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Description

Technical Field

[0001] The present invention relates to a valve body, a process for producing the valve body, and a medical instrument
having the valve body.

Background Art

[0002] When a long member for medical use such as a catheter, a guide wire, etc. is to be guided into a living body,
an introducer is used.
[0003] The introducer includes a cylindrical hub (joint part), a valve body (check valve) disposed in one end portion
of the hub, and a tube connected to the other end portion of the hub. As the valve body used in the introducer in this
manner, there has been known, for example, one which is made of a flexible elastic material such as silicone rubber,
as described in Patent Document 1.
[0004] Meanwhile, the valve body is formed therein with an opening/closing (opening and/or closing) port (e.g., slit or
minute hole) which opens or closes as the long member is inserted or pulled out. In addition, for reducing the sliding
resistance (frictional resistance) on the long member when the long member is inserted, the valve body is required to
have lubricity on its surface, particularly at the opening/closing port. To meet this requirement, a lubricating liquid such
as a silicone oil is applied to the vicinity of the opening/closing port so as to reduce the sliding resistance of the valve
body on the long member.
[0005] When the insertion and pulling-out of the long member through the opening/closing port is repeated, however,
the lubricating liquid applied to the vicinity of the opening/closing port gradually becomes leaner. Eventually, the lubricating
liquid runs out, leading to an increase in the resistance of sliding on the long member. In the introducer having such a
valve body, therefore, the state of being coated with the lubricating liquid influences the sliding properties of the long
member. Accordingly, the introducer may suffer a problem in that the operability of the long member is worsened during
use thereof.
[0006] Besides, the introducer as a medical instrument may sometimes be subjected to a sterilizing treatment by
irradiation with radiant rays.
[0007] However, the flexible elastic material such as silicone rubber undergoes alteration or deterioration when exposed
to radiant rays. The alteration or deterioration is due to the process in which molecular chains in the silicone rubber are
cut by the radiant rays and oxygen in the atmospheric air is bonded to the cut ends of the molecular chains. In this
manner, the properties of the silicone rubber are changed, whereby the valve body’s function is damaged. For this
reason, the conventional valve bodies have a problem that it is difficult to sufficiently sterilize them by use of radiations.
Patent Document 2 (US 2004/0106942 A1) describes a surgical access device and in particular an access seal providing
passage of instrumentation and for maintaining pneumoperitoneum during laparoscopic surgeries, wherein the access
seal comprises a braid or mesh tube that is preferably shaped like an hour-glass. In an embodiment the surgical access
device further includes a septum seal that is preferably molded from a gel material.
Patent Document 3 (WO 99/36490 A1) describes a lubricious thixotropic composition for coating, in particular for lubri-
cating rubber surfaces and especially those rubber surfaces that are proximate to needleless medical injection sites and
valves.
In Patent Document 4 (US 5,538,505) a hemostasis valve for a catheter comprising an elastomeric element with a slit
is described, wherein preferably the used elastomeric material comprises a silicone rubber.
Patent Document 5 (US 2007/0009429 A1) describes a polymeric material formed of a composition including polyalkyl-
siloxane and a radiation resistant component, which may be used for example in the formation of needleless intravenous
valves.
Patent Document 6 (EP 0 771 574 A1) discloses a gasket for a catheter hemostasis valve with a coarse topography of
surfaces, said coarse topography including peaks and valleys.
[0008]

Patent Document 1: Japanese Patent Publication No. Hei 2-949
Patent Document 2: US 2004/0106942 A1
Patent Document 3: WO 99/36490 A1
Patent Document 4: US 5,538,505
Patent Document 5: US 2007/0009429 A1
Patent Document 6: EP 0 771 574 A1
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Disclosure of Invention

[0009] It is an object of the present invention to provide a valve body which shows a resistance of sliding less liable
to increase even upon an increase in the number of times of sliding and which is excellent in radiation resistance and
liquid-tightness performance, a process for producing a valve body by which to efficiently produce such a valve body,
and a medical instrument having the valve body.
[0010] In order to attain the above object, according to the present invention, there is provided
a valve body including an opening/closing part which opens or closes while sliding on a member to be inserted,
wherein at least the opening/closing part of the valve body has a main body part composed of a silicone rubber, and a
surface layer provided at least in a region on a surface of the main body part and composed mainly of silicon oxide.
[0011] In addition, preferably, the surface layer has an average thickness of 10 nm to 100 mm.
[0012] Besides, preferably, the surface layer is composed of an aggregate of silicon oxide.
[0013] Further, preferably, the surface layer is composed of an aggregate of particles of silicon oxide.
[0014] Furthermore, preferably, the surface layers in the form of a plurality of dots are dispersed on a surface of the
main body part.
[0015] In addition, preferably, each of the dot-formed surface layers is projected from the surface of the main body part.
[0016] Besides, preferably, the projection height of the projected surface layers is 500 nm to 50 mm.
[0017] Further, preferably, the plurality of dot-formed surface layers are arranged in a density of 300 to 3000 piec-
es/mm2.
[0018] Furthermore, preferably, the surface layer is so provided as to cover entirely a surface of the main body part.
[0019] In addition, preferably, the valve body further includes, between the main body part and the surface layer, an
intermediate layer composed of a material intermediate between a material constituting the main body part and a material
constituting the surface layer.
[0020] Besides, preferably, the content of an organic component in the intermediate layer gradually decreases from
the main body part side toward the surface layer side.
[0021] Further, preferably, each of the surface layer and the intermediate layer is formed through modification of the
whole part or a part of the silicone rubber into silicon oxide by irradiation with a laser beam.
[0022] Furthermore, preferably, the opening/closing part is composed of at least one slit.
[0023] In addition, preferably, the valve body is columnar or plate-like in overall shape.
[0024] Besides, preferably, the member to be inserted is a sheath, a dilator, a catheter, a guide wire or a needle.
[0025] In order to attain the above object, according to the present invention, there is provided
a process for producing a valve body including an opening/closing part which opens or closes while sliding on a member
to be inserted,
wherein a surface layer composed of silicon oxide is formed at least in a region on a surface of the opening/closing part,
of a base material having the opening/closing part composed of a silicone rubber.
[0026] In addition, preferably, the surface layer of the base material, is formed by irradiating at least a region of a
surface of the opening/closing part with a laser beam so that the silicone rubber in the vicinity of the surface in the region
is modified into silicon oxide and raised.
[0027] Besides, preferably, the laser beam has a wavelength of not more than 200 nm.
[0028] Further, preferably, the irradiation with the laser beam is carried out through a photomask having a window
part of a predetermined shape, whereby modification from the silicone rubber into silicon oxide is effected in a region,
having a shape corresponding to the predetermined shape, of the surface of the opening/closing part.
[0029] Furthermore, preferably, the photomask is composed of a mesh-shaped member or a punching metal.
[0030] In addition, preferably, the surface layer is formed by forming a layer of silicon oxide at least in a region of a
surface of the opening/closing part.
[0031] Besides, preferably, the surface layer is formed by forming a silicon layer at least in a region on a surface of
the opening/closing part, and thereafter subjecting the silicon layer to an oxidizing treatment so as to modify silicon into
silicon oxide.
[0032] Furthermore, in order to attain the above object, according to the present invention, there is provided
a medical instrument including:

a tubular medical instrument main body; and
a valve body described above, the valve body being disposed in the medical instrument main body.

[0033] In addition, preferably, the medical instrument is an introducer or a Y-connector.
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Brief Description of Drawings

[0034]

FIG. 1 is a longitudinal sectional view showing a first embodiment in the case where a medical instrument according
to the present invention is applied to a connector.
FIG. 2 is a perspective view of a valve body (first embodiment) according to the present invention which is possessed
by the medical instrument shown in FIG. 1.
FIG. 3 is a partial enlarged view of the valve body shown in FIG. 1.
FIG. 4 is a schematic view (longitudinal sectional view) for illustrating a process for producing the valve body shown
in FIG. 3.
FIG. 5 is a perspective view showing a second embodiment of the valve body as a reference embodiment.
FIG. 6 is a schematic view (longitudinal sectional view) for illustrating a process for producing the valve body shown
in FIG. 5.
FIG. 7 is a perspective view showing a third embodiment of the valve body, being a reference embodiment.
FIG. 8 is a graph showing evaluation results of connectors obtained respectively in Examples and Comparative
Example.

Best Mode for Carrying Out the Invention

[0035] Now, a valve body, a process for producing a valve body, and a medical instrument according to the present
invention will be described in detail below, based on one preferred embodiments thereof and furthermore reference
embodiments, shown in the accompanying drawings.

<First Embodiment>

[0036] FIG. 1 is a longitudinal sectional view showing a first embodiment in the case where a medical instrument is
applied to a connector, FIG. 2 is a perspective view of a valve body (first embodiment) according to the present invention
which is possessed by the medical instrument shown in FIG. 1, and FIG. 3 is a partial enlarged view of the valve body
shown in FIG. 1. Incidentally, in the following, for convenience of description, the right side in FIGS. 1 and 3 will be
referred to as "proximal," and the left side as "distal."
[0037] A connector (medical instrument) 11 shown in FIG. 1 is, for example, one to be used in connection to a hub
301 of a catheter 30. The connector 1, in the state of being connected to the hub 301, is capable of, for example,
introducing a long member (in this embodiment, a guide wire 20) into the catheter 30. Incidentally, the guide wire 20 is
composed, for example, of a metallic material such as stainless steel.
[0038] The connector 1 includes a connector main body 2 (medical instrument main body) 2 which is tubular in shape,
a lock member (lock adaptor) 3 turnably supported on a distal portion 21 of the connector main body 2, a cap body (cap)
5 turnably supported on a proximal portion 22 of the connector main body 2, and a valve body 7 disposed in the connector
main body 2. Now, the configurations of the components will be described.
[0039] First, the connector main body 2 will be described.
[0040] The connector main body 2 has a lumen part (hollow part) 23 penetrating the connector main body 2 in the
longitudinal direction thereof. The lumen part 23 is formed with a stepped part 231 where the inside diameter varies
abruptly. The lumen part 23 is divided, with the stepped part 231 as a boundary, into a reduced diameter part 232 on
the distal side and an enlarged diameter part 233 on the proximal side.
[0041] In the enlarged diameter part 233, the valve body 7 is accommodated (disposed) with its distal end face 71 in
abutment with the stepped part 231. By this, the position of the valve body 7 relative to the connector main body 2 is
determined. Namely, the valve body 7 is positioned. In addition, the enlarged diameter part 233 is provided, on the
proximal side, with a projected part 234 formed along the circumferential direction thereof. The projected part 234 is for
preventing the cap body 5 from slipping off to the proximal side.
[0042] The proximal portion 22 of the connector main body 2 is provided, at an outer peripheral portion thereof, with
a male screw part 235. The male screw part 235 is meshed with a female screw part 51 of the cap body 5 to be described
later.
[0043] The distal portion 21 of the connector main body 2 is provided, at an outer peripheral portion thereof, with a
projected part 212 formed along the circumferential direction thereof. The projected part 212 is for preventing the lock
member 3 from slipping off to the distal side, and for turnably supporting the lock member 3 by fitting to the lock member 3.
[0044] The connector main body 2 has a branch part 24 branched from an intermediate portion thereof. The branch
part 24 is tubular in shape, and communicates with the reduced diameter part 232 (lumen part 23) of the connector main
body 2. To the branch part 24, for example, a prefilled syringe (not shown) filled with a liquid such as a drug, a radiopaque
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material, etc. is connected. In the condition where the prefilled syringe is connected, the liquid can be supplied from the
prefilled syringe into the catheter 30 through the branch part 24 (connector 1).
[0045] Besides, the branch part 24 is provided in the state of being inclined to the proximal side relative to the connector
main body 2. This ensures that the liquid flows smoothly in the distal direction from the branch part 24 through the
connector main body 2 and, hence, the liquid can be assuredly supplied into the catheter 30.
[0046] Now, the lock member 3 will be described below.
[0047] The lock member 3 is a cylindrical member which has a lumen part 31. The lock member 3 is provided, near
its middle portion, with a reduced diameter part 32 where its inside diameter is reduced. The lumen part 31 may be
divided, with the reduced diameter part 32 as a boundary, into a distal-side lumen part 311 on the distal side and a
proximal-side lumen part 312 on the proximal side.
[0048] An inner peripheral surface of the distal-side lumen part 311 is formed with a female screw part 313. The female
screw part 313 is meshed with a male screw part (not shown) formed on the hub 301 of the catheter 30. By the meshing
between these screw parts, the lock member 3 (connector 1) and the catheter 30 are securely connected to each other.
[0049] In addition, the reduced diameter part 32 is provided with a tubular part 33 which is projected in a tubular shape
along the distal direction from the reduced diameter part 32. This tubular part 33 is connected liquid-tight to the hub 301
of the catheter 30 when the female screw part 313 of the lock member 3 and the male screw part of the hub 301 are
meshed with each other. This ensures that, when a liquid is supplied into the catheter 30 through the connector 1,
leakage of the liquid is securely prevented.
[0050] In the proximal-side lumen part 312, the distal portion 21 of the connector main body 2 is inserted. An inner
peripheral surface of the proximal-side lumen part 312 is formed with a recessed 314 into which the projected part 212
of the distal portion 21 of the connector main body 2 is fitted. The recess 314 is formed in a ring-like shape along the
circumferential direction of the inner peripheral surface of the proximal-side lumen part 312. With the projected part 212
of the connector main body 2 fitted in the recess 314, the lock member 3 can be turned relative to the connector main
body 2 (distal portion 21). As a result, the lock member 3 can be connected, in a meshed state, to the hub 301 of the
catheter 30.
[0051] Besides, a ring-like member (seal member) 8 having a ring-like shape is disposed in the proximal-side lumen
part 312. The ring-shaped member 8 is formed of an elastic material. In the connector 1, the connector main body 2 and
the lock member 3 are connected liquid-tight to each other through the ring-shaped member 8. This ensures that, when
a liquid is supplied into the catheter 30 through the connector 1, the liquid can be prevented from leaking through the
vicinity of the joint part between the connector main body 2 and the lock member 3.
[0052] Now, the cap body 5 will be described below.
[0053] The cap body 5 has a bottomed cylindrical shape. An inner peripheral surface of the cap body 5 is formed with
the female screw part 51 to be meshed with a male screw part 235 of the connector main body 2. With these screw
parts intermeshed, the cap body 5 can be moved along the longitudinal direction of the connector main body 2 while
rotating relative to the connector body 2.
[0054] In addition, a bottom part 52 of the cap body 5 is provided with a tubular part 53 projected in a tubular shape
along the distal direction. The tubular part 53 is inserted into the enlarged diameter part 233 of the connector main body
2. When the cap body 5 is rotated (for example, rotated clockwise) in this condition (in the condition shown in FIG. 1),
the tubular part 53 can approach the valve body 7 from the distal side, eventually pressing the valve body 7, namely,
deforming the valve body 7.
[0055] An outer peripheral portion of the tubular part 53 is formed with a projected part 531, on the distal side relative
to the projected part 234 of the connector main body 2, along the circumferential direction thereof. With the projected
part 531 put into abutment with the projected part 234 of the connector main body 2 from the distal side, movement of
the cap body 5 in the proximal direction is restricted. This prevents the cap body 5 from slipping off from the connector
main body 2.
[0056] Incidentally, the materials constituting the connector main body 2, the lock member 3 and the cap body 5 are
not particularly limited. Examples of materials which can be used for these components include various resins such as
polyvinyl chloride, polyethylene, polypropylene, cyclic polyolefins, polystyrene, poly(4-methylpentene-1), polycarbonate,
acrylic resin, acrylonitrile-butadiene-styrene copolymer, polyesters such as polyethylene terephthalate, polyethylene
naphthalate, etc., butadiene-styrene copolymer, and polyamides (e.g., nylon 6, nylon 6,6, nylon 6,10, nylon 12) .
[0057] Besides, the material constituting the ring-shaped member 8 is not particularly limited. Examples of material
which can be used here include elastic materials, for example, natural rubber, various synthetic rubbers such as isoprene
rubber, silicone rubber, urethane rubber, styrene-butadiene rubber, fluororubber, acrylic rubber, etc., and various ther-
moplastic elastomers based on polyamide, polyester, or the like.
[0058] Now, the valve body 7 will be described below.
[0059] As shown in FIG. 2, the valve body 7 is cylindrical in overall shape (outside shape). Of the valve body 7, a
major part is formed of a silicone rubber.
[0060] The valve body 7 shown in FIG. 2 has an opening/closing part 70 which, when a long member such as a guide
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wire 20 is inserted, opens or closes while sliding on the guide wire 20. The opening/closing part 70 of the valve body 7
is composed of a first slit 751 and a second slit 752 which open and close as the guide wire 20 is inserted and pulled out.
[0061] The first slit 751 is formed to extend from the inside of the valve body 7 to reach only a distal end face 71 of
the valve body 7. In addition, the first slit 751 is in the shape of a straight line in plan view. As a result, the first slit 751
is simple in shape (configuration) and, therefore, the first slit 751 (opening/closing part 70) can be opened and closed
easily and assuredly.
[0062] The first slit 751 is in the shape of a circular arc in side view. Consequently, the vertex of the circular arc of the
first slit 751 touches (intersects) the second slit 752, which has the merit that the guide wire 20 can be smoothly moved
from the first slit 751 into the second slit 752.
[0063] The second slit 752 is formed to extend from the inside of the valve body 7 to reach only a proximal end face
73 of the valve body 7. In addition, like the first slit 751, the second slit 752 is in the shape of a straight line in plan view.
Consequently, the second slit 752 is simple in shape (configuration) and, therefore, the second slit 752 (opening/closing
part 70) can be opened and closed easily and assuredly.
[0064] Besides, like the first slit 751, the second slit 752 is in the shape of a circular arc in side view. As a result, not
only the above-mentioned effect of the first slit 751 but also the following merit can be obtained. Since both faces (the
distal end face and the proximal end face) are the same in shape, when the valve body 7 is assembled into the connector
1, the valve body 7 can be assembled without any possibility of making a mistake in recognizing the face side and the
back side of the valve body 7, so that the efficiency of the assembling work can be enhanced.
[0065] In addition, the first slit 751 and the second slit 752 as above intersect partly each other in the inside of the
valve body 7. In the configuration shown in the drawing, the first slit 751 and the second slit 752 intersect each other at
right angles. Namely, the angle of intersection of the first slit 751 and the second slit 752 is 90°; however, the intersection
angle is not limited to 90°.
[0066] Here, in the connector 1 having the valve body 7 as above, when the cap body 5 is rotated, the tubular part 53
presses the valve body 7 from the distal side. By the pressing, the valve body 7 might be elastically deformed to be
enlarged in outside diameter, however, the outer peripheral surface 74 of the valve body 7 is restricted by the inner
peripheral surface of the enlarged diameter part 233 and, hence, the valve body 7 cannot be enlarged in outside diameter.
Consequently, the inside diameter of the valve body 7 is reduced (changed). This ensures that the guide wire 20 inserted
in the opening/closing part 70 is pressed (compressed) by the opening/closing part 70 in directions of arrows A in FIG.
1, so that the guide wire 20 can be fastened securely.
[0067] In the condition where the guide wire 20 is thus fastened (the condition will hereinafter be referred to as "the
fastened condition"), for example, flowing-out (leaking-out) of a liquid from the inside of the connector main body 2
through the opening/closing part 70 of the valve body 7 is prevented assuredly.
[0068] Here, in the connector 1 having the valve body 7 as above, when the guide wire 20 is inserted in the open-
ing/closing part 70 of the valve body 7 as shown in FIGS. 1 and 3, the silicone rubber in the vicinity of the opening/closing
part 70 is curved in the manner of being pressed by the guide wire 20 inserted. Where an operation of moving the guide
wire 20 in its longitudinal direction is conducted under this condition, the proximal end face 73 of the valve body 7
functions as a sliding part which slides on the outer peripheral surface (outer peripheral part) 201 of the guide wire 20.
Besides, since the silicone rubber is elastic, a repelling force is generated in the curved portion of the valve body 7.
Therefore, even when the guide wire 20 is operated, the liquid-tightness between the proximal end face 73 of the valve
body 7 and the outer peripheral surface 201 of the guide wire 20 is maintained. Accordingly, the liquid in the connector
main body 2 is securely prevented from leaking out through the opening/closing part 70.
[0069] Incidentally, while the opening/closing part 70 is composed of the two slits, this configuration is not limitative.
For example, the opening/closing part 70 may be composed of one slit or be composed of three or more slits.
[0070] Besides, while each of the slits is in the shape of a straight line in plan view, this configuration is not limitative.

For example, the shape may be the shape of letter Y, katakana character " ," letter V, letter U, or the like.
[0071] Meanwhile, in the present invention, as shown in FIG. 3, the valve body 7 includes a main body part 7a composed
of a silicone rubber, and a surface layer 7b provided on an upper surface of the main body part 7a.
[0072] Of these components, the main body part 7a is constituted mainly of a silicone rubber.
[0073] The silicone rubber is a rubber material in which a main chain of molecular bonds is composed of silicon-oxygen
bonds (siloxane linkages). The silicone rubber is an elastic material excellent in restoration properties in response to
compression and/or deformation in a wide temperature range. Therefore, when the guide wire 20 is inserted in the
opening/closing part 70 of the main body part 7a, the main body part 7a composed of the silicone rubber shows excellent
follow-up properties to the shape of the outer periphery of the guide wire 20. This ensures that the liquid-tightness
between the opening/closing part 70 and the outer peripheral surface 201 of the guide wire 20 is maintained in a high
degree, so that flowing-out of the liquid present in the connector main body 2 can be prevented particularly securely.
[0074] On the other hand, the surface layer 7b is constituted mainly of silicon oxide.
[0075] Here, when the guide wire 20 is inserted in the opening/closing part 70, the main body part 7a and the surface
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layer 7b in the vicinity of the opening/closing part 70 are curved toward the distal side in the manner of being pressed
by the guide wire 20, as shown in FIG. 3. Consequently, as shown in FIG. 3, mainly the surface layer 7b, of the valve
body 7, slides on the outer peripheral surface 201 of the guide wire 20 at the time of insertion. Therefore, the sliding
resistance exerted on the guide wire 20 inserted in the opening/closing part 70 arises mainly from a resisting force
generated between the surface layer 7b near the opening/closing part 70 and the outer peripheral surface 201 of the
guide wire 20.
[0076] In the present invention, the surface layer 7b is constituted mainly of silicon oxide as above-mentioned, whereby
a reduction in the resistance of sliding of the surface layer 7b on the guide wire 20 is promised. The reason for this is
presumed to lie in that silicon oxide constituting the surface layer 7b is low in flexibility and elasticity and, hence, it is
restrained from a behavior toward adhering to the guide wire 20. Therefore, according to the valve body 7 having the
surface layer 7b as just-mentioned, the guide wire 20 can slide on the surface layer 7b in the manner of slipping.
[0077] As a result, the valve body 7 can realize high operability of the guide wire 20 inserted in the opening/closing
part 70, while sufficiently securing the liquid-tightness thereof.
[0078] In addition, the surface layer 7b as above is provided on a surface of the main body part 7a composed of the
silicone rubber. Therefore, the influence of the surface layer 7b on mechanical properties of the valve body 7 is slight,
and the mechanical properties of the valve body 7 as a whole are determined predominantly by the mechanical properties
of the silicone rubber constituting the main body part 7a. In other words, the valve body 7 shows excellent sliding
properties on the guide wire 20 offered by the surface layer 7b, while retaining the flexible and elastic properties exhibited
by the silicone rubber.
[0079] Furthermore, the valve body 7 shows sufficient sliding properties such as not to hamper the operations of the
guide wire 20, without the need for using a lubricating liquid (e.g., silicone oil) which has been necessary in the cases
of conventional valve bodies. This makes it possible to omit the use of a lubricating liquid. Therefore, it is possible to
omit a work of applying a lubricating oil to the valve body 7. In addition, such a problem as a gradual increase in the
resistance of sliding due to run-out (consumption) of a lubricating liquid attendant on operations of the guide wire 20 can
be obviated. Therefore, the operator of the guide wire 20 can operate the guide wire 20 with a fixed force even when
the number of times of sliding is increased. Accordingly, the connector 1 having the valve body 7 promises excellent
operability of the guide wire 20.
[0080] Besides, the omission of use of a lubricating liquid eliminates the fear that a lubricating oil is dissolved into the
liquid being in contact with the valve 7.
[0081] Further, silicon oxide is superior to silicone rubbers in durability to radiations. On the other hand, a silicone
rubber would suffer cutting of its molecular chain when exposed to radiations. Then, oxygen in the atmospheric air is
bonded to the cut ends, whereby the silicone rubber is oxidized. The silicone rubber thus oxidized is lowered in its intrinsic
properties such as flexibility and elasticity, leading to fissuring or cracking.
[0082] On the other hand, in this embodiment, a surface (proximal end face) of the main body part 7a composed of
the silicone rubber is covered with the surface layer 7b. Therefore, even if the molecular chains of the silicone rubber
constituting the main body part 7a are cut by radiations, a gas barrier effect of the surface layer 7b makes it possible to
lower the chance for the silicone rubber to make contact with oxygen in the air. Consequently, alteration or deterioration
of the silicone rubber is restrained, and generation of fissures or cracks can be prevented.
[0083] Silicon oxide constituting the surface layer 7b as above is not particularly limited in regard of the valence of
silicon; in general, however, silicon dioxide is used preferably.
[0084] Besides, in the surface layer 7b, the crystal structure of silicon oxide is not particularly limited, but may be
single-crystalline, polycrystalline or amorphous.
[0085] In addition, the surface layer 7b is preferably composed of an aggregate of particles of silicon oxide. This
ensures that the surface layer 7b is rich in flexibility. Accordingly, shape follow-up properties of the surface layer 7b in
relation to the main body part 7a upon curving of the opening/closing part 70 of the valve body 7 will be high. Consequently,
the surface layer 7b can be securely prevented from peeling from the main body part 7a.
[0086] Incidentally, in this case, the diameter of the particles of silicon oxide is not particularly limited, but varies
depending on the thickness of the surface layer 7b. Preferably, however, the particle diameter is about 1 nm to 10 mm,
more preferably about 1 nm to 1 mm.
[0087] The surface layer 7b as above preferably has an average thickness t1 of about 10 nm to 100 mm, more preferably
about 50 nm to 50 mm (see FIG. 3). When the average thickness t1 of the surface layer 7b is in the range, liquid-tightness
of the valve body 7 is sufficiently secured while excellent sliding properties on the guide wire 20 is exhibited. In this case,
besides, the fear of permeation of oxygen through the surface layer 7b is lowered, and the silicone rubber constituting
the main body part 7a can be securely restrained from undergoing alteration or deterioration.
[0088] Incidentally, if the average thickness t1 of the surface layer 7b is below the above-mentioned lower limit, the
sliding resistance exerted on the guide wire 20 may be raised conspicuously. In addition, permeation of oxygen through
the surface layer 7b may occur. On the other hand, if the average thickness t1 of the surface layer 7b exceeds the above-
mentioned upper limit, the flexibility and/or elasticity of the valve body 7 may be lowered conspicuously. Specifically,
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since the surface layer 7b is too thick, the opening/closing part 70 may become difficult to curve, the guide wire 20 may
become difficult to insert, and the liquid-tightness of the valve body 7 may be lowered.
[0089] Here, the surface layer 7b is composed of a plurality of surface layers 7b dispersed in the form of dots, as
shown in FIGS. 2 and 3. Each of the surface layers 7b is projected (in the form of a projectingly deformed part or a
protruding part) from a surface of the main body part 7a, as shown in FIG. 3. Therefore, when the guide wire 20 is
inserted in the opening/closing part 70, the surface layers 7b preferentially make contact with the outer peripheral surface
201 of the guide wire 20. As a result, due to the presence of the surface layers 7b, the area of the surface of sliding of
the valve body 7 on the guide wire 20 is reduced, whereby the sliding resistance exerted on the guide wire 20 can be
reduced. In addition, since the plurality of the surface layers 7b are formed in a partial manner, a reduction in the sliding
resistance can be promised without considerably lowering the mechanical properties such as flexibility and elasticity of
the silicone rubber. Consequently, the valve body 7 can simultaneously show, at a high extent, both excellent sliding
properties on the guide wire 20 and high liquid-tightness.
[0090] In addition, preferably, each of the surface layers 7b is hemispherical (dome-like) in shape, as shown in FIG.
2. This ensures that the area of contact of the surface layers 7b with the guide wire 20 is particularly reduced. As a result,
the sliding resistance exerted on the guide wire 20 can be particularly reduced.
[0091] Incidentally, each of the plurality of the surface layers 7b shown in FIG. 2 is so provided that it is partly embedded
in the main body part 7a, as also shown in FIG. 3. Such surface layers 7b are fixed in the manner of being held by the
main body part 7a, so that they are securely prevented from peeling off.
[0092] From the above-mentioned viewpoint, the projection height t2 of the surface layers 7b projected from the surface
of the main body part 7a is preferably about 500 nm to 50 mm, more preferably about 800 nm to 2 mm (see FIG. 3).
When the projection height t2 of the surface layer 7b is within the just-mentioned range, the resistance of sliding of the
valve body 7 on the guide wire 20 can be lowered assuredly. Besides, the size of gaps formed between the main body
part 7a and the guide wire 20 is suppressed to such a level that a liquid cannot pass through the gap. Accordingly, the
liquid-tightness at the valve body 7 can be securely prevented from being lowered.
[0093] In addition, the plurality of surface layers 7b dispersed in the form of dots as shown in FIG. 2 are distributed
evenly and regularly.
[0094] The plurality of surface layers 7b provided as above are preferably formed in a formation density of about 300
to 3000 pieces/mm2, more preferably about 1000 to 1500 pieces/mm2. When the formation density is within the just-
mentioned range, both the effect of the surface layers 7b on lowering the sliding resistance on the guide wire 20 and
the effect of the main body part 7a on the following-up of the shape of the opening/closing part 70 to the outer peripheral
surface 201 of the guide wire 20 can be simultaneously realized to an extremely high extent. In addition, the main body
part 7a is sufficiently covered with the surface layers 7b, so that radiation resistance of the main body part 7a can be
enhanced sufficiently.
[0095] Incidentally, if the formation density is lowered below the above-mentioned lower limit, the formation density
of the surface layers 7b is too low to sufficiently lower the sliding resistance on the guide wire 20. Besides, the area of
exposure of the main body part 7a is so large that the radiation resistance of the main body part 7a may be lowered
extremely. On the other hand, if the formation density exceeds the above-mentioned upper limit, the opening/closing
part 70 is markedly lowered in flexibility and/or elasticity, so that the liquid-tightness of the valve body 7 may be lowered
conspicuously.
[0096] In addition, the area of each of the surface layers 7b dispersed in the form of dots is preferably about 10-12 to
10-3 mm2, more preferably about 10-10 to 10-4 mm2.
[0097] Besides, each of the formation density and the area of each of the surface layers 7b are so set that the proportion
in which the surface layers 7b cover the upper surface of the main body part 7a will be within the following range described
below. The just-mentioned proportion of the surface layers 7b is preferably about 10 to 100%, more preferably about
20 to 90%. Consequently, a valve body 7 can be obtained which can simultaneously show, to a high extent, both a low
sliding resistance on the guide wire 20 and excellent liquid-tightness as well as radiation resistance.
[0098] In addition, the plurality of surface layers 7b as above may each be formed in any shape (pattern) in plan view
other than the above-mentioned dot shape, for example, a linear shape, an irregular shape or the like.
[0099] Besides, while the plurality of surface layers 7b may be distributed regularly, they may also be distributed
irregularly.
[0100] Further, the formation density of the plurality of surface layers 7b may be even or uneven, over the whole part
of the valve body 7.
[0101] Incidentally, the plurality of surface layers 7b dispersed in the shape of dots may be formed not only on the
upper surface of the valve body 7 but on the whole surface inclusive of side surfaces and a lower surface of the valve
body 7. In this case, a radiation resistance of the valve body 7 as a whole can be enhanced.
[0102] In addition, as shown in FIG. 3, an intermediate layer 7c is interposed between each of the surface layers 7b
and the main body part 7a. The intermediate layer 7c is composed of a material which is intermediate between a material
constituting the main body part 7a and a material constituting the surface layers 7b, specifically, a material intermediate
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between the silicone rubber and silicon oxide. This ensures that the intermediate layer 7c show high adhesion to both
the main body part 7a and the surface layers 7b. Therefore, with the intermediate layer 7c thus provided between the
main body part 7a and the surface layers 7b, the adhesion strength of the surface layers 7b to the main body part 7a
can be enhanced. As a result, as shown in FIG. 3, even if a high load is exerted on the surface layers 7b due to sliding
of the surface layers 7b on the outer peripheral surface 201 of the guide wire 20, the surface layers 7b can be securely
prevented from peeling off from the main body part 7a.
[0103] Further, preferably, the intermediate layer 7c has a graded composition such that its composition varies gradually
in the thickness direction. Specifically, it is preferable that the content of an organic component in the intermediate layer
7c gradually decreases from the side of the main body part 7a toward the side of the surface layer 7b. Such an intermediate
layer 7c shows closeness in composition to both the main body part 7a and the surface layers 7b, so that it exhibits a
particularly high adhesion to both the main body part 7a and the surface layers 7b. This promises a further enhanced
adhesion strength between the surface layers 7b and the main body part 7a.
[0104] Incidentally, the ratio between the thicknesses of the surface layer 7b and the intermediate layer 7c is not
particularly limited. Specifically, the surface layer 7b may be thicker than the intermediate layer 7c, as shown in FIG.
3(a); or, on the contrary, the intermediate layer 7c may be thicker than the surface layer 7b, as shown in FIG. 3(b).
[0105] Now, a process for producing the valve body 7 as above (a process for producing a valve body according to
the present invention) will be described below.
[0106] FIG. 4 is a schematic view (longitudinal sectional view) for illustrating a process for producing the valve body
shown in FIG. 3. Incidentally, in the following description, the upper side in FIG. 4 will be referred to as "upper," and the
lower side as "lower."
[0107] The process for producing the valve body 7 includes [1] a step of preparing a base material 700 composed of
a silicone rubber, and [2] a step of irradiating an upper surface of the base material 700 with a laser beam. Hereafter,
each of the steps will be described in detail.

[1] First, as shown in FIG. 4(a), the base material 700 for producing the valve body 7 is prepared. This base material
700 is composed of a silicone rubber, and has the shape of the main body part 7a.
Specifically, the base material 700 is a circular disc-shaped plate material provided with a first slit 751 and a second
slit 752.
[2] Next, as shown in FIG. 4(b), an upper surface of the base material 700 is irradiated with a laser beam. By this,
in the silicone rubber in the region irradiated with the laser beam, organic groups linked as side chains to a siloxane
constituting a main chain are removed through light cleavage. As a result, the base material 700 in the region
irradiated with the laser beam is modified (vitrified) into silicon oxide, to obtain the main body part 7a of the valve
body 7 mentioned above and the surface layers 7b which are provided on the surface of the main body part 7a and
are constituted mainly of silicon oxide.

[0108] Incidentally, in this embodiment, as shown in FIG. 4(b), the irradiation with the laser beam is carried out by
scanning a laser beam along the upper surface of the base material 700 through a photomask 701 having window parts
(beam-transmitting parts) in a mesh-like pattern. This ensures that the regions in shapes reflecting the shapes of the
window parts of the photomask 701 are irradiated with the laser beam. Therefore, a plurality of surface layers 7b in the
shape of dots are obtained on the upper surface of the main body part 7a.
[0109] In addition, since this modification is attended by cubical expansion, the silicone rubber is raised in hemispherical
(dome-like) shapes from the upper surface of the base material 700 simultaneously with the change into silicon oxide.
In this case, the quantity of heat applied to the silicone rubber by the laser beam is so distributed as to gradually decrease
from the upper surface toward the inside of the base material 700. Therefore, even if substantially full modification into
silicon oxide occurs at the uppermost surface of the base material 700, the quantity of heat is insufficient and hence
parts not fully modified are generated on the lower side of the uppermost surface. Accordingly, areas where the silicone
rubber and silicon oxide are present in a mixed manner are formed between the main body part 7a and the surface
layers 7b. Thus, the above-mentioned intermediate layer 7c is formed between the main body part 7a and the surface
layer 7b.
[0110] Here, the wavelength of the laser beam with which to irradiate the base material 700 is preferably not more
than 200 nm, more preferably not more than 180 nm, still preferably not more than 160 nm. This ensures that the laser
beam has a sufficiently high energy, whereby the side chains of the silicone rubber are more securely put into light
cleavage, and oxygen molecules undergo photolysis, to produce a multiplicity of active oxygen atoms. As a result, the
multiplicity of active oxygen atoms act on the silicone rubber, so that the silicone rubber is modified into silicon oxide in
a short time and assuredly.
[0111] Incidentally, the lower limit of the wavelength of the laser beam is not particularly limited. In consideration of
the laser beam generating cost and the damage to the main body part 7a, however, the lower limit of the wavelength is
about 100 nm.
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[0112] In addition, when the upper surface of the base material 700 is irradiated with the laser beam, the surface layers
7b are raised and, simultaneously, the surface layers 7b are formed also in regions on the inner side relative to the upper
surface of the base material 700. Accordingly, the surface layers 7b are so formed as to be embedded from the upper
surface into the inside of the base material 700.
[0113] Incidentally, examples of a laser beam source to be used include fluorine laser (F2 laser), ArF (argon fluoride)
excimer laser, etc., among which the fluorine laser is used preferably.
[0114] Besides, the oscillation mode of the laser beam may be either continuous oscillation or pulsed oscillation.
Incidentally, in the case of the pulsed oscillation, the energy density per pulse is preferably about 5 to 60 mJ/cm2. Besides,
the number of pulses per second is about 5000 to 20000 pulses.
[0115] In addition, the atmosphere in which to irradiate with the laser beam is an inert gas atmosphere or a reduced
pressure atmosphere.
[0116] Incidentally, as the photomask 701, there can be used, for example, reticules which are used in semiconductor
production processes. Other than the reticules, there can also be used mesh-shaped members, punching metals, and
the like.
[0117] Besides, in place of using the photomask 701, irradiation with a laser beam may be conducted under pro-
grammed computer control such as to apply the laser beam only to preset regions.
[0118] In the above-mentioned manner, the valve body 7 including the main body part 7a, the intermediate layers 7c
and the surface layers 7b as shown in FIG. 4(c) is obtained.

<Second Embodiment> (Reference Embodiment)

[0119] FIG. 5 is a perspective view showing a second embodiment of the valve body.
[0120] Now, a second embodiment of the valve body and the medical instrument according to the present invention
will be described below referring to the figure. The following description will be centered on the differences from the
above-described embodiment, and descriptions of the same items as above will be omitted.
[0121] This embodiment is the same as the above-described first embodiment except for a difference in the configu-
ration of the surface layer of the valve body.
[0122] The valve body 7A shown in FIG. 5 has a configuration in which a surface layer 7b is so provided as to cover
entirely an upper surface of a main body part 7a. In this case, the proportion in which the surface layer 7b covers the
upper surface of the main body part 7a is 100%. In this instance, the whole part of the upper surface of the main body
part 7a is completely covered with the surface layer 7b, so that the chance of contact between the main body part 7a
and oxygen is very small. This makes it possible to obtain a valve body 7 which is particularly excellent in radiation
resistance.
[0123] Incidentally, the average thickness t1 of the surface layer 7b shown in FIG. 5 is the same as the average
thickness of the surface layers 7b in the first embodiment above.
[0124] Now, a process for producing the valve body 7A as above (a process for producing a valve body) will be described.
[0125] FIG. 6 is a schematic view (longitudinal sectional view) for illustrating the process for producing the valve body
shown in FIG. 5. Incidentally, in the following description, the upper side in FIG. 6 will be referred to as "upper," and the
lower side as "lower."
[0126] The process for producing the valve body 7A includes [1A] a step of preparing a base material 700 composed
of a silicone rubber, and [2A] a step of forming the surface layer 7b on an upper surface of the base material 700.
Hereafter, each of the steps will be described in detail.

[1A] First, as shown in FIG. 6(a), the base material 700 for producing the valve body 7 is prepared.
Incidentally, of the surfaces of the base material 700, the surface on which to form the surface layer 7b in the step
described later may be preliminarily subjected to a ground treatment. Examples of the ground treatment include a
method of coating with a ground treating agent for silicone resin, and a method of roughening the surface to be treated.
[2A] Next, as shown in FIG. 6(b), a film of silicon oxide is formed on the upper surface of the base material 700. By
this, a surface layer 7b constituted mainly of silicon oxide as shown in FIG. 6(c) is formed on the upper surface of
a main body part 7a.

[0127] The method for forming the film of silicon oxide is not particularly limited. Examples of the method which can
be used here include chemical vapor deposition methods such as plasma CVD method, thermal CVD method, etc., and
physical vapor deposition methods such as vacuum evaporation method, sputtering method, ion plating method, etc.
[0128] In addition, a method may be adopted in which a film of silicon is once formed, and the silicon film is subjected
to an oxidizing treatment to thereby form the surface layer 7b.
[0129] In this case, as the method for forming the silicon film, the same method as the method of forming the silicon
oxide film mentioned above can be used.
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[0130] Besides, examples of the oxidizing treatment method include a method of exposing to ozone or hydrogen
peroxide, a method of irradiating with UV rays, and a combination of these methods.
[0131] In addition, a film of silicon oxide may be formed through a mask. By this, a silicon oxide film is formed in each
of regions in shapes corresponding to the shapes of window parts (through-holes) in the mask, resulting in that the
surface layer 7b in a predetermined shape is obtained.
[0132] As the mask, there can be used, for example, a mesh-shaped member, a punching metal or the like. By forming
the film through such a mask provided with a multiplicity of window parts, for example, a plurality of surface layers
dispersed in the shape of dots can be easily formed on the upper surface of the main body part 7a.
[0133] In the second embodiment of the valve body and the medical instrument as above-described, also, the same
effects as those of the first embodiment above can be obtained.

<Third Embodiment> (Reference Embodiment)

[0134] FIG. 7 is a perspective view showing a third embodiment of the valve body.
[0135] Now, a third embodiment of the valve and the medical instrument according to the present invention will be
described below referring to this figure. The following description will be centered on the difference from the above-
described embodiments, and descriptions of the same items as above will be omitted.
[0136] This embodiment is the same as the first embodiment above except for a difference in the configuration of the
valve body.
[0137] A valve body 7B shown in FIG. 7 is a member which is cylindrical in overall shape (outside shape) and which
is provided in a central portion thereof with a through-hole 72 as an opening/closing part 70 capable of being opened
and closed. The through-hole 72 is a hole formed to range from a distal end face 71 to a proximal end face 73 of the
valve body 7B, penetrating the valve body 7. With a guide wire 20 inserted in the through-hole 72, an inner peripheral
surface 721 of the through-hole 72 slides on an outer peripheral surface 201 of the guide wire 20, whereby liquid-tightness
at the sliding surface is maintained.
[0138] The through-hole 72 is circular in plan-view shape. The inside diameter of the through-hole 72 in a natural
condition (the condition shown in FIG. 7) is set to be approximately equal to or slightly larger than (in the configuration
shown in FIG. 7, approximately equal to) the outside diameter of the guide wire 20. This ensures that the guide wire 20
can inserted in the valve body 7. Here, the "natural condition" means the condition where no external force is applied
to the valve body 7.
[0139] In addition, as shown in FIG. 7, the valve body 7B includes a main body part 7a composed of a silicone rubber,
and a surface layer 7b provided on an inner peripheral surface of the main body 7a. This ensures that the inner peripheral
surface 721 of the through-hole 72 is a surface composed of silicon oxide.
[0140] Here, as above-mentioned, the inner peripheral surface 721 of the through-hole 72 slides on the outer peripheral
surface 201 of the guide wire 20, and, since the inner peripheral surface 721 is composed of silicon oxide, the guide
wire 20 can slide on the inner peripheral surface 721 in the manner of slipping. This enables the operator of the guide
wire 20 to efficiently operate the guide wire 20 without exerting a large force.
[0141] The surface layer 7b possessed by the valve body 7B as above may be a surface layer 7b ranging over the
whole part of the inner peripheral surface 721 of the through-hole 72, as shown in FIG. 7; however, the surface layer
7b may also be a plurality of surface layers 7b distributed in the form of dots as in the first embodiment.
[0142] Incidentally, such a surface layer 7b according to this embodiment may be one produced by either of the
producing method according to the first embodiment and the producing method according to the second embodiment.
[0143] In the third embodiment of the valve body and the medical instrument as above-described, also, the same
effects as those of the first embodiment above can be obtained.
[0144] While the valve body, the process for producing the valve body, and the medical instrument according to the
present invention (first embodiment) have been described above, the invention is not limited to this embodiment. Each
of the components of the valve body and the medical instrument can be replaced by one with an arbitrary configuration
which can exhibit the same function as above-mentioned. Besides, arbitrary components may be added to the above-
mentioned.
[0145] In addition, the valve body and the medical instrument may each be a combination of arbitrary two or more
configurations (features) according to the above-described embodiments.
[0146] Besides, while a connector has been shown in each of the above embodiments as an example of the medical
instrument, the medical instrument of the invention is not limited to the connector but may also be an introducer, an
indwelling needle or the like.
[0147] In addition, while a guide wire has been shown in each of the above embodiments as an example of the long
member inserted into and pulled out of the valve body, the long member is not limited to the guide wire but may also be
a sheath, a dilator, a catheter, a needle, a mouth part (distal projected part) projected at a distal portion of a syringe
outer cylinder, or the like.
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[0148] Besides, in the process for producing a valve according to the present invention, arbitrary steps may be added,
as required.

Examples

[0149] Now, specific examples of the present invention will be described below.

1. Production of connector

[0150] In each of the following Examples and Comparative Example, a plurality of valve bodies were produced.

(Example 1)

[0151] First, a plate-shaped base material composed of a silicone rubber and provided with a first slit and a second
slit was prepared.
[0152] Next, upper and lower surfaces of the base material were each irradiated with a laser beam through a photomask
under the following irradiation conditions.

[0153] The valve bodies were produced in the above-mentioned manner.
[0154] Next, connectors as shown in FIG. 1 fitted with these valve bodies were produced.
[0155] Then, one of the plurality of valve bodies obtained as above was cut, and the cut surface was observed under
a scanning electron microscope.
[0156] As a result, a multiplicity of hemispherical projected parts (surface layers) projected from the surface of the
base material were observed to be present selectively in the regions irradiated with the laser beam. Incidentally, the
projection height of the projected parts was measured, to be 1 mm.
[0157] Further, the cut surface was served to elemental analysis. It was found that the valve body had a main body
part (corresponding to the main body part 7a in FIG. 3) composed of a silicone rubber, and a surface layer (corresponding
to the surface layer 7b in FIG. 3) provided on the surface of the main body part and composed of silicon oxide.
[0158] In addition, distributions of carbon and oxygen in the cut surface were analyzed by elemental mapping analysis.
Then, the thicknesses of the surface layer and an intermediate layer (corresponding to the intermediate layer 7c in FIG.
3) of valve body were estimated, taking into account the facts that the content of carbon in the silicone rubber was high,
that the content of oxygen in silicon oxide was high whereas the content of carbon was approximately zero, etc.
[0159] As a result, the thickness of the surface layer was estimated at about 1.5 mm, and the thickness of the intermediate
layer at about 0.5 mm.

(Reference Example 2)

[0160] Valve bodies and connectors fitted with the valve bodies were produced in the same manner as in Example 1
above, except that the use of the photomask was omitted and that the upper and lower surfaces of a base material were
entirely irradiated with a laser beam.
[0161] Incidentally, a surface layer spreading in a surface form was observed on the surfaces of the base material.
[0162] In addition, elemental mapping analysis of a cut surface was carried out in the same manner as in Example 1,
whereon the presence of an intermediate layer was confirmed.

(Reference Example 3)

[0163] First, a plate-like base material composed of a silicone rubber and provided with a first slit and a second slit
was prepared.
[0164] Next, silicon oxide was vapor deposited on each of upper and lower surfaces of the base material.
[0165] In this manner, valve bodies were produced.

<Laser beam irradiation conditions>
• Laser beam source: Fluorine laser
• Laser beam wavelength: 157 nm

• Formation density of beam-transmitting parts in photomask: 1000 pieces/mm2

• Proportion (beam transmission factor) of beam-transmitting parts: 20 to 70%
• Pattern of beam-transmitting parts: Grid
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[0166] Thereafter, connectors shown in FIG. 1 fitted with the valve bodies were produced.

(Reference Example 4)

[0167] First, a plate-like base material composed of a silicone rubber and provided with a first slit and a second slit
was prepared.
[0168] Next, silicon was vapor deposited on each of upper and lower surfaces of the base material.
[0169] Subsequently, each of the silicon films thus obtained was irradiated with UV rays in the presence of ozone.
This resulted in oxidation of the silicon films and, hence, modification thereof into silicon oxide.
[0170] In this manner, valve bodies were produced.
[0171] Thereafter, connectors shown in FIG. 1 fitted with the valve bodies were produced.

(Comparative Example)

[0172] Valve bodies and connectors were produced in the same manner as in Example 1 above, except that the base
material used in Example 1 was directly used as a valve body.
[0173] Incidentally, a silicone oil was applied to the valve body as a lubricating liquid.

2. Evaluation

2.1 Evaluation of sliding properties

[0174] Ten connectors each obtained in each of the Examples and Comparative Example above were evaluated as
to sliding properties, in the manner described below. Incidentally, in the following measurement of sliding resistance,
measurement of the sliding resistance was carried out for each of five connectors not having been subjected to an EB
sterilizing treatment and for five connectors having been subjected to the EB sterilizing treatment, and average of the
measured values for the five connectors was used as an object of evaluation.

<1> First, ten connectors produced as above and guiding catheters (produced by Terumo Corporation) of 5 Fr in
size were prepared.
Then, five connectors were subjected to an EB sterilizing (electron beam sterilizing) treatment, whereas the remaining
five connectors were subjected to an EOG sterilizing (ethylene oxide gas sterilizing) treatment instead of being not
subjected to the EB sterilizing treatment. Incidentally, the intensity (absorption dose) of the electron beam used in
the EB sterilization was 40 kGy.
<2> Next, the catheter was inserted in the valve body of the produced connectors.
<3> Subsequently, the cap body of connector was rotated to the limit of rotating operation, thereby fastening (fixing)
a tube with the valve body.
<4> Thereafter, in this condition, the sliding resistance in pulling out the catheter was measured. Incidentally, in
measurement of the sliding resistance, the pulling-out amount of the catheter was 100 mm, and the pulling-out rate
was 100 mm/min. Besides, loads exerted on the catheter at the times of insertion and pulling-out were measured
on an autograph. In this manner, an initial sliding resistance (unit: gf) was obtained.
<5> Next, a series of processes of inserting the catheter into the valve body of the connector and pulling out the
catheter from the valve body of the connector was repeated 50 times in water.
<6> Then, the connector and the catheter were taken out of water, and the sliding resistance at the times of insertion
and pulling-out of the catheter in relation to the connector was measured in the same manner as in <4> above. By
this, a sliding resistance value (unit: gf) after 50 reciprocal slides was obtained.

[0175] The results of the above measurements are shown in Table 1 and FIG. 8. Incidentally, in FIG. 8, the evaluation
results of Example 4 were omitted.
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[0176] Referring to Table 1, first, in the condition where the EB irradiation was yet to be conducted, evaluation results
of each of Examples and evaluation results of Comparative Example were compared.
[0177] Consequently, it is seen that for the connectors obtained in each of Examples, the sliding resistance after 50
times of sliding showed rather a lowering than an increase as compared with the initial sliding resistance, notwithstanding
the non-use of the lubricating liquid. On the other hand, for the connectors obtained in Comparative Example, the sliding
resistance after 50 times of sliding showed a large increase as compared with the initial sliding resistance. This is
conjectured to arise from a lowering in lubricity because of gradual leaning of the lubricating liquid attendant on the
reciprocal sliding of the catheter. In other words, it is surmised that in the cases of the connectors obtained in each of
Examples, such a lowering in lubricity did not occur because not any lubricating liquid was used.
[0178] In addition, comparison between Example 1 and Example 2 shows that the connectors obtained in Example 1
showed a lower sliding resistance. This is considered to be due to the difference in the area of contact between the
valve body of the each of connector and the catheter.
[0179] In the next place, in the condition after the EB irradiation, evaluation results of each of Examples and evaluation
results of Comparative Example were compared.
[0180] Consequently, it is seen that sliding resistance values of the connectors obtained in each of Examples were
lower than sliding resistance values of the connectors obtained in Comparative Example, both in the initial and after 50
times of sliding. This result is conjectured to arise from the fact that the valve bodies obtained in each of Examples were
superior to the valve bodies obtained in Comparative Example in electron beam resistance (radiation resistance) and
were hence prevented from the valve body being altered or deteriorated by EB irradiation.
[0181] Next, for the connectors obtained in each of Examples and Comparative Example, the evaluation results in the
condition where EB irradiation was yet to be conducted and the evaluation results in the condition after the EB irradiation
were compared.
[0182] Consequently, it is seen that in the cases of the connectors obtained in each of Examples, the increase factor
of the initial sliding resistance attendant on the EB irradiation was suppressed to a comparatively low level respectively
(see arrows in FIT. 8). From this result, it can be seen that the connectors obtained in each of Examples are less liable
to yield an increase in sliding resistance values even when subjected to a sterilizing treatment by EB irradiation and,
hence, it can be said that they are medical instruments capable of realizing high operability while securing safety.
[0183] On the other hand, the connectors obtained in Comparative Example showed a large increase in sliding resist-
ance value attendant on EB irradiation (see arrow in FIG. 8). This is surmised to arise from alteration and/or deterioration
of the valve bodies obtained in Comparative Example, under the influence of the EB (electron beam). Based on this, it
can be said that the connectors obtained in Comparative Example may yield an increase in sliding resistance value
when subjected to a sterilizing treatment by EB irradiation.

Table 1

Production conditions of valve 
body

Evaluation results of sliding properties on connector

Method of 
forming surface 

layer

Shape of 
surface 

layer

Yet to be irradiated 
with EB

After irradiated with 
EB Increase factor of initial 

sliding resistance due to 
irradiation with EBInitial

After 50 
times of 
sliding

Initial
After 50 
times of 
sliding

Example 
1

Irradiation with 
laser

Dots 119.5 118.1 127.0 128.3 6.3%

Example 
2

Irradiation with 
laser

Surface 125.8 122.5 132.4 133.8 5.2%

Example 
3

Vapor 
deposition of 

SiO2

Surface 133.4 124.3 148.4 150.2 11.2%

Example 
4

Vapor 
deposition of Si 

+ Oxidation 
treatment

Surface 131.9 123.4 146.1 149.3 10.8

Comp. 
Ex.

Surface layer not formed 127.8 137.6 175.1 175.5 37.0%
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Industrial Applicability

[0184] The valve body according to the present invention is a valve body having an opening/closing part which opens
or closes while sliding on a member to be inserted. The valve body is characterized in that at least the opening/closing
part includes a main body part composed of a silicone rubber, and a surface layer provided at least in an area on a
surface of the main body part and constituted mainly of silicon oxide. Therefore, it is possible to obtain a valve body
which shows a sliding resistance exerted on the member less liable to increase even upon an increase in the number
of times of sliding of the member to be inserted in the opening/closing part and which is excellent in radiation resistance
and liquid-tightness, In addition, the configuration in which a plurality of surface layers in the shape of dots are dispersed
on a surface of the main body part promises a reduction in sliding resistance, with little losing of mechanical characteristic
properties such as flexibility and elasticity of the silicone rubber. Accordingly, the valve body can exhibit, to a high extent,
both excellent sliding properties on a member to be inserted and high liquid-tightness. Furthermore, the structure in
which the surface layers in the form of dots are provided in the manner of projecting from the surface of the main body
part reduces the area of the surface where the valve body slides on the member inserted in the valve body. This promises
a further reduction in the sliding resistance exerted on the member. Therefore, the valve body according to the present
invention has industrial applicability.

Claims

1. A valve body (7, 7A, 7B) for a medical instrument comprising an opening/closing part (70) which opens or closes
while sliding on a member to be inserted,
wherein at least the opening/closing part (70) of the valve body (7, 7A, 7B) has a main body part (7a) comprised of
a silicone rubber, and a surface layer (7b) provided at least in a region on a surface of the main body part (7a) and
composed mainly of silicon oxide,
characterized in that the surface layer (7b) is composed of a plurality of surface layers (7b) dispersed in the form
of dots, and
wherein the surface layers (7b) in the form of a plurality of dots are dispersed on a surface of the main body part
(7a), wherein each of the surface layers (7b) is projected in the form of a projectingly deformed part or a protruding
part from a surface of the main body part (7a).

2. The valve body (7, 7A, 7B) according to claim 1, wherein the surface layer (7b) is comprised of an aggregate of
silicon oxide.

3. The valve body (7, 7A, 7B) according to claim 1, wherein the surface layer (7b) is comprised of an aggregate of
particles of silicon oxide.

4. The valve body (7, 7A, 7B) according to claim 1, wherein each of the dot-formed surface layers (7b) is projected
from the surface of the main body part (7a).

5. The valve body (7, 7A, 7B) according to claim 1, wherein the surface layer (7b) is so provided as to cover entirely
a surface of the main body part (7a).

6. The valve body (7, 7A, 7B) according to claim 1, further comprising, between the main body part (7a) and the surface
layer (7b), an intermediate layer (7c).

7. The valve body (7, 7A, 7B) according to claim 6, wherein the content of an organic component in the intermediate
layer (7c) gradually decreases from the main body part side toward the surface layer side.

8. The valve body (7, 7A, 7B) according to claim 7, wherein each of the surface layer (7b) and the intermediate layer
(7c) is formed through modification of the whole part or a part of the silicone rubber into silicon oxide by irradiation
with a laser beam.

9. A process for producing a valve body (7, 7A, 7B) according to one of the previous claims comprising an open-
ing/closing part (70) which opens or closes while sliding on a member to be inserted,
wherein a surface layer (7b) comprised of silicon oxide is formed at least in a region on a surface of the opening/closing
part (70), of a base material having the opening/closing part (70) comprised of a silicone rubber,
wherein the surface layer (7b), of the base material, is formed by irradiating at least a region of a surface of the
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opening/closing part (70) with a laser beam so that the silicone rubber in the vicinity of the surface in the region is
modified into silicon oxide and raised.

10. The process for producing the valve body (7, 7A, 7B) according to claim 9, wherein the laser beam has a wavelength
of not more than 200 nm.

11. The process for producing the valve body (7, 7A, 7B) according to claim 11, wherein the irradiation with the laser
beam is carried out through a photomask having a window part of a predetermined shape, whereby modification
from the silicone rubber into silicon oxide is effected in a region, having a shape corresponding to the predetermined
shape, of the surface of the opening/closing part (70).

12. The process for producing the valve body (7, 7A, 7B) according to claim 9, wherein the surface layer (7b) is formed
by forming a layer of silicon oxide at least in a region of a surface of the opening/closing part (70), or wherein the
surface layer (7b) is formed by forming a silicon layer at least in a region on a surface of the opening/closing part
(70), and thereafter subjecting the silicon layer to an oxidizing treatment so as to modify silicon into silicon oxide.

13. A medical instrument comprising:

a tubular medical instrument main body; and
a valve body (7, 7A, 7B) according to any of claims 1 to 8, the valve body (7, 7A, 7B) being disposed in the
medical instrument main body.

Patentansprüche

1. Ventilkörper (7, 7A, 7B) für ein medizinisches Instrument, umfassend ein Öffnungs-/Schließteil (70), das sich öffnet
oder schließt, während es auf einem einzusetzenden Element gleitet,
wobei mindestens das Öffnungs-/Schließteil (70) des Ventilkörpers (7, 7A, 7B) einen Hauptkörperteil (7a) aus einem
Silikonkautschuk und eine Oberflächenschicht (7b) aufweist, die mindestens in einem Bereich auf einer Oberfläche
des Hauptkörperteils (7a) vorgesehen ist und hauptsächlich aus Siliziumoxid besteht,
dadurch gekennzeichnet, dass die Oberflächenschicht (7b) aus einer Vielzahl von Oberflächenschichten (7b)
zusammengesetzt ist, die in Form von Punkten dispergiert sind, und
wobei die Oberflächenschichten (7b) in Form einer Vielzahl von Punkten auf einer Oberfläche des Hauptkörperteils
(7a) verteilt sind, wobei jede der Oberflächenschichten (7b) in Form eines vorstehend verformten Teils oder eines
vorstehenden Teils von einer Oberfläche des Hauptkörperteils (7a) hervorsteht.

2. Ventilkörper (7, 7A, 7B) gemäß Anspruch 1, wobei die Oberflächenschicht (7b) aus einem Aggregat aus Siliziumoxid
besteht.

3. Ventilkörper (7, 7A, 7B) gemäß Anspruch 1, wobei die Oberflächenschicht (7b) aus einem Aggregat von Silizium-
oxidpartikeln besteht.

4. Ventilkörper (7, 7A, 7B) gemäß Anspruch 1, wobei jede der punktförmigen Oberflächenschichten (7b) von der
Oberfläche des Hauptkörperteils (7a) hervorsteht.

5. Ventilkörper (7, 7A, 7B) gemäß Anspruch 1, wobei die Oberflächenschicht (7b) so vorgesehen ist, dass sie eine
Oberfläche des Hauptkörperteils (7a) vollständig bedeckt.

6. Ventilkörper (7, 7A, 7B) gemäß Anspruch 1, der ferner eine Zwischenschicht (7c) zwischen dem Hauptkörperteil
(7a) und der Oberflächenschicht (7b) umfasst.

7. Ventilkörper (7, 7A, 7B) gemäß Anspruch 6, wobei der Gehalt einer organischen Komponente in der Zwischenschicht
(7c) allmählich von der Seite des Hauptkörperteils zur Seite der Oberflächenschicht abnimmt.

8. Ventilkörper (7, 7A, 7B) gemäß Anspruch 7, wobei jede der Oberflächenschicht (7b) und der Zwischenschicht (7c)
durch Modifikation der Gesamtheit oder eines Teils des Silikonkautschuks zu Siliziumoxid durch Bestrahlung mit
einem Laserstrahl gebildet wird.
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9. Verfahren zur Herstellung eines Ventilkörpers (7, 7A, 7B) gemäß einem der vorhergehenden Ansprüche, umfassend
ein Öffnungs-/Schließteil (70), das sich öffnet oder schließt, während es auf einem einzusetzenden Element gleitet,
wobei eine Oberflächenschicht (7b) aus Siliziumoxid mindestens in einem Bereich auf einer Oberfläche des Öff-
nungs-/Schließteils (70) aus einem Basismaterial mit dem Öffnungs-/Schließteil (70), das aus einem Silikonkaut-
schuk besteht, gebildet wird,
wobei die Oberflächenschicht (7b) des Basismaterials gebildet wird, indem mindestens ein Bereich einer Oberfläche
des Öffnungs-/Schließteils (70) mit einem Laserstrahl bestrahlt wird, so dass der Silikonkautschuk in der Nähe der
Oberfläche in dem Bereich zu Siliziumoxid modifiziert und angehoben wird.

10. Verfahren zur Herstellung des Ventilkörpers (7, 7A, 7B) gemäß Anspruch 9, wobei der Laserstrahl eine Wellenlänge
von nicht mehr als 200 nm aufweist.

11. Verfahren zur Herstellung des Ventilkörpers (7, 7A, 7B) gemäß Anspruch 11, wobei die Bestrahlung mit dem La-
serstrahl durch eine Photomaske mit einem Fensterteil einer vorgegebenen Form durchgeführt wird, wobei die
Modifikation vom Silikonkautschuk zu Siliziumoxid in einem Bereich mit einer der vorgegebenen Form entsprechen-
den Form der Oberfläche des Öffnungs-/Schließteils (70) erfolgt.

12. Verfahren zur Herstellung des Ventilkörpers (7, 7A, 7B) gemäß Anspruch 9, wobei die Oberflächenschicht (7b)
durch Bilden einer Schicht aus Siliziumoxid mindestens in einem Bereich einer Oberfläche des Öffnungs-/Schließteils
(70) gebildet wird, oder wobei die Oberflächenschicht (7b) durch Bilden einer Silikonschicht mindestens in einem
Bereich auf einer Oberfläche des Öffnungs-/Schließteils (70) und danach Unterwerfen der Silikonschicht einer
oxidierenden Behandlung gebildet wird, um Silikon zu Siliziumoxid zu modifizieren.

13. Medizinisches Instrument, umfassend:

einen rohrförmigen medizinischen Instrumenten-Hauptkörper; und
einen Ventilkörper (7, 7A, 7B) gemäß einem der Ansprüche 1 bis 8, wobei der Ventilkörper (7, 7A, 7B) im
Hauptkörper des medizinischen Instruments angeordnet ist.

Revendications

1. Corps de valve (7, 7A, 7B) pour un instrument médical comprenant une partie ouverture/fermeture (70) qui s’ouvre
et se ferme tout en coulissant sur un élément à insérer,
dans lequel au moins la partie ouverture/fermeture (70) du corps de valve (7, 7A, 7B) a une partie corps principal
(7a) constituée de caoutchouc silicone, et une couche superficielle (7b) fournie au moins dans une région sur une
surface de la partie corps principal (7a) et composée principalement d’oxyde de silicium,
caractérisé en ce que la couche superficielle (7b) est composée d’une pluralité de couches superficielles (7b)
dispersées sous forme de points, et
dans lequel les couches superficielles (7b) sous forme d’une pluralité de points sont dispersées sur une surface de
la partie corps principal (7a), dans lequel chacune des couches superficielles (7b) fait saillie sous forme d’une partie
déformée en saillie ou d’une partie saillante à partir d’une surface de la partie corps principal (7a).

2. Corps de valve (7, 7A, 7B) selon la revendication 1, dans lequel la couche superficielle (7b) est constituée d’un
agrégat d’oxyde de silicium.

3. Corps de valve (7, 7A, 7B) selon la revendication 1, dans lequel la couche superficielle (7b) est constituée d’un
agrégat de particules d’oxyde de silicium.

4. Corps de valve (7, 7A, 7B) selon la revendication 1, dans lequel chacune des couches superficielles en forme de
points (7b) fait saillie à partir de la surface de la partie corps principal (7a).

5. Corps de valve (7, 7A, 7B) selon la revendication 1, dans lequel la couche superficielle (7b) est ainsi fournie pour
recouvrir entièrement une surface de la partie corps principal (7a).

6. Corps de valve (7, 7A, 7B) selon la revendication 1, comprenant en outre, entre la partie corps principal (7a) et la
couche superficielle (7b), une couche intermédiaire (7c).
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7. Corps de valve (7, 7A, 7B) selon la revendication 6, dans lequel la teneur en constituant organique dans la couche
intermédiaire (7c) diminue progressivement de la partie corps principal vers le côté couche superficielle.

8. Corps de valve (7, 7A, 7B) selon la revendication 7, dans lequel chacune de la couche superficielle (7b) et de la
couche intermédiaire (7c) est formée par l’intermédiaire d’une modification de la totalité de ou d’une partie du
caoutchouc silicone en oxyde de silicium par exposition à un faisceau laser.

9. Procédé pour produire un corps de valve (7, 7A, 7B) selon l’une quelconque des revendications précédentes com-
prenant une partie ouverture/fermeture (70) qui s’ouvre et se ferme tout en coulissant sur un élément à insérer,
dans lequel une couche superficielle (7b) constituée d’oxyde de silicium est formée au moins dans une région sur
une surface de la partie ouverture/fermeture (70), d’une matière de base ayant la partie ouverture/fermeture (70)
constituée d’un caoutchouc silicone,
dans lequel la couche superficielle (7b), de la matière de base, est formée par exposition d’au moins une région
d’une surface de la partie ouverture/fermeture (70) à un faisceau laser de sorte que le caoutchouc silicone à proximité
de la surface dans la région soit modifié en oxyde de silicium et surélevé.

10. Procédé pour produire le corps de valve (7, 7A, 7B) selon la revendication 9, dans lequel le faisceau laser a une
longueur d’onde inférieure ou égale à 200 nm.

11. Procédé pour produire le corps de valve (7, 7A, 7B) selon la revendication 11, dans lequel l’exposition au faisceau
laser est mise en oeuvre par l’intermédiaire d’un masque photographique ayant une partie fenêtre d’une forme
prédéterminée, par lequel une modification du caoutchouc silicone en oxyde de silicium est effectuée dans une
région, ayant une forme correspondant à la forme prédéterminée, de la surface de la partie ouverture/fermeture (70).

12. Procédé pour produire le corps de valve (7, 7A, 7B) selon la revendication 9, dans lequel la couche superficielle
(7b) est formée en formant une couche d’oxyde de silicium au moins dans une région d’une surface de la partie
ouverture/fermeture (70), ou dans lequel la couche superficielle (7b) est formée en formant une couche de silicium
au moins dans une région sur une surface de la partie ouverture/fermeture (70), puis en soumettant la couche de
silicium à un traitement d’oxydation de façon à modifier le silicium en oxyde de silicium.

13. Instrument médical comprenant :

un corps principal d’instrument médical tubulaire ; et
un corps de valve (7, 7A, 7B) selon l’une quelconque des revendications 1 à 8, le corps de valve (7, 7A, 7B)
étant disposé dans le corps principal d’instrument médical.
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