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TRAUMATIC BRAIN INJURY PROTECTION DEVICES

FIELD OF THE INVENTION

[0001]  The present inventions provides neck collar devices and systems for the mitigation and

prevention of traumatic brain injury, including concussion.

BACKGROUND OF THE INVENTION

[0002] Traumatic brain injury (TBI) may occur when a person experiences an impact or
external force. For example, TBI may arise is sports in which players make physical contact with
each other or the ground/playing surface (e.g., football, ice hockey, etc.) or contact with a ball
(e.g., soccer). TBI also may arise when individuals (military personnel) are subject to blast or
pressure waves, including those caused by explosive devices. Generally, the injurious force may
be applied to the head or elsewhere on the body in a manner that either transfers the force to the

head or causes the head to undergo a rapid rotation, acceleration, and/or deceleration.

[0003] Helmets are normally used to protect the head against injury. It has been found that
helmets can be very effective for protection against penetrating brain injury and skull fractures,
but have shown little effect in protecting against intracranial injuries such as concussion. It is
belicved that these intracranial injuries result from the rotational and other forces experienced by

the brain during a collision, blast wave, and/or rapid acceleration/deceleration.

[0004] It has been discovered that increasing the intracranial blood pressure and/or volume
can reduce or prevent the incidence of TBI in the absence of a penetrating brain injury by
increasing the coefficient of restitution of the brain structure itself (see, for example, U.S. Patent
8,985,120, 9,168,045, 9,173,660 and 8,900,169, and U.S. Patent Application Nos. 13/489,536,
now U.S. Patent 10,004,515, and 14/317,282, now U.S. Patent 10,842,502). One safe and
effective method for increasing intracranial blood pressure and/or volume is by the partial or total
occlusion of blood flow through one or more neck veins (e.g., the internal jugular vein(s) and/or

the external jugular vein(s)). Thus, there is a need for convenient, wearable devices
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that occlude neck vein blood flow and are capable of accurate sizing, positioning, and neck vein

pressure delivery.

SUMMARY OF THE INVENTION

[0005] The present invention provides modular collars, expandable collars, and systems and
components for constructing modular and expandable collars that may be used to reduce the severity
of, or prevent the occurrence of a traumatic brain injury (TBI) (e.g., a concussion) in a subject
wearing the collar. In some embodiments, the TBI is mitigated or prevented when the subject
experiences an external concussive force (e.g., a collision or a blast wave) delivered to any part of
the body including, for example, the head. The collar functions by applying pressure to one or more
(e.g., 2, 3, 4, or more) neck veins including, for example, the internal jugular vein (IJV), external
jugular vein (EJV), or both. Neck vein pressure is applied before and during the external concussive

force.

[0006] In one aspect, the invention provides a modular collar sized to be worn around the neck
of a human subject, the collar comprising: (a) a central member having a first mating pair member at
a first end and a second mating pair member at a second end; (b) a first side member having a
complimentary first mating pair member at a first end and a first compressor at a second end; and (c)
a second side member having a complimentary second mating pair member at a first end and a
second compressor at a second end. The collar is assembled by mating the first mating pair member
with the complimentary first mating pair member and mating the second mating pair member with
the complimentary second mating pair member such that the assembled collar has a substantially
circular shape (e.g., circular, oval, or elliptical) defining an arc of greater than 180° (e.g., greater
than 210°, 240°, 270°, 300°, or 330°, or any intermediate range thereof including, for example
between about 180° and 300°).

[0007] In another aspect, the invention provides a modular collar system for constructing a
collar sized to be worn around the neck of a human subject, the system comprising: (a) one or more

central members having a first mating pair member at a first end and a second mating pair member at
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a second end; (b) one or more first side members having a complimentary first mating pair member
at a first end and a first compressor at a second end; and (c) one or more second side members
having a complimentary second mating pair member at a first end and a second compressor at a
second end. The system is used to assemble one or more collars, as defined above. Each collar is
assembled by selecting a central member, a first side member, and a second side member such that
the fully assembled collar has the appropriate size and features desired by the user. The collar is
assembled by mating the first mating pair member (on the selected first side arm) with the
complimentary first mating pair member (on the selected central member) and mating the second
mating pair member (on the selected second side arm) with the complimentary second mating pair
member (on the selected central member) such that the assembled collar has a substantially circular
shape (e.g., circular, oval, or elliptical) defining an arc of greater than 180° (e.g., greater than 210°,
240°, 270°, 300°, or 330°, or any intermediate range thereof including, for example between about
180° and 300°). Optionally, the system provides two or more (e.g., 2, 3, 4, 5, 6, or more) central
members. Optionally, the system provides, instead or in addition to multiple central members, two
or more (e.g., 2, 3, 4, 5, 6, or more) first side members and second side members. In one
embodiment, the first and second side members are provided in matched pairs and, therefore, are

present in equal numbers; although this is not necessarily the case.

[0008] In any of the foregoing aspects, the assembled collar generally will be symmetrical (e.g.,
the first and second side members having the same length, curvature, and other structural/functional
features), but asymmetrical collars may be constructed either through the use of differently-sized
side members or an offset central member (i.e., that is not symmetrical on either side of its central
axis). When assembled, the first and second compressors are positioned on the collar such that they
contact two or more neck veins of the subject when the collar is worn around the neck, and the collar
is adapted to exert an inwardly-directed force on the first and second compressors when worn. The
mating pair members may form a reversible attachment, a permanent/irreversible attachment, or a

slidable attachment (whether reversible or irreversible) to form a modular and adjustable collar.

[0009] In any of the foregoing aspects, first and second compressors may be permanently

affixed to the side members or they may be removable. Optionally, the compressors are slidably
3-
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engaged with the side members in a manner that allows for translocation along the body-facing
surface of the collar. In some embodiments, the compressors are expandable in the body-facing
direction (i.e., expansion increases the thickness of the collar body/compressor combination in order
to apply more pressure to the neck veins and/or provide a tighter/more secure fit). Optionally, the
compressors are inflatable (e.g., contains an inflatable bladder). The inflatable element may be
inflated using an integrated pump (e.g., a bulb pump) or may be inflated via a connection to an
external gas source. Optionally, the inflatable element also contains a pressure release valve that
may be configured to automatically release the inflation gas when a pre-determined pressure is

exceeded and/or may be manually operated to release the inflation gas.

[0010] In any of the foregoing aspects, the central member(s) also contains a fit adjustment
element attached to the body-facing surface. The fit adjustment element may be permanently affixed
to the central member or it may be removable. It may comprise a rigid, semi-rigid, and/or
compressible form, such as a foam pad or hard plastic shape. Optionally, the fit adjustment element
is inflatable (e.g., contains an inflatable bladder). The inflatable element may be inflated using an
integrated pump (e.g., a bulb pump) or may be inflated via a connection to an external gas source.
Optionally, the inflatable element also contains a pressure release valve that may be configured to
automatically release the inflation gas when a pre-determined pressure is exceeded and/or may be

manually operated to release the inflation gas.

[0011] In another aspect, the invention provides a modular collar system for constructing a
collar sized to be worn around the neck of a human subject, the system comprising (a) one or more
(eg., 1,2, 3,4,5, 6, or more) central members having a first mating pair member at a first end and a
second mating pair member at a second end; (b) one or more (e.g., 1, 2, 3, 4, 5, 6, or more) first side
members having a complimentary first mating pair member at a first end and a third mating pair
member at a second end; (c) one or more (e.g., 1, 2, 3, 4, 5, 6, or more) second side members having
a complimentary second mating pair member at a first end and a third mating pair member at a
second end; (d) one or more (e.g., 1, 2, 3, 4, 5, 6, or more) first compressors and one or more (e.g., 1,
2,3,4,5, 6, or more) second compressors, each having a complimentary third mating pair member

on an outward-facing side. The system is used to assemble one or more collars, as defined above.
4-
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Each collar is assembled by selecting a central member (if more than one is provided), a first side
member (if more than one is provided), a second side member (if more than one is provided), a first
compressor (if more than one is provided), such that the fully assembled collar has the appropriate
size and features desired by the user. The collar is assembled by mating the first mating pair
member (on the selected first side arm) with the complimentary first mating pair member (on the
selected central member) and mating the second mating pair member (on the selected second side
arm) with the complimentary second mating pair member (on the selected central member) such that
the assembled collar has a substantially circular shape (e.g., circular, oval, or elliptical) defining an
arc of greater than 180° (e.g., greater than 210°, 240°, 270°, 300°, or 330°, or any intermediate range
thereof including, for example between about 180° and 300°). Each compressors is attached to its
respective side member by mating the third mating pair member on the side member with the
corresponding complimentary third mating pair member on the compressor. It is understood that the
order of assembly is not important to the overall construction of the device. In some embodiments,
the first and second side members are provided in matched pairs and, therefore, are present in equal

numbers; although this is not necessarily the case.

[0012] The assembled collar generally will be symmetrical (e.g., the first and second side
members having the same length, curvature, and other structural/functional features), but
asymmetrical collars may be constructed either through the use of differently-sized side members or
an offset central member (i.e., that is not symmetrical on either side of its central axis). When
assembled, the first and second compressors are positioned on the collar such that they contact two
or more neck veins of the subject when the collar is worn around the neck, and the collar is adapted
to exert an inwardly-directed force on the first and second compressors when worn. The mating pair
members may form a reversible attachment, a permanent/irreversible attachment, or a slidable

attachment (whether reversible or irreversible) to form a modular and adjustable collar.

[0013] In some embodiments, the first and second compressors are provided in matched pairs
and, therefore, are present in equal numbers; although this is not necessarily the case. The mating
pair members may form a reversible attachment, a permanent/irreversible attachment. Optionally,

the compressors are slidably engaged with the side members in a manner that allows for
5-
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translocation along the body-facing surface of the collar. In some embodiments, the compressors are
expandable in the body-facing direction (i.e., expansion increases the thickness of the collar
body/compressor combination in order to apply more pressure to the neck veins and/or provide a
tighter/more secure fit). Optionally, the compressors are inflatable (e.g., contains an inflatable
bladder). The inflatable element may be inflated using an integrated pump (e.g., a bulb pump) or
may be inflated via a connection to an external gas source. Optionally, the inflatable element also
contains a pressure release valve that may be configured to automatically release the inflation gas
when a pre-determined pressure is exceeded and/or may be manually operated to release the inflation

gas.

[0014] In some embodiments, the central member(s) also contains a fit adjustment element
attached to the body-facing surface. The fit adjustment element may be permanently affixed to the
central member or it may be removable. It may comprise a rigid, semi-rigid, and/or compressible
form, such as a foam pad or hard plastic shape. Optionally, the fit adjustment element is inflatable
(e.g., contains an inflatable bladder). The inflatable element may be inflated using an integrated
pump (e.g., a bulb pump) or may be inflated via a connection to an external gas source. Optionally,
the inflatable element also contains a pressure release valve that may be configured to automatically
release the inflation gas when a pre-determined pressure is exceeded and/or may be manually

operated to release the inflation gas.

[0015] In another aspect, the invention provides an expandable collar sized to be worn around
the neck of a human subject, the collar comprising: (a) a central member having a first end and a
second end; (b) a first side member having a first end slidably engaged with the first end of the
central member and a second end comprising a first compressor; and (c) a second side member
having a first end slidably engaged with the second end of the central member and a second end
comprising a second compressor, wherein the collar defines an arc of greater than 180° (e.g., greater
than 210°, 240°, 270°, 300°, or 330°, or any intermediate range thereof including, for example
between about 180° and 300°) having a diameter D; and wherein diameter D is altered by the

slidable engagement of the first side member and central member, and the slidable engagement of
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the second side member and the central member; and wherein the collar is adapted to exert an

inwardly-directed force on the first and second compressors when worn.

[0016] The compressors may be removable from the side members or permanently attached and
may be slidably engaged or immobilized, as described herein. In some embodiments, the
compressors are expandable in the body-facing direction (i.e., expansion increases the thickness of
the collar body/compressor combination in order to apply more pressure to the neck veins and/or
provide a tighter/more secure fit). Optionally, the compressors are inflatable (e.g., contains an
inflatable bladder). The inflatable element may be inflated using an integrated pump (e.g., a bulb
pump) or may be inflated via a connection to an external gas source. Optionally, the inflatable
element also contains a pressure release valve that may be configured to automatically release the
inflation gas when a pre-determined pressure is exceeded and/or may be manually operated to
release the inflation gas. In some embodiments, the invention provides a system comprising the
expandable collar and a two or more pairs of removable compressors. The compressors are provided
in matched pairs and, therefore, are present in equal numbers; although this is not necessarily the

casc.

[0017] In any of the foregoing aspects, the central member(s) also contains a fit adjustment
element attached to the body-facing surface. The fit adjustment element may be permanently affixed
to the central member or it may be removable. It may comprise a rigid, semi-rigid, and/or
compressible form, such as a foam pad or hard plastic shape. Optionally, the fit adjustment element
is inflatable (e.g., contains an inflatable bladder). The inflatable element may be inflated using an
integrated pump (e.g., a bulb pump) or may be inflated via a connection to an external gas source.
Optionally, the inflatable element also contains a pressure release valve that may be configured to
automatically release the inflation gas when a pre-determined pressure is exceeded and/or may be

manually operated to release the inflation gas.

[0018] In another aspect, the invention provides a method for reducing or preventing a TBI, or

an injury to the inner ear and/or an ocular structure caused by exposure to a concussive force by
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applying a collar device, as described herein, to the neck of a subject (e.g., a subject identified as
being at risk of exposure to a concussive force) prior to and during exposure to that concussive force.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 illustrates a partially-circumferential collar worn around the neck of a subject,

wherein the collar is open at the laryngeal prominence.

[0020] FIG. 2 is a schematic of a unitary collar body illustrating certain features of the collar

body and collar device.

[0021] FIG. 3 is a plan view of a unitary collar body.

[0022] FIG. 4 is a schematic of a modular collar body.
[0023] FIG. 5 is a schematic of another modular collar body.

[0024] FIG. 6 is a schematic of a connector system that may be used with the various elements

of a modular collar body.

[0025] FIG. 7 is a schematic of another connector system that may be used with the various

elements of a modular collar body.

[0026] FIG. 8 is a schematic of a magnetic connector system that may be used with the various

elements of a modular collar body.
[0027] FIG. 9 is a schematic of an expandable collar body.

[0028] FIG. 10 is a schematic of connectors that may be used with the various elements of an

expandable collar body.

[0029] FIG. 11 is a cross-sectional view through the connector system illustrated in FIG. 10.
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[0030] FIG.
10.

[0031] FIG.
[0032] FIG.
[0033] FIG.
COMPIessors.
[0034] FIG.
[0035] FIG.
[0036] FIG.
body.

[0037] FIG.
[0038] FIG.
[0039] FIG.

12 is another cross-sectional view through the connector system illustrated in FIG.

13 is a schematic of a detents-and-notches size adjustment system.
14 is a schematic of a collar body having adjustable compressors.

15 is a schematic of a collar body mating system for use with adjustable

16 is a schematic of an adjustable compressor and engagement mechanism.
17 is a schematic showing an adjustable compressor engaged with a collar body.

18 is a schematic showing another adjustable compressor engaged with a collar

19 is a schematic showing an expandable compressor in a compressed state.
20 is a schematic showing an expandable compressor in an expanded state.

21 is a schematic of a unitary collar body with a fit adjustment element on the

body-facing surface.

[0040]
[0041]
[0042]

[0043]

FIG.

FIG.

FIG.

FIG.

22 is a schematic showing a collar with a plurality of bend angle sensors.
23 is a schematic illustrating the components of one type of bend angle sensor.
24 is a schematic of an assembled bend angle sensor.

25 is a schematic of a bend angle sensor within a protective housing.
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DETAILED DESCRIPTION OF THE INVENTION

[0044] The present invention provides collar devices that are designed to be worn around the
neck of the subject and apply pressure one or more (e.g., two, three, four, or more) neck veins
including, for example, the internal jugular veins (IJV) and external jugular veins (EJV). The collars
are partially circumferential (i.e., extend around only a portion of the subject’s neck). In some
embodiments, the partially-circumferential collars are open at the back or at the front (i.e., exposing
the laryngeal prominence) and are designed such that the subject’s neck passes through the opening
when the collar is donned. Optionally, the front of a back-opened collar (i.e., region that overlies the
throat and laryngeal prominence) contains a protective rigid member that is useful to protect the
underlying neck structures from slashes (e.g., from hockey skates) or blunt trauma caused by contact
with another piece of sporting equipment (e.g., puck, ball, stick, racquet, etc.). Likewise, front-
opened collars may have a similar protective piece that may be independently affixed after the collar
is donned. For example, the rigid front protective member may be entirely removable and attachable
using any type of suitable reversible closures, or may be engaged by a hinge on one side and a
reversible closure on the other so that the front opening may be open to allow passage of the neck

during donning, followed by closure of the front protective member after the collar is in place.

[0045] The collars have inwardly-directed compressors which may be protuberances or
thickened regions that contact the neck in region overlying the neck veins such that pressure is
applied to those neck veins. The inwardly-directed protuberances may be a non-inflatable rigid or
semi-rigid stud or pad made of plastic, foam, metal or any other suitable material, or an inflatable
member such as a pad. The thickened regions may inflatable or non-inflatable, may be rigid or
semi-rigid, and may be formed from any suitable material including plastic, foam, or metal. Any
inflatable element has an inflation device which may be an integral or operably-linked bulb pump
that is integral to the collar, or a port from inflation from an external pressurized gas source.
Optionally, any of the inflatable elements is operably linked to a pressure release valve that may be

configured to automatically release/vent the inflation gas upon a predetermined pressure.

-10-
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[0046] Optionally, the collars may contain one or more monitoring or recording devices
including, for example, a pressure sensor and accelerometer. Optionally, the collar device has a
wired or wireless communication interface operably linked to the sensor(s) and an optional digital
memory unit configured for storing sensor data. Communication interfaces may be a radio

frequency transmitter (e.g., Bluetooth, WiFi, etc.) or a wired interface (e.g., USB port).

[0047] The principles and features of the construction and use of the collars are described herein
an in U.S. Patents 8,985,120, 9,168,045, and 9,173,660, U.S. Patent Publications 2014/0142616 and
2014/0343599, and PCT publications WO 2012/054262 and WO 2013/05409, each of which is

hereby incorporated by reference in its entirety.
[0048] COLLAR DESIGN AND CONSTRUCTION

[0049] FIGS. 1-3 show an example of a collar 10 adapted to be worn on a subject’s neck to
protect the subject against a traumatic brain injury (TBI), such as a concussion, caused by an impact
or other external force. The collar 10 is configured to apply pressure on one or more neck veins. The
pressure applied to the neck veins may be any pressure that results in an increase in the intracranial
blood pressure and/or intracranial blood volume. Suitable pressures include, for example, about 5-
100 mm Hg, 5-80 mm Hg, 10-80 mm Hg, 20-60 mm Hg, and 30-50 mm Hg, or at least about 5, 10,
15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80 mm Hg. Optionally, the collar is configured to limit the

maximum neck vein pressure to not more than about 40, 50, 60, 70, 80, 90, or 100 mm Hg.

[0050] FIG. 1 illustrates collar 10 worn around the subject’s neck. Collar 10 is partially
circumferential and open at the front, specifically open to expose the laryngeal prominence 15. In
this configuration, collar 10 is stretched such that the subject’s neck passes through opening 14 (see,
FIG. 2) when donned, and the shape memory property of the collar 10 reduces the opening 14 size

such that collar 10 applies pressure the neck vein(s).

[0051] FIG. 2 illustrates the features of collar 10 in more detail. Collar 10 comprises body 12 to
apply the pressure on the veins of the wearer’s neck. In one embodiment, body 12 has a memory

shape property having an inwardly-directed bias at end portions 16. Body 12 comprises a neck-

-11-
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engaging inner surface 18 and an outer surface 20 opposite to the inner surface 18. Body 12 has a

longitudinal axis 21 (see, FIG. 3) and wraps at least partially about the wearer’s neck.

[0052] Collar 10 (and body 12) includes an opening 14 that forms a discontinuity or gap in the
collar 10 such that it does not extend around the entirety of the circumference of the wearer’s neck.
This may help for donning the collar 12 and/or comfort. The body 12 includes end portions 161, 162
that define the opening 14. In this example, the opening 14 of the body 12 is located in a front of the
wearer’s neck when the collar 10 is worn. More particularly, in this embodiment, the opening 14 of
the collar 10 is disposed to overlie a laryngeal prominence 15 of the wearer’s neck. The opening 14
of the collar 10 may be located elsewhere about the wearer’s neck (e.g., on a side or a back of the

wearer’s neck) in other examples.

[0053] For example, in this embodiment, the collar 12 comprises a band 22 configured to
deform (i.e., change in shape) when the collar 12 is donned by the wearer and to cause the collar 12
to apply the pressure on the veins of the wearer’s neck when the collar 12 is worn on the wearer’s
neck. For instance, in this case, the band 22 allows the opening 14 of the collar 12 to be enlarged
when the collar 12 is donned by moving the end portions 161, 162 of the collar 12 away from one
another and then causes the opening 14 of the collar 12 to be reduced by moving the end portions
161, 162 of the collar 12 back towards one another, thereby causing the collar 12 to apply the

pressure on the veins of the wearer’s neck.

[0054] In some embodiments, body 12 comprises band 22 is resilient to change in shape when
the collar 10 is donned by the wearer by moving the end portions 161, 162 of the collar 10 away from
one another and to bias the end portions 163, 16; of the collar 10 back towards one another for
causing the collar 10 to apply the pressure on the veins of the wearer’s neck when the collar 10 is
worn on the wearer’s neck. Band 22 may comprises a C- or U-shaped spring or a resilient arcuate
band and may be formed from a polymeric material, a metallic material, a composite material, or any
other suitable material that allows the band 22 to resiliently change in shape when the collar 10 is
donned by the wearer and to cause the collar 10 to apply the pressure on the veins of the wearer’s

neck when the collar 12 is worn on the wearer’s neck.
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[0055] Body 12 further comprises a plurality of compressors 321, 322 configured to apply the
pressure on the veins of the wearer’s neck. The compressors 321, 32> are arranged such that the
collar 10 presses more on the wearer’s neck where the compressors 321, 32> are located than
elsewhere. This allows a pressure applied by the collar 10 on a region of the wearer’s neck where the
veins are located to be greater than a pressure applied by the collar 10 in another region of the
wearer’s neck which is engaged by the collar 10 away from the veins (e.g., the back of the wearer’s
neck). Thus, this may allow the collar 12 to optimally press on the wearer’s neck for mitigation

against TBI while maintaining comfort.

[0056] The compressors 321, 32> may be implemented in any suitable way. For example, in this
embodiment, the compressors 321, 32> respectively comprise compressing protuberances 361, 362
that project inwardly towards the wearer’s neck when the collar 12 is worn. The compressing
protuberances 361, 362 are therefore such that the neck-engaging inner surface 18 of the collar 12
presses more against the wearer’s neck where the compressing protuberances 361, 36, are located
than elsewhere. In this example, the compressing protuberances 361, 36, are formed by enlargements
of the body 12 where it is to press against the veins of the wearer’s necks. More particularly, in this
example, the enlargements forming the compressing protuberances 361, 36,2 are made by widening

the band 22 where the collar 12 is to press against the veins of the wearer’s necks.

[0057] The collar 10 may be constructed in any other suitable way in other embodiments to
apply the pressure on the veins of the wearer’s neck to effectively provide protection against TBIL.
For example, in some embodiments, body 12 may be inflatable (e.g., the compressors 321, 32, and/or
another part of the body 12 may be inflatable by air or another gas, such as by comprising an

inflatable bladder and a valve).

[0058] It is understood that there is variability between individuals with respect to neck
size/diameter. For example, adults generally have a larger neck diameter than children, and men
often have a larger neck diameter than women, although there is significant overlap between
virtually any demographic groups that one compares, and there is significant inter-individual

variability even within demographic groups. Thus, it is desirable to provide collar device that are
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adjustable. In particular, it is desirable to provide collars and collar systems in which the collar
diameter can be varies and/or the relative placement of the compressors can be altered for any given

collar diameter.

[0059] As described in more detail below, adjustments to the collar 10 and/or body 12 may
include:

- Alength L of the body 12. In this embodiment where the body 12 is a partial collar,
the length L of the body 12 is defined between ends 171, 17> of the body 12;

- An internal dimension D of the body 12 taken between opposite sides 19;, 19; of the
neck-engaging inner surface 18 of the body 12;

- A dimension G of the opening 14 of the body 12;

- Positions of the compressors 321, 322 on the body 12, such as along the longitudinal
axis 21 of the body 12;

- Dimensions of the compressors 321, 322, such as a dimension C; (e.g., thickness) of
each compressor 32 normal to the longitudinal axis 21 of the body 12 and/or a dimension C; (e.g.,
length) of the compressor 32 along the longitudinal axis 21 of the body 12;

- An internal pressure of a gas (e.g., air) within the body 12 (e.g., within an inflatable
member of the body 12) in embodiments where the body 12 is inflatable; and/or

- Any other setting of the body 12 that affects the pressure it applies and/or where it

applies the pressure on the wearer's neck.
[0060] ADJUSTABLE COLLAR BODIES

[0061] FIGS. 4-6 illustrate some embodiments of adjustable collar bodies 12 in which the
diameter D and/or length L of the body 12, and therefore the collar 10, may be altered. Specifically,
in some embodiments, the invention provides a collar body system having a first side member 42i, a
second side member 42k, and a central member 42j. Each of the first side members 42i and second
side members 42k have a compressor 32 located on the inner-facing surface 18 toward or at the end
portions 16;, 162. Typically, the first side members 42i and second side members 42k have and

equal length but opposite orientation to serve as a left-side member and a right-side member. The
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collar body 12 is formed by permanently or reversible engaging the first side members 42i with a
first end of the central member 42j at joint 41a, and permanently or reversible engaging the second
side members 42k with a second end of the central member 42j at joint 41b, such that a complete
body 12 is formed with the compressors 32 located on the inner facing surface 18 toward or at the
end portions 161, 162. The combination of the first and second side members with the central

member form the collar body 12.

[0062] The invention also provides collar systems which may contain a plurality of central
members 42j and/or a plurality of matched pairs of first and second side members 42i, 42k. In some
embodiments, the system contains a single central member 42j and a plurality of matched pairs of
first and second side members 42i, 42k (e.g., two, three, four, or more matched pairs). In other
embodiments, the system contains a plurality of central members 42j with one or more matched pairs
of first and second side members 42i, 42k (e.g., one, two, three, four, or more matched pairs). In
system embodiments for which a plurality of matched pairs of first and second side members 42i,
42k are provided, the various side member pairs may differ from each other in side length (i.e.,
length from joint 41 to the terminus of the end portion 16 and/or the curvature of the side members.
For example, a system may provide three matched side member pairs characterized as having a
short, medium, and long length. Alternatively or in addition to variations in side member length, the
curvature of side members may be varies among the pairs in order to accommodate differently-
shaped necks. For example, one side member pair may be nearly straight with other side member
pairs defining a larger arc over the same or different length. In system embodiments for which a
plurality of central members 42j are provided, the central members may vary from each other in
length and/or curvature. Such systems allow the user to customize the fit of the collar device by
selecting the central member and/or side member pair that most closely approximates the neck
circumference and results in the most accurate placement of the compressors 32 on the target neck

veins.

[0063] FIGS. 4 and 5 illustrate two embodiments of these collar bodies and systems. FIG. 4
illustrates an assembled modular collar body 12 that uses a relatively long central member 42,

resulting in a relatively narrow opening 14 and smaller diameter D. In contrast, FIG. 5 illustrates an
15-
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assembled modular collar body 12 that uses a relatively short central member 42j, resulting in a

relatively larger opening 14 and larger diameter D.

[0064] Joints 41 may be any suitable reversible or irreversible joining/locking mechanism that
securely fastens the side members to the central member and retains the assembled device in a rigid
form that maintains the spring-like property of the body that causes an inwardly-directed force on
the compressors 32. For example and as shown in FIG. 6, the connector 46 at each end of the central
member 42j comprises a male pair member (e.g., a projection) and each end of the side members 42i
and 42k comprises a female pair member (e.g., a hollow space such as a recess or an opening)
engageable with a complementary male part. It is understood that these pair members may be
reversed on either or both sides of the central member 42 without affecting the overall structure or

assembly of the resulting modular body 12.

[0065] FIG. 7 illustrates an alternate fastening mechanism suitable for use in these
embodiments. In this embodiment each of the central member 42j and the individual side members
42i and 42k contain a complimentary notch that engages with the other to form a unitary structure.
The notches may be held in place using a fastener 39 such as a screw, clip, or pin. FIG. 8 illustrates
an alternate configuration of this mating system in which the central member 42j is fastened to the

side members 42i and 42k using magnetic connectors 43 and 46 having an opposite polarity.

[0066] In some embodiments, the adjustable collar body 12 is provided as a unitary device in
which the side members 421 and 42k are slidably engaged with the central member 42j. FIG. 9
illustrates such an adjustable collar body 12 in which the side members 42i and 42k are disposed in a
forward position relative to the central member 42j, thereby increasing the diameter D of the collar
body 12. FIGS. 10-12 illustrate one slidable engagement mechanism in which central member 42j
provides a channel 60 and receiver slot 65 into which sliding tab 62 from the side member engages.
Sliding tab 62 comprises stopper 63 that prevents disengagement of side member from central
member 42j and limits the maximum extension of that side member. The side members may be held
in a fixed position relative to the central member 42j by any convenient mechanism. For example,

the sides may be held in place by a simple frictional engagement between the channel 60 and the tab
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62. Alternatively, as illustrated in FIG. 13, the side members may be secured by detents 74 and a
series of notches 76. FIG. 13 illustrates a configuration in which notches 76 are present on sliding
tab 62 which engage with a single detent 74 on central member 42j. Detent 74 extends from
side member 66 that is attached to central member 42j at pivot 68. Side member 66 may be
accessible to the user when the collar 10 is not worn in order to manually release detent 74 from
notch 76. In one embodiment, detent 74 may allow unidirectional movement from notch to notch in
order to facilitate proper fit after collar 10 is donned. In this embodiment, detent 74 may be used as
the stopper by fashioning a notch 76 in a manner that prevents further extension of the side member.
It is understood that this system of detents and notches may be reversed such that the detent(s) is/are
present on the side member and the notches present on the central member 42j. Other fasting
mechanisms are known to those of skill in the art including, for example a friction or thumbwheel
screw that can either engage with a receiver or merely act to clamp together the individual

components.
[0067] ADJUSTABLE COMPRESSORS

[0068] In some embodiments, the invention also provides collars 10 that have adjustable
compressors 32 on the collar 10 or the collar body 12. FIG. 14 illustrates one embodiment in which
compressors 32; and 32, are slidably engaged with body 12 such that the compressors may be
disposed at a plurality of locations along the inner surface of the collar 10 and/or body 12 in a
direction substantially parallel to the longitudinal axis. In some embodiments, compressors 32 are
slidably engaged on a slide rail 80. FIGS. 15 and 16 illustrate one example of an engagement
mechanism between the slidable compressors 32 and the collar body 12. FIG. 15 illustrates a slide
rail 80 that may be mounted along the longitudinal axis of collar body 12. Slide rail 80 has a
longitudinal slot 88 and a plurality of openings 90 that are contiguous with slot 88. Optionally, each
opening 90 is defined by a reduced-size neck 92 and a body portion. Each opening 90 corresponds
to a discrete position that can accept compressor 32 and is capable of securely fixing compressor 32

to collar body 12.
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[0069] FIG. 16 illustrates compressor 32 that may be engaged with slide rail 80 illustrated in
FIG. 15. Compressor 32 comprises a slidable engagement member 84 on its outward facing side.
Engagement member 84 has a head portion 86 and a neck portion 94 that has a larger diameter than

neck portion 94.

[0070] FIG. 17 illustrates a cross-sectional view of engagement member 84 engaged with slide
rail 80. Specifically, neck portion 94 is adapted to slide freely along slot 88 and through neck 92 to
engage head portion 86 within the body portion of opening 90, thereby locking compressor 32 into
place. In one embodiment, engagement member 84 comprises an elastomeric material (e.g., rubber).
The use of an elastomeric material for the sliding member 84 may allow the sliding member 84 to be
easily secured to the openings 90, and provide resiliency such that purposeful amount of effort is
required to disengage the sliding member 84. The sliding member 84 may be made of any other

suitable material in other embodiments.

[0071] FIG. 18 illustrates an alternate engagement mechanism for adjustable compressors 32.
In this embodiment, compressor 32 has a connector 98 on its outward-facing surface. Connector 98
may be configured to have, for example, a neck portion and a larger head portion 106. Body 12 is
contains a plurality of cavities 96 configured to receive head portion 106. Cavities 96 may have a
keyhole configuration with an enlarged portion 102, adapted to receive head portion 106, and a
narrow portion 104, or neck, adapted to receive the neck portion of connector 98. In some
embodiments, the portion of body 12 containing cavities 96 is constructed of sufficiently resilient
material (e.g., an elastomeric material) to yield in order to accept head portion 106 under the
application of a perpendicular force, hold connector 98 relatively immobile once in place, and resist
releasing connector 98 under a lateral force (i.e., approximately parallel to the longitudinal axis of
collar 10). Optionally, the collar system provides a plurality of matched compressor 32 pairs having
different thicknesses (heights) and/or shapes. The user can select a compressor 32 pair having the

appropriate thickness and/or shape in order to customize and optimize fit and neck vein pressure.

[0072] In other embodiments, the invention provides a collar 10 and/or collar body 12 having

compressors 32 that are adjustable in a direction perpendicular to the longitudinal axis of the collar.
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This form of adjustment allows the user to vary the amount of neck vein pressure applied by
compressors 32. FIGS. 19-20 illustrate one embodiment in which compressor 32 is mounted on an
expandable element 108 that is attached to body 12. Expandable element 108 is adapted to
reversibly adjust the height of compressor 32 from height X1 (FIG. 19) to height X2 (FIG. 20). In
some embodiments, the compressor 32 height may be regulated by a mechanical scissor lift
positioned between the compressor body 32 and the collar body 12. The scissor lift may be a
friction joint that requires the application of more force to open/close (extend/retract) than the
desired force to be applied against the neck. Modulation of the force requirement to operate the
scissor lift also may serve as a pressure limiter such that the scissor lift retracts under a force that
would apply excessive neck vein pressure. In other embodiments, the compressor 32 height may be
controlled by an inflatable element placed between the compressor body 32 and the collar body 12.
Optionally, the inflatable element also contains a pressure release valve which may be set to release

the inflation gas at pressures that would apply excessive neck vein pressure to the subject.

[0073] In other embodiments, the compressor height may be adjusted using a screw mechanism.
For example, the compressor may have a threaded screw or rod extending from the outward-facing
surface and the one or more cavities 96 may be threaded to accept the compressor screw. For
adjustment, the appropriate cavity 96 is selected to position the compressor 32 in the correct
longitudinal position along the longitudinal axis of body 12. Compressor height is then adjusted by

the depth to which the compressor is screwed into selected cavity 96.

[0074] In other embodiments, the compressor height may be passively adjusted by placing a
spring between the compressor 32 and body 12. The neck vein pressure may be controlled by

selection of a spring with the appropriate compressive resiliency.
[0075] COLLAR WITH FIT ADJUSTER

[0076] The invention also provides collars having a fit adjustment element that may be used
with modular and adjustable collars or unitary collars. FIG. 21 illustrates a unitary collar body 12
having a fit adjustment element 64 disposed on the body-facing surface. Optionally, the fit

adjustment element 64 is positioned toward the back (dorsal) region of body 12. The purpose of the
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fit adjustment element 64 is to improve collar 10 fit on differently-sized necks. For example, a
collar 10 may be fitted to a user such that compressors 32 are well-positioned to contact and apply
pressure to the neck veins but the collar may be a fractional size too large, thereby leaving a gap
between the back of the neck and the collar. The fit adjustment element 64 may be used to fill this
gap and/or generally provide a more secure fit for the collar when worn around the neck. In another
embodiment, the invention provides a modular collar body 12 having a fit adjustment element 64 on

the central member 42j.

[0077] In one embodiment, the fit adjustment element 64 is removable. Optionally, the
invention provides a system having a plurality of fit adjustment elements 64 of different sizes such
that the user can select the most appropriate size to maximize comfort, fit, and proper positioning of

the compressors. In another embodiment, the fit adjustment element 64 is inflatable.
[0078] BEND ANGLE MEASURING SYSTEM

[0079] The invention also provides systems and methods for measuring or inferring the amount
of pressure applied by collar 10 to the neck veins using a bend angle measuring system. As
described above, collar 10, including body 12, is constructed to have an inwardly directed bias when
the collar 10 is worn such that compressors 32 apply pressure to the neck veins. The pressure
applied by compressors 32 can be measured for any particular value of opening 14 and is a function
of the specific materials and construction of collar 10. For any collar 10, the amount of pressure
applied by compressors also is a function of the bend angle of collar 10 when it is worn. Thus, the
compressor pressure can be inferred from the bend angle of the collar at various locations.
Accordingly, the invention provides a unitary or modular collar 10 having one or more bend angle
sensors. FIG. 22 illustrates a collar 10 having a bend angle sensor 942 positioned on the outwardly-
facing side of collar 10, in the middle of the longitudinal collar axis that normally would be
positioned directly over the wearer’s spine. Optionally, and as illustrated in FIG. 22, collar 10
further comprises a bend angle sensor 942 at each of the end portions 16. For embodiments in which
only a single centrally-located bend angle sensor is present, the compressor pressure may be

calculated from the bend angle made by the collar in that region. For embodiments in which a
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plurality (e.g., two or three) bend angle sensor are present, the compressor pressure may be
calculated as a function of all measured bend angles. Optionally, collar 10 further comprises a
microprocessor and digital memory storage system to measure and record the bend angles and/or
compressor pressures. These data may be transmitted in delayed or real-time by an optional radio
transmitter. FIG. 22 also illustrates the configuration of collar 10 in its resting configuration (solid
line) and a stretched configuration as it may be when worn (dashed line), wherein the end portions

16 are outwardly deflected by a distance “x”.

[0080] A variety of suitable bend angle sensors are known in the art. For example, FIG. 23 is a
schematic of a capacitive bend angle sensor such as those described in U.S. Patent 5,610,528. The
capacitive sensors include at least two elements 11, 13 that consist of a flexible, electrically
insulating material such as plastic. One surface of each element has a comb pattern 71,17 of
conducting material, such as a metal film or conducting polymer, and a dielectric layer 21

covering the comb material. FIG. 24 illustrates the assembled bend angle sensor in which the two
elements 11,13 are placed together such that the two comb patterns 71,17 are in close proximity,
separated only by one or more dielectric layers. The two elements 11, 13 are then bonded together.
Preferably, the comb patterns 71,17 of each of the elements 11, 13 are disposed near one end of the
elements, and the elements are bonded together on the opposite end as shown in FIG. 25. Electrical
contacts 23, 25 (wires) are affixed to the conducting comb patterns 71,17. The two elements 11,13
may be placed in flexible plastic tubing (not shown) or other structure that contains and protects the

two elements 11,13, and keeps them pressed together.

[0081]  For purposes of clarity and conciseness of the description, not all of the numerous
components shown in the schematic are described. The numerous components are shown in the
drawings to provide a person of ordinary skill in the art a thorough enabling disclosure of the present

invention. The operation of many of the components would be understood to one skilled in the art.

[0082]  Each of the additional features and teachings disclosed herein can be utilized separately
or in conjunction with other features and teachings to provide the present invention. Representative

examples utilizing many of these additional features and teachings, both separately and in
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combination, are described in further detail with reference to the attached drawings. This detailed
description is merely intended to teach a person of skill in the art further details for practicing
preferred aspects of the present teachings and is not intended to limit the scope of the claims.
Therefore, combinations of features disclosed in the detailed description may not be necessary to
practice the teachings in the broadest sense and are instead taught merely to describe particularly

representative examples of the present teachings.

[0083] Moreover, the various features of the representative examples and the dependent claims
may be combined in ways that are not specifically and explicitly enumerated in order to provide
additional useful embodiments of the present teachings. In addition, all features disclosed in the
description and/or the claims are intended to be disclosed separately and independently from each
other for the purpose of original disclosure, as well as for the purpose of restricting the claimed
subject matter independent of the compositions of the features in the embodiments and/or the claims.
All value ranges or indications of groups of entities disclose every possible intermediate value or
intermediate entity for the purpose of original disclosure, as well as for the purpose of restricting the
claimed subject matter. The dimensions and the shapes of the components shown in the figures are
designed to help understand how the present teachings are practiced but are not intended to limit the

dimensions and the shapes shown in the examples.
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CLAIMS:

1. A collar sized to be worn around the neck of a human subject, the collar comprising:
a central member having a first end and a second end,;

a first side member having a first end engaged with the first end of the central member
and a second end comprising a first compressor; and

a second side member having a first end engaged with the second end of the central
member and a second end comprising a second compressor,

wherein the central, first side, and second side members define an arc of less than 360°
and greater than 180° having a diameter that is alterable;

wherein the second end of the first side member and the second end of the second side
member are free ends having a gap therebetween such that the constructed collar does
not extend around an entirety of the circumference of the neck;

wherein the first and second compressors are movably engaged with the first and
second side members, respectively; and

wherein the collar is adapted to exert an inwardly-directed force on the first and second

compressors when worn.

2. The collar of claim 1, wherein the first end of the first side member has a first
releasable engagement with the first end of the central member and the first end of the
second side member has a second releasable engagement with the second end of the
central member, and wherein the diameter is alterable by replacing one or more of the
first side member, the second side member, and the central member at the first or

second releasable engagements.

3. The collar of claim 1 or 2, wherein the first and second compressors are slidably

engaged with the first and second side members, respectively.

4. The collar of claim 1, wherein the first end of the first side member has a first slidable
engagement with the first end of the central member, and
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wherein the diameter is altered by the first slidable engagement of the first side member

and the central member.

5. The collar of claim 4, wherein the first end of the second side member has a second
slidable engagement with the first end of the central member, and wherein the diameter
is altered by the second slidable engagement of the second side member and the

central member.

6. The modular collar of any one of claims 1-5, wherein the central member further

comprises a fit adjustment element attached to the body-facing surface.

7. The modular collar of claim 1, wherein the first end of the second side member has a
second slidable engagement with the first end of the central member, and wherein the
diameter is altered by the second slidable engagement of the second side member and

the central member.

8. The modular collar of claim 1, further comprising a bend angle sensor configured and

positioned to detect a bend angle of the collar.

9. A modular collar system for constructing a collar sized to be worn around the neck of
a human subject, the system comprising:

a central member having a first mating pair member at a first end and a second mating
pair member at a second end;

a first side member having a complimentary first mating pair member at a first end and a
first compressor at a second end; and

a second side member having a complimentary second mating pair member at a first
end and a second compressor at a second end;

wherein a collar defining an arc of greater than 180° is formed by mating the first mating
pair member of the central member with the complimentary first mating pair member of
the first side member and mating the second mating pair member of the central member
with the complimentary second mating pair member of the second side member,
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wherein the second end of the first side member and the second end of the second side
member are free ends having a gap therebetween such that the constructed collar does
not extend around an entirety of the circumference of the neck,

wherein the first and second compressors are positioned on the collar to contact two or
more neck veins of the human subject when the collar is worn around the neck,
wherein the collar is adapted to exert an inwardly-directed force on the first and second
compressors when worn, and

wherein the first and second compressors are slidably engaged with the first and

second side members, respectively.

10. The system of claim 9, wherein the first mating pair member and the complimentary
first mating pair member form a reversible attachment and/or the second mating pair
member and the complimentary second mating pair member form a reversible
attachment.

11. The system of claim 9 or 10, wherein the first and second compressors are

expandable in a direction facing the neck when worn.

12. The system of any one of claims 9-11, wherein the central member further

comprises a fit adjustment element attached to a surface facing the neck when worn.

13. The system of claim 12, wherein the fit adjustment element is inflatable.

14. The system of any one of claims 9-13, wherein the system comprises two or more

central members.

15. The system of any one of claims 9-13, wherein
the first and second compressors are reversibly attachable to the first and second side

members, respectively.
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16. The system of claim 9, further comprising a bend angle sensor configured and

positioned to detect a bend angle of the collar.

17. An expandable collar sized to be worn around the neck of a human subject, the
collar comprising:

a central member having a first end and a second end;

a first side member having a first end slidably engaged with the first end of the central
member and a second end comprising a first compressor; and

a second side member having a first end slidably engaged with the second end of the
central member and a second end comprising a second compressor;

wherein the central, first side, and second side members define an arc of less than 360°
and greater than 180° having a diameter;

wherein the second end of the first side member and the second end of the second side
member are free ends having a gap therebetween such that the constructed collar does
not extend around an entirety of the circumference of the neck;

wherein the diameter is altered by the slidable engagement of the first side member and
the central member and/or by the slidable engagement of the second side member and
the central member; and

wherein the collar is adapted to exert an inwardly-directed force on the first and second

compressors when worn.

18. The expandable collar of claim 17, wherein the first and second compressors are

slidably engaged with the first and second side members, respectively.

19. The expandable collar of claim 17 or 18, wherein the first and second compressors

are removably attached to the first and second side members, respectively.

20. The expandable collar of any one of claims 17-19, wherein the first and second

compressors are expandable in a direction facing the neck when worn.
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21. The expandable collar of any one of claims 17-20, wherein the central member
further comprises a fit adjustment element attached to a surface facing the neck when

womn.

22. The expandable collar of claim 21, wherein the fit adjustment element is inflatable.

23. The expandable collar of claim 17, further comprising a bend angle sensor

configured and positioned to detect a bend angle of the collar.
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