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(54) ARTICULATED PROTECTIVE APPARATUS

(57) Aspects of the present invention relate to a pro-
tective apparatus that is comprised of an impact shell
and an impact attenuating structure. The impact shell
includes two shell portions that are moveably hinged to
one another to conform to the underlying protected por-
tion, such as an athlete’s shin region. The protective ap-
paratus also utilizes an impact attenuating structure that
functions to attenuate an impact force as well as serve

as a hinge between the two-part shell. Additional aspects
include a puncture prevention element that is positioned
between the two shell portions to resist impalement at
the hinge junction formed between the two shell portions.
Further, additional aspects utilize one or more channels
on a posterior surface of the impact attenuating structure
to aid in guiding the articulation of the impact attenuating
structure in a location related to the shell articulation joint.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from US Appli-
cation Serial Number 14/955,784 filed December 1,
2015, which is a continuation-in-part of US Application
Serial Number 13/804,728 (filed March 14, 2013, and
issuing as US 9,198,471) and is a continuation-in-part of
US Application Serial No. 13/795,269 (filed March 12,
2013), each of which is incorporated herein by reference
in its entirety.

BACKGROUND

[0002] A protective apparatus, such as a shin guard or
other padded elements, are traditionally used to limit an
impact force experienced by a person or an object. Some
examples of protective apparatus rely on foam-like ma-
terials that are placed between a protected surface and
a point of impact. As part of some certification and testing
plans, a protective apparatus must exhibit an ability to
resist a puncture. A puncture force may be exerted by a
cleat or spike on an opposing player’s footwear, for ex-
ample. However, because a foam-like material may not
provide the level of puncture prevention desired, a rigid
shell may be used in combination with the foam-like ma-
terial. However, the rigid shell is not conducive to fitting
a variety of wearers not adapting to the desired fit of the
wearer.

SUMMARY

[0003] Aspects of the present invention relate to a pro-
tective apparatus that is comprised of an impact shell
and an impact attenuating structure. The impact shell
includes two portions that are moveably hinged to one
another to conform to the underlying protected portion,
such as an athlete’s shin region. The protective appara-
tus also utilizes an impact attenuating structure that func-
tions to attenuate an impact force as well as serve as a
hinge between the two-part shell. Additional aspects may
include a puncture prevention element that is positioned
between the two shell portions to resist impalement at
the hinge junction formed between the two shell portions.
Further, additional aspects may utilize one or more chan-
nels on a posterior surface of the impact attenuating
structure to aid in guiding the articulation of the impact
attenuating structure in a location related to the shell ar-
ticulation joint.
[0004] One aspect of the present invention provides
An articulated protective apparatus comprising: an im-
pact shell having an anterior surface, an opposite poste-
rior surface, a medial edge, an opposite lateral edge, a
superior edge, and an opposite inferior edge; the impact
shell further comprising: a medial shell element extend-
ing from the superior edge to the inferior edge and from
the medial edge to a medial hinge edge, a lateral shell

element extending from the superior edge to the inferior
edge and from the lateral edge to a lateral hinge edge,
a hinge component hingedly coupling the medial hinge
edge to the lateral hinge edge; an impact attenuating
structure having a posterior surface, an opposite anterior
surface, a medial edge, an opposite lateral edge, a su-
perior edge, and an opposite inferior edge, the impact
attenuating structure anterior surface directly coupled to
the posterior surface of the impact shell proximate a por-
tion of the medial shell element and proximate a portion
of the lateral shell element; and a puncture prevention
element aligned with the hinge component.
[0005] Advantageously, the impact shell is formed
from at least one material selected from the following: a)
a polymer-based material; or b) a resin and fiber material.
[0006] Preferably, the puncture prevention element is
formed from a woven material.
[0007] Conveniently, the puncture prevention element
extends from near the superior edge of the impact shell
to near the inferior edge of the impact shell.
[0008] Advantageously, the puncture prevention ele-
ment is formed from a thermoplastic polyurethane mate-
rial.
[0009] Preferably, the puncture prevention element is
coupled directly to the medial shell element and the lat-
eral shell element.
[0010] Conveniently, the puncture prevention element
includes a bridge integrally molded with the medial shell
element and the lateral shell element and connecting the
medial hinge edge to the lateral hinge edge to function
as a living hinge.
[0011] Advantageously, an elastomeric strip is coupled
to an anterior facing portion of the bridge from near the
superior edge to near the inferior edge, and wherein the
hinge component comprises the elastomeric strip com-
bined with the bridge.
[0012] Preferably, the puncture prevention element is
not directly coupled with the medial shell element or the
lateral shell element.
[0013] Conveniently, the puncture prevention element
is directly coupled with the impact attenuating structure
anterior surface.
[0014] Advantageously, the impact attenuating struc-
ture is further comprised of a channel extending from the
impact attenuating structure superior edge to the impact
attenuating structure inferior edge on the impact attenu-
ating structure posterior surface.
[0015] Preferably, the channel is substantially parallel
with the medial hinge edge and the lateral hinge edge.
[0016] Conveniently, the posterior surface and the an-
terior surface of the impact attenuating structure are
formed from a thermoplastic polyurethane material with
a foam material maintained between the posterior sur-
face and the anterior surface.
[0017] Another aspect of the present invention pro-
vides an articulated protective apparatus comprising: an
impact shell having an anterior surface, an opposite pos-
terior surface, a medial edge, an opposite lateral edge,
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a superior edge, and an opposite inferior edge; the impact
shell further comprising: a medial shell element extend-
ing from the superior edge to the inferior edge and from
the medial edge to a medial hinge edge; and a lateral
shell element extending from the superior edge to the
inferior edge and from the lateral edge to a lateral hinge
edge; the medial shell element and the lateral shell ele-
ment being disconnected shell elements that are spaced
apart by a gap between the medial hinge edge and the
lateral hinge edge; an impact attenuating structure hav-
ing a posterior surface, an opposite anterior surface, a
medial edge, an opposite lateral edge, a superior edge,
and an opposite inferior edge, the impact attenuating
structure anterior surface directly coupled to the posterior
surface of the impact shell proximate a portion of the
medial shell element and proximate a portion of the lateral
shell element; and a puncture prevention element cou-
pled in a space between the posterior surface of the im-
pact shell and the anterior surface of the impact attenu-
ating structure, the puncture prevention element aligned
with the gap.
[0018] Advantageously, the puncture prevention ele-
ment extends from near the superior edge of the impact
shell to near the inferior edge of the impact shell along
the posterior surface of the impact shell.
[0019] Preferably, the puncture prevention element is
coupled directly to the medial shell element and the lat-
eral shell element.
[0020] Conveniently, the puncture prevention element
is directly coupled with the impact attenuating structure
anterior surface.
[0021] A further aspect of the present invention pro-
vides an articulated protective apparatus comprising: an
impact shell having an anterior surface, an opposite pos-
terior surface, a medial edge, an opposite lateral edge,
a superior edge, and an opposite inferior edge; the impact
shell further comprising: a medial shell element extend-
ing from the superior edge to the inferior edge and from
the medial edge to a medial hinge edge, a lateral shell
element extending from the superior edge to the inferior
edge and from the lateral edge to a lateral hinge edge,
a living-hinge bridge component integrally formed with
the medial shell element and the lateral shell element
and coupling the medial hinge edge to the lateral hinge
edge, and an elastomeric strip coupled along the anterior
surface of the living-hinge bridge component; and an im-
pact attenuating structure having a posterior surface, an
opposite anterior surface, a medial edge, an opposite
lateral edge, a superior edge, and an opposite inferior
edge, the impact attenuating structure anterior surface
directly coupled to the posterior surface of the impact
shell.
[0022] Advantageously, the medial shell element, the
lateral shell element, and the living-hinge bridge compo-
nent are molded from a same material.
[0023] Preferably, the same material includes a poly-
mer-based material or a resin and fiber material.
[0024] This Summary is provided to introduce a selec-

tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0025] Illustrative embodiments of the present inven-
tion are described in detail below with reference to the
attached drawing figures, which are incorporated by ref-
erence herein and wherein:

FIG. 1 illustrates an exemplary protective apparatus,
in accordance with aspects of the present invention;
FIG. 2 illustrates a side perspective of an articulated
protective apparatus exposing the articulation joint
between the medial shell element and the lateral
shell element, in accordance with aspects of the
present invention;
FIG. 3 illustrates a top-down view of an articulated
protective apparatus, in accordance with aspects of
the present invention;
FIG. 4 illustrates an exemplary bottom-up perspec-
tive of an articulated protective apparatus in an ar-
ticulated configuration, in accordance with aspects
of the present invention;
FIG. 5A illustrates a cross sectional view of an artic-
ulated protective apparatus along the cutline 5-5 of
FIG. 2, in accordance with aspects of the present
invention;
FIG. 5B illustrates a cross sectional view of an artic-
ulated protective apparatus along a similar cutline
as that depicted in FIG. 5A, in accordance with as-
pects of the present invention;
FIG. 6 illustrates a cross sectional view of an artic-
ulated protective apparatus along a similar cutline
as that depicted in FIG. 5A, in accordance with as-
pects of the present invention;
FIG. 7 illustrates a shell overlap puncture prevention
arrangement for an articulated protection apparatus,
in accordance with aspects of the present invention;
FIG. 8 is an illustration of a puncture prevention el-
ement, in accordance with aspects of the present
invention;
FIG. 9 illustrates a focused view of the articulated
protection apparatus of FIG. 7, in accordance with
aspects of the present invention; and
FIG. 10 illustrates a posterior surface of an impact
attenuating structure in accordance with aspects of
the present invention.

DETAILED DESCRIPTION

[0026] The subject matter of embodiments of the
present invention is described with specificity herein to
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meet statutory requirements. However, the description
itself is not intended to limit the scope of this patent. Rath-
er, the inventors have contemplated that the claimed sub-
ject matter might also be embodied in other ways, to in-
clude different elements or combinations of elements
similar to the ones described in this document, in con-
junction with other present or future technologies.
[0027] Aspects of the present invention relate to a pro-
tective apparatus that is comprised of an impact shell
and an impact attenuating structure. The impact shell
includes two discrete portions that are moveably hinged
to one another to conform to the underlying protected
portion, such as an athlete’s shin region. The protective
apparatus also utilizes an impact attenuating structure
that functions to attenuate an impact force as well as
serve as a hinge between the two-part shell. Additional
aspects include a puncture prevention element that is
positioned between the two shell portions to resist im-
palement at the hinge junction formed between the two
shell portions. Further, additional aspects utilize one or
more channels on a posterior surface of the impact at-
tenuating structure to aid in guiding the articulation of the
impact attenuating structure in a location related to the
shell articulation joint.
[0028] Accordingly, in one aspect, the present inven-
tion provides an articulated protective apparatus. The ar-
ticulated protective apparatus includes an impact shell
having an anterior surface, an opposite posterior surface,
a medial edge, an opposite lateral edge, a superior edge,
and an opposite inferior edge. The impact shell further
comprises a medial shell element extending from the su-
perior edge to the inferior edge and from the medial edge
to a medial hinge edge. The impact shell further compris-
es a lateral shell element extending from the superior
edge to the inferior edge and from the lateral edge to a
lateral hinge edge. The medial shell element is physically
independent of the lateral shell element. The articulated
apparatus is further comprised of an impact attenuating
structure having a posterior surface, an opposite anterior
surface, a medial edge, an opposite lateral edge, a su-
perior edge, and an opposite inferior edge. The impact
attenuating structure anterior surface is directly coupled
to the posterior surface of the impact shell near a portion
of the medial shell element and also near a portion of the
lateral shell element.
[0029] In another aspect, the present invention pro-
vides an articulated protective apparatus having a two-
part impact shell. The two-part shell is comprised of an
anterior surface and an opposite posterior surface and a
medial edge, an opposite lateral edge, a superior edge,
and an opposite inferior edge. The two-part impact shell
also is formed from a medial shell element extending
from the superior edge to the inferior edge and from the
medial edge to a medial hinge edge. The two-part shell
is also formed from a lateral shell element extending from
the superior edge to the inferior edge and from the lateral
edge to a lateral hinge edge. The articulated protective
apparatus also includes an impact attenuating structure

having a posterior surface, an opposite anterior surface,
a medial edge, an opposite lateral edge, a superior edge,
and an opposite inferior edge. The impact attenuating
structure anterior surface is coupled to the posterior sur-
face of the impact shell proximate a portion of the medial
shell element and proximate a portion of the lateral shell
element. The impact attenuating structure includes a
channel extending from the superior edge to the inferior
edge of the impact attenuating structure on the posterior
surface. Additionally, the articulated protection appara-
tus includes a puncture prevention element coupled with
the impact attenuating structure on the impact attenuat-
ing structure anterior surface proximate the channel.
[0030] A third aspect of the present invention also pro-
vides an articulated protective apparatus comprising a
two-part impact shell having an anterior surface and an
opposite posterior surface. The posterior surface is
curved toward the anterior surface between a medial
edge and an opposite lateral edge. The two-part impact
shell is comprised of (1) a medial shell element extending
from the superior edge to the inferior edge and from the
medial edge to a medial hinge edge and (2) a lateral shell
element extending from the superior edge to the inferior
edge and from the lateral edge to a lateral hinge edge.
Further, the articulated protective apparatus includes an
impact attenuating structure having a posterior surface
and an anterior surface. The impact attenuating structure
anterior surface is coupled to the posterior surface of the
impact shell near a portion of the medial shell element
and also near a portion of the lateral shell element. The
impact attenuating structure is comprised of (1)
a hinge channel extending from the superior edge to the
inferior edge of the impact attenuating structure on the
posterior surface corresponding proximately with the lat-
eral hinge edge; (2) a lateral channel extending from the
superior edge to the inferior edge of the impact attenu-
ating structure on the posterior surface between the lat-
eral edge and the hinge channel; and (3) a medial chan-
nel extending from the superior edge to the inferior edge
of the impact attenuating structure on the posterior sur-
face between the medial edge and the hinge channel.
The lateral channel is recessed into the impact attenuat-
ing structure a greater amount than the medial channel.
[0031] Having briefly described an overview of embod-
iments of the present invention, a more detailed descrip-
tion follows.
[0032] The protective apparatus is contemplated as
providing protection to one or more portions of a body or
object. For example, it is contemplated that a protective
apparatus implementing one or more aspects provided
herein may be utilized to provide protection (e.g., punc-
ture prevention) and/or force damping functions to a va-
riety of body parts. Examples include, but are not limited
to, shin guards, knee pads, hip pads, abdominal pads,
chest pads, shoulder pads, arm pads, and elbow pads.
Therefore, it is contemplated that aspects provided here-
in may be useful in a variety of situations at a variety of
locations.
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[0033] A protective apparatus, as provided herein, is
an article for reducing an effect of an impact force on an
associated portion of a wearer. For example, a shin guard
utilizing features discussed herein may reduce the per-
ception of energy imparted on the shin region of a user
through the use of the protective apparatus. This change
in perception may be accomplished in a variety of ways.
For example, the energy applied at a point of impact may
be distributed over a greater surface area, such as
through a rigid/semi-rigid impact shell. Further, it is con-
templated that a dissipating/absorbing material (i.e., an
impact attenuating structure) may provide a compressive
function for absorbing and/or dissipating a portion of the
impact force. Aspects of the present invention look to
provide at least some of the advantages of a protective
apparatus (e.g., energy distribution and energy absorp-
tion) while reducing some of the disadvantages associ-
ated with a traditional non-conforming rigid portions of a
protective apparatus.
[0034] Fig. 1 illustrates an exemplary protective appa-
ratus 100, in accordance with aspects of the present in-
vention. The protective apparatus 100 is depicted as a
shin guard having an impact shell 101 (also referred to
as a "shell" herein) that has an anterior surface 102, which
is a surface more forward from the wearer when in an
as-worn position than an opposite posterior surface
(identified as posterior surface 104 in FIG. 3 hereinafter).
The posterior surface of the shell 101 is typically closer
to the wearer when in an as-worn position than the an-
terior surface 102. The shell 101 is also defined by a
perimeter that is formed from a superior edge 106, a me-
dial edge 112, an inferior edge 108, and a lateral edge
110.
[0035] As can be appreciated by one of skill in the art,
a shin guard may be produced in a right-leg orientation
and a left-leg orientation. Therefore, while one or more
orientations are depicted, it is contemplated that con-
cepts similar to those discussed and depicted may be
translated to the opposite orientation. Stated differently,
while a right shin guard may be discussed herein, it is
contemplated that a left shin guard having a mirror-image
orientation is also contemplated. Further, human ana-
tomical relational terms are used herein (e.g., medial,
lateral, superior, inferior, posterior, and anterior) as gen-
eral locational terms for reference. However, it is con-
templated that alternative aspects may be implemented
that are contrary to the terms meaning with respect to a
human body. Stated differently, a medial edge of a pro-
tective apparatus is contemplated, in an exemplary as-
pect, of being located proximate a lateral relative location
on the wearer, for example.
[0036] Returning to the shell 101, it is contemplated
that a medial shell element 116 and a separate lateral
shell element 114 form the shell 101, at least in part. For
example, it is contemplated that the medial shell element
116 and the lateral shell element 114 are the only two
elements forming the entirety of the shell 101, in an ex-
emplary aspect. In this example, the medial shell element

116 and the lateral shell element 114 are connected by
a flexible joint allowing for the shell to articulate about
the joint (e.g., hinge). In an alternative aspect, it is con-
templated that three or more elements may be used in
conjunction to form the totality of the shell.
[0037] The medial shell element 116 is comprised of
a medial hinge edge 120 that is opposite the medial edge
112 previously discussed with the shell 101 in the entire-
ty. The medial shell element 116 extends from the supe-
rior edge 106 to the opposite inferior edge 108 and be-
tween the medial edge 112 and the medial hinge edge
120. A posterior surface and an anterior surface of the
medial shell element 116 form a portion of the respective
posterior and anterior surfaces 102 of the shell 101.
[0038] Similarly, the lateral shell element 114 is com-
prised of a lateral hinge edge 118 that is opposite the
lateral edge 110 previously discussed with the shell 101
in the entirety. The lateral shell element 114 extends from
the superior edge 106 to the opposite inferior edge 108
and between the lateral edge 110 and the lateral hinge
edge 118. A posterior surface and an anterior surface of
the lateral shell element 114 form a portion of the respec-
tive posterior and anterior surfaces 102 of the shell 101.
[0039] The lateral hinge edge 118 and the medial hinge
edge 120 define a physical separation between the lat-
eral shell element 114 and the medial shell element 116,
which allows for the shell 101 to flex and articulate as if
hinged proximate the separation between the lateral
hinge edge 118 and the medial hinge edge 120. This
hinge (e.g., articulation joint) allows for a rigid or semi-
rigid shell to conform to the shape of the wearer and to
move with changes to the underlying form of the wearer
(e.g., flexing of a calf muscle, differences in sock/sheath
material thickness). Consequently, a common shell ge-
ometry may be offered to a variety of different consumers
having different sizing needs as the hinged shell can
adapt by articulating or bending while still having a func-
tional shell.
[0040] A shell is contemplated as being constructed
from a number of materials, such as polymer-based ma-
terials, infused materials (e.g., carbon-fiber, fiberglass,
and aramids), natural materials, metals, and the like. Ad-
ditionally, it is contemplated that the shell may be con-
structed from a rapid manufacturing process such as an
additive (e.g., laser sintering, polymer deposition) or re-
ductive process. Additionally, it is contemplated that a
shell may be constructed from a carbon fiber material
comprised of carbon fiber and binders (e.g., resins) to
form a durable light-weight material.
[0041] The shell is contemplated to provide several
functional attributes to the protective apparatus. For ex-
ample, a force distribution function may be desired. As
a result, a rigid or semi-rigid material that is able to dis-
tribute a focused force across a larger surface area may
be implemented. Similarly, it is contemplated that the
shell functions to prevent a puncture. In an exemplary
aspect, an opponent may have a cleat or spike on the
underside of a shoe that could puncture an inappropri-
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ately selected material. As a result, a material, such as
those listed above, may be utilized in the shell to resist
impalement of the wearer. The prevention of impalement
by implementing puncture resistant materials, elements,
and geometries will be discussed in greater detail here-
inafter with respect to the hinge region formed between
the medial shell element 116 and the lateral shell element
114.
[0042] While not identified explicitly in FIG. 1, it is con-
templated that an impact attenuating structure, such as
a padded element, is coupled to the posterior surface of
the shell 101. As will be discussed in greater detail here-
inafter, the impact attenuating structure may serve sev-
eral functions. For example, the impact attenuating struc-
ture may dissipate and attenuate an impact force expe-
rienced by the shell. Further, the impact attenuating
structure may serve as a flexible hinge member between
the medial shell element 116 and the lateral shell element
114. As a flexible hinge member, the impact attenuating
structure allows the articulated protective apparatus to
flex while maintain a spatial and relative relationship be-
tween the different shell elements.
[0043] FIG. 2 illustrates a side perspective of an artic-
ulated protective apparatus 200 exposing the articulation
joint between the medial shell element 116 and the lateral
shell element 114, in accordance with aspects of the
present invention. As discussed with respect to FIG 1
above, the shell 101 is comprised of the superior edge
106, the inferior edge 108, the lateral edge 110, the lateral
hinge edge 118, the medial hinge edge 120, the lateral
shell element 114, and the medial shell element 116.
Additionally depicted is an impact attenuating structure
201 having a posterior surface 202 and an anterior sur-
face along with a superior edge 206.
[0044] As illustrated, a hinge is formed between the
medial hinge edge 120 of the medial shell element 116
and the lateral hinge edge 118 of the lateral shell element
114. In this example, a gap is less pronounces as the
curvature of the posterior surface of the shell 101 is ex-
tended in the direction of the anterior surface of the shell
101. Stated differently, as the diameter of a curve of the
shell 101 is reduced, a gap expands between the medial
shell element 116 and the lateral shell element 114 at
the hinge to allow for the articulation of the elements for
reducing the curve diameter.
[0045] Also depicted in FIG. 2 is a cutline 5-5 extending
horizontally through the articulated protective apparatus
200 from the lateral edge 110 to the medial edge. The
cutline view is illustrated in FIG. 5A hereinafter.
[0046] FIG. 3 illustrates a top-down view of an articu-
lated protective apparatus 300, in accordance with as-
pects of the present invention. In an exemplary aspect,
the articulated protective apparatus 300 is similar to that
which was discussed with respect to FIG. 1 and FIG. 2
hereinabove. As previously discussed the articulated
protective apparatus 300 is comprised of a shell 101 and
an impact attenuating structure 201. The shell 101 is
formed with a lateral edge 110, a superior edge 106, a

medial edge 112 and an inferior edge (not identified in
FIG. 3). Further, the shell 101 is comprised of a medial
shell element 116 and a lateral shell element 114. The
medial shell element is defined as extending between
the medial edge 112 and a medial hinge edge 120. The
lateral shell element 114 is defined as extending between
the lateral edge 110 and a lateral hinge edge 118. Fur-
ther, the shell 101 has a posterior surface 104 and an
anterior surface 102.
[0047] The impact attenuating structure 201 is com-
prised of an anterior surface 204 and a posterior surface
202. Further the impact attenuating structure 201 is com-
prised of a superior edge 206, a medial edge 212, and a
lateral edge 210. As illustrated, it is contemplated that a
continuous impact attenuating structure 201 extends
across both the medial shell element 116 and the lateral
shell element 114. Therefore, the impact attenuating
structure 201 is functional to provide a flexible coupling
between the medial shell element 116 and the lateral
shell element 114. As illustrated, the lateral edge 210
substantially aligns with the lateral edge 110 and the me-
dial edge 212 substantially aligns with the medial edge
112. However, it is contemplated that the shell 101 may
extend past one or more edges (e.g., superior, inferior,
medial, lateral) of the impact attenuating structure 201
and/or the impact attenuating structure 201 may extend
past one or more edges (e.g., superior, inferior, medial,
lateral) of the shell 101, in exemplary aspects.
[0048] The impact attenuating structure 201 is also
comprised of a number of channels (e.g., grooves, re-
cesses) along at least the posterior surface 202. The
channels, as illustrated in greater detail in FIG. 10 here-
inafter, may extend in any direction, for any length, at
any depth, and at any geometry. In an exemplary aspect,
a hinge channel 302 extends from the superior edge 206
downwardly towards an inferior edge of the impact atten-
uating structure 201. In an exemplary aspect, the hinge
channel is substantially parallel with at least one of the
medial hinge edge 120 and/or the lateral hinge edge 118.
Similarly, it is contemplated that the hinge channel 302
is substantially aligned with and positioned proximate to
an articulation joint between the medial shell element 116
and the lateral shell element 114. The hinge channel 302,
in an exemplary aspect, provides a crease line along the
impact attenuating structure 201 that is more prone to
bending than non-channel portions of the impact atten-
uating structure 201 proximate the articulation joint.
Therefore, the hinge channel 302 serves as a hinge for
the medial shell element 116 and the lateral shell element
114. Stated differently, the impact attenuating structure
201 proximate the hinge channel 302 serves as an artic-
ulating member to which the shell elements are coupled,
but remain physically independent of one another.
[0049] In addition to the hinge channel 302, a medial
channel 304 and a lateral channel 306 are also depicted.
The medial channel 304 and the lateral channel 306 may
also extend from the superior edge to the inferior edge
of the impact attenuating structure 201 in a substantially
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parallel manner to the hinge channel 302. It is contem-
plated that the medial channel 304 may recess into the
impact attenuating structure 201 a first amount, the hinge
channel 302 may extend into the impact attenuating
structure 201 a second amount, as depicted. In this ex-
ample, the medial channel 304 may recess into the im-
pact attenuating structure 201 a lesser amount than the
hinge channel 302. Similarly, the lateral channel 306 may
recess a third amount into the impact attenuating struc-
ture 201. It is contemplated that the first amount, the sec-
ond amount, and the third amount are different amounts.
Further, it is contemplated that first amount is different
from the second amount and the third amount, wherein
the second amount and the third amount are substantially
similar amounts.
[0050] The degree of recess of a channel may be al-
tered to accomplish a variety of goals. For example, it is
contemplated that the medial channel 304 is more closely
oriented to the wearer’s tibia bone (i.e., shin) in an as-
worn position. Therefore, the reduction in the channel
depth increases a volume of impact attenuating material
that is effective for attenuating an impact force across
the tibia. The greater degree of recess of the hinge chan-
nel 302 may allow for the impact attenuating structure
201 to articulate at the hinge channel with greater ease
than a shallower recess depth. Further, the greater depth
of the hinge channel 302 and the lateral channel 306 may
provide for greater ventilation along the wearer’s body
and a reduction in weight from a reduction in material of
the impact attenuating structure 201.
[0051] As will be discussed with FIG. 10 hereinafter, it
is contemplated that additional or fewer channels may
be incorporated within the impact attenuating structure
201 on either the posterior and/or anterior surfaces to
accomplish one or more of the functional characteristics
(e.g., flexibility, weight reduction, protection, ventilation)
provided herein.
[0052] The impact attenuating structure may be
formed from a variety of materials. For example, it is con-
templated that a foam-like material is utilized. Similarly,
it is contemplated that an elastomeric polymer may be
utilized. Further, it is contemplated that a combination of
materials may be utilized in the formation of the impact
attenuating structure. For example, a foam core may be
maintained between outer layers of a polyurethane-like
material to provide a resilient, flexible, washable, and
wearable impact attenuating structure material. While
specific examples of materials are provided herein, it is
contemplated that additional impact attenuating materi-
als may be implemented in one or more portions of the
impact attenuating structure 201.
[0053] FIG. 4 depicts an exemplary bottom-up per-
spective of an articulated protective apparatus 400 in an
articulated configuration, in accordance with aspects of
the present invention. The articulated protective appara-
tus 400 is comprised of a shell 101 formed from a medial
shell element 116 and a lateral shell element 114. The
medial shell element 116 terminates proximate the lateral

shell element 114 at a medial hinge edge 120. The lateral
shell element 114 terminates proximate the medial shell
element 116 at a lateral hinge edge 118.
[0054] The articulated protective apparatus 400 is fur-
ther comprised of an impact attenuating structure 201
that is comprised of a number of channels, such as a
medial channel 304, a lateral channel 306, and a hinge
channel 302. As depicted, the hinge channel 302 pro-
vides an articulating joint between the medial shell ele-
ment 116 and the lateral shell element 114.
[0055] As depicted in FIG. 4, it is contemplated that
the medial shell element 116 is coupled with the impact
attenuating structure 201 in a manner that allows a por-
tion of the medial shell element 116 to deflect away from
the impact attenuating structure 201. Stated differently,
the portion of the medial shell element 116 coupled with
the impact attenuating structure 201 may be positioned
away from the medial hinge edge 120. It is contemplated
that this offset in coupling allows for a greater portion of
the impact attenuating structure to serve as an articula-
tion point, which reduces strain and stress on the com-
ponents during an articulation. However, while the offset
coupling is depicted, it is contemplated that the medial
shell element may be coupled with the impact attenuating
structure 201 at/near the medial hinge edge 120, in an
exemplary aspect. While the discussion related to offset
coupling is directed to the medial portion, it is contem-
plated that the lateral portions may equally apply. Further,
it is contemplated that both the medial and lateral portions
may utilize an offset coupling or only one may utilize an
offset coupling.
[0056] The coupling between two or more portions may
be accomplished using known techniques, such as ad-
hesives and mechanical fasteners. For example, it is con-
templated that, but not limited to, glue, epoxy, heat-set
adhesive and the like may be applied to one or more
portions to be permanently or temporarily coupled. Me-
chanical fasteners include, but are not limited to, stitch-
ing, snaps, rivets, interlocking elements, hook-and-loop
fasteners, pockets, and the like. Further, it is contemplat-
ed that one or more coupling options may be combined
to couple a first portion (e.g., shell element) with a second
portion (e.g., impact attenuating structure). In an exem-
plary aspect, the impact shell and the impact attenuating
structure are coupled with an epoxy that forms a perma-
nent bond between the features.
[0057] FIG. 5A depicts a cross sectional view of an
articulated protective apparatus 500 along the cutline 5-5
of FIG. 2, in accordance with aspects of the present in-
vention. In particular, the protective apparatus 500 is
comprised of a shell having a medial shell element 502
and a lateral shell element 504, an impact attenuation
structure 506, and a puncture prevention element 512.
The puncture prevention element 512 is positioned at
least along a hinge joint defined by a medial hinge edge
508 and a lateral hinge edge 510 of the shell. As illus-
trated, the puncture prevention element 512 is positioned
between an anterior surface 516 of the shell and a pos-
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terior surface 514 of the impact attenuation structure 506.
[0058] In an exemplary aspect, the puncture preven-
tion element 512 is formed from a material that is resistant
to impalement (e.g., woven, knit, webbing, mesh). For
example, a ballistic-type material, such as a nylon, ara-
mid fiber-based materials (e.g., Poly-paraphenylene
terephthalamide), carbon-based materials, and other
natural and synthetic materials. For example, it is con-
templated that a woven textile made from one or more
fiber materials listed above may form a puncture resistant
layer that could reduce the potential of impalement
through the articulation joint formed between shell por-
tions. Stated differently, the puncture prevention element
provides a barrier to impalement at a location formed
between the medial hinge edge 508 and the lateral hinge
edge 510. As the medial shell element 502 and the lateral
shell element 504 are articulated about the articulation
joint, the protection from impalement offered by the shell
is reduced along the articulation joint; therefore, a sec-
ondary puncture protection element is utilized along at
least that location.
[0059] Therefore, it is contemplated that the puncture
prevention element 512 extends between the medial
shell element 502 and the lateral shell element 504. It is
contemplated that the puncture prevention element 512
extends all of the way from a superior edge to an inferior
edge of the shell and/or the impact attenuation structure
506. Further, it is contemplated that the puncture preven-
tion element 512 extends from a medial edge to a lateral
edge of the shell and/or the impact attenuation structure
506. Further, as depicted, the puncture prevention ele-
ment 512 is contemplated as extending to a location be-
tween the medial hinge edge 508 and the medial edge
and also extending from a location between the lateral
hinge edge 510 and the lateral edge.
[0060] In an exemplary aspect, the puncture preven-
tion element 512 is coupled with the impact attenuation
structure 506 along the anterior surface 516. In an alter-
native aspect, it is contemplated that the puncture pre-
vention element 512 is coupled with the medial shell el-
ement 502 and the lateral shell element 504. Further, it
is contemplated that the puncture prevention element
512 is coupled with both the impact attenuation structure
506 and the shell. Further, as previously discussed, the
utilization of offset bonding may be utilized in one or more
aspects in connection with the puncture prevention ele-
ment 512.
[0061] While not depicted, it is contemplated that the
puncture prevention element 512 may also (or in the al-
ternative) be coupled proximate the shell anterior sur-
face. It is contemplated that the impact attenuation struc-
ture 506 is maintained between the puncture prevention
element 512 and the wearer in order to provide an im-
palement absorption depth. For example, it is contem-
plated that the puncture prevention element 512 may
stretch, even slightly, in the direction of the impalement
force. Because of this stretch, the puncture prevention
element 512 may be spaced from the wearer’s skin to

provide a zone in which the puncture prevention element
512 may absorb the impalement force.
[0062] As indicated above, the puncture prevention el-
ement 512 may be coupled with the shell. For instance,
FIG. 5A depicts the puncture prevention element 512 as
a discrete structure that is separate from, but attached
to, the medial shell element 502 and the lateral shell el-
ement 504. FIG. 5B depicts another aspect in which the
coupling between the medial shell element 502, the lat-
eral shell element 504, and the puncture prevention el-
ement 512B is created by an integral formation (e.g., co-
molding, co-casting, multi-step molding, and the like).
That is, one or more puncture prevention elements 512B
may connect the medial shell element 502 to the lateral
shell element 504. In this respect, the puncture preven-
tion element 512B serves as a bridge between the shell
elements 502 and 504.
[0063] The puncture prevention elements 512B, the
medial shell element 502, and the lateral shell element
504 may be formed integrally of the same material, such
as a polymer composite or one of the materials listed for
constructing the shell or the puncture prevention element
512 (e.g., thermoplastic polyurethane). The puncture
prevention element 512B may be a single strip extending
from near the superior edge to near the inferior edge.
The puncture prevention element 512B may also include
one or more connecting tabs or bridges that extend be-
tween the medial shell element 502 and the lateral shell
element 504. In a further aspect, an overlay strip 518 is
coupled over the puncture prevention element 512B. The
overlay 518 may include an elastomeric strip constructed
of a relatively soft and pliable material (e.g., as compared
with the puncture prevention element 512B and the shell
elements 502 and 504), such as a rubber, thermoplastic
elastomers (TPE), thermoplastic polyurethane (TPU),
other types of polymers, etc.
[0064] In FIG. 5B, the puncture prevention element
512B includes a smaller thickness than the shell ele-
ments 502 and 504, such that a valley or indented space
is formed between the shell elements 502 and 504. As
such, in one aspect of the technology, the puncture pre-
vention element 512B is substantially covered on the an-
terior surface by the overlay 518. The relative pliability
of the overly 518 and the reduced thickness of the punc-
ture prevention element 512B joining the medial shell
element 502 and the lateral shell element 504 permit the
shell to flex along the puncture prevention element 512B,
even if the thickness of the shell elements does not con-
tribute to easy flexing or bending. In this sense, the punc-
ture prevention element 512B and the overlay 518 pro-
vide a hinge component that hingedly couples the shell
elements 502 and 504. In a further aspect, the puncture
prevention element 512B is a living hinge having prop-
erties conducive to repeated flexing without breaking or
becoming brittle.
[0065] FIG. 6 depicts a cross sectional view of an ar-
ticulated protective apparatus 600 along a similar cutline
as that depicted in FIG. 5A, in accordance with aspects
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of the present invention. In particular, the protective ap-
paratus 600 is comprised of a shell having a medial shell
element 602 and a lateral shell element 604, an impact
attenuation structure 606, and a puncture prevention el-
ement 612. The puncture prevention element 612 is po-
sitioned at least along a hinge joint defined by a medial
hinge edge 608 and a lateral hinge edge 610 of the shell.
As illustrated, the puncture prevention element 612 is
positioned on an anterior surface of the impact attenua-
tion structure 606 between the medial shell element 602
and the lateral shell element 604.
[0066] In an exemplary aspect, the puncture preven-
tion element 612 is formed from an elastomeric material.
For example, a thermoplastic polyurethane may form the
puncture prevention element 612 and be maintained
within the articulation joint to fill the gap formed by the
articulating shell elements. For example, it is contemplat-
ed that the puncture prevention element 612 is elastic in
nature to expand/contract to fill a changing articulation
joint size. Additionally (or in the alternative) it is contem-
plated that the puncture prevention element 612 com-
prises a cap region (614 in FIG. 8 hereinafter) that covers
a portion of the anterior surface of both the medial shell
element 602 and the lateral shell element 604 along the
hinge joint. As the cap region may be sized to extend
over the hinge junction regardless of the gap created
between the shell elements during a deflection (e.g.,
bending), the puncture prevention element 612 may not
need to dynamically adjust in size as the coverage pro-
vided by the cap region may prevent an impalement re-
gardless of the hinge joint deflection size/amount. Other
materials are contemplated (e.g., silicone rubber, poly-
propylene) for forming the puncture prevention element
612.
[0067] The puncture prevention element 612 may be
couple directly to the medial hinge edge 608 and the lat-
eral hinge edge 610 such that when the two edges extend
away from one another during an articulation, the punc-
ture prevention element 612 stretches to fill the widening
void. Further, it is contemplated that the puncture pre-
vention element 612 contracts during a reduced deflec-
tion to allow the return of the shell elements to a pre-
articulation position. The puncture prevention element
612 may also (or in the alternative) be coupled directly
with the anterior surface of the impact attenuation struc-
ture 606. Further, it is contemplated that the puncture
prevention element 612 is maintained in a desired loca-
tion absent an adhesive or other bonding agent. Instead,
as will be discussed in greater detail in FIG. 8, one or
more flange portions may extend between the shell and
the impact attenuating portion to effectively maintain the
puncture prevention element 612 within the articulation
joint.
[0068] FIG. 6 also depicts a hinge channel 607. The
hinge channel 607 is substantially aligned with the punc-
ture prevention element 612, which is also aligned with
a hinge joint between the medial hinge edge 608 and the
lateral hinge edge 610, in this exemplary aspect.

[0069] FIG. 6 depicts a focus region 8, which is high-
lighted in FIG. 8 hereinafter. FIG. 8 is an illustration of
the puncture prevention element 612, in accordance with
aspects of the present invention. As discussed with re-
spect to FIG. 6, FIG. 8 depicts the medial shell element
602, the lateral shell element 604, the impact attenuation
structure 606, the hinge channel 607, the medial hinge
edge 608, and the lateral hinge edge 610. In particular,
FIG. 8 demonstrates the puncture prevention element
612 comprised of a cap portion 614, a stem portion 616
and a flange portion 618. It is contemplated that the punc-
ture prevention element 608 may extend the length of
the hinge junction (e.g., superior edge to inferior edge).
[0070] The cap portion 614 is depicted as having a
particular size and geometry; however, it is contemplated
that the cap may have any size and/or shape. For exam-
ple, it is contemplated that the features of the cap portion
614 that are near the anterior surfaces of the medial shell
element 602 and the lateral shell element 604 may be
rounded in the cross-sectional direction, in an exemplary
aspect. The cap portion 614 provides at least two func-
tional advantages. The first advantage is an adjustable
hinge joint cover capable of deflecting impalement to the
hinge joint regardless of a reasonable articulation-
caused separation of the shell elements. A second ad-
vantage of the cap portion is to provide a resistance to
dislodgement of the puncture prevention element 612.
As the cap portion 614 is sized with a greater medial-to-
lateral width than the hinge joint, the cap portion resists
a posterior movement of the puncture prevention element
612.
[0071] The stem portion 616 extends in a posterior di-
rection from the cap portion 614. The stem portion 616
extends between the medial hinge edge 608 and the lat-
eral hinge edge 610 forming the hinge joint. The length
of the stem portion may be equal, slightly greater than,
or slightly less than the thickness of the shell elements
proximate the hinge joint. Stated differently, the stem por-
tion may provide a tying element between the cap portion
614 and the flange 618.
[0072] The flange 618 is depicted as extending in a
first direction (e.g., medial shell direction in this example).
However, it is contemplated that the flange may extend
in the opposite direction or both the medial and lateral
direction. Therefore, while a backwards "L"-shaped stem
and flange combination is depicted, it is contemplated
that an upside down "T"-shaped stem and flange com-
bination may be implemented. Further, it is contemplated
that an "L"-shaped stem and flange combination may al-
so be utilized. Further, it is contemplated that one or more
portion of the stem 616 may be coupled with one or more
portions of the shell and/or the impact attenuating struc-
ture (with or without a flange 618). Further, it is contem-
plate that one or more portions of the flange 618 may be
couple with one or more portions of the shell and/or the
impact attenuating structure to additionally (or alterna-
tively) secure the puncture prevention element 612 in a
desired position.
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[0073] FIG. 8 depicts a portion of the impact attenua-
tion structure 606 removed proximate the medial shell
element 602 to accommodate the flange 618. However,
it is contemplated that the impact attenuation structure
606 may not incorporate a recessed portion that accom-
modates the flange 618. Instead, it is contemplated that
the flange 618 is merely inserted between an impact at-
tenuation structure 606 anterior surface and the posterior
surface of the medial shell element 602, in an exemplary
aspect.
[0074] FIG. 7 depicts a shell overlap puncture preven-
tion arrangement for an articulated protection apparatus
700, in accordance with aspects of the present invention.
The articulated protection apparatus 700 is comprised of
a shell having a medial shell element 704 and a lateral
shell element 702. The medial shell element 704 overlaps
the lateral shell element 702 at an articulation joint that
will be discussed in greater detail at FIG. 9 hereinafter.
The overlapping of the lateral shell element 702 by the
medial shell element 704 allows the shell elements to be
physically separate from one another and therefore able
to articulate in the posterior direction while still preventing
impalement through the articulation joint. Consequently,
an impact attenuating structure 706 may be protected
from impalement by this overlapping configuration. The
focus region 9 of FIG. 6 identifies region of focus depicted
in FIG. 9 hereinafter.
[0075] FIG. 9 depicts the articulated protection appa-
ratus of FIG. 7 with the medial shell element 704, the
lateral shell element 702, the impact attenuating structure
706, a medial hinge edge 710, a lateral hinge edge 708,
an overlap shell portion 712, and a hinge channel 707.
While the medial shell element 704 is depicted as over-
lapping the lateral shell element 702, it is contemplated
that the lateral shell element 702 may overlap the medial
shell element 704 in an exemplary aspect.
[0076] As depicted, the medial shell element 704
curves in an anterior direction as it approaches the lateral
hinge edge 708 allowing the overlap shell portion 712 to
overlap the anterior surface of the lateral shell element
702. Further, while the medial hinge edge is depicted as
a perpendicular surface to the medial shell element an-
terior and posterior surfaces, it is contemplated that an
angled medial hinge edge may be utilized to deflect an
incoming object. Stated differently, it is contemplated that
the medial hinge edge may be angled to provide a ramp-
like effect to deflect a force originating from a lateral side,
in an exemplary aspect.
[0077] FIG. 10 illustrates a posterior surface of an im-
pact attenuating structure 1000 in accordance with as-
pects of the present invention. The impact attenuating
structure 1000 is comprised of a superior edge 206, an
inferior edge 208, a medial edge 212, and a lateral edge
210. Additionally, a number of channels (e.g., recessed
regions) are also depicted. For example, a hinge channel
302, a medial channel 304, and a lateral channel 306 are
depicted. Also illustrated are a number of formations,
such as element 1002, 1004, and 1006. The elements

generally extend to the posterior surface and are defined,
in part, by the various channels recessed below the im-
pact attenuating structure 1000 posterior surface.
[0078] As previously discussed, it is contemplated that
one or more channels may be recessed a different
amount from a posterior surface than other channel. For
example, it is contemplated that the medial channel 304,
which may be positioned proximate the tibia bone of a
wearer when in an as-worn position, may have a lesser
amount of recess from the impact attenuating structure
1000 posterior surface than the hinge channel 302 and/or
the lateral channel 306. As previously discussed, the var-
iations in depth for the channels may be utilized to provide
specific functions, such as desired impact attenuation,
ventilation, weight, balance, feel, fit, and the like.
[0079] In an exemplary aspect, the channels of the im-
pact attenuating structure 1000 that run approximately
from the superior edge 206 to the inferior edge 208 on a
medial side of the hinge channel 302 are recessed into
the impact attenuating structure 1000 to a lesser degree
than those channels that run approximately from the su-
perior edge 206 to the inferior edge 208 on a lateral side
of the hinge channel 302. As the medial side of the impact
attenuating structure 1000 is positioned over the tibia re-
gion of a wearer when in an as-worn position, a greater
degree of impact attenuation is desired in this region, in
an exemplary aspect.
[0080] While the concepts provided herein discuss the
concept of an articulated protection apparatus and depict
a shin guard in particular, it is contemplated that this con-
cept extends to all types of force attenuation applications.
Additionally, the term "proximate" has been used herein.
Proximate is a spatial term that is intended to reflect a
locational sense of being close to, near, approximately
at, and the like.
[0081] When used in this specification and claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or features.
[0082] The features disclosed in the foregoing descrip-
tion, or the following claims, or the accompanying draw-
ings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method
or process for attaining the disclosed result, as appropri-
ate, may, separately, or in any combination of such fea-
tures, be utilised for realising the invention in diverse
forms thereof.

Claims

1. An articulated protective apparatus comprising:

an impact shell having an anterior surface, an
opposite posterior surface, a medial edge, an
opposite lateral edge, a superior edge, and an
opposite inferior edge;
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the impact shell further comprising:

a medial shell element extending from the
superior edge to the inferior edge and from
the medial edge to a medial hinge edge,
a lateral shell element extending from the
superior edge to the inferior edge and from
the lateral edge to a lateral hinge edge,
a hinge component hingedly coupling the
medial hinge edge to the lateral hinge edge;
an impact attenuating structure having a
posterior surface, an opposite anterior sur-
face, a medial edge, an opposite lateral
edge, a superior edge, and an opposite in-
ferior edge, the impact attenuating structure
anterior surface directly coupled to the pos-
terior surface of the impact shell proximate
a portion of the medial shell element and
proximate a portion of the lateral shell ele-
ment; and
a puncture prevention element aligned with
the hinge component.

2. The articulated protective apparatus of claim 1,
wherein the impact shell is formed from at least one
material selected from the following:

a) a polymer-based material; or
b) a resin and fiber material.

3. The articulated protective apparatus of claim 1,
wherein the puncture prevention element is formed
from a woven material.

4. The articulated protective apparatus of claim 1,
wherein the puncture prevention element extends
from near the superior edge of the impact shell to
near the inferior edge of the impact shell.

5. The articulated protective apparatus of claim 1,
wherein the puncture prevention element is formed
from a thermoplastic polyurethane material.

6. The articulated protective apparatus of claim 1,
wherein the puncture prevention element is coupled
directly to the medial shell element and the lateral
shell element, and preferably wherein the puncture
prevention element includes a bridge integrally
molded with the medial shell element and the lateral
shell element and connecting the medial hinge edge
to the lateral hinge edge to function as a living hinge,
and more preferably wherein an elastomeric strip is
coupled to an anterior facing portion of the bridge
from near the superior edge to near the inferior edge,
and wherein the hinge component comprises the
elastomeric strip combined with the bridge.

7. The articulated protective apparatus of claim 1,

wherein the puncture prevention element is not di-
rectly coupled with the medial shell element or the
lateral shell element.

8. The articulated protective apparatus of claim 1,
wherein the puncture prevention element is directly
coupled with the impact attenuating structure ante-
rior surface.

9. The articulated protective apparatus of claim 1,
wherein the impact attenuating structure is further
comprised of a channel extending from the impact
attenuating structure superior edge to the impact at-
tenuating structure inferior edge on the impact atten-
uating structure posterior surface, and preferably
wherein the channel is substantially parallel with the
medial hinge edge and the lateral hinge edge.

10. The articulated protective apparatus of claim 1,
wherein the posterior surface and the anterior sur-
face of the impact attenuating structure are formed
from a thermoplastic polyurethane material with a
foam material maintained between the posterior sur-
face and the anterior surface.

11. An articulated protective apparatus comprising:

an impact shell having an anterior surface, an
opposite posterior surface, a medial edge, an
opposite lateral edge, a superior edge, and an
opposite inferior edge;
the impact shell further comprising:

a medial shell element extending from the
superior edge to the inferior edge and from
the medial edge to a medial hinge edge; and
a lateral shell element extending from the
superior edge to the inferior edge and from
the lateral edge to a lateral hinge edge;
the medial shell element and the lateral shell
element being disconnected shell elements
that are spaced apart by a gap between the
medial hinge edge and the lateral hinge
edge;
an impact attenuating structure having a
posterior surface, an opposite anterior sur-
face, a medial edge, an opposite lateral
edge, a superior edge, and an opposite in-
ferior edge, the impact attenuating structure
anterior surface directly coupled to the pos-
terior surface of the impact shell proximate
a portion of the medial shell element and
proximate a portion of the lateral shell ele-
ment; and
a puncture prevention element coupled in a
space between the posterior surface of the
impact shell and the anterior surface of the
impact attenuating structure, the puncture
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prevention element aligned with the gap.

12. The articulated protective apparatus of claim 11,
wherein the puncture prevention element extends
from near the superior edge of the impact shell to
near the inferior edge of the impact shell along the
posterior surface of the impact shell, and preferably
wherein the puncture prevention element is coupled
directly to the medial shell element and the lateral
shell element.

13. The articulated protective apparatus of claim 11,
wherein the puncture prevention element is directly
coupled with the impact attenuating structure ante-
rior surface.

14. An articulated protective apparatus comprising:

an impact shell having an anterior surface, an
opposite posterior surface, a medial edge, an
opposite lateral edge, a superior edge, and an
opposite inferior edge;
the impact shell further comprising:

a medial shell element extending from the
superior edge to the inferior edge and from
the medial edge to a medial hinge edge,
a lateral shell element extending from the
superior edge to the inferior edge and from
the lateral edge to a lateral hinge edge,
a living-hinge bridge component integrally
formed with the medial shell element and
the lateral shell element and coupling the
medial hinge edge to the lateral hinge edge,
and
an elastomeric strip coupled along the an-
terior surface of the living-hinge bridge com-
ponent; and
an impact attenuating structure having a
posterior surface, an opposite anterior sur-
face, a medial edge, an opposite lateral
edge, a superior edge, and an opposite in-
ferior edge, the impact attenuating structure
anterior surface directly coupled to the pos-
terior surface of the impact shell.

15. The articulated protective apparatus of claim 14,
wherein the medial shell element, the lateral shell
element, and the living-hinge bridge component are
molded from a same material, and preferably where-
in the same material includes a polymer-based ma-
terial or a resin and fiber material.
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