 are kept within an allowable range accord-
ing to the body impedance range. For the convenience of
acquiring measurement results produced by the device for
measuring muscle relaxation, the third interface chip 304,
which can be regarded as one of the output terminals of the
control unit 30, can be connected to the display unit 40. The
main processor 301 acquires the motion information from the
response signal detection unit 20, and processes the motion
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information to obtain processed data which can indicate the
degree of the patient’s muscle relaxation. The main processor
301 transmits the processed data via the third interface chip
304 to the display unit 40, by which the processed data is
displayed accordingly. The second interface chip 303 can be
connected to the response signal detection unit 20.

[0012] The response signal detection unit 20 includes an
angular velocity sensor 201, a slave processor 202, a memory
203 and a first interface chip 204. The response signal detec-
tion unit 20 can be attached to the measurement site CC; thus
the motion state of the response signal detection unit 20 can
be regarded as consistent with the motion state of the mea-
surement site CC. The angular velocity sensor 201 can be
connected to the slave processor 202. The angular velocity
sensor 201 detects and outputs angular velocity information
of the measurement site CC when moving together therewith.
The angular velocity information then can be transmitted to
the slave processor 202. The slave processor 202 can also be
used for parameter configuration or calibration of the angular
velocity sensor 201. For example, the measuring range, fil-
tering mode, and/or sampling rate of the angular velocity
sensor 201 can be configured or set by the slave processor
202. The memory 203 can be connected to the slave processor
202. The memory 203 can be used for storing calibration
information such as the zero offset of the angular velocity
sensor 201, and thus can facilitate future hardware and soft-
ware upgrades for the device. In another embodiment, the
memory 203 can be used to store identity information such as
hardware and/or software version information. The first inter-
face chip 204, which can act as an output terminal of the
response signal detection unit 20, is connected with the slave
processor 202. The first interface chip 204 can be connected
to the second interface chip 303. The motion information can
be transmitted from the slave processor 202 to the main
processor 301 via the first interface chip 204 and the second
interface chip 303; thus the control unit 30 can obtain the
motion information outputted by the response signal detec-
tion unit 20. The first interface chip 204 and the second
interface chip 303 can be connected through conventional
cabling or wireless connection, such as Bluetooth.

[0013] For further details, the response signal detection unit
20 and the control unit 30 can be set apart, but data can be
transmitted between them through the first interface chip 204
and the second interface chip 303. In another embodiment,
the response signal detection unit 20 and the control unit 30
can be integrated and attached to the measurement site CC
together; therefore the processing of the motion information
can be performed at the location of the measurement site CC,
and the processed data or measurement results can be sent to
the display unit 40 for displaying.

[0014] In another embodiment of the present disclosure,
the slave processor 202 of the response signal detection unit
20 can be omitted. The memory 203 of the response signal
detection unit 20 can be integrated with the control unit 30;
thus the memory can be connected to the main processor 301
and used for storing the configuration or calibration informa-
tion of the angular velocity sensor 201 and/or the identity
information, such as the hardware and/or software version
information of the device for measuring muscle relaxation.

[0015] In another aspect, the memory 203 can be an inte-
grated part of the main processor 301 or the slave processor
202, or can be independent of or separated from the main
processor 301 and the slave processor 202.
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[0016] 1In order to obtain all necessary information for cal-
culating the muscle relaxation measurements, the angular
velocity information outputted by the angular velocity sensor
201 can be used to calculate approximate acceleration infor-
mation according to certain assumptions. The assumptions
can be described as follows: assuming that the measurement
site (such as a thumb) performs a circular motion around a
fixed point (such as the thumb joint), the angular velocity
multiplied by the length of the measurement site can be a
linear velocity, and a time derivative of the linear velocity
speed can be regarded as the acceleration information. How-
ever, although the device of the present disclosure can get
both the angular velocity and the acceleration through a single
angular velocity sensor, it can further include an acceleration
sensor to provide more accurate measuring of the muscle
relaxation. In some embodiments, the response signal detec-
tion unit 20 includes an acceleration sensor 205. The accel-
eration sensor 205 can be connected to the slave processor
202. The acceleration sensor 205 detects and outputs accel-
eration information of the measurement site CC when mov-
ing together therewith. The acceleration information then can
be transmitted to the slave processor 202. The slave processor
202 can also be used for parameter configuration or calibra-
tion of the acceleration sensor 205. The acceleration sensor
205 can be integrated in a single sensor chip with the angular
velocity sensor 201. The acceleration sensor 205 and the
angular velocity sensor 201 can also be separated from each
other. In one embodiment, the angular velocity sensor 201 can
be a gyroscope sensor. Other sensors, such as temperature
sensors, magnetic sensors, and proximity sensors, can be
employed in the device or incorporated with the angular
velocity sensor 201 and/or the acceleration sensor 205 to
measure other information of the measurement site CC.

[0017] Further, the slave processor 202 can be connected to
the acceleration sensor 205, and the slave processor 202 can
perform configuration or calibration of the acceleration sen-
sor 205. The slave processor 202 can be connected to the main
processor 301, such that the motion information sensed by the
angular velocity sensor 201 and/or the acceleration sensor
205 can be transmitted from the slave processor 202 to the
main processor 301, and therefore the propagation distance of
the signal can be increased.

[0018] In one embodiment, the main processor 301 can
process the acquired motion information according to the
following principles or steps.

[0019] 1. Assume the mass of the internal moving mass of
the sensor of the response signal detection unit 20 is m, and m
is an unchangeable constant. During the motion of the sensor,
the internal moving mass is subject to two forces: one is the
gravity represented by mg, and the other is the elasticity
induced by the triaxial polysilicon spring of the sensor. The
elasticity can be represented by f, and it can be regarded as the
resistance against moving the internal mass. The resulting
force of the gravity mg and the elasticity f can be represented
by F, and therefore the actual acceleration of the internal
moving mass, which is represented by A, is equal to F/m
(A=F/m). Assume that X, represents a first vector of the
gravity acceleration in the X-axis of the internal moving
mass, Y, represents a second vector of the gravity accelera-
tion in the Y-axis of the internal moving mass, and Z,, repre-
sents a third vector of the gravity acceleration in the Z-axis of
the internal moving mass. Similarly, X -represents a first vec-
tor of an elasticity acceleration in the X-axis, Y ,represents a
second vector of the elasticity acceleration in the Y-axis, and
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7 crepresents a third vector of the elasticity acceleration in the
Z-axis. X represents a resulting force acceleration vector in
the X-axis, Y - represents another vector of the resulting force
acceleration in the Y-axis, and Z . represents another vector of
the resulting force acceleration in the Z-axis. According to
principles of the acceleration sensor, the acceleration sensor
can output XY ,and 7,

[0020] Referring to FIG. 2, aschematic diagram depicts the
motions of the response signal detection unit in a two-dimen-
sional plane with a kinetic coordinate system. The two-di-
mensional plane can be represented by an X-Y plane which is
parallel to the direction ofthe gravity. The internal mass of the
sensor can be regarded as moving in the X-Y plane (assume
there is no motion vector in the Z-axis). For any location or
any moving status of the internal mass, equations including
X=g cos 8+X, Y=g cos ¢+Y and 7Z,=0+Z~0 are estab-
lished, wherein 0 is the angle between the gravity direction
and the X-axis, and ¢ is the angle between the gravity direc-
tion and the Y-axis. As the motions occur in the two dimen-
sional plane, 0+¢=n/2, and thus Y=g 5in 0+ Y, Therefore, the
absolute value of A can be calculated according to expression

of IAH/XF2+YF2+ZF2:\/g(cos6+Xf2+(gsin6+Yf2, and
the absolute value of F can be calculated according to the
following expression @:

Fl=ml41=m(g cos O-+X>+(g sin 0+7, ®

[0021] 2. The angle 0 of the expression @ can be calcu-
lated by the acceleration sensor 205 and the angular velocity
sensor 201 jointly. The initial angle 0, corresponding to the
initial status of the moving mass can be obtained according to
angle detection mechanisms of the acceleration sensor. As the
output of the angular velocity sensor is angular velocity, the
angle variation A0 can be obtained by integrating the angular
velocity withrespect to time. Therefore 8 canbe calculated by
the expression of 0=0,+A0. Accordingly, the only unknown
element of the expression @ for calculating IF| is m.

[0022] 3. Taking a widely used TOF (Train of Four, which
applies four clusters of stimuli to the measurement site) mea-
suring mode as an example, the final result to be obtained is
TOF, which is aratio, and it can be calculated according to the
expression

ToF = madFd
~ maxFy|’

wherein max |F, | represents a maximum measurement of |F, |
according to the first stimulus, and max IF,| represents a
maximum measurement of IF| according to the fourth stimu-
lus. As a result, the unknown element m is removed, and the
TOF can be calculated.

[0023] 4. In some actual measurements of muscle relax-
ation, the motion of the measurement site may be three-
dimensional. For fully reflecting the motion or calculating the
measurement in this situation, triaxial acceleration informa-
tion and triaxial angular velocity information may be needed.
According to the above consideration, the absolute value of F
can be calculated according to the following expression:

Fl=mlA| :m\/(gcose+Xf 2+(geosp+ VP +(geosd+ZY

[0024] wherein 0 is the angle between the gravity direction
and the X-axis vector of the moving mass, ¢ is the angle
between the gravity direction and the Y-axis vector of the
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moving mass, and d is the angle between the gravity direction
and the Z-axis vector of the moving mass. Thus the actual
measurement result of the muscle relaxation can be calcu-
lated according to the above described principles.

[0025] In some other embodiments of the present disclo-
sure, the main processor 301 of the device can implement the
function of the slave processor 202; that is, the angular veloc-
ity sensor 201 can be configured or calibrated by the main
processor 301 directly. In another embodiment, the response
signal detection unit 20 and the control unit 30 can be inte-
grated as a single unit and attached to the measurement site
CC asawhole, and the motion information can be transmitted
from the response signal detection unit 20 to the main pro-
cessor 303 without the first interface chip 204 and the second
interface chip 303. In addition, the function of the display unit
40 is to display information such that a user can obtain a
visualized measurement output conveniently, so the display
unit 40 should not be considered as a limitation to the scope of
the present disclosure.

[0026] The embodiments of the present disclosure provide
a muscle relaxation measuring device including an angular
velocity sensor to detect motion information of the measure-
ment site, thereby obtaining the reaction of the measurement
site under the current stimulus. In some of the embodiments,
an acceleration sensor can be combined to obtain acceleration
information of the measurement site directly, and thus the
measuring of the muscle relaxation may be more accurate.
[0027] The present disclosure also provides a patient moni-
toring equipment which includes the above described muscle
relaxation measuring device according to various embodi-
ments. The patient monitoring equipment can display the
measurement results of the muscle relaxation measuring
device.

[0028] Though the present disclosure has been described in
detail by way of specified examples, the examples are used for
helping to understand the present disclosure, not to limit the
present disclosure. Those skilled in the art can change the
above specified embodiments based on the spirit of the
present disclosure.

What is claimed is:

1. A device for measuring muscle relaxation, comprising:

aresponse signal detection unit for detecting motion infor-

mation of a measurement site in response to a stimulus
current; and

a control unit connected to the response signal detection

unit, wherein the control unit comprises a main proces-
sor and a stimulus signal source, the stimulus signal
source is connected to the main processor, the stimulus
signal source applies the stimulus current to a measure-
ment site through an output terminal under control of the
main processor, and the main processor processes the
motion information from the response signal detection
unit;

wherein the response signal detection unit comprises an

angular velocity sensor for sensing the motion of the
measurement site and outputting corresponding angular
velocity information of the measurement site to the con-
trol unit.

2. The device for measuring muscle relaxation according to
claim 1, wherein the response signal detection unit comprises
an acceleration sensor for sensing acceleration information of
the measurement site.

3. The device for measuring muscle relaxation according to
claim 1, further comprising a display unit for displaying a
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measurement result resulting from the motion information,
wherein the display unit is connected to the control unit.

4. The device for measuring muscle relaxation according to
claim 1, wherein the response signal detection unit further
comprises a slave processor for configuring and/or calibrat-
ing the angular velocity sensor and/or transmitting the motion
information to the main processor, wherein the slave proces-
sor is connected to the angular velocity sensor.

5. The device for measuring muscle relaxation according to
claim 2, wherein the response signal detection unit further
comprises a slave processor for configuring and/or calibrat-
ing the angular velocity sensor and/or the acceleration sensor,
and/or transmitting the motion information to the main pro-
cessor, wherein the slave processor is connected to the angu-
lar velocity sensor and the acceleration sensor respectively.

6. The device for measuring muscle relaxation according to
claim 4, wherein the response signal detection unit further
comprises a memory for storing at least one of configuration
information, calibration information and identity information
of software versions and/or hardware versions of the device
for measuring muscle relaxation, wherein the memory is con-
nected to the slave processor or the main processor.

7. The device for measuring muscle relaxation according to
claim 4, wherein the response signal detection unit further
comprises a first interface chip connected to the slave proces-
sor, and a second interface chip connected to the main pro-
cessor, wherein the first interface chip and the second inter-
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face chip transmit the motion information from the slave
processor to the main processor by wired or wireless connec-
tion.

8. The device for measuring muscle relaxation according to
claim 1, wherein the stimulus signal source is connected to
the main processor and configured to feed back the stimulus
current to the main processor.

9. A monitoring equipment, comprising:

aresponse signal detection unit for detecting motion infor-

mation of a measurement site in response to a stimulus
current; and

a control unit connected to the response signal detection

unit, wherein the control unit comprises a main proces-
sor and a stimulus signal source, the stimulus signal
source is connected to the main processor, the stimulus
signal source applies the stimulus current to a measure-
ment site through an output terminal under control of the
main processor, and the main processor processes the
motion information from the response signal detection
unit and outputs a measurement result according to the
motion information;

wherein the response signal detection unit comprises an

angular velocity sensor for sensing the motion of the
measurement site and outputting corresponding angular
velocity information of the measurement site to the con-
trol unit.

10. The monitoring equipment according to claim 9, fur-
ther comprising a display unit for displaying the measure-
ment result.
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