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MEDICAL DEVICE

TECHNICAL FIELD

This document relates to medical devices.

BACKGROUND
Some medical devices used to resect tissue have a tube-in-tube construction. In such
a construction, an inner tube is disposed within an outer tube, and the tubes are designed to
rotate relative to one another (for example, the inner tube is designed to rotate while the outer
tube remains stationary). In some designs, the proximal end of both the inner and the outer
tube can include cutting edges between which the tissue is disposed and sheared. In other

designs, the proximal end of the inner tube can include a burr that shears the tissue.

SUMMARY

In one aspect, a medical device includes an outer tube assembly that includes a
straight outer tube, an inner tube assembly that includes a straight inner tube disposed within
the outer tube, and at least one interference member on the outer tube assembly and at least
one interference member on the inner tube assembly. The inner tube and the outer tube are
configured to rotate relative to each other to resect tissue at a distal end of the inner and outer
tubes. The interference members are configured to prevent a force exerted along a
longitudinal axis of the inner tube from separating the inner and outer tubes without
rendering the medical device unusable.

This, and other aspects, can include one or more of the following features. The inner

tube assembly can include an inner tube hub and the at least one interference member on the

1



10

15

20

WO 2012/135087 PCT/US2012/030506

inner tube assembly can include a groove formed on an outer surface of the inner tube hub.
The outer tube assembly can include an outer tube hub and the at least one igterference
member on the outer tube assembly can include at least one retaining member that interferes
with the groove to prevent the fofce from separating the inner and outer tubes. The retaining
member can include one or more pins extending through the outer tube hub to interfere with
the groove. The outer tube hub can include one or more holes through which the one or more
pins extend. The retaining member can include an indentation formed on an outer surface of
the outer tube hub. The indentation can form a protrusion on an inner surface of the outer
tube hﬁb that interferes with the groove to prevent the force from separating the inner and
outer tubes.

The inner tube assembly can include an inner tube hub and the at least one
interference member on the inner tube assembly can include an inclined ridge formed on an
outer surface of the inner tube hub. The outer tube assembly can include an outer tube hub
and the at least one interference member on the outer tube assembly can include a snap
mechanism that protrudes toward an inner portion of the outer tube hub. The inclined ridge
and the snap mechanism can be configured to allow the inclined ridge to move past the snap
mechanism when at least a portion of the inner tube assembly is inserted into the outer tube
assembly and to interfere after the inner tube assembly is inserted within the outer tube
assembly such that the force exerted along the longitudinal axis is prevented from separating
the inner and outer tubes. The snap mechanism can be elastically deformable to
accommodate the ridge when at least the portion of the inner tube assembly is inserted into

the outer tube assembly.
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The inner tube assembly can include an inner tube hub and the at least one
interference member on the inner tube assembly can include a snap mechaniém formed on an
outer surface of the inner tube hub. The outer tube assembly can include an outer tube hub.
The at least one interference member on the outer tube assembly can include a step feature
formed on an inner surface of the outer tube hub to retain the snap mechanism after the inner
tube assembly is inserted within the outer tube assembly such that the force exerted along the
longitudinal axis is prevented from separating the inner and outer tubes.

The inner tube assembly can include an inner tube hub and the at least one
interference member on the inner tube assembly can include a first groove formed on an
outer surface of the inner tube hub and a ring attached to the first groove. The outer tube
assembly can include an outer tube hub and the at least one interference member on the outer
tube assembly can include a second groove formed on an inner surface of the outer tube hub.
The ring can be configured to compress to allow the ring attached to the first groove to be
inserted into the outer tube assembly, and to expand into the second groove and interfere to
prevent the force exerted along the longitudinal axis from separating the inner and outer
tubes. The ring can be a split ring.

The outer tube assembly can include an outer tube hub and the at least one
interference member on the outer tube assembly can include multiple step features and a
groove, each formed on an inner surface of the outer tube hub. The inner tube assembly can
include an inner tube hub, and the at least one interference member on the inner tube
assembly can include a ridge formed on an outer surface of the inner tube hub, and a seal
flange attached to the inner tube hub. The ridge can engage a first step feature and the seal

flange can engage a second step feature when the seal flange and at least a portion of the
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inner tube assembly are inserted into the outer tube assembly. The ridge and the seal flange
can interfere to prevent the force exerted along the longitudinal axis from seéarating the inner
and outer tubes.

The inner tube assembly can include an inner tube hub, and the at least one
interference member on the inner tube assembly can include a groove formed on an outer
surface of the straight inner tube and a retaining ring positioned in the groove. The outer
tube assembly can include an outer tube hub and the at least one interference member on the
outer tube assembly can include an inner wall of the outer tube hub. The retaining ring can
include an edge that interferes with the outer tube hub to prevent the force from separating
the inner and outer tubes.

The device can include a hub attached to a proximal end of the inner tube assembly,
and an extension attached to the hub, and configured to couple the inner tube assembly and
the hub to a drive unit configured to rotate the inner tube and the outer tube relative to each
other. The device can include an opening on the distal end of the outer tube, and a burr to
resect tissue on the distal end of the inner tube. The device can include a first cutting surface
on the distal end of the outer tube, and a second cutting surface on the distal end of the inner
tube that cooperates with the first cutting surface to resect tissue.

In another aspect, a method of producing a medical‘ device includes forming an outer
tube assembly that includes a straight outer tube and a ﬁfst interference member, forming an
inner tube assembly that includes a straight inner tube and a second interference member, and
engaging the inner tube assembly with the outer tube assembly such that the inner tube is
disposed within the outer tube. The inner tube and the outer tube are configured to rotate

relative to each other to resect tissue at a proximal end of the inner and outer tubes. The first
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and second interference members are configured to prevent a force exerted along a
longitudinal axis of the inner tube from separating the inner and outer tubes ;vithout
rendering the medical device unusable.

This, and other aspects, can include one or more of the following features. The inner
tube assembly and the outer tube assembly can include an inner tube hub and an outer tube
hub, respectively. Forming the inner tube assembly that includes the straight inner tube and
the second interference member can include forming a groove on an outer surface of the
inner tube hub. Forming the outer tube assembly that includes the straight outer tube and the
first interference member can include forming one or more holes through the outer tube hub.
Engaging the inner tube assembly with the outer tube assembly such that the inner tube is
disposed within the outer tube can include extending at least one retaining member through
the one or more holes in the outer tube hub to interfere with the groove to prevent the force
from separating the inner and outer tubes.

Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming a groove on an outer surface of the inner tube hub.
Forming the outer tube assembly that includes the straight outer tube and the first
interference member can include forming an indentation on an outer surface of the outer tube
hub. The indentation can form a protrusion on an inner surface of the outer tube hub.
Engaging the inner tube assembly with the outer tube assembly such that the inner tube is
disposed within the outer tube can include engaging the indentation and the groove such that
the protrusion interferes with the groove to prevent the force from separating the inner and

outer tubes.
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Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming an inclined ridge on an outer surfe;;:e of the inner
tube hub. Forming the outer tube assembly that includes the straight outer tube and the first
interference member can include forming a snap mechanism that protrudes toward an inner
portion of the outer tube hub. Engaging the inner tube assembly with the outer tube
assembly such that the inner tube is disposed within the outer tube can include inserting the
inclined ridge past the snap mechanism such that the inclined ridge interferes with the snap
mechanism to prevent the force from separating the inner and outer tubes.

Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming a snap mechanism on an outer surface of the inner
tube hub. Forming the outer tube assembly that includes the straight outer tube and the first
interference member can include forming a step feature on an inner surface of the outer tube
hub. Engaging the inner tube assembly with the outer tube assembly such that the inner tube
is disposed within the outer tube can include inserting the snap mechanism past the step
feature such that the snap mechanism interferes with the step feature to prevent the force
from separating the inner and outer tubes.

Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming a first groove on an outer surface of the inner tube
hub. Forming the outer tube assembly that includes the straight outer tube and the first
interference member can include forming a second groove on an inner surface of the outer
tube hub. Engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube can include attaching a compressible ring to the first

groove and inserting the inner tube assembly into the outer tube assembly such that the ring
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expands into the second groove and interferes to prevent the force from separating the inner
and outer tubes.

Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming a ridge on an outer surface of the inner tube hub.
Forming the outer tube assembly that includes the straight outer tube and the first
interfgrence member can include forming multiple step features on an inner surface of the
outer tube hub. Engaging the inner tube assembly with the outer tube assembly such that the
inner tube is disposed within the outer tube can include attaching a seal flange to the inner
tube hub and inserting at least a portion of the inner tube assembly into the outer tube
assembly such that the ridge engages a first step feature and the seal flange engages a second
step feature, and interfere to prevent the force from separating the inner and outer tubes.

Forming the inner tube assembly that includes the straight inner tube and the second
interference member can include forming a groove on an outer surface of the inner tube hub.
Forming the outer tube assembly that includes the straight outer tube and the first
interference member can include forming an inner wall in the outer tube hub. Engaging the
inner tube assembly with the outer tube assembly such that the inner tube is disposed within
the outer tuBe can include attaching a retaining ring that includes an edge to the groove and
inserting the inner tube assembly into the outer tube assembly such that the edge interferes
with the outer tube hub to prevent the force from separating the inner and outer tubes.

A hub can be attached to a proximal end of the inner tube. The hub can have an
extension configured to couple the inner tube assembly and the hub to a drive unit configured

to rotate the inner tube and the outer tube relative to each other.
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A further innovative aspect of the subject matter described here can be implemented
as a medical device including an outer tube assembly that includes a straigh'; outer tube, an
inner tube assembly that includes a straight inner tube disposed within the outer tube, the
inner tube and outer tube being configured to rotate relative to each other to resect tissue at a
distal end of the inner and outer tubes, and means for preventing the inner tube from being
removed from the outer tube without rendering the medical device unusable.

Particular implementations can include one or more of the following advantages. The
medical device may be a single-use device. For instance, the medical device may be
designed and constructed such that the removal of the inner tube from the outer tube after
assembly is not possible without breaking components of the device and rendering the device
unusable. Therefore, the tubes cannot be feasibly separated for sterilization or, even if the
inner and outer tubes were removed, cleaned, and sterilized, the tubes nevertheless cannot be
practically (or economically) re-assembled for another use. Consequently, in such a
situation, the device is a single-use device.

The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A, 1B, and 1C are views of a medical device.
FIG. 2 is a cross-sectional view the medical device of FIG. 1 coupled to a handpiece.
FIG.3 is a cross-sectional view of a first embodiment of an inner tube assembly and

an outer tube assembly with interference members.
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FIG. 4 is cross-sectional view of a second embodiment of an inner tube assembly and
an outer tube assembly with interference members.

FIG. 5 is cross-sectional view of a third embodiment of an inner tube assembly and an
outer tube assembly with interference members.

FIG. 6 is cross-sectional view of a fourth embodiment of an inner tube assembly and
an outer tube assembly with interference members.

FIG. 7 is cross-sectional view of a fifth embodiment of an inner tube assembly and an
outer tube assembly with interference members.

FIG. 8 is an example of a split ring attached to an inner tube hub according to the
embodiment shown in FIG. 7.

FIG. 9 is cross-sectional view of a sixth embodiment of an inner tube assembly and
an outer tube assembly with interference members.

FIG. 10 is an example of a seal flange hub according to the embodiment of FIG. 9.

Fig. 11 is cross-sectional view of a seventh embodiment of an inner tube assembly
and an outer tube assembly with interference members.

FIG. 12 is a flowchart of an example of a process for producing a medical device.

DETAILED DESCRIPTION
Referring to FIGS. 1A, 1B and 2, a medical device is shown that is used to resect
tissue using a tube-in-tube construction that shears tissue disposed between cutting edges of
an outer non-rotating tube 102 and an inner rotating tube 110 of a rotary cutter 100. In the
embodiment shown, the outer tube 102 and inner tube 110 are straight tubes, but other

embodiments may employ tubes that are not straight (for example, curved tubes).
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As described further below, the medical device is constructed to prevent the
separation of the inner tube 110 and the outer tube 102 when a force is appliéd to separate the
inner tube 110 and the outer tube 102. If the force is less than a threshold force (for example,
25 Ibf), then the inner tube 110 and the outer tube 102 cannot be separated. If the force is
greater than the threshold force, the tubes can be separated, but cannot be re-assembled to its
original condition, and the device is rendered unusable.

An outer tube assembly 103 includes an outer tube 102 which is connected to an outer
tube hub 106 at a proximal region 108 of outer tube 102. Inner tube assembly 104, which is
rotatably received in outer tube hub 106 and outer tube 102, includes an inner tube 110
located within outer tube 102. The inner tube assembly 104 defines an aspiration lumen 202
and connects to a hub 112 located in a proximal region of the inner tube assembly 104 and
partially received within outer tube hub 106. Hub 112 includes an extension 114, which is
coupled to a motor drive mechanism 204 that rotates inner tube assembly 104 relative to
outer tube hub 106 and outer tube 102. Outer tube hub 106 includes a coupling in the form
of a resilient latching mechanism 116 for connecting rotary cutter 100 to a handpiece 200. In
particular, mechanism 116 includes a cantilevered resilient arm 118 with ramped latches 120
that engage an annular flange 206 in handpiece 200 to axially secure rotary cutter 100 to
handpiece 200.

Handpiece 200 (FIG. 2) includes an aspiration channel 208 terminating at an
aspiration opening 210 for applying suction to aspiration lumen 202 to remove fluid and cut
tissue from a surgical site. Aspiration lumen 202 in tube 110 of inner tube assembly 104 has
a proximal opening 122 that communicates with a through hole 124 in motor coupling 112.

Suction is applied through aspiration channel 208 to draw material through a side-facing

10
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window 126 in outer tube 102 and a side-facing window 128 in inner tube 110, into lumen
202, and through lumen openings 214 and both ends of hole 216 to aspirati(;ﬁ channel 208.

‘Referring to FIG. 1B, the medical device 100 includes a first cutting surface 134 on
the distal end 130 of the outer tube 102 and a second cutting surface 132 on the distal end
136 of the inner tube 110 that cooperates with the first cutting surface to resect tissue.
Referring to FIG 1 C, in alternative embodiments, the medical device 100 includes an
opening on the distal end 130 of the outer tube 102 and a burr 138 to resect tissue on the
distal end 136 of the inner tube 110 (FIG. 1B). A vacuum source (not shown) is coupled to
the medical device 100 and vacuums the tissue, and the irrigating fluid surrounding the
tissue, out of the instrument 100.

As noted above, the medical device 100 is constructed to prevent the separation of the
inner tube 110 and the outer tube 102 without rendering the device unusable. In various
embodiments, this is accomplished using interference members (not shown in FIGS. 1 and 2)
on the inner tube assembly 104 and the outer tube assembly 103. The interference members
are configured to prevent a force exerted along a longitudinal axis of the inner tube from
separating the inner and outer tubes without rendering the medical device 100 unusable.

FIG.3 is a cross-sectional view of a first embodiment of an inner tube assembly 302
and an outer tube assembly 308 with interference members 306 and 312. The inner tube
assembly 302 includes an inner tube 322, an inner tube hub 304, and an interference member
306, for example, a groove formed on an outer surface of the inner tube hub 304 at a
proximal region of the inner tube hub 304. The outer tube assembly 308 includes an outer
tube 320, an outer tube hub 310, and an interference member 312, for example, at least one

retaining member, such as, one or more pins. The outer tube hub 310 includes one or more

11



10

15

20

WO 2012/135087 PCT/US2012/030506

holes 314, formed on a distal region of the outer tube assembly 308, through which the
interference member 312 (for example, the one or more pins) extend to a de‘};Jth sufficient to
interfere with the interference member 306 to prevent a force applied to the inner tube 322 or
the outer tube 320 (or both) from separating the inner and outer tubes without rendering the
medical device 100 unusable (for example, by breaking the portion of the outer tube
assembly 310 through which the pins 312 extend).

FIG. 4 is cross-sectional view of a second embodiment of an inner tube assembly 402
and an outer tube assembly 408 with interference members. The inner tube assembly 402
includes a inner tube 422, an inner tube hub 404 and an interference member 406, for
example, a groove formed on an outer surface of the inner tube hub 404 at a proximal region
of the inner tube hub 404. The outer tube assembly 408 includes a outer tube 420, an outer
tube hub 410 and an interference member 412, for example, a retaining member that includes
an indentation formed on a distal region of and on an outer surface of the outer tube hub 410.
The indentation 412 forms a protrusion 414 on an inner surface of the outer tube hub 410 that
interferes with the groove 406 to prevent a force applied to the inner tube 422 or the outer
tube 420 (or both) from separating the inner and outer tubes without rendering the medical
device 100 unusable (for example, as a result of the outer tube assembly 408 breaking in the
area with the indentations 412.

FIG. 5 is cross-sectional view of a third embodiment of an inner tube assembly 502
and an outer tube assembly 508 with interference members. The inner tube assembly 502
includes a inner tube 522, an inner tube hub 504, and an interference member 506, for
example, an inclined ridge formed on a proximal region of and on an outer surface of the

inner tube hub 504. The outer tube assembly 508 includes a outer tube 520, an outer tube

12



10

15

20

WO 2012/135087 PCT/US2012/030506

hub 510, and an interference member 512, for example, a snap mechanism attached to a
proximal region of and that protrudes toward an inner portion of the outer tllbe hub 510.

The snap mechanism 512 and the ridge 506 are each inclined as shown in FIG. 5, and
the snap mechanism 512 is additionally elastically deformable. When the inner tube
assembly 502 is inserted into the outer tube assembly 508, the ridge 506 elastically deforms
the snap mechanism 512 from an initial position to an expanded position thereby
accommodating the inner tube hub 504 within the outer tube hub 510. The snap mechanism
512 returns to the initial position once the ridge 506 clears the snap mechanism. An outer
diameter of the ridge 506 and a dimension of the snap mechanism 512 can be formed such
that the surfaces 514 and 516 on the ridge 506 and the snap mechanism 512, respectively,
interfere when a force is applied to remove the inner tube assembly 502 from the outer tube
assembly 508, thereby preventing the former assembly from being pulled out of the latter
assembly without causing damage to the snap area. When a force is applied to remove the
inner tube assembly 502 from the outer tube assembly 508, then the ridge 506 and the snap
mechanism 512 engage to oppose the force. A continuous increase in the force can cause
damage to or break the snap mechanism 512 rendering the device unusable.

FIG. 6 is cross-sectional view of a fourth embodiment of an inner tube assembly 602
and an outer tube assembly 608 with interference members. The inner tube assembly 602

includes an inner tube 622, an inner tube hub 604, and an interference member 606, for

“example, a snap mechanism formed on a distal region of and on an outer surface of the inner

tube hub 604. The outer tube assembly 608 includes a outer tube 620, an outer tube hub 610,
and an interference member 612, for example, a step feature formed on an inner surface of

the outer tube hub 610. An outer diameter of the snap mechanism 606 and an inner diameter
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of the step feature 612 can form surfaces that interfere when the force is applied to remove
the inner tube assembly 602 from the outer tube assembly 608. In some imﬁlementations, the
interfering surfaces can be parallel to each other and perpendicular to an outer surface of the
inner and outer tube hubs. An opposing force to separate the inner tube assembly 602 from
the outer tube assembly 608 can cause the snap mechanism and the step feature to engage.
An increase in the force beyond a threshold can cause damage to or break the snap
mechanism rendering the device unusable.

FIGS. 7 and 8 show a fifth embodiment of an inner tube assembly 702 and an outer
tube assembly 706 with interference members. The inner tube assembly 702 and the outer
tube assembly 706 include a inner tube 722 and an inner tube hub 704, and a outer tube 720
and an outer tube hub 708, respectively. An interference member 710, for example, a groove
is formed on a distal region of and on an outer surface of the inner tube hub 704. A ring 712
is inserted in the groove 710. The ring 712 is configured to compress (for example, radially)
to pass through a portion 720 of the outer tube hub 708 to allow the ring 712 to be inserted
into the outer tube hub 708. The outer tube assembly 706 includes an interference member
714, for example, another groove that is formed on a proximal region of an on an inner |
surface of the outer tube hub 708. The portion 720 of the outer tube hub 708 has a dimension
(for example, inner diameter) that is smaller than an outer diameter of the ring 712. The ring
712 compresses to enter the outer tube hub 708 and move through the portion 720, and
expands into the groove 714. Because the diameter of the uncompressed ring 712 is larger
than that of the portion 720, the ring 712 interferes to prevent a force applied along the

longitudinal axis from separating the inner and outer tubes without rendering the medical
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device 100 unusable. In some embodiments, the ring can be a split ring 712, as shown
particularly in FIG. 8. )

FIGS. 9 and 10 show a sixth embodiment of an inner tube assembly 902 and an outer
tube assembly 906 with interference members. The outer tube assembly 906 includes a outer
tube 930, an outer tube hub 908, and multiple interference members. The interference
members include step features 910 and 912 that define a first groove 911, and step features
914 and 916 that define a second groove 915. Both grooves are formed on an inner surface
of and near a distal region of the outer tube hub 906, with the first groove 911 being farther
from the distal region than the second groove 915. The inner tube assembly 902 includes an
inner tube hub 904, and an interference member 918, for example, a ridge 918 formed on an
outer surface of and at a distal region of the inner tube hub 904,

The device 900 additionally includes a seal flange 920 attached to the outer tube hub
908. The seal flange 920 is coupled to the distal region of the inner tube hub 904, and both
are then inserted into the outer tube hub 908. Whereas the inner tube hub 904 can move
relative to the\outer tube hub 908, the seal flange 920 is stationary relative to the outer tube
hub 908, which may simplify the design and yield a greater force to separate the inner and
the outer tubes. The seal flange 920 includes a snap feature 922 that snaps into the second
groove 915 defined by the step features 914 and 916. The ridge 918 engages the first groove
911 defined by the step features 910 and 912. The snap feature and the ridge interfere with
the step features to prevent the force exerted along the longitudinal axis from separating the
inner and outer tube assemblies. The portion of the seal flange 920 that includes the snap
feature 922 is not a complete circle. This may provide a higher level of flex during insertion,

which may allow larger interference members (relative to the other embodiments described)
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to be used. Larger interference members may provide for a stronger coupling. In some
embodiments, the seal flange 920 can include a snap feature, as particularly‘illustrated in
FIG. 10. As an alternative to a snap feature, the seal flange and the outer tube hub can be
threaded. The threaded parts or the unthreaded parts or both can be attached using a
permanent bond (for example, an adhesive).

Fig. 11 is cross-sectional view of a seventh embodiment of an inner tube assembly
1102 and an outer tube assembly 1106 with interference members. The inner tube assembly
1102 includes a inner tube 1120, an inner tube hub 1104, and an interference member 1110,
for example, a retaining ring. The interference member 1110 also includes a groove 1112
formed on an outer surface of the inner tube hub 1104, in which the retaining ring 1110 is
positioned. The outer tube assembly 1106 includes a outer tube 1122 and an outer tube hub
1108. When the inner tube hub 1104, which includes the retaining ring 1110 positioned in
the groove 1112, is inserted into the outer tube hub 1108, the retaining ring 1110 flexes to
allow insertion. When a force is exerted on the inner tube hub 1104 in a direction opposite to
the direction of insertion, the retaining ring 1110 bows backward while an edge 1118 of the
retaining ring interferes with an inner wall 1114 of the outer tube hub 1108 and prevents the
force from separating the inner and outer assemblies.

FIG. 12 is a flowchart of an example of a process 1200 for producing a medical
device. The process 1200 includes forming an outer tube assembly that includes a outér tube
and a first interference member (1205). The process 1200 includes forming an inner tube
assembly that includes a inner tube and a second interference member (1210). The process
1200 includes engaging the inner tube assembly with the outer tube assembly such that the

inner tube is disposed within the outer tube (1215). The inner tube and the outer tube are
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configured to rotate relative to each other to resect tissue at a distal region of the inner tube
and outer tubes. The first and second interference members are configured {0 prevent a force
exerted along a longitudinal axis of the inner tube from separating the inner and outer tubes
without rendering the medical device unusable. Examples of the inner tube assembly and the
outer tube assembly are described above with reference to FIGS. 3-10.

In various embodiments, when producing a medical device such as the one shown in
FIG. 3, forming the inner tube assembly that includes the inner tube and the second
interference member includes forming a groove on an outer surface of the inner tube hub.
Forming the outer tube assembly that includes the outer tube and the first interference
member includes forming one or more holes through the outer tube hub. Engaging the inner
tube assembly with the outer tube assembly such that the inner tube is disposed within the
outer tube includes extending at least one retaining member through the one or more holes in
the outer tube hub to interfere with the groove to prevent the force from separating the inner
and outer tubes.

When producing a medical device such as the one shown in FIG. 4, forming the inner
tube assembly that includes the inner tube and the second interference member includes
forming a groove on an outer surface of the inner tube hub. Forming the outer tube assembly
that includes the outer tube and the first interference member includes forming an indentation
on an outer surface of the outer tube hub. The indentation forms a protrusion on an inner
surface of the outer tube hub. Engaging the inner tube assembly with the outer tube
assembly such that the inner tube is disposed within the outer tube includes engaging the
indentation and the groove such that the protrusion interferes with the groove to prevent the

force from separating the inner and outer tubes.
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When producing a medical device such as the one shown in FIG. 5, forming the inner
tube assembly that includes the inner tube and the second interference mem\l‘)er includes
forming an inclined ridge on an outer surface of the inner tube hub. Forming the outer tube
assembly that includes the outer tube and the first interference member includes forming a
snap mechanism that protrudes toward an inner portion of the outer tube hub. Engaging the
inner tube assembly with the outer tube assembly such that the inner tube is disposed within
the outer tube includes inserting the inclined ridge past the snap mechanism such that the
inclined ridge interferes with the snap mechanism to prevent the force from separating the
inner and outer tubes.

When producing a medical device such as the one shown in FIG. 6, forming the inner
tube assembly that includes the inner tube and the second interference member includes
forming a snap mechanism on an outer surface of the inner tube hub. Forming the outer tube
assembly that includes the outer tube and the first interference member includes forming a
step feature on an inner surface of the outer tube hub. Engaging the inner tube assembly with
the outer tube assembly such that the inner tube is disposed within the outer tube includes
inserting the snap mechanism past the step feature such that the snap mechanism interferes
with the step feature to prevent the force from separating the inner and outer tubes.

When producing a medical device such as the one shown in FIG. 7, forming the inner
tube assembly that includes the inner tube and the second interference member includes
forming a first groove on an outer surface of the inner tube hub. Forming the outer tube
assembly that includes the outer tube and the first interference member includes forming a
second groove on an inner surface of the outer tube hub. Engaging the inner tube assembly

with the outer tube assembly such that the inner tube is disposed within the outer tube
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includes attaching a compressible ring to the first groove and inserting the inner tube
assembly into the outer tube assembly such that the ring expands into the sééond groove and
interferes to prevent the force from separating the inner and outer tubes.

When producing a medical device such as the one shown in FIG. 9, forming the inner
tube assembly that includes the inner tube and the second interference member includes
forming a ridge on an outer surface of the inner tube hub. Forming the outer tube assembly
that includes the outer tube and the first interference member includes forming a plurality of
step features on an inner surface of the outer tube hub. Engaging the inner tube assembly
with the outer tube assembly such that the inner tube is disposed within the outer tube
includes attaching a seal flange to the inner tube hub and inserting at least a portion of the
inner tube assembly into the outer tube assembly such that the ridge engages a first step
feature and the seal flange engages a second step feature, and interfere to prevent the force
from separating the inner and outer tubes.

When producing a medical device such as the one shown in FIG. 11, forming the
inner tube assembly that includes the inner tube and the second interference member includes
forming a groove on an outer surface of the inner tube hub. Forming the outer tube assembly
that includes the outer tube and the first interference member includes forming an inner wall
in the outer tube hub. Engaging the inner tube assembly with the outer tube assembly such
that the inner tube is disposed within the outer tube comprises attaching a retaining ring that
includes an edge to the groove and inserting the inner tube assembly into the outer tube
assembly such that the edge interferes with the outer tube hub to prevent the force from

separating the inner and outer tubes.
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While this specification contains many specific implementation details, these should
not be construed as limitations on the scope of what may be claimed, but ra‘;}ler as
descriptions of features specific to particular embodiments of particular inventions. Certain
features that are described in this specification in the context of separate embodiments can
also be implemented in combination in a single embodiment. Conversely, various features
that are described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features
may be described above as acting in certain combinations and even initially claimed as such,
one or more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or variation
of a subcombination.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims.

What is claimed is:
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CLAIMS

1. A medical device comprising:

an outer tube assembly that includes a straight outer tube;

an inner tube assembly that includes a straight inner tube disposed within the outer
tube, the inner tube and outer tube being configured to rotate relative to each other to resect
tissue at a distal end of the inner and outer tubes; and

at least one interference member on the outer tube assembly and at least one
interference member on the inner tube assembly, the interference members being configured
to prevent a force exerted along a longitudinal axis of the inner tube from separating the inner

and outer tubes without rendering the medical device unusable.

2. The medical device of claim 1, wherein:

the inner tube assembly includes an inner tube hub and the at least one interference
member on the inner tube assembly comprises a groove formed on an outer surface of the
inner tube hub; and

the outer tube assembly includes an outer tube hub and the at least one interference
member on the outer tube assembly comprises at least one retaining member that interferes

with the groove to prevent the force from separating the inner and outer tubes.

3. The medical device of claim 2, wherein the retaining member includes one or more

pins extending through the outer tube hub to interfere with the groove.

4. The medical device of claim 3, wherein the outer tube hub comprises one or more

holes through which the one or more pins extend.
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5. The medical device of ciaim 2, wherein
the retaining member includes an indentation formed on an outer sur‘;face of the outer
tube hub, the indentation forming a protrusion on an inner surface of the outer tube hub
that interferes with the groove to prevent the force from separating the inner and outer

5 tubes.

6. The medical device of claim 1, wherein:
the inner tube assembly includes an inner tube hub and the at least one interference
member on the inner tube assembly comprises an inclined ridge formed on an outer surface
of the inner tube hub; and
10 the outer tube assembly includes an outer tube hub and the at least one interference
member on the outer tube assembly comprises a snap mechanism that protrudes toward an
inner portion of the outer tube hub;
the inclined ridge and snap mechanism are configured to allow the inclined ridge to
move past the snap mechanism when at least a portion of the inner tube assembly is inserted
15 into the outer tube assembly and to interfere after the inner tube assembly is inserted within
the outer tube assembly such that the force exerted along the longitudinal axis is prevented

from separating the inner and outer tubes.

7. The medical device of claim 6, wherein the snap mechanism is elastically deformable
to accommodate the ridge when at least the portion of the inner tube assembly is inserted into

20  the outer tube assembly.

8. The medical device of claim 1, wherein:

the inner tube assembly includes an inner tube hub and the at least one interference
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member on the inner tube assembly comprises a snap mechanism formed on an outer surface
of the inner tube hub; and

the outer tube assembly includes an outer tube hub the at least one interference
member on the outer tube assembly comprises a step feature formed on an inner surface of
the outer tube hub to retain the snap mechanism after the inner tube assembly is inserted
within the outer tube assembly such that the force exerted along the longitudinal axis is

prevented from separating the inner and outer tubes.

9. The medical device of claim 1, wherein:

the inner tube assembly includes an inner tube hub and the at least one interference
member on the inner tube assembly comprises a first groove formed on an outer surface of
the inner tube hub and a ring attached to the first groove;

the outer tube assembly includes an outer tube hub and the at least one interference
member on the outer tube assembly comprises a second groove formed on an inner surface of
the outer tube hub; and

the ring is configured to compress to allow the ring attached to the first groove to be
inserted into the outer tube assembly, and to expand into the second groove and interfere to
prevent the force exerted along the longitudinal axis from separating the inner and outer

tubes.
10.  The medical device of claim 9, wherein the ring is a split ring.

11. The medical device of claim 1, wherein:
the outer tube assembly includes an outer tube hub and the at least one interference

member on the outer tube assembly comprises a plurality of step features and a groove, each
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formed on an inner surface of the outer tube hub; and

the inner tube assembly includes an inner tube hub, and the at least 0;16 interference
member on the inner tube assembly comprises a ridge formed on an outer surface of the inner
tube hub and a seal flange attached to the inner tube hub,

wherein the ridge engages a first step feature and the seal flange engages a second
step feature when the seal flange and at least a portion of the inner tube assembly are inserted
into the outer tube assembly, wherein the ridge and the seal flange interfere to prevent the

force exerted along the longitudinal axis from separating the inner and outer tubes.

12. The medical device of claim 1, wherein:

the inner tube assembly includes an inner tube hub, and the at least one interference
member on the inner tube assembly comprises a groove formed on an outer surface of the
straight inner tube and a retaining ring positioned in the groove; and

the outer tube assembly includes an outer tube hub and the at least one interference
member on the outer tube assembly includes an inner wall of the outer tube hub,

wherein the retaining ring includes an edge that interferes with the outer tube hub to

prevent the force from separating the inner and outer tubes.

13.  The medical device of claim 1, further comprising:

a hub attached to a proximal end of the inner tube assembly; and

an extension attached to the hub and configured to couple the inner tube assembly and
the hub to a drive unit configured to rotate the inner tube and outer tube relative to each

other,
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14.  The medical device of claim 1, further comprising:
an opening on the distal end of the outer tube; and

a burr to resect tissue on the distal end of the inner tube.

15.  The medical device of claim 1, further comprising:
a first cutting surface on the distal end of the outer tube; and
a second cutting surface on the distal end of the inner tube that cooperates with the

first cutting surface to resect tissue.

16. A method of producing a medical device, the method comprising:

forming an outer tube assembly that includes a straight outer tube and a first
interference member;

forming an inner tube assembly that includes a straight inner tube and a second
interference member;

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube, wherein the inner tube and the outer tube are
configured to rotate relative to each other to resect tissue at a proximal end of the inner and
outer tubes, and the first and second interference members are configured to prevent a force
exerted aloﬁg a longitudinal axis of the inner tube from separating the inner and outer tubes

without rendering the medical device unusable.

17. The method of claim 16, wherein:
the inner tube assembly and the outer tube assembly include an inner tube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
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interference member includes forming a groove on an outer surface of the inner tube hub,
forming the outer tube assembly that includes the straight outer tube ‘énd the first
interference member comprises forming one or more holes through the outer tube hub, and
engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises extending at least one retaining member
through the one or more holes in the outer tube hub to interfere with the groove to prevent the

force from separating the inner and outer tubes.

18. The method of claim 16, wherein:

the inner tube assembly and the outer tube assembly include an inner tube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming a groove on an outer surface of the inner tube hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming an indentation on an outer surface of the outer tube
hub, the indentation forming a protrusion on an inner surface of the outer tube hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises engaging the indentation and the groove
such that the protrusion interferes with the groove to prevent the force from separating the

inner and outer tubes.

19. The method of claim 16, wherein:
the inner tube assembly and the outer tube assembly include an inner tube hub and an

outer tube hub, respectively,
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forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming an inclined ridge on an outer surface gf the inner tube
hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming a snap mechanism that protrudes toward an inner
portion of the outer tube hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises inserting the inclined ridge past the snap
mechanism such that the inclined ridge interferes with the snap mechanism to prevent the

force from separating the inner and outer tubes.

20. The method of claim 16, wherein:

the inner tube assembly and the outer tube assembly include an inner tube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming a snap mechanism on an outer surface of the inner
tube hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming a step feature on an inner surface of the outer tube
hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises inserting the snap mechanism past the step
feature such that the snap mechanism interferes with the step feature to prevent the force

from separating the inner and outer tubes.
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21. The method of claim 16, wherein:

the inner tube assembly and the outer tube assembly include an innerhtube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming a first groove on an outer surface of the inner tube
hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming a second groove on an inner surface of the outer
tube hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises attaching a compressible ring to the first
groove and inserting the inner tube assembly into the outer tube assembly such that the ring
expands into the second groove and interferes to prevent the force from separating the inner

and outer tubes.

22. The method of claim 16, wherein

the inner tube assembly and the outer tube assembly include an inner tube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming a ridge on an outer surface of the inner tube hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming a plurality of step features on an inner surface of the
outer tube hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
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tube is disposed within the outer tube comprises attaching a seal flange to the inner tube hub
and inserting at least a portion of the inner tube assembly into the outer tube assembly such
that the ridge engages a first step feature and the seal flange engages a second step feature,

and interfere to prevent the force from separating the inner and outer tubes.

23. The method of claim 16, wherein:

the inner tube assembly and the outer tube assembly include an inner tube hub and an
outer tube hub, respectively,

forming the inner tube assembly that includes the straight inner tube and the second
interference member includes forming a groove on an outer surface of the inner tube hub,

forming the outer tube assembly that includes the straight outer tube and the first
interference member comprises forming an inner wall in the outer tube hub, and

engaging the inner tube assembly with the outer tube assembly such that the inner
tube is disposed within the outer tube comprises attaching a retaining ring that includes an
edge to the groove and inserting the inner tube assembly into the outer tube assembly such
that the edge interferes with the outer tube hub to prevent the force from separating the inner

and outer tubes,

24, The method of claim 16, further comprising:
attaching a hub to a proximal end of the inner tube, the hub having an extension,
wherein the extension is configured to couple the inner tube assembly and the hub to a drive

unit configured to rotate the inner tube and outer tube relative to each other.

25. A medical device comprising:

an outer tube assembly that includes a straight outer tube;
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an inner tube assembly that includes a straight inner tube disposed within the outer
tube, the inner tube and outer tube being configured to rotate relative to eac}; other to resect
tissue at a distal end of the inner and outer tubes; and

means for preventing the inner tube from being removed from the outer tube without

5  rendering the medical device unusable.
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