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ABSTRACT

Pinch-style clamps can be designed for use in clamping or occluding plastic tubing, such as
intravenous tubing. These pinch clamps can include a soft, polymer material applied to various
surfaces of the pinch clamp to prevent abrasion or irritation to the patient, increase friction between
the pinch clamp and the user operating said pinch clamp, increase friction between engaged
surfaces of the pinch clamp to prevent premature or unintended disengagement of the clamp, or
increase friction between the outer surfaces of the tubing and the clamping surfaces of the clamp.
Various features or components can be employed to prevent lateral disengagement of the pinch
clamp. A pinch clamp may also be configured with rounded outer edges to enhance patient

comfort.
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PINCH CLAMP DEVICE

BACKGROUND OF THE INVENTION

16001} The pinch clamp is a well-known type of one-piece plastic clamp which is used to
close off plastic tubing, such as intravenous tubing. The pinch clamp generally comprises a
smooth, hard plastic material that is resiliemt and capable of controlled flexion to enable
engagement and disengagement of the clamping surfaces.

8002} The molding or extrusion process of manufacturing a pinch clamp generally
results in the clamp having sharp edges which may scratch or otherwise uritate the patient
with which the clamp is used. Further, the hard, smooth properties of the clamp’s plastic
create difficulty in grasping and manipulating the clamp during use, especially when the
clamp becomes wet.

6003} In some instances, the hard, smooth properties of the clamp’s plastic further
results in unintentional disengagement of the clamp when shear force is applied to the
interlocked arms of the clamp. For example and with reference to Figure 1, a PRIOR ART
pinch clamp 1 is shown in a closed or clamped configuration under a shear force. PRIOR
ART pinch clamp 1 generally comprises a first arm 2 having a lip 3 configured to selectively
engage a terminal end 5 of second arm 4. Clamp 1 is engaged in a clamping configuration
when terminal end 5 is received by lip 3. When a shear force 6 is applied to either first or
second arms 2 or 4, lip 3 and terminal end 5 may prematurely disengage and release clamping
pressure.

[6004] Thus, although methods and devices currently exist for clamping a section of
tubing using a pinch clamp, challenges still remain. Accordingly, the features of the present
invention address and overcome these challenges.

BRIEF SUMMARY OF THE INVENTION

6065} The present invention relates to pinch-style clamps that are designed for use in
clamping or occluding plastic tubing, such as intravenous tubing. The pinch clamp of the
present invention addresses and overcomes various difficulties known to exist in prior art
pinch clamps. For example, some embodiments of the present invention cormprise a soft
material applied to various surfaces of the pinch clamp to 1) prevent abrasion or firitation to
the patient, 2} increase friction between the pinch clamp and the user operating said pinch
clamp, 3) increase friction between engaged surfaces of the pinch clamp to prevent premature
or unmintended disengagement of the clamp, and 4} increase friction between the outer

surfaces of the tubing and the clamping surfaces of the clamp.
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[0006] Some embodiments of the present invention further comprise a dynamic clamping
surface or interface that results in positive displacement of fluid in the tubing during the
process of engaging the pinch clamp. In particular, some embodiments of the present
invention comprise a first clamping surface that is planar and elongated, wherein the first
clamping surface is configured to contact and support a first side of the tubing. The pinch
clamp further comprises a second clamping surface that is angled and elongated, whereby the
second clamping surface comprises a first being spaced from the first clamping surface at a
first distance, and further comprises a second end spaced from the first clamping surface at a
second distance, wherein the second distance is greater than the first distance.

[0007] Upon closing the pinch clamp, the first end of the second clamping surface contact
a second side of the tubing to occlude a portion of the tubing interposed between the first
clamping surface and the first end of the second clamping surface. Upon further closing
motion, the angled surface of the second clamping surface progressively occludes or clamps
the tubing along the length of the first clamping surface, thereby positively displacing fluid
within the tubing from the interface between the first and second clamping surfaces. Upon
full engagement of the pinch clamp, the second end of the second clamping surface is also in
contact with the second side of the tubing such that the tubing is occluded or clamped along
the entire length of the first and second clamping surfaces.

[0008] In a first implementation of the invention, a pinch clamp device is provided
comprising a first arm having a first end comprising a lip and a second end comprising a first
clamping surface; a second arm having a first end comprising a terminal end and a second
end comprising a second clamping surface positioned opposite the first clamping surface; a
hinge interconnecting the second end of the first arm and the second end of the second arm;
and a material applied to at least one surface of the pinch clamp, the material having a Shore
A durometer hardness of from approximately 15 to approximately 100. In some instances, the
at least one surface of the pinch clamp is an edge surface.

[0009] In some instances, the at least one surface of the pinch clamp is a right-angle
surface. In some instances, the at least one surface of the pinch clamp is selected from the
group consisting of the lip and the terminal end. Further, in some instances the at least one
surface of the pinch clamp is selected from the group consisting of the first clamping surface
and the second clamping surface.

[0010] In some instances, the pinch clamp device further comprises a plurality of ridges
provided on a contact surface of the second arm in proximity to the terminal end. In some

instances, the at least one surface of the pinch clamp comprises the plurality of ridges. In
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some instances, the at least one surface of the pinch clamp comprises an interface surface
between the terminal end and the lip. In some instances, the at least one surface of the pinch
clamp comprises a contact surface of the pinch clamp. In some instances, the at least one
surface of the pinch clamp comprises an interface surface between the first and second
clamping surfaces. In some instances, the lip of the pinch clamp comprises a plurality of
parallel ridges, each ridge being capable of retaining the terminal end.

[0011] In a second implementation of the invention, a pinch clamp device is provided,
comprising a first arm having a first clamping surface comprising a planar, elongated surface
for supporting a first side of a section of tubing; a second arm having a second clamping
surface positioned opposite the first clamping surface and comprising an angled, elongated
surface, the second clamping surface having a first end and a second end, the first end being
spaced from the first clamping surface at a first distance and the second end being spaced
from the first clamping surface at a second distance, the second distance being greater than
the first distance; and a hinge interconnecting the first and second arms.

[0012] In some instances, first end of the second clamping surface is configured to
contact a second side of the tubing prior to the second end of the second clamping surface
contacting the second side of the tubing during a process of closing the pinch clamp to clamp
the tubing. In some instances, the second end of the second clamping surface is configured to
contact the second side of the tubing when the first and second arms of the pinch clamp are
fully engaged. In some instances, the device further comprises a material applied to at least
one surface of the pinch clamp, the material having a Shore A durometer hardness of from
approximately 15 to approximately 100. In some instances, the at least one surface is an
interface between the pinch clamp and the tubing. In some instances, the at least one surface
is selected from the group consisting of the first clamping surface and the second clamping
surface. In some instances, the at least one surface is a contact surface of the pinch clamp.
[0013] In a third implementation of the invention, a pinch clamp device is provided,
comprising a first arm having a first end comprising a lip and a second end comprising a first
clamping surface, the first clamping surface comprising a planar, elongated surface for
supporting a first side of a section of tubing; a second arm having a first end comprising a
terminal end and a second end comprising a second clamping surface positioned opposite the
first clamping surface, the second clamping surface comprising an angled, elongated surface;
a hinge interconnecting the second end of the first arm and the second end of the second arm;
and a material applied to at least one surface of the pinch clamp, the material having a Shore

A durometer hardness of from approximately 15 to approximately 100. In some instances, the

- Page 3 -

Date Recgue/Date Received 2020-10-22



second clamping surface comprises a first end and a second end, the first end being spaced
from the first clamping surface at a first distance and the second end being spaced from the
first clamping surface at a second distance, wherein the second distance is greater than the
first distance.

[0014] In a fourth implementation of the invention, a pinch clamp device is provided,
comprising a first arm having a first end comprising a lip and a second end comprising a first
clamping surface; a second arm having a first end comprising a terminal end and a second
end comprising a second clamping surface positioned opposite the first clamping surface; and
a hinge interconnecting the second end of the first arm and the second end of the second arm.
In some instances, the pinch clamp device further comprises a nesting component comprising
opposing sidewalls coupled together via an interconnect, the interconnect being sized to fit
inside of the hinge and to position the opposing sidewalls outside and adjacent to the first and
second arms. In some instances, the nesting component further includes a raised feature on an
interior surface of one or more of the opposing sidewalls, the raised feature contacting one or
both of the first and second arms to limit rotation of the nesting component. In some
instances, one of the first or second clamping surfaces is formed as a recessed surface
between raised surfaces. In some instances, the pinch clamp device further comprises
extensions that extend from opposing sides of one of the first or second arms. In some
instances, the extensions are coupled together via a rounded interconnect, the rounded
interconnect forming an opening through which tubing passes between the extensions. In
some instances, the first end of the second arm includes a second hinge. In some instances,
the second hinge allows the terminal end of the second arm to pivot towards the hinge that
interconnects the first and second arm. In some instances, the first or second arms includes
extensions positioned on opposing sides of the arm and the other of the first or second arms
includes an inner extension that inserts between the opposing extensions when the pinch clap
device is engaged. In some instances, the first arm includes raised surfaces positioned on each
side of the first clamping surface, the second clamping surface inserting between the raised
surfaces when the pinch clamp device is engages.

[0015] In some instances, the hinge forms an elliptical-shaped opening between the hinge
and the first and second clamping surfaces. In some instances, the outer edges of the first and
second arms are rounded. In some instances, the terminal end of the second arm forms an
interface surface having ends that protrude outwardly beyond the rounded outer edges of the

second arm. In some instances, one of the first or second clamping surfaces includes lateral
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posts and the other of the first or second clamping surfaces includes recessed surfaces that are
positioned between the lateral posts when the first and second clamping surfaces are engaged.
[0016] In some instances, the terminal end of the second arm forms an interface surface
that includes outwardly facing recessed surfaces and the first arm includes inwardly facing
lateral protrusions between which the recessed surfaces are positioned when the interface
surface is secured under a ledge formed by the lip. In some instances, the first arm includes a
recessed section positioned below the first clamping surface, the device further comprising a
lateral disengagement prevention component having a bottom section and two opposing arms
that extend upwardly from opposite ends of the bottom section; wherein the recessed section
is configured to accommodate the lateral disengagement prevention component such that the
opposing arms are positioned overtop the second arm. In some instances, each opposing arm
includes an inward protrusion that extends from an inner surface of the arm, each inward
protrusion being positioned such that a bottom surface of the inward protrusion contacts a top
surface of the first arm when the bottom surface of the lateral disengagement prevention
component is position within the recessed section.

[0017] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed subject matter.

[0018] Additional features and advantages of the invention will be set forth in the
description which follows, and in part will be obvious from the description, or may be
learned by the practice of the invention. The features and advantages of the invention may be
realized and obtained by means of the instruments and combinations particularly pointed out
in the appended claims. These and other features of the present invention will become more
fully apparent from the following description and appended claims, or may be learned by the
practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to describe the manner in which the above-recited and other advantages
and features of the invention can be obtained, a more particular description of the invention
briefly described above will be rendered by reference to specific embodiments thereof which
are illustrated in the appended drawings. Understanding that these drawings depict only
typical embodiments of the invention and are not therefore to be considered to be limiting of
its scope, the invention will be described and explained with additional specificity and detail

through the use of the accompanying drawings in which:
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[0020] Figure 1 illustrates a perspective view of a PRIOR ART pinch clamp in a skewed
configuration under shear force.

[0021] Figure 2A illustrates a perspective view of a pinch clamp in a disengaged
configuration in accordance with a representative embodiment of the present invention.
[0022] Figure 2B illustrates a detailed plan side view of a pinch clamp in an engaged
configuration in accordance with a representative embodiment of the present invention.
[0023] Figure 3A illustrates a perspective view of a pinch clamp in a disengaged
configuration and further comprising a plurality of grooves on the interface surface in
accordance with a representative embodiment of the present invention.

[0024] Figure 3B illustrates a detailed plan side view of a pinch clamp in an engaged
configuration and comprising a plurality of grooves on the interface surface in accordance
with a representative embodiment of the present invention.

[0025] Figure 3C illustrates a cross-section end view of a pinch clamp in an engaged
configuration and comprising a plurality of grooves on the interface surface in accordance
with a representative embodiment of the present invention.

[0026] Figure 4A-4D illustrates detailed plan side views of first and second clamping
surfaces during the process of clamping a section of tubing in accordance with a
representative embodiment of the present invention.

[0027] Figure 5 illustrates a detailed plan side view of first and second clamping surfaces,
wherein the clamping surfaces comprise a rigid or semi-rigid material and a soft, polymer
material in accordance with a representative embodiment of the present invention.

[0028] Figures 6A-6C illustrate perspective views of a pinch clamp in a disengaged
configuration and further having one or more extensions to retain a tube within the pinch
clamp in accordance with various representative embodiments of the present invention.
[0029] Figures 7A-7D illustrate perspective and cross-section views a pinch clamp
having a nesting component for preventing lateral disengagement in accordance with a
representative embodiment of the present invention.

[0030] Figures 8A and 8B illustrate perspective side views of a pinch clamp having a
clamping surface comprising raised and recessed surfaces in accordance with a representative
embodiment of the present invention.

[0031] Figure 9 illustrates a perspective side view of a pinch clamp having a terminal end
configured to disengage the clamping surfaces by applying a force in a proximal direction in

accordance with a representative embodiment of the present invention.
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[0032] Figures 10A-10C illustrate various perspective side views of a pinch clamp having
various retaining components in accordance with a representative embodiment of the present
invention.

[0033] Figure 11 illustrates a perspective side view of a pinch clamp having offset
retaining components in accordance with a representative embodiment of the present
invention.

[0034] Figure 12 illustrates a perspective side view of a pinch clamp having a clamping
surface comprising raised and recessed surfaces in accordance with a representative
embodiment of the present invention.

[0035] Figures 13A and 13B illustrate a perspective side view and a rear view
respectively of a pinch clamp that has rounded edges and an elliptical-shaped hinge.

[0036] Figures 14A and 14B illustrate a perspective side view and a side view
respectively of a pinch clamp that includes various lateral disengagement prevention features.
[0037] Figure 15 illustrates a perspective side view of a pinch clamp that includes various
lateral disengagement prevention features.

[0038] Figure 16A illustrates a pinch clamp that employs a separate lateral
disengagement prevention component.

[0039] Figure 16B illustrates the lateral disengagement prevention component of Figure
16A in isolation.

[0040] Figure 17 illustrates a pinch clamp having clamping surfaces that are configured
to provide positive fluid displacement.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention relates to pinch-style clamps that are designed for use in
clamping or occluding plastic tubing, such as intravenous tubing. The pinch clamp of the
present invention addresses and overcomes various difficulties known to exist in prior art
pinch clamps. For example, some embodiments of the present invention comprise a soft
material applied to various surfaces of the pinch clamp to 1) prevent abrasion or irritation to
the patient, 2) increase friction between the pinch clamp and the user operating said pinch
clamp, 3) increase friction between engaged surfaces of the pinch clamp to prevent premature
or unintended disengagement of the clamp, and 4) increase friction between the outer
surfaces of the tubing and the clamping surfaces of the clamp.

[0042] Some embodiments of the present invention further comprise a dynamic clamping
surface or interface that results in positive displacement of fluid in the tubing during the

process of engaging the pinch clamp. In particular, some embodiments of the present
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invention comprise a first clamping surface that is planar and elongated, wherein the first
clamping surface is configured to contact and support a first side of the tubing. The pinch
clamp further comprises a second clamping surface that is angled and elongated, whereby the
second clamping surface comprises a first being spaced from the first clamping surface at a
first distance, and further comprises a second end spaced from the first clamping surface at a
second distance, wherein the second distance is greater than the first distance.

[0043] Upon closing the pinch clamp, the first end of the second clamping surface contact
a second side of the tubing to occlude a portion of the tubing interposed between the first
clamping surface and the first end of the second clamping surface. Upon further closing
motion, the angled surface of the second clamping surface progressively occludes or clamps
the tubing along the length of the first clamping surface, thereby positively displacing fluid
within the tubing from the interface between the first and second clamping surfaces. Upon
full engagement of the pinch clamp, the second end of the second clamping surface is also in
contact with the second side of the tubing such that the tubing is occluded or clamped along
the entire length of the first and second clamping surfaces.

[0044] Figure 2A illustrates a perspective top and side view of a pinch clamp 10. Pinch
clamp 10 generally comprises a first arm 12 having a first end comprising a lip 14 forming a
ledge 15. In some instances, lip 14 comprises a plurality of parallel ledges or ridges. First arm
12 further comprises a second end comprising a first clamping surface 16. In some instances,
first clamping surface 16 comprises a raised surface having a width that is approximately
equal to a width of clamp 10. In some instances first clamping surface 16 is planar or
generally flat. In other instances, first clamping surface 16 is angled, rounded, pointed,
ridged, grooved, or any combination thereof.

[0045] Pinch clamp 10 further comprises a second arm 20 having a first end comprising a
terminal end 24. Terminal end 24 is generally configured to engage with lip 14 to secure
clamp 10 in an engaged configuration. In some instances terminal end 24 comprises a blunt,
square end. In some embodiments, terminal end 24 comprises a wedged or tapered shape,
such that terminal end 24 tapers outwardly to a tip or pointed edge. Terminal end 24 further
comprises an interface surface 22 that is configured to compatibly engage with ledge 15 of lip
14 so as to hold clamp 10 in an engaged configuration.

[0046] In some embodiments, second arm 20 comprises a second end having a second
clamping surface 26. Second clamping surface 26 is generally positioned opposite of first
clamping surface 16, as is common for pinch clamps. In some instances, second clamping

surface 26 is tapered such that in a disengaged configuration a first end of clamping surface

- Page 8§ -

Date Recgue/Date Received 2020-10-22



26 is spaced from clamping surface 16 at a first distance, and a second end of clamping
surface 26 is spaced from clamping surface 16 at a second distance, the second distance being
greater than the first distance. In one embodiment, the second end of clamping surface 26 is
closest to the first end 24 of second arm 20, and the first end of clamping surface 26 is in
proximity to a closed end 32 of clamp 10.

[0047] The second ends of first and second arms 12 and 20 are interconnected via a hinge
30. In some instances, hinge 30 comprises a rounded extension of the second ends of first and
second arms 12 and 20. Hinge 30 is configured to position first arm 12 opposite second arm
20. In some instances, hinge 30 comprises a relaxed position (as shown in Figure 2) and a
tensioned position (not shown). In the relaxed position, hinge 30 positions first and second
arms 12 and 20 to provide a gap or space between first and second clamping surfaces 16 and
26. The relaxed position of hinge 30 further maintains a gap or space between terminal end
24 and lip 14. In some instances, hinge 30 further comprises a window or opening 34 through
which tubing is passed. First arm 12 further comprises a window or opening 36 that is
generally aligned with window 34 and configured to accommodate tubing.

[0048] In some embodiments, a contact or exterior surface 26 of second arm 20 further
comprises a grip feature 28. Grip feature 28 is generally provided to increase friction between
a user’s thumb or finger and pinch clamp 10 during use. In some instances, grip feature 28
comprises a plurality of parallel ridges or raised features. In some embodiments, grip feature
28 comprises a texture or other surface treatment intended to increase friction. In some
instances, grip feature 28 further provides a visual and/or tactile reference indicating how and
where the user should grip the clamp 10.

[0049] Some embodiments of the present invention further comprise a soft, polymer
material 40 applied to various surfaces of pinch clamp 10. As used herein, the term “soft,
polymer material” is understood to include any material that may be applied or added to a
plastic material suitable for use in manufacturing pinch clamp 10, wherein the soft, polymer
material comprises a Shore A durometer hardness that is less than the plastic material of
which the pinch clamp is constructed. For example, in some embodiments a soft, polymer
material comprises a Shore A durometer hardness of from approximately 15 to 100, from
approximately 20 to 80, from approximately 30 to 70, from approximately 40 to 60, from
approximately 45 to 55, or approximately 50. In some instances, a soft, polymer material
comprises a Shore A durometer hardness of less than 15. In some instances, a soft, polymer

material comprises a Shore A durometer hardness of greater than 100.
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[0050] Non-limiting examples of soft, polymer materials include thermoplastic
elastomers such as thermoplastic rubbers, copolymers or physical mixes of polymers such as
a plastic and a rubber, crosslinked polymers, styrenic block copolymers, polyolefin blends,
elastomeric alloys, thermoplastic polyurethanes, thermoplastic copolyester, thermoplastic
polyamides, or combinations thereof.

[0051] For example, in some instances a soft, polymer material is applied as a thin
coating to the rigid or semi-rigid material of the pinch clamp. In some instances, soft,
polymer material pieces are first produced by a known process, such as extrusion or injection
molding. The polymer pieces are then applied to one or more surfaces of the pinch clamp,
such as by an adhesive, mechanical interference, or interlocking features or surfaces. In some
instances, one or more surfaces of the rigid or semi-rigid material of the pinch clamp is
removed and replaced by the polymer pieces to provide a final profile and shape for the pinch
clamp. In some embodiments, the pinch clamp is provided in a two-shot molding process,
wherein a first injection unit is provided to mold the rigid or semi-rigid material of the clamp,
and a second injection unit is provided to apply the soft, polymer material in strategic
locations. In some instances, one or more surfaces of the rigid or semi-rigid material of the
pinch clamp is removed and replaced by the polymer material or pieces to soften one or more
contact surfaces. In some instances, one or more surfaces of the rigid or semi-rigid material
of the pinch clamp is removed and replaced by the polymer material or pieces to increase
friction between two or more surfaces of the clamp, or between one or more surfaces of the
clamp and a section of tubing inserted within the clamp.

[0052] In some instances, a soft, polymer material 40 is applied to various surfaces of
pinch clamp 10 to soften various surfaces of pinch clamp 10 that may otherwise scratch or
irritate a patient’s skin. For example, in one embodiment a soft, polymer material 40 is
applied to an edge or side surface 50 of pinch clamp 10. In one embodiment, a soft, polymer
material 40 is applied to a right-angled surface 52 of pinch clamp 10. Further, in one
embodiment a soft, polymer material 40 is applied to a contact surface, wherein a “contact
surface” is understood to include any exposed surface that may contact a patient during use.
In some instances, a soft, polymer material 40 is applied to all exterior surfaces of pinch
clamp 10.

[0053] In some instances, a soft, polymer material 40 is applied to various surfaces to
increase friction. For example, in one embodiment a soft, polymer material 40 is applied to a
grip feature 28 of pinch clamp 10, whereby to increase friction between the user’s thumb or

finger and pinch clamp 10. In one embodiment, a soft, polymer material 40 is applied to at
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least one of the first and second clamping surfaces 16 and 26, whereby to increase friction
between the clamping surfaces and tubing secured therebetween.

[0054] In one embodiment, a soft, polymer material 40 is applied to at least one of lip 14
and terminal end 24 to increase friction therebetween. As previously discussed in connection
with the PRIOR ART clamp 1 of Figure 1, the hard plastic interface between lip 3 and
terminal end 5 enables skewing of first and second arms 2 and 4 when a shear force 6 is
applied to the clamp 1. This may result in premature or unintended disengagement of clamp
1. In contrast, the soft, polymer material 40 interface between lip 15 and terminal end 24
increases friction between these surfaces, thereby preventing unintended disengagement. A
detailed view of these surfaces is shown in Figure 2B.

[0055] In some embodiments, at least one surface of lip 15 and terminal end 24 further
comprise a mechanical feature or surface 25 configured to further increase lateral or axial
friction at interface surface 22, as shown in Figures 3A-3C. For example, in one embodiment
interface surface 22 has a mechanical feature 25 comprising a plurality of interlocking
grooves. In some instances, mechanical feature 25 provides alignment between first and
second arms 14 and 20. In some instances, mechanical feature 25 comprises micro-features,
such as a texture. In some embodiments, mechanical feature 25 comprises a micro-feature
that is perpendicular, parallel, or perpendicular and parallel to the direction of tubing threaded
through clamp 10. In some instances, mechanical feature 25 is formed in the rigid polymer
material of clamp 10, and subsequently coated or covered with a soft, polymer material 40. In
other instances, mechanical feature 25 is provided directly in soft, polymer material 40.
[0056] Referring now to Figures 4A-4D, some embodiments of the present invention
comprise a dynamic clamping surface or interface 55 that results in positive displacement of
fluid 60 within the tubing 70 being clamped. Positive displacement of fluid 60 may be
desirable where fluid 60 comprises a medication that would remain in tubing 70 except for
being advanced into the patient via positive displacement.

[0057] With reference to Figure 4A, pinch clamp 10 is shown in a disengaged
configuration, whereby a first side 72 of tubing 70 is supported on the entire, elongated first
clamping surface 16 of first arm 12. Further, a first end 27 of second clamping surface 26 is
positioned in proximity to, or lightly in contact with a second side 74 of tubing 70.

[0058] In some embodiments, first clamping surface 16 is generally planar and elongated
such that surface 16 supports a length of tubing 70. In contrast, second clamping surface 26 is
angled such that a first end 27 is positioned lower than, or closer to first clamping surface 16

that is the position of second end 29. As such, second clamping surface tapers outwardly or
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upwardly from first end 27 to second end 29, or from the proximal end to the distal end of
second clamping surface 26.

[0059] Tubing 70 is not compressed or occluded when pinch clamp 10 is in a disengaged
configuration. Rather, tubing 70 is freely moveable between first and second clamping
surfaces 16 and 26. In some embodiments, first and second clamping surfaces 16 and 26
further comprise a soft, polymer material (not shown) that increases friction between tubing
70 and the clamping surfaces such that pinch clamp 10 is prevented from freely sliding along
the length of tubing 70. Rather, pinch clamp 10 must be manually adjusted by a user to a
desired position on tubing 70, after which clamp 10 maintains its position by friction between
the soft, polymer material and the outer surface of tubing 70.

[0060] In some embodiments, the soft, polymer material (not shown) further provides a
cushioning function between the rigid plastic material of pinch clamp 10 and the pliable
plastic material of tubing 70. In some instances, this cushioning function enables full
occlusion of tubing 70 while preventing hard kinking that may weaken the tubing structure.
In some instances, this cushioning function improves tubing recovery upon release of pinch
clamp 10.

[0061] Referring now to Figure 4B, pinch clamp 10 is moved from a disengaged
configuration to a partially engaged configuration as second arm 20 is moved in a downward
direction 80 and tubing 70 is pinched between first end 27 of second clamping surface 26 and
a proximal end of first clamping surface 16. Thus, a portion of tubing 70 located between first
and second clamping surfaces 16 and 26 is occluded, and a portion of this section of tubing
70 is also unoccluded.

[0062] As first arm 20 is further advanced in downward direction 80, the distance
between the remaining surfaces of second clamping surface 26 and first clamping surface 16
is gradually reduced as the second end 29 descends towards first clamping surface 16, as
shown in Figure 4C. This gradual occlusion forces or positively displaces fluid 60 out from
between the clamped surfaces thereby advancing fluid 60 through the distal section of tubing
70. In some instances, the displaced fluid 60 is infused into a patient via an intravenous
catheter coupled to tubing 70.

[0063] First arm 20 is further advanced in downward direction 80 until distal end 24 is
received by lip 14, thereby fully engaging pinch clamp 10, as discussed previously. Upon full
engagement, tubing 70 is fully clamped between second end 29 of second clamping surface
26 and first clamping surface 16, as shown in Figure 4D. In some instances, first end 27 and

second end 29 are approximately equally distanced from first clamping surface 16 when
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pinch clamp 10 is fully engaged. Following full engagement of pinch clamp 10, the positive
displacement of fluid 60 is complete.

[0064] In some embodiments, second arm 20 flexes or pivots about the contact point
between first end 27 and first clamping surface 16, such that clamping pressure or contact
between second clamping surface 26 and tubing 70 is applied in a linear fashion. In come
embodiments, hinge 30 is configured to bend and adjust laterally to facilitate linear
application of compression force between first and second clamping surfaces 16 and 26.
[0065] In some embodiments, at least one of first and second clamping surfaces 16 and
26 further comprise a proximal end comprising or consisting of a rigid or semi-rigid material,
and further comprising a distal end comprising or consisting of a soft, polymer material 40, as
shown in Figure 5. This embodiment has the benefit of providing a robust primary or
proximal clamping interface, while having a softer distal clamping interface to compress the
internal volume of the tubing, while preventing over-compression of the tubing over the full
length of the clamping surface. In some instances, the rigid or semi-rigid proximal end
material further reduces friction between pinch clamp and tubing 70 when in the disengaged
configuration, thereby permitting easy movement of clamp 10 along the length of tubing 70.
[0066] In some instances, and prior to clamping, tube 70 may exit pinch clamp 10
laterally between first and second arms 12 and 20. Accordingly, some embodiments of the
present invention further provide one or more extensions 100 to retain a tube within pinch
clamp 10, as shown in Figures 6A-6C. In some instances, a portion of the outer edge surface
of first arm 12 is extended upwardly towards second arm 20 to provide a wall or extension
100, as shown in Figure 6A. In some instances, a portion of the outer edge surface of second
arm 20 is extended downwardly towards first arm 12 to provide a wall or extension 100, as
shown in Figure 6B. In some embodiments, pinch clamp 10 comprises two or more
extensions 100. In one embodiment, pinch clamp 10 comprises a first extension 100 on a first
side of second arm 20, and a second extension 100 on a second side of second arm 20,
wherein the second side is opposite the first side. In one embodiment, pinch clamp 10
comprises a first and second extension 100 on opposite sides of first arm 12. Further, in some
embodiments, pinch clamp 10 comprises first and second extensions on opposite sides of first
arm 12, and further comprises first and second extensions 100 on opposite sides of second
arm 20, wherein the extensions overlap, abut, or close a distance between one another when
clamp 10 is in an engaged configuration.

[0067] Extension 100 is configured to at least partially close the gap between first and

second arms 12 and 20 when in the engaged or disengaged configurations. In some instances,
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extension 100 is a thin fin or plate or rigid or semi-rigid material. In some instances,
extension 100 is a thin fin or plate of soft, polymer material 40. In some instances, extension
100 is a thin fin or plate of rigid or semi-rigid material onto which is applied a soft, polymer
material 40. Referring now to Figure 6C, in some embodiments the outward edges of first
clamping surface 16 further comprises one or more extensions 100 that extend upwardly
towards second clamping surface 26. Further, the outer edges of second clamping surface 26
comprise one or more recesses or notches 110 configured to receive the one or more
extensions 100 when pinch clamp 10 is engaged. The interaction between extensions 100 and
recesses 110 retains tube 70 within the clamping surfaces when clamp 10 is engaged. In some
instances, portions of the rigid or semi-rigid material of clamp 10 is removed and replaced by
soft, polymer material 40 to provide one or more of first and second clamping surfaces 16
and 26, extensions 100, and recesses 110.

[0068] Figures 7A-12 illustrate a number of different variations of a pinch clamp in
accordance with one or more embodiments of the present invention. Each of these pinch
clamps includes the same general structure as pinch clamp 10. Therefore, many of the
components of each pinch clamp will not be redundantly described. However, similar
references will be employed to refer to these similar structures. Also, although the figures
depict various specific embodiments that include one or more variations, these variations
could be employed in addition to or in placed of features of any of the other described
embodiments of pinch clamps.

[0069] Figures 7A-7D illustrate an embodiment of a pinch clamp 700 that is similar to
pinch clamp 10 but employs a nesting component 701 to prevent the lateral disengagement of
second arm 20 from first arm 12. In other words, nesting component 701 can prevent relative
movement between first arm 12 and second arm 20 in a direction that is substantially
perpendicular to the longitudinal axis of the tubing to which pinch clamp 700 may be
coupled. As a result, by including nesting component 701, pinch clamp 700 (or other similar
embodiments of pinch clamps that include a nesting component) will likely only become
disengaged when the clinician intentionally applies a downward/outward force on the
terminal end of first arm 12.

[0070] As is better shown in Figure 7B, which depicts nesting component 701 in
isolation, nesting component 701 comprises opposing sidewalls 70la that are coupled
together via interconnect 701b. The width/diameter of interconnect 701b can be configured
to allow the interconnect to sit within opening 712 formed between the hinge and clamping

surfaces, while the length of interconnect 701b can be configured such that sidewalls 701a
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are positioned immediately outside the outer surfaces of first arm 12 and second arm 20. The
size of sidewalls 70la (i.e., the amount by which sidewalls 70la extend away from
interconnect 701b in any direction) can be sufficient to cause the sidewalls to overlap first
arm 12 and second arm 20 thereby confining lateral movement of the two arms.

[0071] Interconnect 701b can include an opening 701c that generally aligns with opening
34 to accommodate tubing that may extend through pinch clamp 700. Also, one or both of
the inner surfaces of sidewalls 701a can include a raised feature 701d that functions to limit
rotation of nesting component 701 with respect to pinch clamp 700. In some embodiments,
sidewall 701a can have a size sufficient to cause raised feature 701d to be positioned on an
opposite side of the clamping surfaces from interconnect 701b. For example, Figure 7D
illustrates how raised feature 701d would be positioned to cause the feature to contact an
inside surface of first arm 12 or second arm 20 when nesting component 701 is rotated. In
this way, raised feature 701d minimizes the likelihood that opening 701c may kink or
otherwise occlude the tubing.

[0072] Figure 7C, which shows pinch clamp 700 without nesting component 701, and
Figure 7D, which illustrates a cross-sectional side view of pinch clamp 700 containing
nesting component 701, illustrate how pinch clamp 700 (or other similar pinch clamps) can
include clamping surfaces that provide positive displacement. As shown, first clamping
surface 16 and second clamping surface 26 include protrusions 710 and 711 respectively. In
these figures, protrusions 710 and 711 are shown at the left or proximal end of the clamping
surfaces. Protrusions 710 and 711 function in a similar manner as the dynamic clamping
surfaces depicted in Figures 4A-4D. In particular, as pinch clamp 700 is engaged,
protrusions 710 and 711 will contact the tubing prior to the remaining portions of first and
second clamping surfaces 16 and 26. Accordingly, as pinch clamp 700 becomes fully
engaged, fluid within the tubing will be forced in a distal direction (or in a rightward
direction in Figure 7D).

[0073] Figures 8A and 8B illustrate another embodiment of a pinch clamp 800 that is
similar to pinch clamp 10. However, in pinch clamp 800, first clamping surface 16 is formed
as a recessed surface positioned between raised surfaces 801a and 801b. Accordingly, when
pinch clamp 800 is engaged, second clamping surface 26 inserts between raised surfaces 801a
and 801b to contact first clamping surface 16. In this way, pinch clamp 800 provides
multiple points of compression on the tubing. More specifically, raised surfaces 801a and
801b can provide compression on tubing in a distal and proximal direction respectively. This

“arc” of compression can enhance the occlusion of the tubing to minimize the likelihood that

- Page 15 -

Date Recgue/Date Received 2020-10-22



the tubing will not be fully occluded when pinch clamp 800 is engaged. Also, due to the
respective angles between second clamping surface 26 and raised surface 801b, a degree of
positive displacement may occur as the tubing is occluded.

[0074] Figures 8A and 8B also show that pinch clamp 800 can include extensions 802a
and 802b. In these figures, extensions 802a and 802b are shown as extending downwardly
from the second arm. However, extensions 802a and 802b could equally extend upwardly
from the first arm. In some embodiments, such as is shown in Figure 8B, extensions 802a
and 802b can include a rounded interconnect 802¢c. Rounded interconnect 802¢ can generally
conform to the shape of tubing so that the tubing is securely contained between extensions
802a and 802b when pinch clamp 800 is engaged. This secure containment can function to
inhibit the lateral movement between the first and second arms of pinch clamp 800. More
particularly, contact between extension 802a or 802b and the tubing will resist lateral
movement of the second arm with respect to the first arm so that second arm cannot easily be
moved laterally to the point of disengaging from the first arm.

[0075] Figure 9 illustrates an embodiment of a pinch clamp 900 that employs a different
configuration for the terminal end of second arm 20. In contrast to the embodiments of pinch
clamps described above, pinch clamp 900 is configured such that the second arm is
disengaged from the first arm by applying a force against the second arm that is in a generally
proximal direction 910.

[0076] As shown, second arm 20 includes a hinge 901 towards its distal end. A terminal
end 902 of second arm 20 extends upwardly and proximally away from interface surface 22.
As in previously-described embodiments, interface surface 22 inserts under ledge 15 to
engage the pinch clamp. However, to disengage pinch clamp 900, a force in the proximal
direction 910 can be applied to terminal end 902 rather than applying a force in a
downward/distal direction on lip 14. Any of the other embodiments of pinch clamps
described herein can alternatively be configured as shown in Figure 9. Also, pinch clamp
900 can be configured to include any of the positive displacement features and/or a nesting
component as described above.

[0077] Figures 10A-10C illustrate another embodiment of a pinch clamp 1000. Pinch
clamp 1000 includes protrusions 1003a and 1003b that extend upwardly from the first arm
and protrusion 1004 that extends downwardly from the second arm. Protrusion 1004 can be
configured to insert between protrusions 1003a and 1003b and therefore function to occlude
the tubing in a similar manner as with pinch clamp 800. However, as best seen in Figure

10C, in some embodiments, protrusion 1004 may have a length that is insufficient to cause
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protrusion 1004 to contact the first arm. In some embodiments, protrusions 1003a and 1003b
may alternatively extend downwardly from the second arm while protrusion 1004 could
extend upwardly from the first arm. Also, pinch clamp 1000 may equally be configured to
include any of the other types of clamping surfaces described herein.

[0078] Pinch clamp 1000 may also include interlocking components that function both to
limit the range of motion of the hinge between the first and second arm as well as to limit
lateral movement between the first and second arm. These interlocking components include
retaining components 1001a and 1001b and corresponding pivoting tabs 1002a and 1002b.
As shown, retaining components 1001a and 1001b are positioned on opposite sides of pinch
clamp 1000. Pivoting tabs 1002a and 1002b are also positioned on opposite sides of pinch
clamp 1000 but are slightly inwardly offset with respect to retaining components 1001a and
1001b to allow each of pivoting tabs 1002a and 1002b to insert into an opening formed
within the corresponding retaining component. Pivoting tabs 1002a and 1002b can each
include an outwardly extending tip that interlocks with the retaining component once the
pivoting tab has been inserted into the opening as is shown in Figure 10B.

[0079] Pivoting tabs 1002a and 1002b can be configured to pivot inwardly to allow them
to bypass retaining components 1001a and 1001b as they move from the position shown in
Figure 10A to the position shown in Figure 10B. Once in the interlocked position shown in
Figure 10B, the outwardly extending tips of pivoting tabs 1002a and 1002b will retain the
pivoting tabs in the interlocked position absent an inward force on the pivoting tabs. In other
words, the interaction between the pivoting tabs and the retaining components limits the
amount to which pinch clamp 1000 will open.

[0080] Figure 10B represents the position of pinch clamp 1000 when in the disengaged
state. To engage pinch clamp 1000, a downward force can be applied to the second arm to
cause interface surface 22 to interlock with ledge 15 in a similar manner as described above
with reference to pinch clamp 10. Figure 10C represents the position of pinch clamp 1000
when in this engaged state. Upon disengaging interface surface 22 from ledge 15, pinch
clamp 1000 can return to the disengaged state as shown in Figure 10B. As indicated above,
the interface between pivoting tabs 1002a and 1002b and retaining components 1001a and
1001b will then prevent pinch clamp 1000 from opening beyond this position.

[0081] The interface between pivoting tabs 1002a and 1002b and retaining components
1001a and 1001b will also inhibit lateral movement between the first and second arms. In
this way, pinch clamp 1000 can be prevented from disengaging due to the second arm

moving laterally to free interface 22 from ledge 15.
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[0082] Figure 11 illustrates another embodiment of a pinch clamp 1100 that includes
features for preventing the lateral disengagement of the pinch clamp. Pinch clamp 1100
includes extensions 1101a and 1101b which are similar to extensions 100 described above.
In some embodiments, extensions 1101a and 1101b can be offset from one another as is
shown in Figure 11. Additionally, pinch clamp 1100 can include an inner extension 1102
that extends from an opposite arm from extensions 1101a and 1101b (which in the depicted
example is from the second arm).

[0083] Inner extension 1102 can be positioned between extensions 1101a and 1101b such
that inner extension 1102 would contact one or both of extensions 1101a and 1101b if the
second arm were moved laterally with respect to the first arm. This interaction between
extensions 1101a/1101b and inner extension 1102 can prevent the lateral disengagement of
pinch clamp 1100. Inner extension 1102 can be configured with a length that forms a gap
between inner extension 1102 and the first arm when pinch clamp 1100 is engaged. In some
embodiments, this gap may be small enough to cause the tubing to be compressed. In such
embodiments and due to the prior occlusion that would be caused by first and second
clamping surfaces 16 and 26, inner extension 1102 can cause positive fluid displacement.
Also, although not depicted, in some embodiments, inner extension 1102 can be configured
to receive the tubing in a similar manner as rounded interconnect 802c. Pinch clamp 1100
may also include any of the other configurations of first and second clamping surfaces
described herein.

[0084] Figure 12 illustrates another embodiment of a pinch clamp 1200. Pinch clamp
1200 is configured in a similar manner as pinch clamp 800 in that first clamping surface 16 is
formed as a recessed surface positioned between raised surfaces 1201a and 1201b. Second
clamping surface 26 can insert between raised surfaces 1201a and 1201b to provide an arc of
compression along the tubing. Also, because second clamping surface 26 is positioned
between raised surfaces 1201a and 1201b when pinch clamp 1200 is engaged, lateral
disengagement can be prevented. More specifically, if the second arm is moved laterally
with respect to the first arm, second clamping surface 26 will contact one or both of raised
surfaces 1201a and 1201b to inhibit further lateral movement.

[0085] Figures 13A and 13B illustrate another embodiment of a pinch clamp 1300. Pinch
clamp 1300 can include clamping surfaces 16 and 26 which can be configured in any of the
various ways described above as well as a hinge 30. Hinge 30 can be structured to form an

elliptical-shaped opening 1301 between hinge 30 and clamping surfaces 16 and 26.
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Additionally, as is best seen in Figure 13B, pinch clamp 1300 can include rounded outer
edges which can enhance patient comfort.

[0086] Figures 14A and 14B illustrate another embodiment of a pinch clamp 1400 that
includes various lateral disengagement prevention features. As with previously described
pinch clamps, pinch clamp 1400 can include clamping surfaces 16 and 26. Additionally, to
prevent lateral disengagement, clamping surface 26 can include recessed surfaces 1402a
while clamping surface 16 can include lateral posts 1402b. As shown, lateral posts 1402b
can be formed on opposing sides of clamping surface 16. Recessed surfaces 1402a can be
sufficiently recessed to allow clamping surface 26 to insert between lateral posts 1402b.
With clamping surface 26 inserted between lateral posts 1402b, lateral movement of
clamping surface 26 with respect to clamping surface 16 will be prevented as recessed
surfaces 1402a contact lateral posts 1402b. In some embodiments, including the depicted
embodiment, lateral posts 1402b are offset.

[0087] Pinch clamp 1400 may also include lateral disengagement prevention features
formed at interface surface 22. For example, as shown in Figures 14A and 14B, interface
surface 22 may be formed with outwardly facing recessed surfaces 140la which can be
positioned between inwardly facing lateral protrusions 1401b that are positioned on opposing
sides of ledge 15. Accordingly, when interface surface 22 is secured under ledge 15, lateral
protrusions 1401b will contact recessed surfaces 140la to prevent lateral movement.
Although pinch clamp 1400 is shown as including two types of lateral disengagement
prevention features, in other embodiments, a pinch clamp may only include one of these
features.

[0088] As shown in Figures 13A and 13B, various embodiments of a pinch clamp may
include rounded outer edges. However, by rounding the outer edges, the width of interface
surface 22 and ledge 15 may be reduced thereby increasing the likelihood that the pinch
clamp may be laterally disengaged. To address such concerns, in some embodiments of
pinch clamps that include rounded outer edges, particularly those that do not employ another
type of lateral disengagement prevention feature, interface surface 22 can be molded or
otherwise formed to include ends 1501 that protrude beyond the outer surface of the
remaining portions of second arm 20, as shown in Figure 15. These protruding ends 1501
increase the width of interface surface 22 to thereby maximize the amount of lateral
displacement that would be required to disengage the pinch clamp. Also, in embodiments

that employ protruding ends 1501, the clamping surfaces may also be configured to include
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lateral disengagement prevention features similar to those described above with reference to
Figures 14A and 14B.

[0089] Figure 16A illustrates another embodiment of a pinch clamp 1600 that employs a
separate component 1601 to prevent lateral disengagement while Figure 16B shows
component 1601 in isolation. As shown, pinch clamp 1600 can include a recessed section
1600a that is formed in first arm 12 and positioned generally below and to the side of
clamping surface 16. Recessed section 1600a can be shaped and sized to accommodate
lateral disengagement prevention component 1601 in a manner that causes the outer surfaces
of lateral disengagement prevention component 1601 to substantially align with the outer
surfaces of first arm 12. Therefore, even though a separate component is used, there will not
be sharp edges or transitions between pinch clamp 1600 and component 1601.

[0090] Component 1601 can have a U-shape that is formed by a bottom section 1601b
and opposing arms 1601a that extend upwardly from opposite ends of bottom section 1601b.
Each of arms 1601a can include an inward protrusion 1601c¢ that is positioned such that the
bottom ledge of each protrusion 1601c is located on top of first arm 12 when bottom section
1601b is secured within recessed section 1600a. Protrusions 1601c therefore function to
prevent component 1601 from being separated from pinch clamp 1600. In some
embodiments, component 1601 may also be secured to arm 12 using an adhesive. Arms
1601a can have a sufficient length to ensure that they overlap second arm 20 or to at least
overlap a portion of clamping surface 26 to thereby limit how far arm 20 can be laterally
displaced relative to arm 12.

[0091] In addition to preventing lateral disengagement of the pinch clamp, the various
lateral disengagement prevention features/components described herein also function to
center the tubing within the pinch clamp to ensure proper clamping. Accordingly,
embodiments of the present invention ensure that the tubing is properly clamped and will not
unintentionally become disengaged.

[0092] Figure 17 illustrates another embodiment of a pinch clamp 1700 in which
clamping surfaces 16 and 26 are configured to provide positive fluid displacement. As
shown, clamping surface 16 includes raised surfaces 1701a and 1701b which are spaced apart
to form a recessed surface 1701c. Clamping surface 26 is similarly configured with raised
surfaces 1702a and 1702b which are spaced apart to form a recessed surface 1702c. Raised
surfaces 1702a and 1702b can be distally offset relative to raised surfaces 1701a and 1701b
such that, when pinch clamp 1700 is engaged, raised surface 1702b will insert into recessed

surface 1701c and raised surface 1701a will insert into recessed surface 1702c.
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[0093] Additionally, raised surface 1702b can be vertically offset relative to recessed
surface 1702c¢ such that raised surface 1702b will insert into recessed surface 1701c prior to
raised surface 1701a inserting into recessed surface 1702c. This vertical offset will cause
tubing to first be clamped within recessed surface 1701c and then clamped within recessed
surface 1702c. As a result, fluid contained within the portion of the tubing that is distal to
raised surface 1702b (or with respect to the orientation shown in Figure 17, to the left of
raised surface 1702b) after raised surface 1702b is clamped will be forced distally (or towards
the patient) when raised surface 1701a is subsequently clamped.

[0094] The inclusion of raised surfaces 1702a and 1701b increase the length of tubing
that will be clamped. For example, as raised surface 1701a inserts into recessed surface
1702¢, the tubing will be clamped along recessed surface 1702c and raised surface 1702a.
Raised surface 1702a can also be vertically offset with respect to recessed surface 1702c¢ so
that raised surface 1702a clamps the tubing after raised surface 1701a thereby increasing the
amount of positive fluid displacement. In Figure 17, this vertical offset is accomplished by
angling clamping surface 26 relative to clamping surface 16 so that the distance between the
two surfaces increases from the proximal to the distal ends of the surfaces. However, the
vertical offset could also be accomplished in other ways such as by angling clamping surface
16. This configuration of clamping surfaces 16 and 26 can be employed in conjunction with
any of the above described lateral displacement features.

[0095] The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of the claims are to be embraced

within their scope.
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CLAIMS

1. A pinch clamp device, comprising:

a first arm having a first end comprising a lip and a second end comprising a first clamping
surface, and a first window interposed therebetween,;

a second arm having a first end comprising a terminal end and a second end comprising a
second clamping surface positioned opposite the first clamping surface;

a hinge interconnecting the second end of the first arm and the second end of the second
arm, the hinge having a second window aligned with the first window along a longitudinal axis;
and

a nesting component comprising opposing sidewalls each having a distal end in proximity
to the hinge, and a proximal end overlapping the first and second clamping surfaces, wherein the
opposing sidewalls are coupled together via an interconnect positioned in proximity to the distal
end of the opposing sidewalls, the interconnect having an opening aligned with the first and second
windows along the longitudinal axis, the opening forming a pathway interposed between the
opening and the first arm, wherein the opposing sidewalls are positioned outside and adjacent to
the first and second arms, wherein the nesting component further comprises a raised feature on an
interior surface of one or more of the opposing sidewalls, the raised feature contacting one or both

of the first and second arms to limit rotation of the nesting component.

- Page 22 -

Date Recue/Date Received 2023-05-16



1120

FIG.1
(Prior Art)

Date Regue/Date Received 2020-10-22



FIG. 2A

Date Regue/Date Received 2020-10-22



Date Regue/Date Received 2020-10-22



4/20

FIG. 3C

Date Regue/Date Received 2020-10-22



520

Ta > 267

S R

{

FIG. 4A




6/20

Date Regue/Date Received 2020-10-22



1120

Date Regue/Date Received 2020-10-22




8/20

FIG. 6A

Date Regue/Date Received 2020-10-22



Date Regue/Date Received 2020-10-22



10/20

FIG. 7A

(2]
<
(-
o

FIG. 7B

Date Regue/Date Received 2020-10-22



11120




12120

g/ 1
8014 16 801b
FIG. 8B

Date Regue/Date Received 2020-10-22



)
7

7
/
/

77

Y F 10018

FIG. 10A

Date Regue/Date Received 2020-10-22



14/20

1000~

FIG. 10C

Date Regue/Date Received 2020-10-22



1100~

Date Regue/Date Received 2020-10-22



16/20

FIG. 138

Date Regue/Date Received 2020-10-22



17120

FIG. 14B

Date Regue/Date Received 2020-10-22



18/20

FIG.16A 16

Date Regue/Date Received 2020-10-22



19/20

w1601

~1601a

"1l N—1601c

£-1601c
“~1601b

FIG. 16B

Date Regue/Date Received 2020-10-22



20120

B{“’WOO

16

1701a

FIG. 17

Date Regue/Date Received 2020-10-22






	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - REPRESENTATIVE_DRAWING

