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Description
Technical Field

[0001] The present invention relates to an automatic
injection device for moving a syringe held in the main
body at a high speed to automatically perform punc-
ture/injection.

Background Art

[0002] Presently,as medicaments, use of protein prep-
arations such as molecular targeting drugs, vaccines,
and hormonal agents typified by insulin rapidly increases,
and a device capable of easy administration of these
medicaments is required. These medicaments are a
high-molecular protein or peptide and are not absorbed
into a body through oral administration. Therefore, ad-
ministration by a syringe needle into a hypodermis or
blood vessel is necessary.

[0003] Administration by a syringe needle, such as hy-
podermic, intravenous, and intramuscular administra-
tions, is a general administration method presently. How-
ever, a drug solution is infused through puncture by the
syringe needle and thus this method involves pain when
the needle penetrates the skin. Therefore, in some cases,
fear of the pain when puncture by a syringe needle is
performed and discomfort in infusion of a drug solution
is caused in a patient to which the drug solution is ad-
ministered by using a syringe and the patient refuses the
drug treatment or becomes negative about it. This leads
to delay in the treatment. In particular, diabetes patients
for which insulin injection is necessary and patients with
growth deficiency for which growth hormone injection is
necessary are frequently children, and the pain and dis-
comfort in injection are also a cause of later "injection
phobia" (Needle phobia).

[0004] Therefore, for patients including such child pa-
tients, a device that can be easily operated in injection
and does not involve pain and allows automatic injection
without direct contact with a syringe needle and a syringe
is desired.

[0005] To meet this desire, as an automatic injection
device that enables a patient to personally administer a
drug solution easily, devices that automatically perform
puncture and infusion by pressing a syringe and a pusher
(plunger) of the syringe by a spring force have been pro-
posed.

[0006] For example, the following device is described
in Patent Document 1. The device includes a drive as-
sembly and a syringe assembly mounted to the drive
assembly. The drive assembly includes a drive rod, a
driver releasably coupled to the drive rod, and a constant
force spring that urges the drive rod toward the syringe
assembly. In this device, the spring urges the coupled
drive rod and driver along the axis line of the device to
puncture the skin by a needle of the syringe assembly.
Then, the drive rod is decoupled from the driver and the
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spring continues to urge the drive rod in the axis line
direction. Thereby, the drive rod engages with a piston
in the syringe assembly and pushes out a medicament
therein to automatically perform an injection.

[0007] Furthermore, the following device is described
in Patent Document 2. The device includes a housing
that is so configured as to internally contain a medica-
ment container. The housing includes a contact part to
be applied to an injection site, a needle cover that sur-
rounds a needle disposed to the medicament container
and extends by at least the length of the needle, spring
means capable of, when being actuated, pushing the
needle to make it pass through an end part of the needle
cover and operating the medicament container to supply
a dose of medicament. The housing further includes first
locking means capable of locking the spring means in a
pressurized state and first actuating means capable of
releasing the spring means for an injection when being
manually operated. In this device, by pressing a button,
a syringe to which the spring is mounted is actuated and
the medicament is automatically injected.

[0008] Moreover, the following device is described in
Patent Document 3. The device includes an elongated
housing, a container containing a medicament to be in-
fused through a needle, pressurizing means that acts on
the container and is capable of, when being actuated,
moving the container and the needle for puncture and
subsequently expelling the medicament through the nee-
dle, and actuating means disposed to actuate the pres-
surizing means. In this device, the actuating means in-
cludes a needle shield disposed slidably relative to the
housing and a collapsible holding member connected to
an inner end part of the needle shield. Due to this, in the
movement of the needle shield, the collapsible holding
member collapses when a certain force is applied by the
needle shield. Thereby, the further movement of the nee-
dle shield actuates the actuating means. Then, the actu-
ating means releases the pressurizing means to initiate
infusion of the medicament. Furthermore, Patent Docu-
ment 4 describes a multi electrode and needle injection
device for identifying and treating muscle pain using two
simultaneous electrode EMG recordings to locate an ac-
tive trigger point.

Prior Art Documents

Patent Documents

[0009]
Patent Document 1: U.S. Patent No. 5,478,316
Patent Document 2: EP Patent No. 1,349,590

Patent Document 3: JP 2010-521260 A
Patent Document 4: U.S. Patent No. 6,356,783 B1



3 EP 2 946 729 B1 4

Summary of Invention
Technical Problems

[0010] The devices described in Patent Documents 1
to 3 are devices with which a series of action of punctu-
ating the skin by a syringe needle and infusing a drug
solution and then withdrawing the syringe needle can be
automatically performed. However, they do not alleviate
pain accompanying the puncture by the syringe needle
and the infusion of the drug solution.

[0011] withadevicethatpressesa syringe andaplung-
er by using a spring to automatically perform puncture
and infusion of a drug solution like the devices described
in Patent Documents 1 to 3, high-speed puncture based
on the repulsive force of the spring is performed and thus
an impact on the skin (vibration, feeling of pressure, im-
pact sound, etc.) is made at the time of the puncture,
giving anxiety and fear about the injection to the patient.
Furthermore, because the puncture and infusion are per-
formed by the same spring, it is difficult to set conditions
in detail about the puncture speed, the puncture depth,
and the infusion rate of the drug solution depending on
the patient and the kind of medicament.

[0012] Furthermore, in the dental field, an electric in-
fusion instrument that automatically infuses a drug solu-
tion at a constant speed is used as an instrument to ad-
minister anesthetic. However, puncture by a syringe nee-
dle is performed by an operator and the puncture is not
automatically performed.

[0013] Moreover, to alleviate pain in puncture, a sy-
ringe needle whose diameter is set small is developed
andis used in aclinical scene. However, in administration
of a large amount of medicament and administration of
a medicament having a high viscosity, the infusion re-
sistance is high and a long time is taken.

[0014] An object of the presentinvention is to solve the
problems of the above-described conventional tech-
niques and provide the following automatic injection de-
vice. Specifically, this automatic injection device auto-
matically performs puncture and allows setting of condi-
tions of the puncture according to the thickness of a sy-
ringe needle, the puncture depth, and so forth. Further-
more, the automatic injection device reduces pain in
puncture and in drug solution infusion and reduces the
impact in the puncture to allow alleviation of anxiety and
fear of a patient.

[0015] Furthermore, another object of the present in-
vention is to provide an automatic injection device that
can automatically perform puncture with very little pain
of the puncture at such a puncture speed as to yield al-
most no pain. The scope of the present invention is de-
fined by independent claim 1. Further embodiments are
defined in the dependent claims.

Technical Solution

[0016] To solve the above-described problems, the
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present invention provides an automatic injection device
that performs puncture by causing an advance of a sy-
ringe having a distal end at which a syringe needle is
disposed. The automatic injection device has a syringe
holder that holds the syringe attachably and detachably,
a first drive unit that causes the syringe holder holding
the syringe to advance to perform puncture by the syringe
needle, and a control unit that controls the first drive unit
to control a puncture speed.

[0017] Here, it is preferable that the first drive unit in-
cludes a first electric motor and a first motion converter
that converts rotational motion of the first electric motor
to linear motion and causes the syringe holder to ad-
vance.

[0018] Furthermore, it is preferable that the thickness
of the syringe needle of the syringe is in a range of 18 G
to 34 G and the puncture speed in puncture with the sy-
ringe needle by the first drive unit satisfies 10 to 500
mm/s.

[0019] In addition, it is preferable to employ the follow-
ing configuration. Specifically, the syringe has, in addition
to the syringe needle, a syringe barrel filled with a drug
solution and a plunger for infusing the drug solution in
the syringe barrel into a subject from the syringe needle
with which puncture is performed. The automatic injec-
tion device has a second drive unit that causes the plung-
er to advance to infuse the drug solution. The control unit
controls the second drive unit to infuse the drug solution
at a predetermined infusion rate after puncture by the
first drive unit.

[0020] Moreover, it is preferable that the second drive
unit includes a second electric motor and a second mo-
tion converter that converts rotational motion of the sec-
ond electric motor to linear motion.

[0021] Furthermore, it is preferable that the first drive
unit moves the second drive unit and the syringe holder
integrally. In addition, it is preferable that the control unit
controls the infusion rate of the drug solution by the sec-
ond drive unit to 1 to 1000 pL/s.

[0022] Moreover, it is preferable that the control unit
controls the first drive unit so that the puncture depth
when the first drive unit causes the syringe holder to ad-
vance to perform puncture with the syringe needle is a
depth of 1 to 50 mm.

[0023] Furthermore, itis preferable that the control unit
controls the first drive unit to cause the syringe holder to
retreat and withdraw the syringe needle after elapse of
a predetermined stop time after drug solution infusion by
the second drive unit.

[0024] In addition, it is preferable that the control unit
variably controls a puncture speed in the middle of punc-
ture in the puncture with the syringe needle by the first
drive unit.

Advantageous Effect

[0025] According to the present invention, in automat-
ically performing puncture, conditions of the puncture can
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be set according to the thickness of a syringe needle, the
puncture depth, and so forth. This reduces pain in the
puncture and reduces the impact in the puncture, allow-
ing alleviation of anxiety and fear of a patient.

[0026] Furthermore, according to a preferred mode of
the present invention, the puncture speed in puncture by
the first drive unit satisfies 10 to 500 mm/s when the thick-
ness of the syringe needle is in a range of 18 G to 34 G.
This can automatically perform puncture with very little
pain of the puncture at such a puncture speed as to yield
almost no pain.

Brief Description of Drawings
[0027]

[FIG. 1]

FIG. 1 is a sectional view conceptually showing one
embodiment of an automatic injection device of the
present invention.

[FIG. 2]

FIG. 2is afrontview of the automatic injection device
shown in FIG. 1.

[FIG. 3]

FIG. 3 is a sectional view of the automatic injection
device in a state in which a syringe is not mounted
therein.

[FIG. 4]

FIG. 4 is a diagram of the automatic injection device
shown in FIG. 1 as seen from a direction "a."

[FIG. 5]

FIGS. 5(A) to 5(C) are diagrams for explaining the
operation of the automatic injection device of the
present invention.

[FIG. 6]

FIG. 6 is a perspective view conceptually showing
another example of the automatic injection device of
the present invention.

[FIG. 7]

FIG. 7 is a graph representing a result of measure-
ment of the penetration resistance in puncture.
[FIG. 8]

FIG. 8(A) is a graph showing the relationship be-
tween the puncture speed and the penetration re-
sistance, and FIG. 8 (B) is a graph showing the re-
lationship between the puncture speed and the elec-
tromyography response magnitude.

[FIG. 9]

FIG. 9(A) is a graph showing the relationship be-
tween the puncture speed and the penetration re-
sistance, and FIG. 9 (B) is a graph showing the re-
lationship between the puncture speed and the elec-
tromyography response magnitude.

Modes for Carrying Out the Invention

[0028] An automatic injection device according to the
present invention will be described in detail below based
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on a preferred embodiment shown in the accompanying
drawings.

[0029] FIG. 1 is a sectional view showing the outline
of the automatic injection device according to the present
invention and FIG. 2 is a front view of a state in which a
cover 14 of an automatic injection device 10 shown in
FIG. 1 is opened.

[0030] Furthermore, FIG. 3 is a schematic sectional
view of the automatic injection device 10 in a state in
which a syringe 70 is removed.

[0031] The syringe 70 mounted in the automatic injec-
tion device 10 is a normal syringe having a syringe barrel
72 that is internally filled with a drug solution and has a
cylindrical shape, a syringe needle 74 that is disposed
at the distal end of the syringe barrel 72 to be inserted
into the body of a subject (patient) and expels the drug
solution from the distal end, and a plunger 76 for expelling
the drug solution in the syringe barrel 72 from the syringe
needle 74. The plunger 76 includes a piston part that is
inserted into the syringe barrel 72 from the opposite side
to the side of the syringe needle 74 (proximal side) and
is slidable in the syringe barrel 72.

[0032] Inthe example shown in the diagrams, a flange
72a locked into a locking groove 20b of a syringe holder
20 to be described later is provided on the proximal side
of the syringe barrel 72.

[0033] Furthermore, a flange 76a locked into a locking
groove 44a of a pressing member 44 to be described
later is provided on the proximal side of the plunger 76.
[0034] Note that the syringe 70 may be filled with a
drug solution by an operator or may be a pre-filled syringe
filled with a drug solution in advance.

[0035] The automatic injection device 10 is a device
that automatically performs injection through mounting
of the syringe 70 in a housing 12. The automatic injection
device 10 has the housing 12, the cover 14, a first drive
unit 16 for performing puncture by the syringe needle 74
of the syringe 70, a second drive unit 18 for performing
infusion of a drug solution by the syringe 70, the syringe
holder 20, a control unit 22 that controls the first drive
unit 16 and the second drive unit 18, an operation unit
26, and a battery 28 that supplies the respective units
with power.

[0036] The syringe holder 20 is a part that holds the
syringe 70 with the longitudinal direction of the syringe
70 setidentical to the direction of driving by the first drive
unit 16 to be described later.

[0037] As shown in FIGS. 2 and 3, the syringe holder
20 has, along the longitudinal direction of the syringe 70,
arecess 20athat corresponds to the shape of the syringe
barrel 72 of the syringe 70 and has a semicircular shape
in section perpendicular to the longitudinal direction. Fur-
thermore, the locking groove 20b for locking of the flange
72a of the syringe barrel 72 is formed on the proximal
side of the recess 20a (on the side of the plunger 76) .
[0038] Note that, in the example shown in the dia-
grams, the syringe holder 20 is formed monolithically with
blocks 34b and a base 36 of the first drive unit 16 to be
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described later.

[0039] The first drive unit 16 is a part for moving the
syringe holder 20 on which the syringe 70 is placed to-
ward the syringe needle 74 in the longitudinal direction
of the syringe 70 and performing puncture with the sy-
ringe needle 74 disposed at the distal end of the syringe
70.

[0040] Note that, in the following description, the case
of moving the syringe holder 20 with the syringe 70 placed
thereon toward the syringe needle 74 is defined as an
advance and the case of moving the syringe holder 20
toward the plunger 76 is defined as retreat.

[0041] The first drive unit 16 has a first motor 32, a first
motion converter 34, and the base 36.

[0042] The first motor 32 is a normal stepping motor
that operates according to supplied power and its rota-
tional speed and rotation amount can be controlled.
[0043] The first motor 32 rotates at a predetermined
rotational speed by a predetermined rotation amount in
such a direction as to cause the syringe holder 20 to
advance (hereinafter, defined as the forward direction) .
Thereafter, after the operation is stopped during a pre-
determined time, the first motor 32 is controlled by the
control unit 22 to be described later to rotate at a prede-
termined rotational speed by a predetermined rotation
amount in such a direction as to cause the syringe holder
20 to retreat (hereinafter, defined as the reverse direc-
tion).

[0044] Specifically, when a start button 26a of the op-
eration unit 26 is operated, the first motor 32 is first con-
trolled by the control unit 22 to rotate in the forward di-
rection by a predetermined rotation amount at a prede-
termined rotational speed according to operating condi-
tions of puncture speed and puncture depth that are input
by the operation unit 26 and set in advance. After the
rotation by the predetermined rotation amount, the oper-
ation is temporarily stopped. The second drive unit 18 to
be described later operates during the temporary stop of
the first motor 32 and therefore the stop state is kept until
the completion of the operation of the second drive unit
18. After the completion of the operation of the second
drive unit 18 and the elapse of a predetermined stop time,
the first motor 32 is controlled to rotate in the reverse
direction by a predetermined rotation amount at a pre-
determined rotational speed according to a condition of
aretreat speed (withdrawal speed) setin advance so that
the syringe holder 20 may return to the original position.
[0045] The first motor 32 is connected to a screw shaft
34a of the first motion converter 34 and rotates the screw
shaft 34a.

[0046] The first motion converter 34 is a so-called ball
screw and is a part for converting the rotational motion
of the first motor 32 to linear motion to cause the base
36 of the syringe holder 20 to advance/retreat.

[0047] The first motion converter 34 has the screw
shaft 34a having a screw groove formed on its circum-
ferential surface, two guide shafts 34c symmetrically dis-
posed to sandwich the screw shaft 34a, and the two
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blocks 34b. In the blocks 34b, a female screw screwed
to the screw groove of the screw shaft 34a with the in-
termediary of plural balls is formed and two guide holes
into each of which arespective one of the two guide shafts
34c is inserted are formed.

[0048] The screw shaft 34a is rotatably supported by
bearings formed on the housing 12 on both end sides .
Furthermore, both end parts of the guide shafts 34c are
supported by the housing 12.

[0049] Furthermore, thefirstmotion converter 34 is dis-
posed with the axis of the screw shaft 34a set along the
longitudinal direction of the syringe 70 (syringe needle
74) and thus can move the syringe needle 74 in the punc-
ture direction.

[0050] Moreover, the two blocks 34b are disposed at
a predetermined interval in the longitudinal direction of
the syringe 70.

[0051] When the first motor 32 rotates, the screw shaft
34a connected to the first motor 32 rotates. Upon the
rotation of the screw shaft 34a, the two blocks 34b
screwed to the screw shaft 34a advance/retreat along
the axis of the screw shaft 34a. Here, because the guide
shafts 34c are inserted into the guide holes of the two
blocks 34b, the two blocks 34b make linear motion along
the screw shaft 34a without rotating around the screw
shaft 34a when the screw shaft 34a rotates.

[0052] The base 36 is fixed to the two blocks 34b of
the first motion converter 34.

[0053] Note that, although a ball screw is used as the
first motion converter 34 in the example shown in the
diagrams, the presentinvention is not limited thereto and
various publicly-known conversion mechanisms be-
tween rotational motion and linear motion, such as feed
screw mechanism, rack and pinion mechanism, and
crank mechanism, may be used.

[0054] Alternatively, a linear motor may be used in-
stead of the first motor 32 and the first motion converter
34.

[0055] Note thatitis preferable to use a ball screw as
the first motion converter 34 in that the positional accu-
racy is high and the controllability is high and in that the
friction loss is small and the energy efficiency is high.
[0056] Furthermore, although the configuration in
which the first motion converter 34 has the two blocks
34b is employed, the configuration is not limited thereto
and a configuration in which the first motion converter 34
has one block 34b may be employed. By disposing the
two blocks 34b at a predetermined interval, the base 36
can be prevented from tilting in the front-rear direction
and swinging.

[0057] The base 36 is a pedestal on which to place the
syringe holder 20 and the second drive unit 18 and is
fixed to the blocks 34b of the first motion converter 34.
[0058] Because being fixed to the blocks 34b of the
first motion converter 34, the base 36 is made to ad-
vance/retreat along the screw shaft 34a when the first
motor 32 is driven. That is, when the first motor 32 is
driven, the syringe holder 20 and the second drive unit



9 EP 2 946 729 B1 10

18 are made to integrally advance/retreat.

[0059] Note that the base 36 is formed monolithically
with the syringe holder 20 and the blocks 34b in the ex-
ample shown in the diagrams as described above.
[0060] Here, as described above, the first motor 32 is
controlled by the control unit 22 to rotate at a predeter-
mined rotational speed by a predetermined rotation
amount according to conditions such as puncture speed
and puncture depth set in advance by input from the op-
eration unit 26. Therefore, first, by the rotation of the first
motor 32 in the forward direction, the syringe holder 20
linearly moves to a predetermined position at a prede-
termined advance speed. Thereby, puncture is per-
formed by the syringe needle 74 of the syringe 70 to the
set puncture depth at the set puncture speed.

[0061] Next, the base 36 keeps the stop state during
the stop of the first motor 32. Thereafter, by the rotation
of the first motor 32 in the reverse direction, the base 36
linearly moves to the original position at a predetermined
retreat speed. Thereby, the syringe needle 74 of the sy-
ringe 70 is withdrawn at a predetermined withdrawal
speed.

[0062] As described above, the conventional automat-
ic injection devices are devices that press a syringe by
using the repulsive force of a spring to automatically per-
form puncture and therefore involve a problem that an
impact on the skin (vibration, feeling of pressure, impact
sound, etc.) is made at the time of the puncture and anx-
iety and fear about the injection are given to the patient.
Furthermore, because the puncture and infusion are per-
formed by the same spring, there is a problem that it is
difficult to set conditions in detail about the puncture
speed and the puncture depth according to the thickness
of a syringe needle, the kind of medicament, the patient,
etc.

[0063] In contrast, in the automatic injection device 10
of the presentinvention, the first drive unit 16 to drive the
syringe holder 20 is configured with the first motor 32 and
the first motion converter 34 and the syringe 70 having
the syringe needle 74 is held in the syringe holder 20. In
the first drive unit 16, the first motor 32 rotates according
to puncture speed, puncture depth, and so forth set in
advance and the syringe holder 20 is made to advance
through the first motion converter 34 to perform puncture
with the syringe needle 74. Thus, conditions of the punc-
ture, such as the puncture speed, can be set according
to the thickness of the syringe needle, the puncture depth,
the patient, and so forth and the puncture can be per-
formed at a proper puncture speed, allowing reduction
in pain in the puncture and reduction in the impact in the
puncture. This can alleviate anxiety and fear of the pa-
tient.

[0064] Furthermore, the first drive unit 16 to perform
the puncture is configured independently of the second
drive unit 18 to infuse a drug solution. Thus, a proper
puncture speed can be set regardless of operating con-
ditions of the second drive unit 18.

[0065] Here, the advance speed when the first drive
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unit 16 makes the syringe holder 20 advance to perform
the puncture, . i.e. the puncture speed, can be appropri-
ately set according to the thickness of the syringe needle
74 and the puncture depth or the sensitivity of the patient,
the injection site, and so forth. If a syringe whose thick-
ness of the syringe needle 74 is in a range of 18 G to 34
G is used as the syringe 70, it is preferable to set the
puncture speed in a range of 10 mm/s to 500 mm/s. Fur-
thermore, it is more preferable to set the puncture speed
in a range of 25 mm/s to 500 mm/s and it is further pref-
erable to set it in a range of 75 mm/s to 500 mm/s.
[0066] Setting the puncture speed equal to or higher
than 10 mm/s can alleviate pain in the puncture and al-
lows the puncture with the patient caused to feel almost
no pain. Furthermore, setting the puncture speed equal
to or lower than 500 mm/s can reduce impact and recoil
at the time of the puncture and reduce anxiety and fear
of the patient.

[0067] Furthermore, by setting the puncture speed in
arange of 25 mm/s to 500 mm/s, nearly painless puncture
can be performed. Moreover, by setting the puncture
speed in arange of 75 mm/s to 500 mm/s, painless punc-
ture in which the patient is surely prevented from feeling
pain in the puncture can be performed.

[0068] A preferable range of the puncture speed will
be described in detail later.

[0069] Furthermore, there is no particular limit to the
retreat speed when the first drive unit 16 makes the sy-
ringe holder 20 retreat to withdraw the syringe needle
74, i.e. the withdrawal speed. However, it is preferable
to set the withdrawal speed in a range of 1 to 500 mm/s.
[0070] Setting the withdrawal speed to a constant
speed in the range of 1 to 500 mm/s is preferable in that
the stimulus to pain sensing nerves due to the vibration
of the already-inserted needle and friction with the inser-
tion site can be alleviated and pain caused in the with-
drawal can be minimized.

[0071] Furthermore, in the present embodiment, as a
preferred mode, based on control by the control unit 22,
the first drive unit 16 makes the syringe holder 20 retreat
to withdraw the syringe needle 74 after the elapse of a
predetermined stop time after the completion of infusion
of a drug solution by the second drive unit 18 . If the
syringe needle 74 is withdrawn immediately after the in-
fusion of the drug solution, the drug solution does not
sufficiently diffuse and possibly the drug solution leaks
out. Therefore, it is preferable to withdraw the syringe
needle 74 after the elapse of the predetermined stop time
from the completion of the infusion of the drug solution.
[0072] In the present embodiment, the stop time to the
withdrawal of the syringe needle 74 can also be set
through input from the operation unit 26 by an operator.
[0073] In addition, the first drive unit 16 does not only
automatically carry out operation for puncture based on
an input signal from the start button 26a but can cause
advance/retreat at a low speed in accordance with oper-
ation of the operation unit 26. That is, an operator can
manually make the first drive unit 16 cause advance/re-
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treat by operating the operation unit 26. This allows the
position of the distal end of the syringe needle 74 to be
adjusted to a predetermined position after the syringe 70
is set in the syringe holder 20.

[0074] The second drive unit 18 is a part for pressing
the plunger 76 of the syringe 70 in the direction of the
syringe needle 74 to make it advance and expelling a
drug solution in the syringe barrel 72 from the distal end
of the syringe needle 74 based on control by the control
unit 22.

[0075] The second drive unit 18 has a second motor
40, asecond motion converter42, and the pressing mem-
ber 44.

[0076] Thesecondmotor40isanormal stepping motor
that operates according to supplied power as with the
first motor 32, and its rotational speed and rotation
amount can be controlled.

[0077] The second motor40 is controlled by the control
unit 22 to rotate in the forward direction by a predeter-
mined rotation amount at a predetermined speed accord-
ing to conditions of infusion rate and infusion amount of
a drug solution set in advance through input from the
operation unit 26 while the first drive unit 16 temporarily
stops its operation after carrying out operation of punc-
ture.

[0078] The second motor 40 is connected to a screw
shaft 42a of the second motion converter 42 and rotates
the screw shaft 42a.

[0079] The second motion converter 42 is a ball screw
as with the first motion converter 34. It is a part that con-
verts rotational motion of the second motor 40 to linear
motion and is to cause the plunger 76 locked to the press-
ing member 44 to advance/retreat.

[0080] Similarly to the first motion converter 34, the
second motion converter 42 has the screw shaft 42a hav-
ing a screw groove formed on its circumferential surface,
two guide shafts 42c symmetrically disposed to sandwich
the screw shaft 42a, and a block 42b. In the block 42b,
afemale screw screwed to the screw groove of the screw
shaft 42a with the intermediary of plural balls is formed
and two guide holes into each of which a respective one
of the two guide shafts 42c¢ is inserted are formed.
[0081] The screw shaft 42a is rotatably supported by
bearings formed on the base 36 on both end sides. Fur-
thermore, both end parts of the guide shafts 42¢ are sup-
ported by the base 36.

[0082] Furthermore, the second motion converter 42
is disposed with the axis of the screw shaft 42a set along
the longitudinal direction of the syringe 70 and the syringe
needle 74.

[0083] When the second motor 40 rotates based on
control from the control unit 22, the screw shaft 42a con-
nected to the second motor 40 rotates. Upon the rotation
of the screw shaft 42a, the block 42b screwed to the
screw shaft 42a advances/retreats along the axis of the
screw shaft 42a. Here, because the guide shafts 42c are
inserted into the guide holes of the block 42b, the block
42b makes linear motion along the screw shaft 42a with-
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out rotating around the screw shaft 42a when the screw
shaft 42a rotates.

[0084] The pressing member 44 is fixed to the block
42b of the second motion converter 42.

[0085] Note that another publicly-known motion con-
version mechanism may be used as the second motion
converter 42 as with the first motion converter 34.
[0086] The pressingmember 44 isamemberfor press-
ing the plunger 76 of the syringe 70 to make it advance
and is fixed to the block 42b of the second motion con-
verter 42.

[0087] The locking groove 44a for locking the flange
76a of the plunger 76 is formed in the pressing member
44.

[0088] Because being fixed to the block 42b of the sec-
ond motion converter 42, the pressing member 44 is
made to advance/retreat along the screw shaft42a when
the second motor 40 is driven.

[0089] Here, as described above, the second motor 40
is controlled by the control unit 22 to rotate at a prede-
termined rotational speed by a predetermined rotation
amount according to conditions such as infusion rate and
infusion amount set in advance by input from the opera-
tion unit26. Therefore, by the rotation of the second motor
40 in the forward direction, the pressing member 44 is
linearly moved to a predetermined position at a prede-
termined advance speed. Thereby, the plunger 76 of the
syringe 70 is pressed and the set amount of drug solution
is expelled from the distal end of the syringe needle 74
at the infusion rate set in advance.

[0090] As above, as a preferred mode of the present
invention, the second drive unit 18 for infusing a drug
solution is provided independently of the first drive unit
16 for performing puncture. This can set infusion rate and
infusion amount regardless of set puncture speed, punc-
ture depth, and so forth. Thus, a drug solution can be
infused at the optimum infusion rate and discomfort and
so forth accompanying the infusion of the drug solution
can be alleviated. Furthermore, the speed of puncture
by the first drive unit 16 can be set independently of the
second drive unit 18. Thus, puncture can be performed
at the optimum puncture speed, allowing reduction in
pain in the puncture and reduction in the impact in the
puncture.

[0091] Here, the infusion rate when the second drive
unit 18 makes the pressing member 44 advance to infuse
a drug solution can be appropriately set according to the
thickness ofthe syringe needle 74 and the puncture depth
or the kind of drug solution, the infusion amount, and so
forth. It is known that the infusion rate of a drug solution
and pain have a correlation and pain is less when the
infusion rate is lower. What degree the optimum infusion
rate is at in practice differs depending on the kind of in-
fused medicament, the infusion amount, the infusion-tar-
get site, and so forth. Nagasawa et al. has made the
following report. Specifically, Nagasawa et al. adminis-
tered a physiological saline to the rat oral mucosa with
variation in the infusion rate and measured pain by using
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electromyography. As a result, the pain was alleviated
at arate of 10 pL/s (Ikuko Nagasawa et al., J. Jpn. Dent.
Soc. Anesthesiol., 31:497, 2003) . On the other hand, in
the case of rapid administration into a blood vessel or
hypodermis, the drug solution is infused at a much higher
infusion rate in practice. In view of such results, it is pref-
erable to set the infusion rate in arange of 1 to 1000 p.L/s.
[0092] Setting the infusion rate of a drug solution in the
range of 1 to 1000 wL/s can reduce pain and discomfort
accompanying the infusion of the drug solution.

[0093] FIG. 4 is a schematic diagram of the operation
unit 26 of the automatic injection device 10 shown in FIG.
1 as seen from a direction "a."

[0094] The operation unit 26 is to carry out input oper-
ation by an operator. In the example shown in the dia-
grams, the operation unit 26 has the start button 26a to
start operation of the automatic injection device 10 and
a display unit 26b that displays input values and so forth
in addition to a cross key for input of operating conditions,
an enter button, etc.

[0095] Note that the configuration of the operation unit
26 is not limited thereto and the operation unit 26 may
have a trackball or the like or may be formed of a touch
panel.

[0096] The operation unit 26 supplies an input signal
to the control unit 22 in accordance with input operation.
[0097] Inthe example shown in the diagrams, the con-
figuration is employed in which the puncture speed, the
puncture depth, the size of a mounted syringe, the infu-
sion rate of a drug solution, the infusion amount of the
drug solution, and the stop time after drug solution infu-
sion are input from the operation unit 26 as operating
conditions. However, the present invention is not limited
thereto.

[0098] For example, a configuration in which only the
puncture speed is input may be employed and the punc-
ture depth, the infusion rate of adrug solution, the infusion
amount of the drug solution, and the stop time after drug
solution infusion may be set in advance.

[0099] Furthermore, the presentinventionis notlimited
also to the configuration in which the puncture speed is
directly input and a configuration may be employed in
which at least one of the thickness of the syringe needle
74, the kind of drug solution, the puncture depth, the in-
fusion amount of the drug solution, and the puncture site
is input from the operation unit 26 and the control unit 22
automatically selects the optimum puncture speed ac-
cording to the input value.

[0100] The control unit 22 controls the respective units
of the automatic injection device 10 based on an instruc-
tion input from the operation unit 26 by an operator.
[0101] In the present embodiment, the control unit 22
controls the first drive unit 16 according to puncture
speed, puncture depth, stop time, and withdrawal speed
input and set from the operation unit 26 and controls the
second drive unit 18 according to set infusion rate and
infusion amount.

[0102] Furthermore, the control unit 22 has a memory
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to store operating conditions such as the set puncture
speed and controls the respective units of the automatic
injection device 10 according to the operating conditions
stored in the memory. Moreover, if a new operating con-
dition is input from the operation unit 26, the operating
condition stored in the memory is overwritten and the
automatic injection device 10 is controlled with the new
operating condition. In addition, if no input is made, the
controlis carried out with the operating conditions already
stored in the memory.

[0103] The battery 28 supplies power to the respective
units of the automatic injection device 10, such as the
first motor 32, the second motor 40, the control unit 22,
and the display unit 26b.

[0104] As shownin FIGS. 2 and 3, the housing 12 is a
casing that has a substantially cylindrical shape and
houses and supports the first drive unit 16, the second
drive unit 18, the syringe holder 20, the control unit 22,
and the battery 28 inside it.

[0105] The first drive unit 16 and the second drive unit
18 are each disposed in the housing 12 with the drive
direction (axial direction of the screw shaft (34a, 42a))
set identical to the longitudinal direction of the housing
12 . Furthermore, in one end surface of the housing 12,
an insertion hole 12a into which the syringe needle 74 is
inserted when the syringe 70 is made to advance is
formed. Moreover, the part at which the insertion hole
12a is formed in the housing 12 serves as an abutting
surface 12b thatabuts against a puncture-target site such
as the skin across its outer surface. In administration of
adrug solution by the automatic injection device 10, after
the operating conditions are checked, the abutting sur-
face 12b is made to abut against a puncture-target site
such as the skin and the administration operation is start-
ed. Therefore, the length of the part protruding from the
insertion hole 12a in the distal end of the syringe needle
74 is directly the puncture depth.

[0106] Furthermore, the operation unit 26 is disposed
on the end surface of the housing 12 on the opposite side
to the abutting surface 12b.

[0107] Note that the operation unit 26 is disposed with
an inclination relative to the abutting surface 12b of the
housing 12 in the example shown in the diagrams. Dis-
posing the operation unit 26 with an inclination facilitates
viewing of the display unit 26b of the operation unit 26
when a patient operates the automatic injection device
10.

[0108] Furthermore, partof the circumferential surface
of the housing 12 is opened and the cover 14 is opena-
bly/closably disposed at the open part. In the example
shown in the diagrams, the housing 12 and the cover 14
are openably/closably connected by a hinge.

[0109] Inaddition, holding parts 14a are formed on the
inside surface of the cover 14. When the cover 14 is
closed, the holding parts 14a suppress the movement of
the syringe barrel 72 of the syringe 70 in directions other
than the longitudinal direction of the syringe 70 and pre-
vent the syringe 70 from breaking away from the syringe
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holder 20.

[0110] Next, the operation of the automatic injection
device 10 will be described.

[0111] FIGS. 5(A) to 5(C) are schematic sectional
views for explaining the operation of the automatic injec-
tion device 10.

[0112] First, the cover 14 is opened and the syringe 70
with the syringe barrel 72 filled with a drug solution is set
on the syringe holder 20, followed by closing of the cover
14 (FIG. 5 (A)). At this time, if necessary, position adjust-
ment of the syringe holder 20 (distal end of the syringe
needle 74) is carried out by operating the operation unit
26.

[0113] Next, the puncture speed, the puncture depth,
the infusion rate of the drug solution, and so forth are
input and set from the operation unit 26 (stored in the
memory). Note that these operating conditions may be
set in advance.

[0114] The abutting surface 12b in which the insertion
hole 12a is formed in the automatic injection device 10
is pressed against an injection site of a patient and the
start button 26a of the operation unit 26 is pushed. There-
upon, based on control by the control unit 22, first the
first drive unit 16 operates according to the set puncture
speed and puncture depth to cause the syringe holder
20 and the second drive unit 18 to advance to a prede-
termined position (FIG. 5(B)). Thereby, the syringe nee-
dle 74 of the syringe 70 held by the syringe holder 20
protrudes from the insertion hole 12a and punctures the
injection site of the patient.

[0115] Here, the first drive unit 16 is composed of the
first motor 32 and the first motion converter 34 and is so
configured that operating conditions can be set. Thus,
the puncture can be performed by making the syringe
holder 20 advance at the set puncture speed and the
puncture can be performed at a proper puncture speed
depending on the thickness of the syringe needle, the
puncture depth, the patient, and so forth. This reduces
pain in the puncture and reduces the impact in the punc-
ture, allowing alleviation of anxiety and fear of the patient.
[0116] Furthermore, because the first drive unit 16 to
perform the puncture is configured independently of the
second drive unit 18 to infuse the drug solution, a proper
puncture speed (puncture condition) can be set regard-
less of operating conditions of the second drive unit 18.
[0117] After the puncture operation by the first drive
unit 16, the first drive unit 16 temporarily stops the oper-
ation and the second drive unit 18 makes the pressing
member 44 advance to infuse a predetermined amount
of drug solution at the set infusion rate based on control
by the control unit 22 (FIG. 5(C)).

[0118] Upon the end of the infusion operation of the
drug solution by the second drive unit 18, after the elapse
of a predetermined stop time, the control unit 22 actuates
the first drive unit 16 to cause the syringe holder 20 and
the second drive unit 18 to retreat to the original position
and withdraw the syringe needle 74 from the patient.
[0119] Note that an indication showing the operation
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end may be displayed on the display unit 26b or the com-
pletion may be informed by sound after the end of the
withdrawal operation of the first drive unit 16.

[0120] In the above-described manner, the automatic
injection device 10 according to the present invention
can automatically perform the puncture with the syringe
needle 74, the infusion of a drug solution, and the with-
drawal of the syringe needle 74.

[0121] Here, inthe automatic injection device 10 of the
example shown in the diagrams, the configuration is em-
ployed in which the second drive unit 18 is placed on the
base 36 of the first drive unit 16 and moves integrally with
the syringe holder 20. However, the present invention is
not limited thereto and a configuration in which the sec-
ond drive unit 18 is fixed to the housing 12 may be em-
ployed.

[0122] When the configuration in which the second
drive unit 18 is fixed to the housing 12 is employed, the
second drive unit 18 moves the pressing member 44 at
the same speed as the advance speed (or retreat speed)
of the syringe holder 20 in the movement of the syringe
holder 20 by the first drive unit 16 for example.

[0123] Specifically, first, in the puncture operation by
the first drive unit 16, the second drive unit 18 makes the
pressing member 44 advance at the same speed as the
puncture speed simultaneously with the operation of the
first drive unit 16. Next, the second drive unit 18 makes
the pressing member 44 advance to infuse a drug solu-
tion at a predetermined infusion rate during the stop of
the operation of the first drive unit 16. After the elapse of
a predetermined stop time, in withdrawal operation by
the first drive unit 16, the second drive unit 18 makes the
pressing member 44 retreat at the same speed as the
withdrawal speed simultaneously with the operation of
the first drive unit 16.

[0124] Alternatively, as another example of the config-
uration in which the second drive unit 18 is fixed to the
housing 12, a configuration may be employed in which
thelocking groove 44ais notformed in the pressing mem-
ber 44 and the pressing member 44 only presses the
flange 76a of the plunger 76 and is not locked.

[0125] Inthis case, after the syringe holder 20 on which
the syringe 70 is placed moves and puncture is performed
by the first drive unit 16, the second drive unit 18 moves
the pressing member 44 to the position of the flange 76a
of the plunger 76 and then makes the pressing member
44 advance to infuse a drug solution at a predetermined
infusion rate. Thereafter, the second drive unit 18 makes
the pressing member 44 retreat to the original position
and then withdrawal operation by the first drive unit 16
is carried out.

[0126] When the configuration in which the second
drive unit 18 is fixed to the housing 12 and does not move
is employed as above, the mass of the moving object
moved by the first drive unit 16 becomes lighter and thus
recoil in puncture becomes smaller. Furthermore, the
output power of the first motor 32 can be decreased and
weight reduction can be achieved by using a small-size
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motor.

[0127] On the other hand, when the configuration is
employed in which the second drive unit 18 is placed on
the base 36 of the first drive unit 16 and moves integrally
with the syringe holder 20, control of the operation can
be simplified.

[0128] Furthermore, although the configuration in
which a drug solution is automatically infused by the sec-
ond drive unit 18 is employed in the example shown in
the diagrams, the present invention is not limited thereto
and a configuration in which only puncture operation by
the first drive unit 16 is automatically carried out may be
employed as a configuration in which the automatic in-
jection device 10 does not have the second drive unit 18.
For example, when a drug solution is applied on the sy-
ringe needle 74 to be administered, it is enough to auto-
matically perform only puncture. Alternatively, a config-
uration in which only puncture is automatically performed
and a drug solution is manually infused by an operator
may be employed.

[0129] In addition, in the example shown in the dia-
grams, the configuration is employed in which the cover
14 has the holding parts 14a and the holding parts 14a
hold the syringe 70 to prevent the syringe 70 from break-
ing away from the syringe holder 20. However, the con-
figuration is not limited thereto and a configuration in
which the syringe holder 20 has a fixing instrument for
fixing the syringe 70 may be employed.

[0130] Moreover, in the present embodiment, the con-
figuration is employed in which the first drive unit 16
makes the syringe holder 20 retreat to carry out with-
drawal operation of the syringe needle 74 after the elapse
of a predetermined stop time after infusion operation of
a drug solution by the second drive unit 18. However, the
configuration is not limited thereto and the following con-
figuration may be employed. Specifically, the time from
the completion of puncture by the syringe needle 74
through an advance of the syringe holder 20 by the first
drive unit 16 is treated as the predetermined stop time
and the first drive unit 16 makes the syringe holder 20
retreat to carry out withdrawal operation of the syringe
needle 74 after the elapse of the predetermined stop time
from the puncture completion.

[0131] Furthermore, the presentinventionis notlimited
also to the configuration in which the first drive unit 16
carries out withdrawal operation after the elapse of the
predetermined stop time and the following configuration
may be employed. Specifically, the infusion pressure re-
lating to drug solution infusion by the second drive unit
18 is measured and the withdrawal operation by the first
drive unit 16 is carried out when the infusion pressure
has become equal to or lower than a predetermined
threshold.

[0132] Specifically, a pressure sensor to measure the
pressure applied from the plunger 76 is disposed to the
pressing member 44 and the pressure applied to the
pressure sensor is measured. Because it takes a certain
amount of time for a drug solution infused into a body to
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diffuse in the body, the pressure applied from the drug
solution to the plunger 76 is high immediately after the
infusion of the drug solution. As time passes, the drug
solution diffuses in the body and the pressure applied
from the drug solution to the plunger 76 gradually de-
creases. Therefore, by carrying out withdrawal operation
by the firstdrive unit 16 when the infusion pressure meas-
ured by the pressure sensor has become equal to or low-
er than a predetermined threshold, the leakage of the
drug solution when the syringe needle 74 is withdrawn
can be prevented. Furthermore, pressure abnormality
occurs if a drug solution is not infused to a predetermined
site in a hypodermis, muscle, or blood vessel but acci-
dentally infused into different tissue. Thus, erroneous ad-
ministration can be forestalled by sensing the abnormal-
ity.

[0133] In addition, in the example shown in the dia-
grams, the distal portion including the insertion hole 12a,
into which the syringe needle 74 is inserted, is monolith-
ically formed in the housing 12. However, the present
invention is not limited thereto and the distal portion in-
cluding the insertion hole 12a may be replaceably con-
figured as a separate member.

[0134] The distal portion of the housing 12 is a part that
gets contact with an injection site of a patient and the
syringe needle 74 is inserted through it. Thus, there is a
possibility that a leaked drug solution and blood by bleed-
ing attach to the distal portion and there is a fear that
infection or the like becomes a problem. Therefore, by
replaceably configuring the distal portion including the
insertion hole 12a as a separate member from the hous-
ing 12, the distal portion, which gets contact with an in-
jection site of a patient, can be kept clean and infection
or the like can be prevented.

[0135] Moreover,inthe above-described embodiment,
the configuration is employed in which an operator man-
ually carries out position adjustment of the distal end po-
sition of the syringe needle 74 in setting the syringe 70
in the automatic injection device 10 by operating the op-
eration unit 26. However, the present invention is not
limited thereto and a configuration in which the distal end
position of the syringe needle 74 is automatically adjust-
ed may be employed. For example, a configuration may
be employed in which an optical sensor is disposed at
the distal part in the housing 12 to measure the distal end
position of the syringe needle 74 and the first drive unit
16 is made to cause advance/retreat to carry out position
adjustment according to the measurement result.
[0136] Note that there is no particular limit to the range
of the position (distance from the abutting surface 12b
(insertion hole 12a) of the housing 12) of the distal end
of the syringe needle 74 in the state in which the syringe
70 is set in the automatic injection device 10. However,
it is preferable for the distal end to have a sufficient dis-
tance to accelerate the syringe needle 74 to a set punc-
ture speed by the time when the distal end of the syringe
needle 74 reaches the skin surface of a patientand punc-
ture is started, according to the performance of the first
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drive unit 16, the mass of the syringe holder 20 and the
second drive unit 18, and so forth.

[0137] Furthermore, in the example shown in the dia-
grams, the configuration is employed in which the first
drive unit 16 is controlled by the control unit 22 to perform
puncture at a set constant puncture speed. However, the
present invention is not limited thereto and the puncture
speed may be changed in the middle of puncture. For
example, the puncture speed may be variably controlled
in such a manner that puncture is performed at a high
puncture speed until reaching a skin’s dermis layer and
is then performed at a low puncture speed after that.
[0138] In addition, in the case of using such an auto-
matic injection device, the syringe 70 in which the same
kind of drug solution is housed is used for one patient
basically. Therefore, it is enough that initially operating
conditions such as the puncture speed, the puncture
depth, the infusion amount of a drug solution, and the
stop time are set and there is no need to set the operating
conditions in every injection.

[0139] Moreover, a configuration may be employed in
which the automatic injection device 10 has a detailed
setting mode in which operating conditions such as the
puncture speed, the puncture depth, the infusion amount
of a drug solution, the infusion rate, and the stop time
can be set in detail in making input from the operation
unit 26 and a simple setting mode in which only the punc-
ture speed can be set. The following way may be em-
ployed. Specifically, when the automatic injection device
is used for the first time, a doctor sets the operating con-
ditions in detail in the detailed setting mode. In the sub-
sequent injections, only the puncture speed is set again
in the simple setting mode depending on the patient’s
preference. Furthermore, the setting of the puncture
speed in the simple setting mode is not limited to numer-
ical value input. For example, the puncture speed may
be set through choice from puncture speeds set in ad-
vance at five stages by an indication of "1" to "5" or the
like.

[0140] Furthermore, in the above-described embodi-
ment, the automatic injection device 10 is made to directly
abut against a puncture site across the abutting surface
12b. However, it is enough that the distance between the
syringe needle 74 and the puncture site can be identified
and a fixing auxiliary instrument to settle the relative po-
sitions of the puncture site and the syringe needle 74
may be disposed between the automatic injection device
10 and the puncture site.

Working Examples

[0141] Next, the range of a preferred puncture speed
will be described in more detail by using working exam-
ples.

[0142] The inventors of the present application have
found that following facts. Specifically, in puncture by a
syringe needle, the penetration resistance decreases de-
pending on the puncture speed. In addition, suppression
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of the pain response is found in rat electromyography
and the pain response evoked by puncture disappears
if the puncture speed is higher than a certain puncture
speed. Although what kind of behavior causes such an
effect in pain sensing nerves of the skin is unclear, due
to the high-speed puncture, an action potential would not
be generated in the Na ion channel, the Ca ion channel,
and so forth to transmit excitement for stimulating nerve
terminals that are the pain sensing nerves of the skin.
[0143] Therefore, the inventors of the present applica-
tion made a puncture device that could perform puncture
similar to that by the automatic injection device 10 and
measured the relationship among the puncture speed,
the penetration resistance, and electromyography by us-
ing this puncture device to obtain the range of a preferred
puncture speed with which no pain response was
evoked.

[0144] In FIG. 6, a puncture device 100 is shown.
[0145] The puncture device 100is an experimental de-
vice fabricated to obtain the relationship between the
puncture speed and the electromyography response. It
is so configured that various syringe needles can be
mounted at the tip and the puncture depth, the puncture
speed, the withdrawal speed, and so forth can be set. It
performs puncture at the set puncture speed. Note that
this puncture device 100 has functions similar to those
of the device according to the presentinvention basically.
[0146] The puncture device 100 has the following com-
ponents: a holder 102 that holds a load cell 112 to which
the syringe needle 74 is attached at the tip; a linear ac-
tuator 104 that makes the holder 102 advance to perform
puncture; an X-table 108a and a Z-table 108b that are
disposed between the holder 102 and the linear actuator
104 and are to adjust the position of the holder 102; a
controller 110 that controls operation of the linear actu-
ator 104; and a base 106 on which to place the linear
actuator 104.

[0147] Here, the linear actuator 104 is composed of a
stepping motor and a ball screw.

[0148] In the puncture device 100, the controller 110
makes the linear actuator 104 advance at a set puncture
speed to perform puncture.

[Working Example 1]

[0149] Asworking example 1, puncture was performed
in the plantar regions of rats by using the puncture device
100.

[0150] The puncture speed of the puncture device 100
was set to 3 mm/s. The puncture depth was setto 3 mm.
The stop time was set to two seconds. The withdrawal
speed was set to 20 mm/s.

[0151] Furthermore, as the syringe needle 74, a sy-
ringe needle with athickness of 27 G (27 G Neolus needle
¢ 0.40 X 19 mm, made by Terumo Corporation) was
used.

[0152] In addition, the distance between the tip of the
syringe needle 74 before operation start and a puncture
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site was set to 3 mm. That is, a configuration in which
the puncture device 100 made the syringe needle ad-
vance by 6 mm was employed.

[0153] Moreover, as the rats of the puncture subject,
7- to 8-week-old SD male rats were purchased from
Charles River Laboratories Japan, Inc. and were used
for the experiment after an acclimatization period of one
week was set. The weights of the animals at the time of
the experiment were 273 g to 314 g.

[0154] Therats were anesthetized by inhalation of iso-
flurane (Escain made by Mylan Inc.). The concentration
relative to air in anesthesia induction was set to 4%/Air
and the concentration in recording and measurement
was set to 1.4 to 1.6%/Air. Furthermore, during the an-
esthesia, the temperature was heated to 42°C by a keep-
warm mat to keep the body temperature constant.
[0155] Under such conditions, puncture was per-
formed by using the puncture device 100 and the muscle
action potential and the penetration resistance were
measured. For the measurement, on six rats, each
plantar region was punctured total four times with slight
offsets of the puncture position. Note that the needle was
replaced in each use.

[0156] As the load cell 112, a micro load cell (RX-
1/CPM-N made by Aikoh Engineering Co., Ltd.) was used
to measure the penetration resistance.

[0157] Furthermore, as the state of the puncture, how
the syringe needle 74 was inserted into the rat plantar
skin was observed at a rate of 4000 frames/second by
using a high-speed microscope (VW-9000 made by Key-
ence).

[0158] A marking was made at a position of 3 mm from
the tip of the syringe needle 74 so that the position of
insertion into the skin could be discriminated. The move-
ment distance of the needle per unit time was measured
from high-speed microscope images and the actual
puncture speed was calculated.

[0159] InFIG. 7, a graph of the penetration resistance
measured when puncture with the 27 G needle was per-
formed at a puncture speed of 15 mm/s is shown. Here,
in FIG. 7, the abscissa is defined as the time [ms] and
the ordinate is defined as the resistance value (penetra-
tion resistance) [mN]. Furthermore, the time when the tip
of the syringe needle 74 got contact with the skin was
read from high-speed microscope images and is indicat-
ed by a dotted line in FIG. 7. Similarly, the time when a
jaw portion of the bevel of the syringe needle 74 reached
the skin surface was read and is indicated by an arrow
y in FIG. 7, and the time when the puncture with the sy-
ringe needle 74 ended (timing of a puncture depth of 3
mm) was read and is indicated by an arrow z in FIG. 7.
[0160] Furthermore, the resistance value at the timing
when the puncture with the syringe needle 74 ended
(puncture depth was 3 mm) (arrow z) is shown in FIG.
8(A).

[0161] Furthermore, for recording of the muscle action
potential (hereinafter, referred to also as the electromy-
ography), a needle-shaped bipolar electrode was em-
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ployed as a recording electrode and an aluminum foil as
an earth electrode was attached to the breast skin after
dehairing. After amplification by a factor of twenty thou-
sand by a high-sensitivity bioelectric amplifier (ER-1 Ex-
tracelular Amplifier made by CYGNUS TECHNOLOGY
Inc.), an action potential waveform was displayed on a
screen of a personal computer through PowerLab 16/30
(made by ADInstruments). Note that low-pass filter and
high-pass filter of the high-sensitivity bioelectric amplifier
were set to 3 kHz and 300 Hz, respectively, in order to
minimize noise in the potential measurement.

[0162] Furthermore, to facilitate evocation of the paw
withdrawal reflex (spinal reflex), the rat was retained with
the paw stretched as much as possible.

[0163] Before incision of the thigh skin, to check mus-
cle contraction, a clip-type stimulating electrode
(TH207-123 made by Unique Medical) was used to clamp
the dorsum and sole of the rat hind paw and pain electrical
stimuli (pulse conditions: 40 Hz, 2 ms, 5 mA) were given
by an electrostimulator (BSI-950 Biphasic Stimulus Iso-
lator made by Dagan Corporation).

[0164] Alineof about1cmwas drawn atthe contracted
muscle part and the part was incised. The muscle was
exposed and the pain electrical stimuli were given again,
and the recording electrode probe was surely indwelled
at the contracted muscle part. Thereafter, the pain elec-
trical stimuli were performed again and the anesthetic
depth of the rat was fine-tuned from the response
strength of the electromyography action potential (max-
imum amplitude value).

[0165] The muscle action responses evoked by elec-
trical stimuli and pressure stimuli were recorded in a re-
cording device (PowerLab made by ADInstruments) at a
sampling interval of 0.1 ms.

[0166] The recorded datawas subjected to 30-Hz high-
pass digital filter processing in the recording device to
remove the influence of body motion caused by the elec-
trical stimuli and pressure stimuli.

[0167] Regarding the recorded data of the muscle ac-
tion potential, after the data was subjected to full-wave
rectification, the position of insertion of the needle into
the skin was checked by the high-speed microscope and
the range from the point at which the needle tip got con-
tact with the skin (insertion start) to the point at which the
needle tip was inserted by 3 mm (insertion stop) was
integrated to calculate the electromyography (EMG) re-
sponse magnitude as Total Power (pnV-sec). The value
of integral of the action potential was obtained based on
a method by Ando et al. (Ando R, et al., Br. J. Anaesth.,
95:384, 2005).

[0168] In FIG. 8(A), the resistance value when punc-
ture with the 27 G needle was performed at a puncture
speed of 3 mm/s is shown. In FIG. 8 (B), the measured
EMG response magnitude (Total Power) is shown. Note
that, in FIG. 8 (A), the average and standard error of the
measured resistance value are shown. Similarly, in FIG.
8(B), the average and standard error of the measured
Total Power are shown.
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[0169] Here, although the EMG response magnitude
was measured by using rats in the present working ex-
ample, the human body would also show a tendency sim-
ilar to that of the rat basically.

[Working Example 2]

[0170] Except for that the puncture speed was
changed to 15 mm/s, the penetration resistance and the
EMG response magnitude were obtained similarly to
working example 1.

[0171] The resistance value at the timing when the
puncture with the syringe needle 74 ended (puncture
depth was 3 mm) (arrow z) is shown in FIG. 8(A) and the
EMG response magnitude (Total Power) is shown in FIG.
8(B).

[Working Example 3]

[0172] Except for that the puncture speed was
changed to 75 mm/s, the penetration resistance and the
EMG response magnitude were obtained similarly to
working example 1.

[0173] The resistance value at the timing when the
puncture with the syringe needle 74 ended (puncture
depth was 3 mm) (arrow z) is shown in FIG. 8(A) and the
EMG response magnitude (Total Power) is shown in FIG.
8(B).

[Working Example 4]

[0174] Except for that the thickness of the syringe nee-
dle 74 was changed to 31 G (Microfine Plus ¢ 0.25 X 5
mm made by Becton, Dickinson and Company), the pen-
etration resistance and the EMG response magnitude
were obtained similarly to working example 1.

[0175] The resistance value at the timing when the
puncture with the syringe needle 74 ended (puncture
depth was 3 mm) (arrow z) is shown in FIG. 9(A) and the
EMG response magnitude (Total Power) is shown in FIG.
9(B).

[Working Example 5]

[0176] Except for that the puncture speed was
changed to 15 mm/s, the penetration resistance and the
EMG response magnitude were obtained similarly to
working example 4.

[0177] The resistance value at the timing when the
puncture with the syringe needle 74 ended (puncture
depth was 3 mm) (arrow z) is shown in FIG. 9(A) and the
EMG response magnitude (Total Power) is shown in FIG.
9(B).

[Working Example 6]

[0178] Except for that the puncture speed was
changed to 75 mm/s, the penetration resistance and the
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EMG response magnitude were obtained similarly to
working example 4.

[0179] The resistance value at the timing when the
puncture with the syringe needle 74 ended (puncture
depth was 3 mm) (arrow z) is shown in FIG. 9(A) and the
EMG response magnitude (Total Power) is shown in FIG.
9(B).

[0180] As shown in FIG. 7, it turns out that the resist-
ance value of the penetration resistance increased as
the syringe needle 74 was inserted into the skin to adeep-
er position and showed the first peak (arrow y) when the
jaw portion of the bevel reached the skin. It turns out that,
thereafter, the resistance value temporarily decreased
and then increased again as the cannula part of the nee-
dle went into a deeper position to show the maximum
value at the timing of stop of the puncture (puncture depth
was 3 mm, arrow z). It turns out that, thereafter, the re-
sistance value remained near a certain value during the
stop of the movement of the syringe needle 74 (for two
seconds) and rapidly decreased when withdrawal of the
syringe needle 74 was started and the resistance value
returned to the basal level upon the completion of the
withdrawal.

[0181] Furthermore, from FIGS. 8(A) and 9(A), it turns
out that the resistance value in the puncture was lower
with the 31 G syringe needle than with the 27 G needle,
i.e. lower when the thickness of the syringe needle was
smaller, regardless of the puncture speed.

[0182] Moreover, it turns out that the resistance value
in the puncture became lower in proportion to the punc-
ture speed as the puncture speed became higher in both
cases of the 27 G and 31 G syringe needles.

[0183] NotethatFIG. 8 shows the resistance value and
the EMG response magnitude of 27 G, and FIG. 9 shows
the resistance value and the EMG response magnitude
of 31 G.

[0184] Furthermore, from FIGS. 8(B) and 9(B), it turns
out that the EMG response magnitude with the thickness
31 G of the syringe needle 74 was half or smaller com-
pared with that with the thickness 27 G when the puncture
speed was 3 mm/s or 15 mm/s.

[0185] In addition, it turns out that, when the puncture
speed was setto 15 mm/s, the EMG response magnitude
greatly decreased compared with that when the puncture
speed was 3 mm/s in both cases of the thicknesses 31
G and 27 G of the syringe needle 74. Moreover, when
the puncture speed was set to 75 mm/s, the EMG re-
sponse did not appear at all regardless of the thickness
of the syringe needle 74.

[0186] The measurement values were shown by the
average and the standard error when puncture was per-
formed four times on each of the six rats, and a statistical
significance test was performed by using one-way anal-
ysis of variance (**: p < 0.01).

[0187] From the above results, it turns out that, when
the thickness of the syringe needle is in a range of 18 G
to 34 G, setting the puncture speed equal to or higher
than 10 mm/s can greatly decrease the EMG response
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magnitude and allows puncture with almost no pain felt.
Furthermore, it turn out that setting the puncture speed
equal to or higher than 25 m/s can make the EMG re-
sponse almost zero and allows almost painless puncture.
Moreover, it turns out that setting the puncture speed %
equal to or higher than 75 m/s can avoid generation of
the EMG response and allows sure painless puncture.
[0188] Although the automatic injection device of the
presentinvention is described in detailabove, the present
invention is not limited to the above-described embodi- 70
ment and various kinds of improvements and changes
may be made without departing from the scope of the
present invention.

Description of Reference Symbols 15
[0189]

10 Automatic injection device

12 Housing 20
12a Insertion hole

12b Abutting surface

14 Cover

14a Holding part

16 First drive unit 25
18 Second drive unit

20 Syringe holder

20a Recess

20b Locking groove

22 Control unit 30
26 Operation unit

26a Start button

26b Display unit

28 Battery

32 First motor 35
34 First motion converter

34a,42a  Screw shaft
34b, 42b  Block
34c, 42¢ Guide shaft

36 Base 40
40 Second motor

42 Second motion converter

44 Pressing member

70 Syringe

72 Syringe barrel 45
72a,76a Flange

74 Syringe needle

76 Plunger

100 Puncture device

102 Holder 50
104 Linear actuator

106 Base

108a X-table

108b Z-table

110 Controller 55
112 Load cell

14

Claims

1. A measuring device for measuring an amount of pain
comprising;
a puncture device (100) for inserting a needle (74)
through a skin of a human or non-human animal by
the insertion of the needle at a controlled puncture
speed, wherein the puncture device has
arecording electrode attachable on a muscle portion
being reacted by the insertion of the needle to detect
a difference in voltage between the muscle portion
and an earth electrode attached on another portion
of the animal during said insertion as a muscle action
potential of the muscle portion,
wherein said measuring device is configured to
check the contraction of the muscle in advance be-
fore the recording, and
an amplifier configured to amplify the muscle action
potential to form an amplified electromyography
(EMG) response magnitude,
a calculator for recognizing the voltage difference
between the earth electrode and the recording elec-
trode as a muscle action potential and integrating an
electromyography (EMG) response magnitude,
characterised in that the measuring device further
comprises a high-speed microscope for observing
microscope images at a high-speed of the movement
of the needle at a time of insertion, wherein the cal-
culator is configured to integrate the amplified elec-
tromyography (EMG) response magnitude from a
point of the insertion start to a point of the insertion
stop of the needle as Total Power (nVesec) based
on the timing obtained from the microscope images.

2. The measuring device according to claim 1, further
comprising an electrostimulator for observing the
muscle portion contracted by the insertion of the nee-
dle.

3. The measuring device according to claim 2, wherein
the electrostimulator comprises two stimulating elec-
trodes and electric voltage may be applied between
the electrodes.

4. Themeasuring device according to any one of claims
1 to 3, further comprising
a penetration resistance measuring device of the in-
sertion of the needle which is configured to compare
the measured penetration resistance to the meas-
ured amount of pain by the measuring device to se-
lect a needle and a puncture speed to reduce the
pain of a human or non-human animal by the inser-
tion of the needle.

Patentanspriiche

1. Messvorrichtung zum Messen eines Schmerzaus-
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mafes, umfassend;

eine Punktionsvorrichtung (100) zum Einfihren ei-
ner Nadel (74) durch eine Haut eines menschlichen
oder nichtmenschlichen Tieres durch das Einflihren
der Nadel mit einer kontrollierten Punktionsge-
schwindigkeit, wobei die Punktionsvorrichtung Fol-
gendes aufweist

eine Aufzeichnungselektrode, die an einem Muskel-
abschnitt anbringbar ist, welcher durch das Einfiih-
ren der Nadel reagiert, um einen Spannungsunter-
schied zwischen dem Muskelabschnitt und einer
Masseelektrode, die an einem anderen Abschnitt
des Tieres wahrend des Einfiihrens angebracht ist,
als ein Muskelaktionspotential des Muskelab-
schnitts zu erfassen,

wobei die Messvorrichtung so konfiguriert ist, dass
sie die Kontraktion des Muskels vor der Aufzeich-
nung Uberprift, und

einen Verstarker, der so konfiguriert ist, dass er das
Muskelaktionspotenzial verstarkt, um eine verstark-
te Elektromyographie (EMG)-Antwortgrof3e zu bil-
den,

einen Rechner zum Erkennen der Spannungsdiffe-
renz zwischen der Masseelektrode und der Auf-
zeichnungselektrode als Muskelaktionspotential
und zum Integrieren einer Elektromyographie
(EMG)-AntwortgréRRe,

dadurch gekennzeichnet, dass die Messvorrich-
tung ferner ein Hochgeschwindigkeitsmikroskop
zum Beobachten von Mikroskopbildern bei einer ho-
hen Geschwindigkeit der Bewegung der Nadel zum
Zeitpunkt des Einflihrens umfasst,

wobei der Rechner so konfiguriert ist, dass er die
ReaktionsgréRe der verstarkten Elektromyographie
(EMG)-AntwortgrofRe von einem Punkt des Einfiih-
rungsstarts zu einem Punkt des Einflihrungsstopps
der Nadel als Gesamtleistung (pn.Vesec) basierend
auf dem aus den Mikroskopbildern erhaltenen Zeit-
verlauf integriert.

Messvorrichtung nach Anspruch 1, ferner umfas-
send einen Elektrostimulator zur Beobachtung des
durch das Einflihren der Nadel kontrahierten Mus-
kelabschnitts.

Messvorrichtung nach Anspruch 2, wobei

der Elektrostimulator zwei Stimulationselektroden
umfasst und zwischen den Elektroden eine elekiri-
sche Spannung angelegt werden kann.

Messvorrichtung nach einem der Anspriiche 1 bis 3,
ferner umfassend

eine Eindringwiderstandsmessvorrichtung des Ein-
fuhrens der Nadel, die konfiguriert ist, um den ge-
messenen Eindringwiderstand mit dem durch die
Messvorrichtung gemessenen Schmerzausmal zu
vergleichen, um eine Nadel und eine Punktionsge-
schwindigkeit auszuwahlen, um den Schmerz eines

)]
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menschlichen oder nichtmenschlichen Tieres durch
das Einfiihren der Nadel zu verringern.

Revendications

Dispositif de mesure destiné a mesurer la valeur
d’une douleur, comprenant :

un dispositif de perforation (100) destiné a intro-
duire une aiguille (74) a travers la peau d’un
homme ou d’un animal par l'introduction de
I'aiguille a une vitesse de perforation régulée,
ou le dispositif de perforation comprend une
électrode d’enregistrement pouvant étre fixée
sur une partie de muscle qui réagit sous I'effet
de l'introduction de 'aiguille afin de détecter une
différence de tension entre la partie de muscle
et une électrode de masse fixée sur une autre
partie de I'animal au cours de ladite introduction
comme potentiel d’action musculaire de la partie
de muscle,

ou ledit dispositif de mesure est congu pour con-
tréler la contraction du muscle a 'avance avant
I’enregistrement, et

un amplificateur congu pour amplifier le potentiel
d’action musculaire afin de former une valeur de
réponse d’électromyographie (EMG) amplifiée,
un calculateur pour identifier la différence de
tension entre I'électrode de masse et 'électrode
d’enregistrement comme potentiel d’action
musculaire et intégrer une valeur de réponse
d’électromyographie (EMG),

caractérisé en ce que le dispositif de mesure
comprend en outre un microscope a grande vi-
tesse afin d’'observer des images microscopi-
ques a une grande vitesse de déplacement de
I'aiguille au moment de l'introduction,

ou le calculateur est congu pour intégrer la va-
leur de réponse de I'électromyographie (EMG)
amplifiée depuis un pointde début d’introduction
jusqu’a un point darrét d’introduction de
I'aiguille sous la forme de Puissance Totale
(rVesec) en fonction du temps obtenu a partir
des images microscopiques.

Dispositif de mesure selon la revendication 1, com-
prenanten outre un électrostimulateur pour observer
la partie du muscle contractée par l'introduction de
I'aiguille.

Dispositif de mesure selon la revendication 2, dans
lequel I'électrostimulateur comprend deux électro-
des de stimulation etune tension électrique peut étre
appliquée entre les électrodes.

Dispositif de mesure selon I'une quelconque des re-
vendications 1 a 3, comprenant en outre
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un dispositif de mesure de la résistance a la péné-
tration de l'introduction de laiguille qui est congu
pour comparer la résistance a la pénétration mesu-
rée alavaleur de la douleur mesurée par le dispositif
de mesure afin de sélectionner une aiguille et une
vitesse de perforation permettant de réduire la dou-
leur causée chez un homme ou un animal sous I'effet
de lintroduction de l'aiguille.
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