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Controlled Injection Devices, Systems, and Methods

Related Applications

[001] TThis application claims the benefit of U.S. Provisional Application No.
61/721,557, filed on November 2, 2012. The entire contents of this related
application are hereby incorporated into this disclosure by reference.

Field

[002] The disclosure relates generally to medical devices. More particularly, the
disclosure relates to controlled injection devices and systems used for the
introduction of a treatment material into a cavity. The disclosure also relates to
methods of introducing a treatment material into a cavity.

Background

[003] During the performance of a medical procedure, it is sometimes necessary,
or otherwise desirable, to create a cavity within a bone to receive a medical device
or create a passageway that can be used to navigate a medical device towards a
point of treatment. For example, in orthopedic procedures, a cavity is sometimes
created in a bone to receive a prosthetic component that 1s attached to the bone
within the cavity using bone cement. Alternatively, if a passageway has been
created to navigate a medical device towards a point of treatment, bone cement is
sometimes used to close the cavity subsequent to completing the procedure.

[004] Bone cement is generally introduced into a cavity using a conventional
syringe such that it flows from the center of the cavity and radially outward to the
cavity wall. While introducing the bone cement, the needle of the syringe is
withdrawn at a continuous rate from the cavity such that the tip of the needle is at
or near the meniscus of the cement that has already been introduced into the
cavity. This provides a continuous and substantially uninterrupted flow of cement
and 1s generally accomplished by manually withdrawing the needle from the
cavity while simultaneously injecting the cement by depressing the plunger of the
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syringe. Manually withdrawing the needle from the cavity, however, has
significant drawbacks. For example, it is sometimes difficult to visualize the
bottom of the cavity and/or the meniscus of the bone cement as it is being
introduced into the cavity due to the needle obstructing the view of the cavity
and/or cement. Therefore, manual withdrawal of the needle requires an
individual using the syringe to approximate the rate at which the syringe should
be withdrawn from the cavity and the rate at which the plunger of the syringe
should be depressed to introduce an appropriate amount of bone cement into the
cavity.

[005] Therefore, a need exists for improved controlled injection devices, systems,
and methods for introducing a treatment material into a cavity.

Summary
[006] Various exemplary controlled injection systems are described.

[007] A first exemplary controlled injection system comprises an injection
device and a jig. The injection device has a barrel, a plunger partially disposed
within the barrel, and a needle attached to the barrel. The jig has a jig proximal
end and a jig distal end and comprises a jig head, a jig shaft, and a jig plunger
housing. The jig head has a head proximal end, head distal end, and a head body
that defines a head opening adapted to receive a portion of the injection device.
The head opening extends from the head proximal end to the head distal end.
The jig shaft extends from the jig head and towards the jig proximal end. The jig
shaft has a shaft proximal end and a shaft distal end. The jig plunger housing is
disposed on the jig shaft and has a plunger housing proximal end, plunger housing
distal end, and a plunger housing body that defines a plunger housing recess that
extends into the plunger housing body. The plunger housing recess is adapted to
receive a portion of the plunger.

[008] A second exemplary controlled injection system comprises an injection
device and a jig. The injection device has a barrel, a plunger partially disposed
within the barrel, and a needle attached to the barrel. The jig has a jig proximal
end and a jig distal end and comprises a jig head, a jig shaft, and a jig plunger
housing. The jig head has a head proximal end, head distal end, and a head body
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that defines a head opening adapted to receive a portion of the injection device.
The head opening extends from the head proximal end to the head distal end.
The jig shaft extends from the jig head and towards the jig proximal end. The jig
shaft has a shaft proximal end and a shaft distal end. The jig plunger housing is
disposed on the jig shaft and has a plunger housing proximal end, plunger housing
distal end, and a plunger housing body that defines a plunger housing recess that
extends into the plunger housing body. The plunger housing recess is adapted to
receive a portion of the plunger and has a plunger housing recess first portion and
a plunger housing recess second portion. The plunger housing recess first portion
extends from the plunger housing distal end towards the plunger housing
proximal end. The plunger housing recess second portion extends from the
plunger housing first portion towards the plunger housing proximal end. The
plunger housing recess first portion comprises a plunger housing first width
measured along the plunger housing distal end. The plunger housing recess
second portion comprises a plunger housing second width measured along the
plunger housing distal end. The plunger housing first width is different from the
plunger housing second width.

[009] A third exemplary controlled injection system comprises an injection
device and a jig. The injection device has a barrel, a plunger partially disposed
within the barrel, and a needle attached to the barrel. The jig has a jig proximal
end and a jig distal end and comprises a jig head, a jig shaft, and a jig plunger
housing. The jig head has a head proximal end, head distal end, and a head body
that defines a head opening adapted to receive a portion of the injection device.
The head opening extends from the head proximal end to the head distal end.
The jig shaft extends from the jig head and towards the jig proximal end. The jig
shaft has a shaft proximal end and a shaft distal end. The jig plunger housing is
disposed on the jig shaft and has a plunger housing proximal end, plunger housing
distal end, and a plunger housing body that defines a plunger housing recess that
extends into the plunger housing body. The plunger housing recess is adapted to
receive a portion of the plunger and has a plunger housing recess first portion and
a plunger housing recess second portion. The plunger housing recess first portion
extends from the plunger housing distal end towards the plunger housing
proximal end. The plunger housing recess second portion extends from the
plunger housing first portion towards the plunger housing proximal end. The
plunger housing recess first portion comprises a plunger housing first width



WO 2014/070966 PCT/US2013/067652

measured along the plunger housing distal end. The plunger housing recess
second portion comprises a plunger housing second width measured along the
plunger housing distal end. The plunger housing second width is greater than the
plunger housing first width.

[0010] In addition, various methods of introducing a treatment material into a
cavity are described.

[0011] A first exemplary method of introducing a treatment material into a
cavity having a cavity wall comprises the steps of: inserting an injection device that
has an injection device proximal end, an injection device distal end, a barrel
containing the treatment material, a needle, and a plunger, into a jig having a jig
proximal end and a jig distal end such that the injection device distal end is
disposed distal to the jig distal end and the plunger is fixed relative to the jig;
advancing the injection device distal end into the cavity; advancing the jig towards
the cavity wall such that it contacts the cavity wall; applying a proximal force on
the barrel such that the barrel moves proximally with respect to the jig; and
stopping the application of a proximal force on the barrel.

[0012] A second exemplary method of introducing a treatment material into a
cavity formed in a bone comprises the steps of: inserting an injection device that
has an injection device proximal end, an injection device distal end, a barrel
containing the treatment material, a needle, and a plunger, into a jig having a jig
proximal end and a jig distal end such that the injection device distal end is
disposed distal to the jig distal end and the plunger is fixed relative to the jig;
advancing the injection device distal end into the cavity; advancing the jig towards
the cavity wall such that it contacts the bone; applying a proximal force on the
barrel such that the barrel moves proximally with respect to the jig; and stopping
the application of a proximal force on the barrel.

[0013] A third exemplary method of introducing a treatment material into a
bodily passage having a passage wall comprises the steps of: inserting an injection
device that has an injection device proximal end, an injection device distal end, a
barrel containing the treatment material, a needle, and a plunger, into a jig
having a jig proximal end and a jig distal end such that the injection device distal
end is disposed distal to the jig distal end and the plunger is fixed relative to the
jig; advancing the injection device distal end into the bodily passage; advancing
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the jig towards the passage wall such that it contacts the passage wall; applying a
proximal force on the barrel such that the barrel moves proximally with respect to
the jig; and stopping the application of a proximal force on the barrel.

[0014] Additional understanding of the exemplary controlled injection devices,
systems and methods can be obtained by review of the detailed description, below,
and the appended drawings.

Brief Description of the Figures

[0015] Figure 1 is a side view of an exemplary injection device in the first
configuration.

[0016] Figure 2 is a perspective view of an exemplary jig.
[0017] Figure 3 is a side view of the jig illustrated in Figure 2.
[0018] Figure 4 is a top view of the jig illustrated in Figure 2.
[0019] Figure 5 is a top view of a first alternative jig.

[0020] Figure 6 is a perspective view of an exemplary controlled injection system
in the first configuration.

[0021] Figure 7 is a side view of the controlled injection system illustrated in
Figure 6 in the first configuration.

[0022] Figure 8 is a top view of the controlled injection system illustrated in
Figure 6 in the first configuration.

[0023] Figure 9 is a top view of the controlled injection system illustrated in
Figure 6 in the second configuration.

[0024] Figure 10 1s a top view of the controlled injection system illustrated in
Figure 6 in the first configuration and partially disposed in a cavity.

[0025] Figure 11 1s a top view of the controlled injection system illustrated in
Figure 6 in the second configuration and free of the cavity.

[0026] Figure 12 is a top view of a second alternative jig.
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[0027] Figure 13 is a flowchart representation of an exemplary method of
introducing a treatment material into a cavity.

[0028] Figure 14 is a flowchart representation of a second exemplary method of
introducing a treatment material into a cavity.

[0029] Figure 15 is a perspective view of a first alternative controlled injection
system 1in the first configuration.

[0030] Figure 16 is a perspective view of the controlled injection system
illustrated in Figure 15 in the second configuration.

[0031] Figure 17 is a flowchart representation of a third exemplary method of
introducing a treatment material into a cavity.

Detailed Description

[0032] The following detailed description and the appended drawings describe
and 1llustrate various exemplary controlled injection devices, systems, and
methods. The description and drawings are exemplary in nature and are provided
to enable one skilled in the art to make and use one or more exemplary controlled
injection devices, controlled injection systems, and/or practice one or more of
exemplary methods. They are not intended to limit the scope of the claims in any

manner.

[0033] The use of “e.g.,” “etc.,” “for instance,” “in example,” and “or” and
grammatically related terms indicates non-exclusive alternatives without
limitation, unless otherwise noted. The use of “optionally” and grammatically
related terms means that the subsequently described element, event, feature, or
circumstance may or may not be present/occur, and that the description includes
instances where said element, event, feature, or circumstance occurs and instances
where it does not. The use of “exemplary” refers to “an example of” and is not
intended to convey a meaning of an ideal or preferred embodiment. The use of
“attached” refers to the fixed, releasable, or integrated association of two or more
elements and/or devices. Thus, the term “attached” includes releasably attaching
or fixedly attaching two or more elements and/or devices. As used herein, the
terms “proximal” and “distal” are used to describe opposing axial ends of the
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particular elements or features being described. The use of “bodily passage™ or
“body passage” refers to any passage within the body of an animal, including, but
not limited to, humans, and includes elongate passages.

[0034] The term “cavity” refers to any space, including, but not limited to, a
passageway, blind passageway, body vessel, and/or bodily passage, within any
object, including, but not limited to, an object formed of a metal, polymer, bone,
and/or tissue. The term “treatment material” refers to any fluid, drug,
medication, material, and/or agent used to occupy a cavity, including, but not
limited to, bone cement, cells, stem cells, therapeutic agents, and caulk. The term
“jig” refers to a device that receives another structure, device, or instrument and
controls the location and/or motion of the structure, device, or instrument during

use.

[0035] Figure 1 illustrates an exemplary injection device 8 adapted to be used in
the controlled injection devices, systems, and methods described herein. Any
suitable injection device having any suitable structure can be used in a controlled
injection device, system, and/or method and skilled artisans will be able to select a
suitable injection device and/or structure to include in a controlled injection
device, system, and method according to a particular embodiment based on
various considerations, including the treatment material desired to be introduced
into a cavity. Example injection devices considered suitable include, but are not
limited to, devices and/or instruments that are capable of introducing a treatment
material into a cavity, devices that include a barrel, plunger and needle, such as
syringes, and any other device considered suitable for a particular application.

[0036] In the illustrated embodiment, an example of a suitable injection device 8
is syringe 10 that comprises a barrel 12, plunger 14, and needle 16, and has a
proximal end 13 and a distal end 15.

[0037] Barrel 12 can have any suitable outside diameter and length, and skilled
artisans will be able to select a suitable outside diameter and length for a barrel
according to a particular embodiment based on various considerations, including
the desired amount of treatment material intended to be introduced into a cavity.
Barrel 12 can be formed of any suitable material, and skilled artisans will be able
to select a suitable material for a barrel according to a particular embodiment
based on various considerations, including the type of treatment material being
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introduced into a cavity. Example materials considered suitable to form a barrel
include, but are not limited to, biocompatible materials, materials that can be
made biocompatible, glasses, polymers, and any other material considered
suitable for a particular application.

[0038] In the illustrated embodiment, barrel 12 comprises a barrel proximal end
18, barrel distal end 20, barrel length 21, barrel wall 22, and barrel finger flanges
24. Barrel length 21 extends from barrel proximal end 18 to barrel distal end 20.
Barrel wall 22 defines a barrel lumen 26, first barrel opening 28, and second
barrel opening 30. Barrel lumen 26 extends from first barrel opening 28 to second
barrel opening 30. Each of the barrel finger flanges 24 extends radially outward
from barrel wall 22. Barrel distal end 20 defines barrel threads 32 that are
adapted to engage with hub threads 65 of needle 16, as described in more detail
below. Thus, barrel 12 is adapted to be attached to needle 16.

[0039] Optionally, the barrel of an injection device can include one or more
indicia along a portion, or the entirety, of the barrel length. The one or more
indicia can be formed on the outer surface of barrel, or be embedded within the
material forming the barrel. The one or more indicia can be disposed at equal, or
varying, lengths from one another along the barrel length and can be used to
determine the amount treatment material being stored within the barrel lumen
and/or introduced into a cavity. Alternatively, each of the one or more indicia
can comprise a raised protuberance extending radially outward from the exterior
surface of the barrel. The raised protuberance can extend about the entirety of the
circumference, or a portion of the circumference, of the barrel. Any suitable
distance can be used to separate each indicium of the one or more indicia from
another indicium of the one or more indicia, and skilled artisans will be able to
select a suitable distance according to a particular embodiment based on various
considerations, including the type of cavity being treated. The distance used to
separate each indicium of the one or more indicia from another indicium of the
one or more indicia can be measured using any suitable form of measurement.
Example forms of measurement considered suitable include, but are not limited
to, millimeters, centimeters, and any other form of measurement considered
suitable for a particular application.

[0040] Plunger 14 can have any suitable outside diameter and length, and skilled
artisans will be able to select a suitable outside diameter and length for a plunger
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according to a particular embodiment based on various considerations, including
the structural arrangement of the barrel of an injection device. Plunger 14 can be
formed of any suitable material, and skilled artisans will be able to select a suitable
material for a plunger according to a particular embodiment based on various
considerations, including the type of treatment material being introduced into a
cavity. Example materials considered suitable to form a plunger include, but are
not limited to, biocompatible materials, materials that can be made
biocompatible, glasses, polymers, and any other material considered suitable for a
particular application.

[0041] In the ilustrated embodiment, plunger 14 comprises a plunger proximal
end 40, plunger distal end 42, plunger length 43, plunger tip 44, plunger body 45,
and plunger finger flange 46. Plunger length 43 extends from plunger proximal
end 40 to plunger distal end 42. Plunger tip 44 1s attached to plunger distal end 42
and 1s adapted to be received within barrel lumen 26. Thus, plunger 14 is partially
disposed within barrel 12. Plunger finger flange 46 extends radially outward from
plunger body 45.

[0042] Plunger length 43 is equal to, substantially equal to, greater than, or less
than, barrel length 21. It is considered advantageous for plunger length 43 to be
equal to, substantially equal to, or greater than, barrel length 21 at least because
this configuration advantageously allows for a portion, or the entirety, of a
treatment material stored within barrel lumen 26 to pass through needle 16 when
barrel distal end 20 is moved towards plunger tip 44, or vice versa.

[0043] Plunger 14 is slidably disposed within barrel 12 such that plunger distal
end 42 and plunger tip 44 are each moveable within barrel lumen 26 along barrel
length 21. Plunger tip 44 is configured to prevent, or substantially prevent,
treatment material from passing proximally beyond plunger tip 44 when in use
(e.g., disposed within barrel lumen 26). For example, when a treatment material is
stored within barrel lumen 26, such as cement, and plunger tip 44 and barrel
distal end 20 are moved towards one another, the treatment material within
barrel lumen 26 is forced distally through needle 16. This can be accomplished by
configuring plunger tip 44 to have an outside diameter that is equal to,
substantially equal to, or greater than, the inside diameter of barrel 12. Thus,
plunger tip 44 is adapted to provide a moveable sealing engagement with barrel

12.
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[0044] Needle 16 can have any suitable outside diameter and length, and skilled
artisans will be able to select a suitable outside diameter and length for a needle
according to a particular embodiment based on various considerations, including
the desired amount of treatment material intended to be introduced into a cavity.
Needle 16 can be formed of any suitable material, and skilled artisans will be able
to select a suitable material for a needle according to a particular embodiment
based on various considerations, including the type of treatment material being
introduced into a cavity. Example materials considered suitable to form a needle
include, but are not limited to, biocompatible materials, materials that can be
made biocompatible, metals, polymers, and any other material considered
suitable for a particular application.

[0045] In the illustrated embodiment needle 16 comprises a needle proximal end
50, needle distal end 52, needle hub 54, and needle shaft 56. Needle hub 54
extends from the needle proximal end 50 towards the needle distal end 52 and has
a hub wall 58 that defines a hub lumen 60, hub first opening 62, hub second
opening 64, and hub threads 65 at needle proximal end 50. Hub lumen 60
extends from hub first opening 62 to hub second opening 64. Hub threads 65 are
adapted to engage with barrel threads 32 to provide a sealing engagement
between needle 16 and barrel 12. This advantageously allows for treatment
material to be passed between barrel lumen 26, hub lumen 60, and needle shaft
56 (e.g., needle shaft lumen 68). Thus, needle 16 1s adapted to be attached to
barrel 12.

[0046] Needle shaft 56 extends from needle hub 54 to needle distal end 52 and
comprises a needle shaft wall 66 that defines a needle shaft lumen 68, needle shaft
first opening 70, and needle shaft second opening 72. Needle shaft lumen 68
extends from needle shaft first opening 70 to needle shaft second opening 72.
Needle shaft lumen 68 is in fluid communication with hub lumen 60 and barrel

lumen 26.

[0047] While a threaded connection between barrel 12 and needle 16 has been
illustrated and described, any suitable method of attachment between a barrel and
needle is considered suitable, and skilled artisans will be able to select a suitable
method of attachment between a barrel and a needle according to a particular
embodiment based on various considerations, including the treatment material
desired to be introduced into a cavity. Example methods of attachment

10
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considered suitable between a barrel and a needle include, but are not limited to,
threaded connections, fixed connections, integrated components, adhesives, and
any other method of attachment considered suitable for a particular application.

[0048] Syringe 10 has a first configuration and a second configuration. In the
first configuration, plunger tip 44 is disposed proximal to barrel distal end 20 and
plunger finger flange 46 is disposed proximal to barrel proximal end 18 a first
distance 71 from barrel proximal end 18. In the first configuration, treatment
material 74 can be stored in barrel lumen 26. In the second configuration, plunger
tip 44 is disposed at, adjacent, or near, barrel distal end 20 and plunger finger
flange 46 is disposed proximal to barrel proximal end 18 a second distance (not
illustrated) from barrel proximal end 18 that is less than the first distance 71.
Thus, when syringe 10 is moved from the first configuration to the second
configuration, treatment material 74 that is stored within barrel lumen 26 can be
passed through barrel lumen 26, hub lumen 60, and needle shaft lumen 68.
Figure 1 illustrates syringe 10 in the first configuration with treatment material 74
disposed within barrel lumen 26. The inclusion of treatment material is
considered optional, as it may be omitted from the syringe or injection devices
described herein.

[0049] Figures 2, 3, and 4, illustrate an exemplary jig 100 used as a controlled
injection device for the introduction of a treatment material into a cavity. In the
illustrated embodiment, jig 100 comprises a jig proximal end 102, jig distal end
104, jig length 105, jig head 106, jig shaft 108, jig plunger housing 110, and jig
lengthwise axis 112. Jig length 105 extends from jig proximal end 102 to jig distal
end 104 and jig lengthwise axis 112 extends through jig length 105.

[0050] Jig 100 can have any suitable length, width, and/or structural
arrangement, and skilled artisans will be able to select a suitable length, width,
and/or structural arrangement for a jig according to a particular embodiment
based on various considerations, including the structural arrangement of an
injection device intended to be used with the jig. Example structural arrangements
considered suitable for a jig include, but are not limited to, jigs that have a jig
length that is equal to, substantially equal to, less than, or greater than, the length
of an injection device in the first configuration (e.g., .5cc syringe that has
treatment material stored in barrel lumen, lcc syringe that has treatment material
stored in barrel lumen, 1.5cc syringe that has treatment material stored in barrel

11
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lumen), jigs that have a length measured from the plunger housing to the head
distal end that is equal to, substantially equal to, less than, or greater than, the
length of an injection device in the first configuration (e.g., .5cc syringe that has
treatment material stored in barrel lumen, lcc syringe that has treatment material
stored in barrel lumen, 1.5cc syringe that has treatment material stored in barrel
lumen), and any other structural arrangement considered suitable for a particular
application. Various jig structural arrangements are illustrated and described
herein. These structural arrangements, however, are not intended to be limiting in

nature.

[0051] Jig 100 can be formed of any suitable material, and skilled artisans will be
able to select a suitable material to form a jig according to a particular
embodiment based on various considerations, including the materials forming an
injection device intended to be used with the jig. Example materials considered
suitable to form a jig include, but are not limited to, biocompatible materials,
materials that can be made biocompatible, metals, polymers, high-molecular-
weight polymers, thermoplastic materials, polyethylene, polyvinyl chloride,
polystyrene, and any other material considered suitable for a particular
application.

[0052] Jig 100 can be formed using any suitable method, and skilled artisans will
be able to select a suitable method to form a jig according to a particular
embodiment based on various considerations, including the material(s) that form
the jig. Example methods of forming a jig considered suitable include, but are not
limited to, injection molding, and any other method of manufacture considered
suitable for a particular application.

[0053] In the illustrated embodiment, jig head 106 has a head proximal end 114,
head distal end 116, and head body 118 that defines head opening 120. The
diameter of the outer surface of head body 118 tapers from a location between
head proximal end 114 and head distal end 116 to head distal end 116. This
structural configuration is considered advantageous at least because it reduces the
outer diameter of jig head 106 allowing it to fit into smaller geometries as
compared to a jig head that does not taper towards the head distal end. While the
diameter of the outer surface of head body 118 has been illustrated and described
as tapering from a location between head proximal end 114 and head distal end
116 to head distal end 116, a jig head can have any suitable structural

12
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configuration. Skilled artisans will be able to select a suitable structural
configuration for a jig head according to a particular embodiment based on
various considerations, including the structural arrangement of an injection device
intended to be used with the jig. Example structural arrangements considered
suitable for a jig head include, but are not limited to, a jig head having a constant,
or substantially constant, outer diameter from the jig head proximal end to the jig
head distal end, a jig head having an outer diameter that tapers from the jig head
proximal end to the jig head distal end, a jig head that has an outer diameter that
varies from the jig head proximal end to the jig head distal end, a jig head that
tapers from a location between the jig head proximal end and the jig head distal
end to the jig head distal end, and any other structural configuration considered
suitable for a particular application.

[0054] Head opening 120 can comprise any suitable opening, recess, aperture,
or other structure capable of receiving a portion, or the entirety, of an injection
device (e.g., syringe 10). In the illustrated embodiment, head opening 120
comprises a recess that extends into head body 118 and extends from head
proximal end 114 to head distal end 116. Head opening 120 has a head opening
first portion 122 that extends from head proximal end 114 towards head distal
end 116 and a head opening second portion 124 that extends from head distal end
116 towards head proximal end 114. Head opening first portion 122 has a
constant, or substantially constant, diameter and head opening second portion
124 has a diameter that tapers from a location proximal to head distal end 116 to
head distal end 116. Thus, head opening 120 has a first diameter at head
proximal end 114 and a second, different, diameter at head distal end 116. In the
illustrated embodiment, the first diameter at head proximal end 114 is greater
than the second diameter at head distal end 116.

[0055] Head opening 120 is adapted to receive a portion, or the entirety, of an
injection device, such as the barrel of an injection device (e.g., barrel 12), and/or
the needle of an injection device (e.g., needle hub 54, needle shaft 56). The
structural configuration of jig head 106 is considered advantageous at least
because it provides a mechanism for positioning the needle distal end of an
injection device at a desired location within a cavity, as described in more detail
herein. For example, the tapered configuration of head opening 120 is considered
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advantageous at least because it provides a mechanism for receiving variously
sized injection devices (e.g., .5cc syringe, lcc syringe, 1.5cc syringe).

[0056] Head opening 120 can have any suitable structural arrangement and any
suitable dimensions, and skilled artisans will be able to select a suitable structural
arrangement and dimensions for a head opening of a jig according to a particular
embodiment based on various considerations, including the structural
arrangement and/or dimensions of an injection device intended to be used with
the jig.

[0057] While head opening 120 has been illustrated and described as having a
first diameter at head proximal end 114 that is greater than a second diameter at
head distal end 116, the head opening of a jig can have any suitable diameter at
head proximal end and head distal end. Skilled artisans will be able to select a
suitable diameter for a head opening according to a particular embodiment based
on various considerations, including the structural arrangement of an injection
device intended to be used with the jig. Example diameters considered suitable for
a head opening include, but are not limited to, a head opening having a first
diameter at head proximal end that is greater than, less than, equal to, or
substantially equal to, a second diameter at head distal end.

[0058] Optionally, one or more protuberances can be attached to head body
that extend radially into head opening along a portion, or the entirety, of the
length of head opening to provide a mechanism for releasably attaching an
injection device to the jig and/or limiting distal advancement of an injection
device while disposed within the head opening. The one or more protuberances
can be formed of a malleable material, or any other material capable of
deforming, and each protuberance can deform while a portion of an injection
device is being introduced into a head opening, or while a portion of an injection
device 1s disposed within a head opening. The one or more protuberances can
provide a mechanism for releasably attaching a portion of an injection device
within a head opening using a snap fit configuration and/or friction fit
configuration.

[0059] In the illustrated embodiment, jig shatt 108 is attached to jig head 106,

extends from jig head 106 towards jig proximal end 102, and comprises a first
shaft arm 130 and second shaft arm 132. First shaft arm 130 has a first shaft arm
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proximal end 134 and a first arm shaft distal end 136 and second shaft arm 132
has a second shaft arm proximal end 138 and a second shaft arm distal end 140.
Each of the first shaft arm 130 and second shaft arm 132 extends from jig head
106 to jig plunger housing 110.

[0060] While jig shaft 108 has been illustrated and described as having a first
shaft arm 130 and a second shaft arm 132, a jig shaft can have any suitable
number of shaft arms and/or any suitable structural arrangement. Skilled artisans
will be able to select a suitable number of shaft arms and/or structural
arrangement for the shaft of a jig according to a particular embodiment based on
various considerations, including the structural arrangement of the barrel and/or
plunger of an injection device intended to be used with the jig. Example number
of shaft arms considered suitable to include in a jig include, but are not limited to,
one, at least one, two, a plurality, three, four, five, and any other number
considered suitable for a particular application. Alternative to jig shaft having a
first shaft arm and a second shaft arm, a jig shaft can have only a first shatt arm or
have wall that defines a recess, opening, or notch, that is adapted to receive the
barrel and/or barrel finger flange(s) of an injection device.

[0061] While each of the first shaft arm 130 and second shaft arm 132 has been
illustrated and described as extending from jig head 106 to jig plunger housing
110, a jig shaft can extend any suitable distance along a jig length, and skilled
artisans will be able to select a suitable distance for a jig shaft to extend along a jig
length according to a particular embodiment based on various considerations,
including the structural arrangement of an injection device intended to be used
with a jig. Example distances considered suitable for a jig shaft to extend along a
jig length include, but are not limited to, a jig shaft that extends from a jig
proximal end to a jig distal end, a jig shaft that extends from a location between a
head proximal end and a head distal end to a jig proximal end, a jig shaft that
extends from a head distal end to a jig proximal end, a jig shaft that extends from
a location between a plunger housing proximal end and a plunger housing distal
end to a head proximal end, a jig shaft that extends from a location between a
plunger housing proximal end and a plunger housing distal end to a location
between a head proximal end and a head distal end, a jig shaft that extends from
a location between a plunger housing proximal end and a plunger housing distal
end to a head distal end, a jig shaft that extends from a plunger housing distal end
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to a head proximal end, a jig shaft that extends from a plunger housing distal end
to a location between a head proximal end and a head distal end, a jig shaft that
extends from a plunger housing distal end to a head distal end, and any other
structural configuration considered suitable for a particular application.

[0062] While jig shaft 108 has been illustrated and described as attached to jig
head 106, any suitable type of attachment can be used between a jig head and a
jig shaft, and skilled artisans will be able to select a suitable type of attachment
between a jig head and a jig shaft according to a particular embodiment based on
various considerations, including the materials that form the jig head and/or jig
shaft. Example forms of attachment considered suitable between a jig head and a
jig shaft include, but are not limited to, fixed attachment, releasable attachment,
an integrated association between the jig head and the jig shaft, attaching the jig
head such that it is moveable along the length of the jig shaft, and any other form
of attachment considered suitable for a particular application.

[0063] In the illustrated embodiment, jig plunger housing 110 is disposed on jig
shaft 108 and comprises a plunger housing proximal end 150, plunger housing
distal end 152, plunger housing first surface 154, plunger housing second surface
156, and a plunger housing body 158. Jig plunger housing 110 has a length that is
disposed orthogonal, or substantially orthogonal, to jig lengthwise axis 112.
Plunger housing first surface 154 is opposably facing, or substantially opposably
facing, plunger housing second surface 156. Plunger housing first surface 154 is
disposed orthogonal, or substantially orthogonal, to plunger housing distal end
152.

[0064] Plunger housing body 158 defines a plunger housing recess 160 that
extends into jig plunger housing 110 from plunger housing first surface 154 and
towards plunger housing second surface 156. Plunger housing recess 160 is
adapted to receive a portion, or the entirety, of the plunger of an injection device
(e.g., plunger proximal end 40, plunger body 45, plunger finger flange 46).
Plunger housing recess 160 has a plunger housing recess first portion 162 and a
plunger housing recess second portion 164. Plunger housing recess first portion
162 extends from plunger housing distal end 152 towards plunger housing
proximal end 150. Plunger housing recess first portion 162 extends into jig
plunger housing 110 a plunger housing first recess length 163 measured along jig
length 105 and has a plunger housing first recess width 165 measured along
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plunger housing distal end 152. Plunger housing recess second portion 164
extends from plunger housing recess first portion 162 and towards plunger
housing proximal end 150. Plunger housing recess second portion 164 extends
into jig plunger housing 110 a plunger housing second recess length 167 measured
along jig length 105 and has a plunger housing second recess width 169 measured
along plunger housing distal end 152.

[0065] In the illustrated embodiment, plunger housing first recess length 163 is
less than plunger housing second recess length 167 and plunger housing first
recess width 165 1s less than plunger housing second recess width 169. This
configuration 1s considered advantageous at least because it provides a mechanism
for receiving and releasably attaching a portion of the plunger of an injection
device (e.g., plunger proximal end 40, plunger body 45, plunger finger flange 46)
to jig 100 and maintaining the axial position of the plunger of the injection device
relative to the jig 100.

[0066] While a particular structural arrangement has been described and
illustrated for jig plunger housing 110, the jig plunger housing of a jig can have
any suitable structural arrangement. Skilled artisans will be able to select a
suitable structural arrangement for a jig plunger housing according to a particular
embodiment based on various considerations, including the structural
arrangement of the plunger of an injection device. For example, alternative to
plunger housing first recess length 163 being less than plunger housing second
recess length 167, as illustrated and described above, a plunger housing first recess
length can be equal to, substantially equal to, or greater than, a plunger housing
second recess length. In addition, alternative to plunger housing first recess width
165 being less than plunger housing second recess width 169, as illustrated and
described above, a plunger housing first recess width can be equal to, substantially
equal to, or greater than, a plunger housing second recess width. In this
configuration, a protuberance can extend radially inward from plunger housing
wall and into the plunger housing recess between the plunger housing recess first
portion and the plunger housing recess second portion to prevent, or substantially
prevent, axial movement of the plunger when disposed in the plunger housing
recess. The protuberance can be a separate element attached to the jig plunger
housing or be integral with the jig plunger housing.
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[0067] Jig head 106, jig shaft 108, and jig plunger housing 110 define a jig
opening 170 that extends along the jig length 105 between jig proximal end 102
and jig distal end 104. It is considered advantageous to include a jig opening 170
at least because it allows each of the barrel finger flanges of an injection device
(e.g., barrel finger flanges 24) to extend radially outward from jig lengthwise axis
112 and allows for movement of the barrel of an injection device along jig length
105 while the plunger of the injection device is fixed, or releasably fixed, to jig
plunger housing 110.

[0068] Figure 5 illustrates a first alternative jig 200. Jig 200 is similar to jig 100
illustrated in Figures 2, 3, and 4, and described above, except as detailed below.
Reference numbers in Figure 5 refer to the same structural element or feature
referenced by the same number in Figures 2, 3, and 4, offset by 100. Thus, jig 200
comprises a jig proximal end 202, jig distal end 204, jig length 205, jig head 206,
jig shaft 208, and a jig plunger housing 210.

[0069] In the illustrated embodiment, head body 218 defines a head opening 220
that has a head opening first portion 222, head opening second portion 224, and a
head opening third portion 226. Head opening first portion 222 extends from
head proximal end 214 towards head distal end 216, head opening second portion
224 15 disposed between head proximal end 214 and head distal end 216, and
head opening third portion 226 extends from head distal end 216 towards head
proximal end 214.

[0070] Head opening first portion 222 has a first diameter 223, head opening
second portion 224 has a second diameter 225, and head opening third portion
226 has a third diameter 227. First diameter 223 is different than the second
diameter 225 and second diameter 225 is different than the third diameter 227. In
the illustrated embodiment, first diameter 223 1s greater than second diameter 225
and second diameter 225 is greater than third diameter 227. This configuration
advantageously defines a first shoulder 228 between head opening first portion
222 and head opening second portion 224 and a second shoulder 229 between
head opening second portion 224 and head opening third portion 226.

[0071] It is considered advantageous for head body 218 to define head opening
first portion 222, head opening second portion 224, and head opening third
portion 226 at least because this structural configuration allows for injection
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devices having different barrel diameters and/or lengths to be used with jig 200.
In addition, it is considered advantageous for head body 218 to define first
shoulder 228 and second shoulder 229 at least because each of the shoulders
provides a mechanical stop to distal movement of the barrel of an injection device
when it is disposed within head opening 220.

[0072] While head body 218 has been illustrated and described as defining head
opening first portion 222, head opening second portion 224, and head opening
third portion 226, the head body of a jig head can define any suitable number of
head opening portions having any suitable diameter. Skilled artisans will be able
to select a suitable number of head opening portions and a suitable diameter for
each head opening portion to include in a jig according to a particular
embodiment based on various considerations, including the number and/or size
of the injection device(s) intended to be used with the jig. Example numbers of
head opening portions considered suitable to include in a jig include, but are not
limited to, one, at least one, two, a plurality, three, four, five, six, and any other
number considered suitable for a particular application. Example diameters
considered suitable for a head opening portion include, but are not limited to, the
outer diameter of a desired needle hub of an injection device (e.g., .5cc syringe,
lcc syringe, 1.5cc syringe), the outer diameter of a desired barrel of an injection
device (e.g., .Dcc syringe, lcc syringe, 1.5cc syringe), and any other diameter
considered suitable for a particular application.

[0073] Figures 6, 7, 8, and 9, illustrate an exemplary controlled injection system
300 comprising the exemplary syringe 10 illustrated in Figure 1 disposed within
the exemplary jig 100 illustrated in Figures 2, 3, and 4. Reference numbers in
Figures 6, 7, 8, and 9, refer to the same structural element or feature referenced
by the same number in Figures 1, 2, 3, and 4. Thus, syringe 10 comprises a barrel
12, plunger 14, and needle 16 and jig 100 comprises a jig head 106, jig shaft 108,
and a jig plunger housing 110. Figures 6, 7, and 8, illustrate the controlled
injection system 300 in the first configuration and Figure 9 illustrates the
controlled injection system 300 in the second configuration.

[0074] In the illustrated embodiment, plunger finger flange 46 is disposed within
plunger housing recess 160 such that plunger 14 is fixed relative to jig 100. Thus,
plunger 14 is prevented, or substantially prevented, from moving axially along jig
length 105. Each of barrel distal end 20 and needle hub 54 is disposed within
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head opening 120 and needle distal end 52 is disposed distal to jig distal end 104.
Barrel finger flanges 24 are disposed within, and extend radially outward of; jig
opening 170 and are adapted to move axially within jig opening 170 along jig
length 105. Thus, barrel 12 is adapted to move axially along jig length 105.

[0075] In the first configuration, as illustrated in Figures 6, 7, and 8, syringe 10 is
disposed within jig 100 such that barrel distal end 20 and/or needle hub 54
contacts head body 118 preventing, or substantially preventing, barrel 12 from
moving distally along jig length 105. Barrel distal end 20 and/or needle hub 54
contacts head body 118 at a point where the taper of head opening second
portion 124 defines a diameter that is equal to, substantially equal to, or less than,
the diameter of barrel 12 and/or needle hub 54. This configuration is considered
advantageous at least because it positions needle distal end 52 distal to jig distal
end 104 and allows proximal movement of barrel 12 within jig 100 along jig
length 105. For example, barrel 12 and needle 16 are able to move towards jig
proximal end 102. It is considered advantageous for the barrel distal end 20
and/or needle hub 54 to contact the wall of head body 118 within head opening
120 at least because this configuration prevents needle distal end 52 from
extending beyond a desired distance from jig distal end 104. The taper defined
along the length of head opening second portion 124 advantageously allows for a
number of differently sized barrels and/or needle hubs to be utilized within jig
100.

[0076] In the first configuration, plunger tip 44 is disposed proximal to barrel
distal end 20, plunger finger flange 46 is disposed proximal to barrel proximal end
18 a first distance 171, and treatment material 74 is stored in barrel lumen 26. In
addition, barrel distal end 20 and/or needle hub 54 is contacting, or interacting
with, head body 118 and needle distal end 52 is disposed distal to jig distal end
104. By placing a proximal force on barrel 12 (e.g., barrel finger flanges 24) in the
direction of arrow 172, syringe 10 can be moved to the second configuration, as
shown in Figure 9, and treatment material 74 can be passed through barrel lumen
26 and needle shaft lumen 68.

[0077] In the second configuration, plunger tip 44 is disposed at, or near, barrel
distal end 20, plunger finger flange 46 is disposed proximal to barrel proximal end
18 a second distance 173 from barrel proximal end 18 that is less than the first
distance 171, and a portion, or the entirety, of treatment material 74 has been
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expelled from barrel lumen 26. Thus, when syringe 10 is moved from the first
configuration to the second configuration, treatment material 74 that is stored
within barrel lumen 26 is passed through barrel lumen 26, hub lumen 60, and
needle shaft lumen 68. In addition, in the second configuration, each of the barrel
distal end 20 and/or needle hub 54 has been withdrawn proximally within head
opening 120 such that needle distal end 52 has been advanced proximally and is
positioned at, or near, jig distal end 104

[0078] While barrel distal end 20 and/or needle hub 54 have been illustrated
and described as interacting with, or contacting, jig head 106 (e.g., head body
118), any suitable portion of an injection device can contact a jig to prevent, or
substantially prevent, distal axial movement of the injection device. The portion of
an injection device contacting, or interacting with, a jig will depend on the
structural arrangement of the injection device. As described herein, any suitable
injection device, having any suitable structural arrangement, can be used in
combination with the jigs described herein. Skilled artisans will be able to select a
suitable injection device to use with a jig according to a particular embodiment
based on various considerations, including the amount of treatment material
desired to be introduced into a cavity. For example, a portion, or the entirety, of a
barrel, needle hub, and any other portion of an injection device, can interact, or
contact, a jig head.

[0079] While needle distal end 52 has been illustrated and described as
positioned at, or near, jig distal end 104 when controlled injection system 300
and/or syringe 10 is in the second configuration, the needle distal end of a syringe
can be positioned at any suitable location along a jig length, or beyond a jig
length, when a controlled injection system and/or syringe is the first configuration
or second configuration. Skilled artisans will be able to select a suitable position
for a needle distal end with respect to a controlled injection system according to a
particular embodiment based on various considerations, including the depth of a
cavity that is being treated. Example positions considered suitable for a needle
distal end of an injection device when a controlled injection system and/or syringe
is in the first configuration or second configuration include, but are not limited to,
distal to a jig distal end, at a jig distal end, near a jig distal end, and proximal to a
jig distal end.
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[0080] Figure 10 illustrates the exemplary controlled injection system 300
illustrated in Figures 6, 7, 8, and 9 partially disposed within a cavity 302. Figure
11 illustrates the exemplary controlled injection system 300 illustrated in Figures
6, 7, 8, and 9, free of the cavity 302. Reference numbers in Figures 10 and 11
refer to the same structural element or feature referenced by the same number in
Figures 6, 7, 8, and 9. Thus, syringe 10 comprises a barrel 12, plunger 14, and
needle 16 and jig 100 comprises a jig head 106, jig shaft 108, and a jig plunger
housing 110. Figure 10 illustrates controlled injection system 300 in the first
configuration and Figure 11 illustrates controlled injection system 300 in the
second configuration.

[0081] Figures 10 and 11 illustrate a cavity 302 formed in bone 304. The cavity
302 comprises a cavity opening 306 and a cavity distal end 308. When it is desired
to introduce a treatment material 74 (e.g., cement) into cavity 302, syringe 10 is
loaded within jig 100, as described herein, such that barrel distal end 20 and/or
needle hub 54 contacts head body 118 and needle distal end 52 is disposed distal
to jig distal end 104. As illustrated in Figure 10, needle distal end 52 is advanced
into cavity 302 until jig distal end 104 contacts bone 304. The interaction of bone
304 and jig distal end 104 acts as a mechanical stop preventing distal
advancement of jig 100 beyond where jig distal end 104 contacts bone 304. Thus,
controlled injection system 300 provides a mechanism for advancing a needle
distal end 52 into a cavity 302 a predetermined distance. The distance a needle 16
is advanced into a cavity 302 is based on the structural configuration of jig 100
(e.g., jig head 106, jig shaft 108, jig plunger housing 110) and/or the structural
arrangement of the injection device being used.

[0082] As illustrated in Figure 11, when barrel 12 is moved proximally along jig
length 105 in the direction of arrow 172, needle distal end 52 is withdrawn
proximally out of cavity 302 through cavity opening 306 and treatment material
74 is introduced into cavity 302. Thus, movement of syringe 10 from the first
configuration to the second configuration passes treatment material 74 stored
within barrel lumen 26 through hub lumen 60 and needle shaft lumen 68.
Depending on the length of the barrel 12 and/or needle 16, when controlled
injection system 300 and/or syringe 10 are in the second position, needle distal
end 52 can be free of cavity 302 or disposed within cavity 302.
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[0083] The configuration of jig 100 is considered advantageous at least because
it allows for treatment material 74 stored within barrel lumen 26 to be introduced
into cavity 302 continuously, or substantially continuously, while simultaneously
withdrawing needle distal end 52 from cavity 302. This prevents, or substantially
prevents, disruption in treatment material 74 as it is being introduced into cavity
302. The configuration of jig 100 is also considered advantageous at least because
it provides a mechanism for controlling the placement of treatment material 74
within a cavity. For example, some cavities can have a distal end formed of a soft
tissue for which it is not desired to introduce treatment material. The
configuration of jig 100 provides a mechanical stop to distal advancement of a
needle distal end within a cavity such that treatment material can be positioned
within the cavity at a desired point of treatment as the barrel of an injection
device is advanced proximally.

[0084] Needle distal end 52 can be positioned at any suitable distance from jig
distal end 104 when injection device 10 is in the first configuration, and skilled
artisans will be able to select a suitable distance to position a needle distal end
from a jig distal end according to a particular embodiment based on various
considerations, including the location of the cavity. For example, a needle distal
end can be positioned a distance from a jig distal end that is based on one or more
attributes, such as the cavity depth, cavity volume, needle length, barrel length,
plunger length, injection device length in the first configuration, injection device
length in the second configuration, jig length, jig head length, jig shaft length, jig
plunger housing length, and any other attribute considered suitable for a
particular application. Example methods of positioning a needle distal end a
distance from a jig distal end are described herein.

[0085] While a cavity 302 has been illustrated and described as formed in bone
304, the jigs and/or controlled injection devices described herein can be used to
treat a cavity formed in any material and/or portion of a body, and skilled
artisans will be able to select a suitable cavity to treat using one of the jigs and/or
controlled injection devices described herein according to a particular
embodiment based on various considerations, including the treatment material
desired to be introduced into the cavity. Example uses for the jigs and/or
controlled injection devices described herein include, but are not limited to, cell
therapy (e.g., stem cell therapy), repeated injections of a treatment material, and
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any other use considered suitable for a particular application. For example, the
jigs and/or controlled injection devices described herein can be utilized to

introduce stem cells into a cavity.

[0086] Figure 12 illustrates a second alternative jig 400. Jig 400 is similar to jig
100 illustrated in Figures 2, 3, and 4, and described above, except as detailed
below. Reference numbers in Figure 12 refer to the same structural element or
feature referenced by the same number in Figures 2, 3, and 4, offset by 300. Thus,
jig 400 comprises a jig proximal end 402, jig distal end 404, jig head 406, jig shaft
408, and jig plunger housing 410.

[0087] In the illustrated embodiment, jig head body 418 defines a head opening
420 that extends from a head first opening 421 on head proximal end 414 to a
head second opening 423 on the head distal end 416. Thus, jig opening 420
comprises a head aperture that extends into head body 418 and extends from
head proximal end 414 to head distal end 416. Head opening 420 has a head
opening first portion 422 that extends from head first opening 421 towards head
distal end 416 and a head opening second portion 424 that extends from head
second opening 423 towards head proximal end 414. Head opening first portion
422 has a constant, or substantially constant, diameter and head opening second
portion 424 has a diameter that tapers from a location proximal to head distal end
416 to head distal end 416. Thus, head opening 420 has a first diameter at head
proximal end 414 and a second, different, diameter at head distal end 416. In the
illustrated embodiment, the first diameter at head proximal end 414 is greater
than the second diameter at head distal end 416.

[0088] In the illustrated embodiment, jig plunger housing 410 is adjustable along
jig length 405 on jig shaft 408 and comprises a plunger housing proximal end 450,
plunger housing distal end 452, plunger housing first surface 454, plunger housing
second surface (not shown), plunger housing body 458, and plunger housing
fasteners 476, 476°. Thus, jig plunger housing 410 is adapted to move axially
along jig length 405 on jig shaft 408 and between a first position along jig length
405 to a second position along jig length 405 that is different than the first
position. Plunger housing body 458 defines a first plunger housing aperture 478,
second plunger housing aperture 478’ third plunger housing aperture 480, and a
fourth plunger housing aperture 480°. Each of the third plunger housing aperture
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480 and fourth plunger housing aperture 480" 1s threaded along a portion, or the
entirety, of'its length.

[0089] First plunger housing aperture 478 extends from a first opening on
plunger housing proximal end 450 to a second opening on plunger housing distal
end 452. Second plunger housing aperture 478" extends from a first opening on
plunger housing proximal end 450 to a second opening on plunger housing distal
end 452. First plunger housing aperture 478 1s adapted to receive a portion of first
shaft arm 430 and second plunger housing aperture 478" is adapted to receive a
portion of second shaft arm 432.

[0090] Third plunger housing aperture 480 extends from a first opening disposed
between plunger housing proximal end 450 and plunger housing distal end 452 to
a second opening disposed between plunger housing proximal end 450 and
plunger housing distal end 452 and in communication with first plunger housing
aperture 478. Fourth plunger housing aperture 480" extends from a first opening
disposed between plunger housing proximal end 450 and plunger housing distal
end 452 to a second opening disposed between plunger housing proximal end 450
and plunger housing distal end 452 and in communication with second plunger
housing aperture 478". Thus, third plunger housing aperture 480 is in
communication with first plunger housing aperture 478 and fourth plunger
housing aperture 480 is in communication with second plunger housing aperture
478’. Third plunger housing aperture 480 is adapted to receive a portion, or the
entirety, of plunger housing fastener 476 and fourth plunger housing aperture

480" is adapted to receive a portion, or the entirety, of a plunger housing fastener
476".

[0091] Each of the plunger housing fasteners 476, 476" is threaded along a
portion, or the entirety, of its length and is adapted to be received by its respective
plunger housing aperture 480, 480°. Each of the plunger housing fasteners 476,
476" has a first configuration and a second configuration. In the first
configuration, each of the plunger housing fasteners 476, 476" is free, or
substantially free, of jig shaft 408. In the second configuration, each of the plunger
housing fasteners 476, 476" is in contact with, or substantially contacting, jig shaft
408 to prevent, or substantially prevent, axial movement of jig head housing 410
along jig length 405. Thus, plunger housing fasteners 478, 478" are adapted to
releasably attach jig plunger housing 410 to jig shaft 408 and jig plunger housing
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410 1s slidable along jig length 405 on jig shaft 408. This configuration is
considered advantageous at least because it provides a mechanism for customizing
jig 400 to receive a variety of barrel lengths and/or needle lengths. In addition,
this configuration is considered advantageous at least because it provides a

mechanism for positioning the needle distal end at a predetermined distance from
jig distal end 404.

[0092] While plunger housing head fasteners 476, 476" have been illustrated and
described as providing a mechanism for preventing, or substantially preventing,
axial movement of jig head housing 410 along jig length 405, any suitable
structure capable of providing a mechanism to adjust the position of a jig head
housing along a jig length can be used. Skilled artisans will be able to select a
suitable structure to include with a jig to adjust the position of a jig head housing
according to a particular embodiment based on various considerations, including
the materials forming the jig. Example structure considered suitable to provide a
mechanism to adjust the position of a jig head housing along a jig length include,
but are not limited to, a ratcheting system, spring loaded lock and release system
(e.g., ball bearing mechanism), using a retaining pin disposed through a lumen
defined by the jig head housing, a collet, a screw type collet, and any other
structure considered suitable for a particular application.

[0093] While a third plunger housing aperture 480, fourth plunger housing
aperture 4807, and two plunger housing fasteners 476, 476" have been illustrated
and described, any suitable number of apertures can be defined by a plunger
housing body and any suitable number of fasteners can be used to releasably
attach a plunger housing along a jig length. Skilled artisans will be able to select a
suitable number of apertures for a plunger housing body to define and a suitable
number of fasteners to include with a jig to achieve releasable attachment between
a jig plunger housing and a jig shaft according to a particular embodiment based
on various considerations, including the structural arrangement of the jig.
Example number of apertures considered suitable for a plunger housing body to
define include, but are not limited to, one, at least one, two, a plurality, three,
four, and any other number considered suitable for a particular application.
Example number of plunger housing fasteners considered suitable to include with
a jig include, but are not limited to, one, at least one, two, a plurality, three, four,
and any other number considered suitable for a particular application.
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[0094] Various methods of introducing a treatment material into a cavity having
a cavity wall are provided. While the methods described herein are shown and
described as a series of acts, it is to be understood and appreciated that the
methods are not limited by the order of acts, as some acts may, in accordance
with these methods, occur in different orders, and/or concurrently with other acts
described herein.

[0095] Figure 13 is a flowchart representation of an exemplary method 500 of
introducing a treatment material into a cavity having a cavity wall.

[0096] A step 502 comprises inserting an injection device (e.g., syringe 10)
having an injection device proximal end, an injection device distal end, a barrel, a
plunger, and a needle into a jig having a jig proximal end and a jig distal end such
that the injection device distal end is disposed distal to the jig distal end and the
plunger is fixed relative to the jig. The barrel containing a treatment material.
Another step 504 comprises advancing the injection device distal end into a
cavity. Another step 506 comprises advancing the jig towards the cavity wall such
that it contacts the cavity wall. Another step 508 comprises applying a proximal
force on the barrel such that the barrel moves proximally with respect to the jig,
injection device distal end is withdrawn in the cavity in a proximal direction, and
the treatment material is introduced into the cavity. Another step 510 comprises
stopping the application of the proximal force on the barrel. Another step 512
comprises removing the jig from the cavity wall.

[0097] Step 502 can be accomplished using any suitable injection device and/or
jig. Skilled artisans will be able to select a suitable injection device and/or jig to
include in the methods described herein according to a particular embodiment
based on various considerations, including the type of treatment material desired
to be introduced into a cavity. Example injection devices considered suitable to
accomplish the methods described herein include, but are not limited to, injection
device 8, and any other injection device considered suitable for a particular
application. Example jigs considered suitable to accomplish the methods
described herein include, but are not limited to, jig 100, jig 200, jig 400, jig 800,
and any other jig considered suitable for a particular application.

[0098] Step 502 can be accomplished by mnserting the plunger proximal end of
an injection device (e.g., plunger proximal end 40) within a jig plunger housing

27



WO 2014/070966 PCT/US2013/067652

(e.g., jig plunger housing 110) and the barrel distal end (e.g., barrel distal end 20)
and/or needle hub (e.g., needle hub 54) within a head opening of a jig (e.g., head
opening 120).

[0099] An optional step comprises determining the location and size of the
cavity, or the portion of the cavity, within which it 13 desired to introduce
treatment material. This step can be accomplished by locating the cavity using
direct visualization, or other visualization techniques (e.g., scope), and measuring
the cavity, or portion thereof, for which it is desired to introduce treatment
material. Another optional step comprises determining the amount of treatment
material desired to be introduced into a cavity, or portion of a cavity. This step
can be accomplished using any suitable method. For example, this step can be
accomplished using the information gathered from the step of determining the
location and size of the cavity, or the portion of the cavity, within which it is
desired to introduce treatment material. Another optional step is determining the
size of an injection device to insert into a jig.

[00100] For example, an optional step comprises measuring the cavity
depth, cavity diameter, and/or cavity volume. Another optional step comprises
selecting an injection device that has a barrel lumen diameter that is
complementary to the cavity diameter. Another optional step comprises inserting
the injection device having an injection device proximal end, an injection device
distal end, a barrel, a needle, and a plunger containing no treatment material in
the barrel into a jig having a jig proximal end and a jig distal end such that the
injection device distal end 1s disposed distal to the jig distal end and the injection
device proximal end is fixed relative to the jig. Another optional step comprises
positioning the injection device distal end (e.g., needle distal end) distal to the jig
distal end a distance equal to, or substantially equal to, greater than, or less than,
the measurement obtained in the step of measuring the cavity depth. Another
optional step comprises recording the plunger distal end position within the barrel
while the injection device distal end 1s disposed distal to the jig distal end. Another
optional step comprises removing the injection device from the jig. Another
optional step comprises depressing the plunger such that the plunger distal end is
disposed at, adjacent, or near, the barrel distal end. Another optional step
comprises introducing treatment material into the barrel such that the plunger
distal end is disposed at, or near, the positioned within the barrel obtained in the
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step of recording the plunger distal end position within the barrel.

[00101] Another optional step that can be completed prior to, in combination
with, or subsequent to, step 502 comprises adjusting the location of the jig plunger
housing (e.g., jig plunger housing 410) along jig length (e.g., jig length 405). This
step can be accomplished by positioning jig plunger housing at a desired location
along jig length and moving one or more plunger housing fasteners (e.g., plunger
housing fasteners 476, 476") to the second position such that the one or more
plunger housing fasteners are in contact, or substantially contacting, jig shaft (e.g.,
jig shaft 408).

[00102] Another optional step comprises introducing treatment material into the
injection device. This step can be accomplished by passing the treatment material
through the needle shaft lumen and hub lumen and into the barrel lumen of the
injection device. Alternatively, a treatment material can be passed through the
first barrel opening and a plunger can subsequently be advanced through first
barrel opening and into barrel lumen.

[00103] Alternative to completing step 502, injection device can be preloaded
within a jig to provide a controlled injection system.

[00104] Step 504 can be accomplished by locating the cavity (e.g., cavity formed
in bone, bodily passage) and advancing the controlled injection system towards
the cavity until the injection device distal end 1s disposed within the cavity.

[00105] Step 506 can be accomplished by advancing the jig of the controlled
injection system towards the cavity until the jig distal end contacts, or substantially
contacts, the cavity wall.

[00106] An optional step comprises confirming contact between the jig and the
cavity wall. This step can be accomplished through tactile feedback received by
the user of the controlled injection system when the jig contacts, or substantially
contacts, the cavity wall, or through visualizing the contact using any suitable
method of visualization.

[00107] Step 508 can be accomplished by placing a proximal force on any
portion of the barrel of the injection device (e.g., barrel finger flanges 24). It 1s
considered advantageous to complete this step while jig maintains contact with the
cavity wall.
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[00108] An optional step comprises confirming that treatment material i3 being
introduced into cavity. This step can be accomplished by direct visualization of
the treatment material or through any other suitable method of visualization.

[00109] Step 510 can be accomplished by removing the proximal force from a
portion, or the entirety, of the barrel of the injection device (e.g., barrel finger
flanges 24).

[00110] Step 512 can be accomplished by placing a force on the jig such that it is
advanced away from the cavity wall.

[00111] Optional steps comprise introducing treatment material into the
injection device again and repeating steps 502, 504, 506, 508, and/or 510.

[00112] While various injection device configurations, jig configurations, steps,
alternative steps, and optional steps have been described above with respect to
introducing a treatment material into a cavity having a cavity wall, these injection
device configurations, jig configurations, steps, alternative steps, and optional steps
can be included in, accomplished concurrently with, and/or accomplished in the
alternative to, the methodologies, injection device configurations, jig
configurations, steps, alternative steps, and/or optional steps described below with
respect to exemplary method 600 and/or method 900.

[00113] Figure 14 is a flowchart representation of another exemplary method
600 of introducing a treatment material into a cavity having a cavity wall.

[00114] A step 602 comprises measuring the depth of a cavity. Another step 604
comprises inserting an injection device having an injection device proximal end,
an injection device distal end, a barrel, a needle, and a plunger into a jig having a
jig proximal end and a jig distal end such that the injection device distal end is
disposed distal to the jig distal end and the plunger is fixed relative to the jig. The
barrel initially contains no treatment material. Another step 606 comprises
positioning the injection device distal end (e.g., needle distal end) distal to the jig
distal end a distance equal to, or substantially equal to, the measurement obtained
in the step of measuring the cavity depth. Another step 608 comprises recording
the location of the plunger distal end within the barrel while the injection device
distal end is disposed distal to the jig distal end. Another step 610 comprises
removing the injection device from the jig. Another step comprises 612 depressing
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the plunger such that the plunger distal end is disposed at, adjacent, or near, the
barrel distal end. Another step 614 comprises introducing treatment material into
the barrel such that the plunger distal end is disposed at, or near, the location
within the barrel obtained in the step of recording the location of the plunger
distal end position within the barrel while the injection device distal end is
disposed distal to the jig distal end. Another step 616 comprises inserting the
injection device into the jig such that the injection device distal end (e.g., needle
distal end) is disposed distal to the jig distal end a distance equal to, or
substantially equal to, the measurement obtained in the step of measuring the
cavity depth. The barrel containing the treatment material. Another step 618
comprises advancing the injection device distal end into the cavity. Another step
620 comprises advancing the jig towards the cavity wall such that it contacts the
cavity wall. Another step 622 comprises applying a proximal force on the barrel
such that the barrel moves proximally with respect to the jig, injection device
distal end is withdrawn in the cavity in a proximal direction, and the treatment
material is introduced into the cavity. Another step 624 comprises stopping the
application of the proximal force on the barrel. Another step 626 comprises
removing the jig from the cavity wall.

[00115] Step 602 can be accomplished using any suitable method of measuring a
cavity, and skilled artisans will be able to select a suitable method to measure a
cavity based on various considerations, including the location of the cavity.
Example methods of measuring a cavity considered suitable include, but are not
limited to, direct visualization, using a measurement tool, x-ray, and any other
method of measurement considered suitable for a particular application.

[00116] An optional step comprises recording the measurement obtained in step
602. Recording a measurement can be accomplished using any suitable method of
recordation, and skilled artisans will be able to select suitable method of
recordation to record a measurement according to a particular embodiment based
on various considerations, including the type of measurement being obtained.
Example methods of recordation considered suitable include, but are not limited
to, inputting the measurement into a computer, writing the measurement on a
form, having an individual memorize the measurement, and any other method of
recordation considered suitable for a particular application.

[00117] Step 604 can be accomplished by inserting the plunger proximal end of
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an injection device (e.g., plunger proximal end 40) within a jig plunger housing
(e.g., jig plunger housing 110) and the barrel distal end (e.g., barrel distal end 20)
and/or needle hub (e.g., needle hub 54) within a head opening of a jig (e.g., head
opening 120). In this step the barrel does not contain any treatment material.

[00118] Step 606 can be accomplished by measuring the distance between the
injection device distal end and jig distal end to confirm that the injection device
distal end is positioned a distance equal to, or substantially equal to, the
measurement obtained in step 602.

[00119] Step 608 can be accomplished using any suitable method of recordation,
and skilled artisans will be able to select suitable method of recordation to record a
measurement according to a particular embodiment based on various
considerations, including the type of measurement being obtained. Example
methods of recordation considered suitable include, but are not limited to,
inputting the measurement into a computer, writing the measurement on a form,
having an individual memorize the measurement, and any other method of
recordation considered suitable for a particular application.

[00120] Step 610 can be accomplished by removing the plunger proximal end of
an injection device (e.g., plunger proximal end 40) from the jig plunger housing
(e.g., jig plunger housing 110) and the barrel distal end (e.g., barrel distal end 20)
and/or needle hub (e.g., needle hub 54) from the head opening of a jig (e.g., head
opening 120).

[00121] Step 612 can be accomplished by applying a distal force on the plunger
until the plunger distal end is disposed at, adjacent, or near, the barrel distal end.
Alternatively, while the injection device is disposed within the jig, the barrel of the
injection device can be advanced proximally such that the plunger distal end is
disposed at, adjacent, or near, the barrel distal end.

[00122] Step 614 can be accomplished by inserting the injection device distal end
into a container that houses the treatment material and applying a proximal force
on the plunger until the plunger distal end is disposed at, or near, the location
within the barrel obtained in the step of recording the location of the plunger
distal end position within the barrel while the injection device distal end is
disposed distal to the jig distal end.
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[00123] Step 616 can be accomplished by inserting the plunger proximal end of
an injection device (e.g., plunger proximal end 40) within a jig plunger housing
(e.g., jig plunger housing 110) and the barrel distal end (e.g., barrel distal end 20)
and/or needle hub (e.g., needle hub 54) within a head opening of a jig (e.g., head
opening 120). In this step the barrel contains treatment material.

[00124] Steps 618, 620, 622, 624, and 626 can be accomplished as described
above with respect to steps 504, 506, 508, 510, and 512.

[00125] Optional steps comprise repeating steps 602, 604, 606, 608, 610, 612,
614, 616, 618, 620, 622, 624, and/or 626. For example, after completing step
626, steps 610, 612, 614, 616, 618, 620, 622, 624, and/or 626 can be repeated.

[00126] While various injection device configurations, jig configurations, steps,
alternative steps, and optional steps have been described above with respect to
introducing a treatment material into a cavity having a cavity wall, these injection
device configurations, jig configurations, steps, alternative steps, and optional steps
can be included in, accomplished concurrently with, and/or accomplished in the
alternative to, the methodologies, injection device configurations, jig
configurations, steps, alternative steps, and/or optional steps described above with
respect to exemplary method 500 and/or below with respect to exemplary
method 900.

[00127] Figures 15 and 16 illustrate a first alternative controlled injection system
700 comprising a syringe 710 and a jig 800. Controlled injection system 700 1s
similar to controlled injection system 300 illustrated in Figures 6, 7, 8, and 9, and
described above, except as detailed below. With respect to syringe 710, reference
numbers in Figures 15 and 16 refer to the same structural element or feature
referenced by the same number in Figure 1, offset by 700. With respect to jig 800,
reference numbers in Figure 15 and 16 refer to the same structural element or
feature referenced by the same number in Figures 2, 3, and 4, offset by 700.

[00128] In the illustrated embodiment, alternative to syringe 710 including a
plunger, jig 800 includes a jig plunger 890 that is fixed relative to jig 800. In
addition, in the illustrated embodiment, syringe 710 includes a plurality of indicia
784, jig 800 omits the inclusion of a jig head (e.g., jig head 106) and jig plunger
housing (e.g., jig plunger housing 110), and jig 800 includes a plurality of indicia
896. Thus, syringe 710 comprises a barrel 712 and needle 716 and jig 800
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comprises a jig proximal end 802, jig distal end 804, jig length 805, and a jig shaft
806.

[00129] Barrel 712 is similar to barrel 12 illustrated in Figure I, except that
barrel 712 includes a first protuberance 780, a second protuberance 781, and a
plurality of indicia 784 disposed along barrel length 821. The plurality of indicia
has been omitted from Figure 16 for clarity. Each of the first protuberance 780
and second protuberance 781 extends radially outward from barrel wall 722. First
protuberance 780 defines a first protuberance aperture 782 that extends through
the wall of first protuberance 780 and second protuberance 781 defines a second
protuberance aperture 783 that extends through the wall of second protuberance
781. In the illustrated embodiment, each of the first protuberance aperture 782
and second protuberance aperture 783 is disposed parallel, or substantially
parallel, to first barrel opening 728. First protuberance aperture 782 is adapted to
receive first shaft arm 830 and second protuberance aperture 783 is adapted to
receive second shaft arm 832.

[00130] A first indicium of the plurality of indicia 784 is disposed a first distance
from a second indicium of the plurality of indicia 784 and a third indicium of the
plurality of indicia 784 is disposed a second distance from the second indicium of
the plurality of indicia 784. The first distance and the second distance are equal,
or substantially equal, to one another. Thus, in the illustrated embodiment, each
indicium of the plurality of indicia 784 is disposed at an equal, or substantially
equal, distance from another indicium of the plurality of indicia 784. It is
considered advantageous to include a plurality of indicia 784 along barrel length
721 at least because it provides a mechanism for determining the amount
treatment material being stored within the barrel lumen and/or introduced into a
cavity. Any suitable distance can be used to separate each indicium of the plurality
of indicia 784 from another indicium of the plurality of indicia 784, and skilled
artisans will be able to select a suitable distance according to a particular
embodiment based on various considerations, including the size of the cavity
being treated. The distance used to separate each indicium of a plurality of indicia
from another indicium of the plurality of indicia can be measured using any
suitable form of measurement. Example forms of measurement considered
suitable include, but are not limited to, millimeters, centimeters, and any other
form of measurement considered suitable for a particular application.
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[00131] While a first protuberances 780 and second protuberance 781 have been
illustrated and described, any suitable number of protuberances can be included
on a barrel and skilled artisans will be able to select a suitable number of
protuberances to include on a barrel according to a particular embodiment based
on various considerations, including the structural arrangement of a jig shaft.
Example number of protuberances considered suitable to include on a barrel
include, but are not limited to, one, at least one, two, a plurality, three, four, and
any other number considered suitable for a particular application. In addition,
each protuberance can define any suitable number of apertures, and skilled
artisans will be able to select a suitable number of apertures to include on a
protuberance according to a particular embodiment based on various
considerations, including the structural arrangement of a jig shaft. Example
number of apertures considered suitable to include on a protuberance include, but
are not limited to, one, at least one, two, a plurality, three, four, and any other
number considered suitable for a particular application.

[00132] In the illustrated embodiment, jig 800 omits the inclusion of a jig head
and alternative to including a jig plunger housing (e.g., jig plunger housing 110),
jig 800 has a jig proximal end 802 that has a proximal surface 850 and a distal
surface 852 from which each of jig shaft 806 and jig plunger 890 extends. Jig 800
also includes a plurality of indicia 896 disposed along a jig shaft length 809 that
extends from first shaft arm proximal end 834 and second shaft arm proximal end
838 to first shaft arm distal end 836 and second shaft arm distal end 840. Jig
plunger 890 comprises a jig plunger proximal end 891, jig plunger distal end 892,
jig plunger length 893, jig plunger tip 894, and jig plunger body 895. Jig plunger
proximal end 891 1s disposed on and attached to distal surface 852 and jig plunger
length 893 extends from distal surface 852 towards jig distal end 804 to jig plunger
distal end 892. Jig plunger length 893 is less than jig shaft length 809 and extends
from distal surface 852 to jig plunger distal end 892. Jig plunger tip 894 is
attached to jig plunger distal end 892 and 1s adapted to be received within barrel
lumen 726.

[00133] It 1s considered advantageous for barrel length 821 and jig plunger
length 893 to be less than jig shaft length 809 at least because this configuration
advantageously allows for a portion, or the entirety, of a treatment material to be
stored within barrel lumen 726 when needle distal end 752 is disposed distal to jig
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distal end 804. In addition, this configuration is considered advantageous at least
because it provides a mechanism for contacting jig distal end 804 with a surface
such that it acts as a mechanical stop while allowing needle distal end 752 to be
introduced into a cavity, as described in more detail herein.

[00134] A first indicium of the plurality of indicia 896 is disposed a first distance
from a second indicium of the plurality of indicia 896 and a third indicium of the
plurality of indicia 896 1s disposed a second distance from the second indicium of
the plurality of indicia 896. The first distance and the second distance are equal,
or substantially equal, to one another. Thus, in the illustrated embodiment, each
indicium of the plurality of indicia 896 is disposed at an equal, or substantially
equal, distance from another indicium of the plurality of indicia 896. It is
considered advantageous to include a plurality of indicia 896 along jig shaft length
809 at least because it provides a mechanism for determining the amount
treatment material being stored within the barrel lumen and/or introduced into a
cavity and for determining the length and/or depth of a cavity being filled with a
treatment material. Any suitable distance can be used to separate each indicium of
the plurality of indicia 896 from another indicium of the plurality of indicia 896,
and skilled artisans will be able to select a suitable distance according to a
particular embodiment based on various considerations, including the size of the
cavity being treated. The distance used to separate each indicium of a plurality of
indicia from another indicium of the plurality of indicia can be measured using
any suitable form of measurement. Example forms of measurement considered
suitable include, but are not limited to, millimeters, centimeters, and any other
form of measurement considered suitable for a particular application.

[00135] While each indicium of the plurality of indicia 784 disposed on barrel
712 and each indicium of the plurality of indicia 896 disposed on jig 800 has been
illustrated and described as disposed at an equal, or substantially equal, distance
from another indicium of the plurality of indicia, any suitable distance can be
disposed between each indicium of a plurality of indicia and another indicium of
the plurality of indicia. Skilled artisans will be able to select a suitable distance
between each indicium of a plurality of indicia and another indicium of the
plurality of indicia according to a particular embodiment based on various
considerations, including the size of the cavity being treated. Example distances
considered suitable between each indicium of a plurality of indicia and another
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indicium of the plurality of indicia include, but are not limited to, distances that
are equal, or substantially equal, to one another, distances that vary from one
another, and any other distance considered suitable for a particular application.

[00136] Barrel 712 is slidably disposed over jig shaft 806 and jig plunger 890
such that barrel 712 is moveable along jig plunger length 893. Thus, barrel 712 is
adapted to move axially along jig plunger length 893. Jig plunger tip 894 is
configured to prevent, or substantially prevent, treatment material from passing
proximally beyond jig plunger tip 894 when in use (e.g., disposed within barrel
lumen 726). For example, when a treatment material is stored within barrel lumen
726, such as cement, and barrel 712 1s moved proximally over jig plunger 890, the
treatment material within barrel lumen 726 1s forced distally through needle 716.
This can be accomplished by configuring jig plunger tip 894 to have an outside
diameter that is equal to, substantially equal to, or greater than, the inside
diameter of barrel 712. Thus, jig plunger tip 894 1s adapted to provide a moveable
sealing engagement with barrel 712.

[00137] Figure 15 illustrates controlled injection system 700 in a first
configuration and Figure 16 illustrates controlled injection system 700 in a second
configuration. In the first configuration, syringe 710 1s disposed on jig 800 such
that needle distal end 752 1s disposed distal to jig distal end 804. In the first
configuration, plunger tip 894 is disposed proximal to barrel distal end 720, jig
proximal end 802 is disposed proximal to barrel proximal end 718 a first distance
871, and treatment material 774 is stored in barrel lumen 726. In addition, needle
distal end 752 is disposed distal to jig distal end 804. By placing a proximal force
on barrel 712 (e.g., barrel finger flanges 724) in the direction of arrow 872, syringe
710 can be moved to the second configuration, as shown in Figure 16, and
treatment material 774 can be passed through barrel lumen 726 and needle shaft
lumen 768.

[00138] In the second configuration, plunger tip 894 is disposed at, or near,
barrel distal end 720, jig proximal end 802 is disposed proximal to barrel
proximal end 718 a second distance 873 from barrel proximal end 718 that is less
than the first distance 871, and a portion, or the entirety, of treatment material
774 has been expelled from barrel lumen 726. Thus, when syringe 710 is moved
from the first configuration to the second configuration, treatment material 774
that is stored within barrel lumen 726 is passed through barrel lumen 726 and
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needle 716. In addition, in the second configuration, each of the barrel 712
and/or needle 716 has been withdrawn proximally along jig length 805 such that
needle distal end 752 has been advanced proximally and is positioned at, or near,
jig distal end 804.

[00139] While needle distal end 752 has been illustrated and described as
positioned at, or near, jig distal end 804 when controlled injection system 800
and/or syringe 710 is in the second configuration, the needle distal end of a
syringe can be positioned at any suitable location along a jig length, or beyond a
jig length, when a controlled injection system and/or syringe is the first
configuration or second configuration. Skilled artisans will be able to select a
suitable position for a needle distal end with respect to a controlled injection
system according to a particular embodiment based on various considerations,
including the depth of a cavity that is being treated. Example positions considered
suitable for a needle distal end of an injection device when a controlled injection
system and/or syringe is in the first configuration or second configuration include,
but are not limited to, distal to a jig distal end, at a jig distal end, near a jig distal
end, and proximal to a jig distal end.

[00140] In use, jig distal end 804 contacts a surface (e.g., bone) that forms a
cavity. The interaction between the surface that forms the cavity and jig distal end
804 acts as a mechanical stop preventing distal advancement of jig 800 beyond
where jig distal end 804 contacts the surface. Thus, controlled injection system
800 provides a mechanism for advancing a needle distal end 752 into a cavity a
predetermined distance from jig distal end 804 while also providing a mechanism
for limiting distal advancement of jig distal end 804 beyond the surface that forms
the cavity. The distance a needle 716 i3 advanced into a cavity is based on the
structural configuration of jig 800 (e.g., jig shaft 806, jig distal end 804) and/or the
structural arrangement of the injection device being used.

[00141] Barrel lumen 726 and jig plunger 890 can have any suitable diameter. It
is considered advantageous for jig plunger 890 and/or jig plunger tip 894 to
complement the diameter of barrel lumen 726 such that a moveable sealing
engagement can be accomplished between barrel 712 and jig plunger tip 894, as
described herein. Barrel lumen 726 and jig plunger tip 894 can comprise a
diameter that is equal, substantially equal, or complementary, to the diameter of a
cavity that is being treated. This configuration is considered advantageous at least
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because it provides a mechanism for introducing an amount of treatment material
into barrel lumen 726 that is equal to, substantially equal to, or approximates, an
amount necessary to fill the length and/or depth of the cavity being treated. For
example, when barrel lumen 726 and jig plunger tip 894 comprise a diameter that
is equal, substantially equal, or complementary, to the diameter of a cavity that is
being treated, treatment material can be introduced into barrel lumen 726 such
that the distance between barrel distal end 820 and jig plunger tip 894 is equal to,
substantially equal to, or approximates, the length and/or depth of the cavity
being treated or desired to be treated.

[00142] The configuration of jig 800 is considered advantageous because jig
plunger 890 is fixed relative to the jig 800 which, when jig distal end 804 is in
contact with a surface that defines a cavity, allows for controlled injection of a
treatment material into a cavity by advancing syringe 710 proximally along jig
length 805. The configuration of jig 800 is also considered advantageous at least
because it allows for treatment material 774 stored within barrel lumen 726 to be
introduced into a cavity continuously, or substantially continuously, while
simultaneously withdrawing needle distal end 752 from the cavity. This prevents,
or substantially prevents, disruption in treatment material 774 as it is being
introduced into the cavity. The configuration of jig 800 is also considered
advantageous at least because it provides a mechanism for controlling the
placement of treatment material 774 within a cavity. For example, some cavities
can have a distal end formed of a soft tissue for which it 1s not desired to introduce
treatment material. The configuration of jig 800 provides a mechanical stop to
distal advancement of a needle distal end within a cavity such that treatment
material can be positioned within the cavity at a desired point of treatment as the
barrel of an injection device is advanced proximally.

[00143] Figure 17 is a flowchart representation of another exemplary method
900 of introducing a treatment material into a cavity having a cavity wall.

[00144] A step 902 comprises measuring the depth of a cavity. Another step 904
comprises placing an injection device having an injection device proximal end, an
injection device distal end, a barrel, and a needle on a jig having a jig proximal
end, a jig distal end, and a jig plunger fixed relative to the jig such that the
injection device distal end 1s disposed distal to the jig distal end. The barrel
initially contains no treatment material. Another step 906 comprises positioning
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the injection device distal end (e.g., needle distal end) distal to the jig distal end a
distance equal to, or substantially equal to, the measurement obtained in the step
of measuring the cavity depth. Another step 908 comprises recording the location
of the jig plunger distal end within the barrel while the injection device distal end
is disposed distal to the jig distal end. Another step comprises 910 advancing the
barrel of the injection device proximally such that the jig plunger distal end is
disposed at, adjacent, or near, the barrel distal end. Another step 912 comprises
introducing treatment material into the barrel such that the jig plunger distal end
is disposed at, or near, the location within the barrel obtained in the step of
recording the location of the jig plunger distal end position within the barrel while
the injection device distal end 1s disposed distal to the jig distal end. Another step
914 comprises advancing the injection device distal end into the cavity. Another
step 916 comprises advancing the jig towards the cavity wall such that it contacts
the cavity wall. Another step 918 comprises applying a proximal force on the
barrel such that the barrel moves proximally with respect to the jig, injection
device distal end is withdrawn in the cavity in a proximal direction, and the
treatment material 13 introduced into the cavity. Another step 920 comprises
stopping the application of the proximal force on the barrel. Another step 922
comprises removing the jig from the cavity wall.

[00145] Methodology 900 1s similar to methodology 600, except that it is
performed with controlled injection device 700. While a particular controlled
injection device has been described as performing methodology 900, any suitable
controlled injection device, jig, and/or injection device can be used to accomplish
methodology 900, or any other methodology described herein. Skilled artisans will
be able to select a suitable controlled injection device, jig, and/or injection device
to accomplish a methodology according to a particular embodiment based on
various considerations, including the structural configuration of a cavity and/or
cavity wall. Example controlled injection devices, jig, and injection devices
considered suitable to accomplish one or more of the methodologies described
herein include, but are not limited to, controlled injection device 300, controlled
injection device 700, jig 100, jig 200, jig 400, injection device 10, and any other
controlled injection device, jig, and/or injection device considered suitable for a
particular application.

[00146] While various injection device configurations, jig configurations, steps,
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alternative steps, and optional steps have been described above with respect to
introducing a treatment material into a cavity having a cavity wall, these injection
device configurations, jig configurations, steps, alternative steps, and optional steps
can be included in, accomplished concurrently with, and/or accomplished in the
alternative to, the methodologies, injection device configurations, jig
configurations, steps, alternative steps, and/or optional steps described above with
respect to exemplary method 500 and/or exemplary method 600.

[00147] The foregoing detailed description provides exemplary embodiments of
the invention and includes the best mode for practicing the invention. The
description and illustration of embodiments is intended only to provide examples
of the invention, and not to limit the scope of the invention, or its protection, in
any manner.
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Claims

What 1s claimed 1s:

1. A controlled injection system comprising:

an injection device having a barrel, a plunger partially disposed within the
barrel, and a needle attached to the barrel;

a jig having a jig proximal end and a jig distal end and comprising:

a jig head having a head proximal end, head distal end, and a head
body defining a head opening adapted to receive a portion of the injection

device, the head opening extending from the head proximal end to the
head distal end;

a jig shaft extending from the jig head and towards the jig proximal
end, the jig shaft having a shaft proximal end and a shaft distal end; and

a jig plunger housing disposed on the jig shatt and having a
plunger housing proximal end, plunger housing distal end, and a plunger
housing body defining a plunger housing recess extending into the plunger
housing body, the plunger housing recess adapted to receive a portion of
the plunger.

2. The controlled injection system of claim 1, wherein the plunger housing
recess has a plunger housing recess first portion and a plunger housing recess
second portion, jig plunger housing recess first portion extending from the plunger
housing distal end towards the plunger housing proximal end, the plunger housing
recess second portion extending from the plunger housing first portion towards
the plunger housing proximal end;

wherein the plunger housing recess first portion comprises a plunger
housing first width measured along the plunger housing distal end;
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wherein the plunger housing recess second portion comprises a plunger
housing second width measured along the plunger housing distal end; and

wherein the plunger housing first width is different than the plunger
housing second width.

3. The controlled injection system of claim 2, wherein the plunger housing
second width is greater than the plunger housing first width.

4. The controlled injection system of claim 1, wherein the head opening has
a head opening first portion and a head opening second portion, the head opening
first portion extending from the head proximal end towards the head distal end,
the head opening second portion extending from the head distal end towards the
head proximal end;

wherein the head opening first portion comprises a first diameter;

wherein the head opening second portion comprises a second diameter;
and

wherein the first diameter 1s different than the second diameter.

5. The controlled injection system of claim 4, wherein the first diameter is
greater than the second diameter.

6. The controlled injection system of claim 5, wherein the head opening first
portion has a substantially constant diameter; and

wherein the head opening second portion tapers from a location proximal
to the head distal end to the head distal end.

7. The controlled injection system of claim 1, wherein the head opening has
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a head opening first portion, a head opening second portion, and a head opening
third portion, the head opening first portion extending from the head proximal
end towards the head distal end, the head opening second portion extending
between the head proximal end and the head distal end, and the head opening
third portion extending from the head distal end towards the head proximal end;

wherein the head opening first portion comprises a first diameter;
wherein the head opening second portion comprises a second diameter;
wherein the head opening third portion comprises a third diameter; and

wherein the first diameter is different than the second diameter and the
second diameter is different than the third diameter.

8. The controlled injection system of claim 7, wherein the first diameter is
greater than the second diameter; and

wherein the second diameter is greater than the third diameter.

9. The controlled injection system of claim 1, wherein the jig plunger housing
is fixed to the jig shaft.

10.  The controlled injection system of claim 1, wherein the jig has a jig length
that extends from the jig proximal end to the jig distal end; and

wherein the jig plunger housing is adapted to move axially along the jig
length on the jig shatft.

11. A controlled injection system comprising:

an injection device having a barrel, a plunger partially disposed within the
barrel, and a needle attached to the barrel;

a jig having a jig proximal end and a jig distal end and comprising:
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a jig head having a head proximal end, head distal end, and a head
body defining a head opening adapted to receive a portion of the injection
device, the head opening extending from the head proximal end to the
head distal end;

a jig shaft extending from the jig head and towards the jig proximal
end, the jig shaft having a shaft proximal end and a shaft distal end; and

a jig plunger housing disposed on the jig shatt and having a
plunger housing proximal end, plunger housing distal end, and a plunger
housing body defining a plunger housing recess extending into the plunger
housing body, the plunger housing recess adapted to receive a portion of
the plunger and having a plunger housing recess first portion and a
plunger housing recess second portion, the plunger housing recess first
portion extending from the plunger housing distal end towards the plunger
housing proximal end, the plunger housing recess second portion
extending from the plunger housing first portion towards the plunger
housing proximal end, the plunger housing recess first portion comprising
a plunger housing first width measured along the plunger housing distal
end, the plunger housing recess second portion comprising a plunger
housing second width measured along the plunger housing distal end, the
plunger housing first width being different from the plunger housing
second width.

12. The controlled injection system of claim 11, wherein the plunger housing
second width is greater than the plunger housing first width.

13. The controlled injection system of claim 11, wherein the head opening has
a head opening first portion and a head opening second portion, the head opening
first portion extending from the head proximal end towards the head distal end,
the head opening second portion extending from the head distal end towards the
head proximal end;

wherein the head opening first portion comprises a first diameter;
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wherein the head opening second portion comprises a second diameter;
and

wherein the first diameter 1s different than the second diameter.

14.  The controlled injection system of claim 13, wherein the first diameter is
greater than the second diameter.

15. The controlled injection system of claim 14, wherein the head opening
first portion has a substantially constant diameter; and

wherein the head opening second portion tapers from a location proximal
to the head distal end to the head distal end.

16.  The controlled injection system of claim 11, wherein the head opening has
a head opening first portion, a head opening second portion, and a head opening
third portion, the head opening first portion extending from the head proximal
end towards the head distal end, the head opening second portion extending
between the head proximal end and the head distal end, and the head opening
third portion extending from the head distal end towards the head proximal end;

wherein the head opening first portion comprises a first diameter;
wherein the head opening second portion comprises a second diameter;
wherein the head opening third portion comprises a third diameter; and

wherein the first diameter is different than the second diameter and the
second diameter is different than the third diameter.

17. The controlled injection system of claim 16, wherein the first diameter is
greater than the second diameter; and

wherein the second diameter is greater than the third diameter.
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18.  The controlled injection system of claim 11, wherein the jig plunger
housing is fixed to the jig shaft.

19.  The controlled injection system of claim 11, wherein the jig has a jig
length that extends from the jig proximal end to the jig distal end; and

wherein the jig plunger housing is adapted to move axially along the jig
length on the jig shatft.

20. A method of introducing a treatment material into a cavity having a cavity
wall, the method comprising the steps of:

inserting an injection device having an injection device proximal end, an
injection device distal end, a barrel containing said treatment material, a needle,
and a plunger, into a jig having a jig proximal end and a jig distal end such that
the injection device distal end is disposed distal to the jig distal end and the
plunger 1s fixed relative to the jig;

advancing the injection device distal end into said cavity;

advancing the jig towards said cavity wall such that it contacts said cavity

wall;

applying a proximal force on the barrel such that the barrel moves
proximally with respect to the jig; and

stopping the application of a proximal force on the barrel.

47



PCT/US2013/067652

WO 2014/070966

1/13

| ©1 27—

fe—1, >
l< cp >
|« 1z >
ZS \om \ oy
vl Ve~
\ 8G 292E % [ by vl v
.V@ om ] .- »\ \\ \\ \
@@ @ ...r./.A .w...ﬂs.u -—=7 |.?.|.J||||||||||||||||||||||||||||||||||||||||
| R |
¢ |-\|\ L T N [— i N RN e
2L ok 009" 7 J 7 4
\ VS e \ 2z 82 gy
G9 ) !
ol 05 A yz? \
u / el
Gl oL gl
m\

SUBSTITUTE SHEET (RULE 26)



WO 2014/070966 PCT/US2013/067652

f 2/13

#
o
—

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/067652
313

WO 2014/070966

mm_‘/T_.A.INQP

wmk/
zel 091

8g |

Jesiy b vs1 Gol

691

F N\

08l2gL ) ¥9b g, 08}

el »f
20l

€ Ol F+—
_A GOl g
| w2l ggb oy N
ST " (/( Z91- .\,.ﬂ“lﬂ. ol
e N S
ZLL 4 S ] Ve i~

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/067652

WO 2014/070966

4/13

mmwmm \\\

€cc

GOl F—

9cc vecc cee
——r—r—"

-
N~

~~

N
6zz| 8¢¢| 0zC

/\

g —

YW

14874 1474

wON.\\»
oow\\»

\W oLc

c0c

SUBSTITUTE SHEET (RULE 26)



WO 2014/070966 PCT/US2013/067652

_|_

513

#
)
-—

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/067652

WO 2014/070966

6/13

oL

8 Ol &t |« LLL >
GOl v_
vzl zzl :
iwr " o_wr “r oz || wm ot owr
/ \ \ / / .
_ 4 / .
. } ) o
G
11
Oc @or\ gLl 9\\» \ \» @q\b
8l
00¢ \ 0]0)% 80} ¢0l

OLL

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/067652

WO 2014/070966

7113

6 Ol +—

le-c 1|

00¢

8l
cll

SUBSTITUTE SHEET (RULE 26)



o
o o
(4] -~
\L >

AN

~— N

N

S N
—

/

SUBSTITUTE SHEET (RULE 26)

/////////////////




PCT/US2013/067652

WO 2014/070966

9/13

cl O 12—

(@)

<

A% va
A VA 4 /_._4_._
I \/ \ ’
@5/ 8Ly  0zv me-Mm
\ \\ .-h h-.
. \\\ ||||| - \ - = = = 5
.’\\\\\ s AR % 81V |
ey . KA L | T pSt
IR 8.t JI_| T~~sgv
] -
P, \ g \ N\ / "
oy 7 |
@O.V .V—\.V wO.V N@.V \\ o ‘/Om.v
pOY \ 08
00¥ QLY \» v/
0] 7%
oLy

SUBSTITUTE SHEET (RULE 26)



WO 2014/070966

500 \

10/13

502 —

INSERTING
INJECTION DEVICE
INTO JIG

504 —

ADVANCING
INJECTION DEVICE
INTO CAVITY

506 —

ADVANCING JIG
TOWARDS THE
CAVITY

508 —

APPLYING A
PROXIMAL FORCE
ON THE BARREL

510 —

STOPPING THE
APPLICATION OF
THE PROXIMAL
FORCE

512 —

REMOVING THE JIG
FROM THE CAVITY
WALL

SUBSTITUTE SHEET (RULE 26)

PCT/US2013/067652

FIG. 13



WO 2014/070966

600 \

602 —

MEASURING DEPTH
OF CAVITY

604 —

INSERTING
INJECTION DEVICE
INTO JIG

606 —

POSITIONING
INJECTION DEVICE
DISTAL END

608 —

RECORDING
LOCATION OF
PLUNGER DISTAL
END

610 —

REMOVING
INJECTION DEVICE
FROM JIG

612 —

DEPRESSING
PLUNGER

614 —

INTRODUCING
TREATMENT
MATERIAL INTO
INJECTION DEVICE

616 —

INSERTING
INJECTION DEVICE
INTO JIG

1113

PCT/US2013/067652

ADVANCING
INJECTION DEVICE
INTO CAVITY

ADVANCING JIG
TOWARDS THE
CAVITY

APPLYING A
PROXIMAL FORCE
ON THE INJECTION

DEVICE

STOPPING THE
APPLICATION OF
THE PROXIMAL
FORCE

REMOVING THE JIG
FROM THE CAVITY
WALL

SUBSTITUTE SHEET (RULE 26)

FIG. 14

618

620

622

624

626



WO 2014/070966 PCT/US2013/067652

f 12113
852 834g0p 700

850

28 ¢
! ‘\718 832 t892',' 0 7523
|<~871\’| — 726-'897 716
8407
-1
802 —X'1G. 15

804

SUBSTITUTE SHEET (RULE 26)



WO 2014/070966

900

902 —

MEASURING DEPTH
OF CAVITY

904 —

PLACING
INJECTION DEVICE
ONJIG

906 —

POSITIONING
INJECTION DEVICE
DISTAL END

908 —

RECORDING
LOCATION OF JIG
PLUNGER DISTAL

END

910 —

ADVANCING
BARREL
PROXIMALLY

912

INTRODUCING
TREATMENT
MATERIAL INTO
INJECTION DEVICE

914 —

ADVANCING
INJECTION DEVICE
INTO CAVITY

916 —

ADVANCING JIG
TOWARDS THE
CAVITY

13/13

PCT/US2013/067652

APPLYING A
PROXIMAL FORCE
ON THE INJECTION

DEVICE

— 918

STOPPING THE
APPLICATION OF
THE PROXIMAL
FORCE

— 920

REMOVING THE JIG
FROM THE CAVITY
WALL

— 922

SUBSTITUTE SHEET (RULE 26)

FIG. 17



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/067652

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/88 B05C17/005
ADD.

A61B19/00

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

A61B BO5C A6IM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 4 429 724 A (DORROS GERALD [US] ET AL) 1-3,
7 February 1984 (1984-02-07) 10-12,19
A column 1, 1line 38 - column 3, Tine 18 4,13
figures 1, 2
A US 2010/282774 Al (GRETER ANDY [CH] ET AL) 1
11 November 2010 (2010-11-11)
page 4, paragraph 45 - page 5, paragraph
53
figures 1, 2
A US 2004/254538 Al (MURPHY JAMES P [US] ET 1
AL) 16 December 2004 (2004-12-16)
page 3, paragraph 34-36
figures 1A-2

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 February 2014

Date of mailing of the international search report

26/02/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kakoullis, Marios

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCLT/US2013/067652
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

20
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery.

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/067652
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4429724 A 07-02-1984  NONE
US 2010282774 Al 11-11-2010 CH 698343 A2 15-07-2009
CN 101918149 A 15-12-2010
EP 2227339 Al 15-09-2010
JP 2011509177 A 24-03-2011
US 2010282774 Al 11-11-2010
WO 2009086644 Al 16-07-2009
US 2004254538 Al 16-12-2004 US 2004254538 Al 16-12-2004
US 2006184131 Al 17-08-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	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 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

