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(57) Abstract: External fixation systems, and methods for im-
mobilizing joints or fractured bones. An external fixation sys-
tem may include one or more clamp assemblies connected to
one or more rod assemblies at polyaxial joints. Each rod as-
sembly may be length adjustable, and may include a one-way
locking mechanism to provisionally lock the length of the rod
assembly, and additional locking mechanisms to permanently
lock the length of the rod assembly. The system may be de-
ployed pre-assembled as a unit to immobilize a joint or frac-
ture. Another external fixation system further includes a span-
ning member extending transverse to the rod assemblies. Two
or more external fixation systems may be deployed in a
stacked configuration on one set of bone pins to immobilize
two joints and/or fractures. The systems may be provided in
kits including guiding instrumentation, bone pins and pin
clamping assemblies for connecting the bone pins to the ex-
ternal fixation systems.
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EXTERNAL FIXATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of priority of U.S. Patent
Application Serial No. 14/456,407, filed August 11, 2014 and titled EXTERNAL
FIXATION, the entire content of each being incorporated herein by reference in its

entirety, and the benefit of priority of which is claimed herein.

TECHNICAL FIELD
[0002] This disclosure relates to systems, devices and methods for external fixation.
More specifically, this disclosure relates to systems for providing external fixation to

joints and/or fractured bones.

BACKGROUND
[0003] The following discussion of the background to the invention is intended to
facilitate an understanding of the invention. However, it should be appreciated that the
discussion is not an acknowledgement or admission that any of the material referred to
was published, known or part of the common general knowledge as at the priority date of
the application.
[0003a] Where any or all of the terms "comprise", "comprises", "comprised" or
"comprising" are used in this specification (including the claims) they are to be interpreted
as specifying the presence of the stated features, integers, steps or components, but not

precluding the presence of one or more other features, integers, steps or components.

[0003b]  The present disclosure relates to systems, devices and methods for long bone
external fixation, as well as distal radius, ankle, etc. fixation. Bone external fixation is
useful in several applications, for example, for use in short-term stabilization of traumatic
injuries, long-term stabilization of traumatic injuries, short- or long-term stabilization of a

Jjoint, and limb-lengthening stabilization during the healing process.

[0004] The systems, devices and methods described herein may be used for

stabilization of a traumatic injury until a long-term stabilization device can be applied.
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Short-term or temporary stabilization may allow soft tissues to recover from trauma prior
to definitive skeletal fixation; for example reduction of swelling, healing of open wounds,
and/or healing of skin abrasions prior to open reduction and internal fixation. External
fixation may also be used when transportation is required from the site of initial care, such
as a local or rural hospital to a secondary site with appropriate trauma capabilities, such as
a regional trauma center. Short-term stabilization may also be used for injuries that occur
during periods of time when appropriate trauma care is not available, such as after hours,
until a skilled clinician becomes available. Short-term stabilization may be appropriate in
battlefield or field hospital situations. There is a need for external fixation systems and

methods which are simple, easy, and affordable.

[0005] In fixation systems known in the art, significant time may be spent assembling
clamp bodies on the back table. In many cases, the same components are used each time.
During implantation over the fracture or joint, sliding rods, moving clamps and other
numerous parts requiring individual adjustment make the application and tightening of the
frame cumbersome. There is a need for a frame that requires no pre-assembly and can
simply be placed over the fracture or joint, have the first set of pins placed on one side of
the joint, stretch the frame over the joint and place the second set of pins as desired on the
second side of the joint. There would be no assembly and no possibility of rods sliding out

of the clamps in such an arrangement.

[0006] In many situations, before an external fixation frame can be locked down, the
fracture/joint must be restored to its proper length. In order to do this, the limb must be
stretched against the natural tension in the muscles. This force is significant, as some
surgeons report that they pull until “their feet begin to slide on the floor”. In systems
known in the art, the surgeon must hold this tension as an assistant tightens all the clamps
in the frame. There is a need for a one-way motion lock that holds the limb length once it
has been established. This would allow the surgeon to make minor adjustments as
necessary and lock the frame in a less technically demanding manner and potentially
without as much assistance from other scrubbed personnel as is needed with systems

known in the art.
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SUMMARY OF THE INVENTION
[0006a]  According to the present invention, there is provided a clamp assembly for
external fixation of a limb, the clamp assembly comprising: a main clamp body
comprising a cruciform shape defining a first axis and a second axis perpendicular to the
first axis, the cruciform shape body comprising first and second arm portions disposed
along the first axis and integral with and between first and second clamps disposed along
the second axis, the first and second arm portions comprising at least one hole configured
to receive at least one bone pin perpendicular to the first axis and the second axis, the first
and second clamps configured to connect to first and second rod assemblies, respectively,
a sliding clamp operatively connected to the first and second arm portions of the main
clamp body, the sliding clamp disposed and configured to slide along the first axis
between the first and second clamps to secure the at least one bone pin in the at least one
hole; and a fixation bolt coupled to one of the first and second arm portions and

configured to actuate the sliding clamp.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Various embodiments of the present invention will now be discussed with
reference to the appended drawings. It is appreciated that these drawings depict only
typical embodiments of the invention and are therefore not to be considered limiting of its
scope.
[0008] FIG. 1 is a perspective view of an external fixation system including a first

clamping assembly, a second clamping assembly, and two rod assemblies

2a
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captured in the first and second clamping assemblics, the external fixation system
mounted on a plurality of bone pins.

{0609] FIG. 2 1s a top-down view of the external fixation system of FIG. 1.
{6010} FIG. 3 1s an enlarged perspective view of the first clarmping asscmbly of
FI1G. 1, including two bone pins.

{0011] FIG. 4 is an exploded view of a clamping assembly of FIG. 1.

{06012} FIG. 5 is a cross-sectional view of the clamping assembly of FIG. 1
taken along line A-A of FIG. 2.

{0013] FIG. 615 a cross-sectional view of the clamping assembly of FIG. |
taken along line B-B of FIG. 2.

[0054] FIG. 7 is a perspective view of a rod assembly of FIG. 1.

{0015] FIG. 8 1s an exploded view of the rod assembly of FIG. 1.

{6016} FIG. 9 15 a longitudinal cross-sectional view of a rod assembly of FIG. 1
taken along line C-C of FIG. 2.

{0017} FIG. 10 is an end view of a rod assecmbly of FIG. 1, with a tube plug
removed in order to show detail of a locking clamp.

{0018} FIG. 11 1s a top-down view of a kit including a tray, the external fixation
system of FIG. 1, a plurality of bone pins, a drill guide, drill sleeves, and a wrench.
{0019} FIG. 12 is a perspective view of another external fixation system,
secured to a tibia, a calcaneus, and a metatarsal to span an ankle joint, the system
including a clamping assembly, two rod assemblies, two clamping strut assemblies,
a pin clamp assembly, a spanning member and 4 plurality of bone and calcancal
pins.

{0020} FIG. 13 is a side view of the external fixation system of FIG. 12 sccured
to the tibia, calcancus, and metatarsal.

{06021} FIG. 14 1s a perspective view of the external fixation system of FIG. 12.
{0022} FIG. 15A 18 a side view of a clamping strut of the external fixation
system of FIG. 12; FIG. 15B is a posterior perspective view of the clamping strut of

FIG. 15A.
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{0023] FIG. 16 is an exploded anterior perspective view of a clamping strut
asscrably of the system of FIG. 12,

{0024] FIG. 17A is an anterior view of the spanning member of the system of
FIG. 12; FIG. 17B 1s a posterior view of the spanning member; FIG. 17C is a
superior view of the spanning member.

{0025] FIG. 18A 15 a side view of the pin clamp assembly of FIG. 12; FIG. 18B
is a top view of the pin clamp assembly.

{0026] FIG. 19 is an anterior perspective view of a two-level external fixation
system mounted to span a knee joint and an ankle joint, the systern including the
knee spanning external fixation system of FIG. | and the ankle spanning external
fixation system of FIG. 12 in a stacked configuration, mounted ov a common set of
tibial bone pins.

{0027] FIG. 20 is a side view of the two-level external fixation system of FIG.
19,

{0028] FIG. 21 is a perspective view of yet another external fixation system, the
system inchuding two clamping assemblies, a rod assembly, and a plurality of bone
pins.

{0629] FIG. 22 is a perspective view of a clamping assembly and bone pins of
the cxternal fixation system of F1G. 21.

{6030} FIG. 23 is an exploded perspective view of the clamping assembly and
boue pins of FIG. 22,

{0031] FIG. 24 is another exploded perspective view of the clamping assembly
and bone pins of FIG. 22, from a different viewpoint.

{0032] FIG. 25 is a cross-scctional view of the clamping assembly of FIG. 22,
comparable to FIG. 5.

{06033] FIG. 26 is another cross-sectional view of the clamping assembly of F1G.
22, comparable to FIG. 6.

{0034} FIG. 27 is a perspective view of the external fixation system of FIG. 21

secured to a radius and a metacarpal to span a wrist joint.



WO 2016/025375 PCT/US2015/044441

10

15

{6035} FIG. 28 is a perspective view of another clamping assembly, including
two bone pius.

{0636} FIG. 29 1s a top view of a portion of the main clamp body depicted in
FI1G. 28, depicting the sliding clamp in an open position.

{0037} FIG. 30 1s a top cross-sectional view of the portion of the main clamp
body depicted in FIG. 29, depicting the sliding clamp in an open position.

{038} FIG. 31 is a top view of a portion of the main clamp body depicted in
FIG. 28, depicting the sliding clamp in a closcd position.

{0039] FI1G. 32 is a cross-sectional view of an example portion of the main
clamp body of FIG. 29.

{0040} FIG. 33 is a cross-sectional view of the clamping assembly of FIG. 28,
{0041} FIGS. 34A and 34B depict another example of a sliding clamp that can
be used in accordance with various techniques of this disclosure.

{6042} FIGS. 35A and 358 depict another example of a sliding clamp that can
be used in accordance with various techniques of this disclosure.

{0043} FIG. 36 depicts another example of a sliding clamp that can be used in
accordance with various techniques of this disclosure.

{0044] FI1G. 37 depicts another example of a sliding clamp that can be used in
accordancc with various techniques of this disclosure.

{0045] FIG. 38 is a cross-sectional view of another example of a clamp
assembly.

{0646] FIG. 39 1s a top view of the flexible plate of FIG. 3&.

{6047} FIG. 40 is a perspective view of another example of a rod clamp
assembly.

{00438] FIG. 41 is a cross-sectional side view of the rod clamp assembly of FIG.
40 in combination with a rod.

{0049} FI1G. 42 is a perspective view of a portion of a rod assermbly including
the rod clamp assembly of FIG. 40.

{0050} FIG. 43 is an cxploded view of a trocar assembly.

(7]
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{8051 FIGS. 44A-44C arce perspective views of the first grip and the second
grip of the trocar assembly of FIG. 43.

{0652} FIG. 45 1s a perspective view of the trocar assembly of FIG. 43 in an
1nterlocked position.

{0053 FIGS. 46A-46C are perspective views of another example of a first grip
and a sccond grip that can be used with a trocar assembly.

{0054} FIG. 47 is a perspective view of a trocar assembly depicting the first and

second grips of FIGS. 46A-46C in an interlocked position.

DETAILED DESCRIPTION
{0055} The present disclosure relates to external fixation systems and methods
for their use. Those of skill in the art will recognize that the tollowing description is
merely illustrative of the principles of the technology, which may be applied in
various ways to provide many different alternative cmbodiments. This description 1s
made for the purpose of iltustrating the general principles of this technology and is
not meant to limit the inventive concepts in the appended claims. While the present
disclosure is made in the context of knee or ankle joint or fracture fixation for the
purposcs of illustrating the concepts of the design, it is contemplated that the present
design and/or variations thereof may be suited to applications in the arm, wrist,
finger, toe, spine, or other bones or joints.
{0056} The technology described herein may relate to an external fixation clamp
that utilizes at least one polyaxial joint to provide for a highly adaptable counection
between a bone and a stiffening rod.
{0057 The devices, kits and methods of the present disclosure can provide an
external fixation system which is economically disposable. The systems of the
present disclosure may be manufactured at such a low cost that they can be
considered disposable after one use. For example, a kit of the present disclosure
roay be made for a manufacturer’s suggested retail price (MSRP) of about $500.
Each of the external fixation systems disclosed herein may be provided pre-

asscmbled in a kit which may also include tools and/or fixation members such as
6
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pins. In a method of use, bone pins may be fixed in bone portions of a patient, to
span a fracture and/or an anatomical joint. The pre-assembled external fixation
system 1s mounted on the bone pins as a single picce or unit, and provisionally
locked by pulling one end of the systern away from the opposite end, thus setting the
fracture and/or immobilizing the anatomic joint. After the provisional locking,
which holds the joint or fracture immobilized, individual conncections and clamps of
the system may be adjusted and further locked down. The external fixation system
may remain on the patient for a short term period of time which may include
transportation time. For example, a complex ankle fracture such as a pylon (pilon)
fracturc might be initially treated with an external fixator until swelling lessens one
or two weeks later and it is safer to make skin incisions to treat the fracture
definitively. The paticnt might be transported to another hospital or rchabilitation
facility between the time of initial external fixator placement and definitive surgery.
In another example, one or more systems of the present disclosure may be used on a
patient in a battletield or at an accident site, and left in the locked down
configuration on the patient through transportation to a hospital, where surgery or
other long-term means arc used to stabilize the fracture or joint.

{0058} In this specification, standard medical directional terms are employed
with their ordinary and customary meanings. Superior means toward the head.
Inferior means away from the head. Anterior means toward the front. Posterior
means toward the back. Medial means toward the midline, or plane of bilateral
symmetry, of the body. Lateral means away from the midline of the body. Proximal
means toward the trunk of the body. Distal means away from the trunk.

{0059] In this specification, a standard system of three mutually perpendicular
reference planes is eraployed. A sagittal plane divides a body into bilaterally
symmetric right and left portions. A coronal plane divides a body into anterior and
posterior portions. A transverse plane divides a body into superior and inferior
portions.

{0060} In an aspect of a method for external fixation of a limb, the limb having a

first bone portion and a second bone portion, the method includes: securing a first

7
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bone pin to the first bone portion; securing a second bone pin to the second bone
portion; attaching a pre-asserabled external fixation system to the first bone pin, the
external fixation system including: first and second clamp assemblies, first rod
assemblies, and a one-way locking mechanisru; the first rod assermbly joined to each
of the first and sccond clamp assemblies, the first and second clamyp assemblies at
opposite longitudinal ends of the first rod assemblies; the first clamp assembly
received over the first bone pin; attaching the external fixation system to the second
bone pin, the second clamp assembly received over the second bone pin; applying
tension to distract the first clamp assembly longitudinally away from the second
clamp assembly to increase a length of the external fixation system between the first
clamp assembly and the second clamp asserubly; and releasing the tension on the
first clamp assembly. wherein when the tension on the first clamp assembly is
released the one-way locking mechanism automatically engages to prevent the
fength of the external fixation system from decreasing.

{6061} In an embodiment, the method may include: opening a package; and
removing the pre-assembled external fixation system as a single unit from the
package

{8062} I another erabodirent, each rod assembly includes a removable tab, the
method including: removing the tab to activate the one-way locking mechanism,
wherein prior to removal of the tab, the external fixation system is freely adjustable
to increase or decreasce the length of the external fixation system between the first
clamp assembly and the second clamp assembly;

{0063} In yet another embodiment, the external fixation systern includes a
second rod assembly, the sccond rod assembly joined to cach of the first and second
clamp assemblics.

{6064] In yet another embodiment, the first clamp assembly is identical to the
second clamp assermbly, and the first rod assembly is 1dentical to the second rod

assembly.



WO 2016/025375 PCT/US2015/044441

10

15

{0065] In yet another embodiment, the one-way locking mechanism
automatically engages the rod assernbly to prevent the length of the external fixation
system from decreasing.

{0066} In yet another embodiment, the one-way locking mechanisro
automatically engages the rod assembly at a non-discrete location to prevent the
length of the external fixation system from decreasing.

{6067} fn yet another embodiment, the rod assembly includes an inner tubular
rmember received in an outer tubular member, wherein the one-way locking
roechanism is a first locking mechanism, wherein the one-way locking mechanism
is mounted to the outer tubular member, wherein activating the onc-way locking
mechanisrn further includes: directly engaging the one-way locking mechanism with
the inner tubular member to prevent the inner tubular member from translating
relative to the outer tubular member in a first divection.

{0668} In yet another embodiment, the one-way locking mechanism includes a
collar encircling the inner tubular member, wherein the collar frictionally engages
with the inner tubular member to prevent the inver tubular member from translating
relative to the outer tubular member in the first direction.

{0069] In yet another emibodiment, the roethod inclades: activating a second
locking mechanism to further prevent the inner tubular member from translating
relative to the outer tubufar member in the first direction and also in a second
direction opposite the first direction.

{6670} In yet another embodiment, the rod assembly further includes the second
locking mechanism, the second locking mechanism including a clamp encircling the
outer tubular member, the method further including: compressing the clamp around
the outer tubular meraber; and compressing the outer tubular member around the
inner tubuiar member.

{0071} In yet another emibodiment, the roethod includes: activating a third
locking mechanism to further prevent the inner tubular member from translating

relative to the outer tubular member.
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{0072} In yet another embodiment, the rod assembly further includes the third
locking mechanisms, the third locking mechanism including a plug received in the
inner tubular member, the method further including drawing the plug within the
inner tubular member to expand a portion of the inner tubular member.

{0073} In yet another embodiment, the method includes: polyaxially adjusting
the position of the first rod assembly relative to the first clamp assembly; and
compressing the first clamp assembly about the first rod assembly to lock the
position of the first rod assembly relative to the first clamping assembly.

{6074} In yet another embodiment, the roethod includes: locking the first
clamping assembly to the first bone pin.

{0075] In yet another embodiment, the {irst clamping assembly houses a furst
fixation plate and a sccond fixation plate, wherein locking the first clamping
assembly to the first bone pin further includes: passing the first bone pin through the
first and second fixation plates; and deforming the first and second fixation plates to
bind against the first bone pin.

{0076} fn yet another embodiment, the method includes: passing a third bone
pin into the first clamping assembly; and sccuring the third bone pin to the limb.
{6077} In an aspect of an external fixation system, the system includes: a first
clamp assembly; a second clamp assembly; a first rod assembly secured to and
extending between the first clamp assembly and the second clamp assembly, the
first rod assembly including a first tubular member and a second tubular member
received in the first tubular member; and a one-way locking mechanism which
fimits axial translation between the first tubular member and the second tubular
member, the one-way locking mechanism having an unlocked configuration and a
locked configuration; wherein the external fixation system has a length measured
between the first clamp assembly and the sccond clamp assembly; wherein when the
one-way locking mechanisro is in the unlocked configuration the second tubular
member can freely translate relative to the first tubular member to increase or
decrcase the length of the external fixation system; and wherein when the one-way

locking mechanism is in the locked configuration second tubular member can freely

10
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translate relative to the first tubular member to increase the combined length of the
external fixation system but is prevented from translating relative to the first tubular
member to decrease the length of the external fixation system.

{0078] In an embodiruent, the external fixation systern includes a second rod
asscmbly secured to and extending between the first clamp assembly and the second
clamp assembly, wherein the first clamp assembly 1s identical to the second clamp
assembly, and wherein the first rod assembly is identical to the second rod
assembly.

{0079] I another erabodivaent, the second tubular member can axially translate
in a first direction to increase the length of the external fixation system and in a
second direction opposite the first direction to decrease the length of the external
fixation systen.

{0680} In yet another embodiment, in the locked configuration the one-way
locking mechanism engages the first rod assembly to prevent the length of the
external fixation system from decreasing.

{6081} fn yet another embodiment, the one-way locking mechanism further
includes a collar encircling the second tubular member, wherein, in the locked
counfiguration, the collar binds against the second tubular member to prevent
translation of the second tubular member in the second direction.

{0082} In yet another embodiment, the one-way locking mechanism is a first
locking mechanism, the system further including a second locking mechanism to
further prevent the second tubular member from any motion relative to the first
tubular member.

{0083] In yet another cmbodiment, the rod assembly further includes the second
locking mechanism, the second locking mechanism including a clamp eucircling the
first tubular member, wherein the clamp is compressible about the first tubular
roember to compress the first tubular member around the second tubular raember to
prevent any motion relative to the first tubular member.

{0084] In yet another cmbodiment, the external fixation system ncludes a third

locking mechanism which engages the first and second tubular members.

11
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{0085} In yet another embodiment, the third locking mechanism includes a plug
received in the second tubular vaember, wherein drawing the plug within the second
tubular member expands a portion of the second tubular member to fit tightly within
the first tubular member.

{0086 In yet another embodiment, the first clamp assembly includes a spherical
clamping surface and the first rod assembly includes a spherical portion, the
spherical portion received within the spherical clamping surface to form a polyaxial
joint between the first clamp assembly and the first rod assembly.

{0087} In yet another embodiment, the first clamp assembly further includes a
locking screw, wherein tightening the locking screw compresses the spherical
clamping surface around the spherical portion to lock the position of the first rod
assembly relative to the first clamping assembly.

{0088] In yet another embodiment, the cxternal fixation system includes a
second rod assembly including a second spherical portion, wherein the first
clamping assembly further includes a second spherical clamping surface, the sccond
spherical portion received within the second spherical clamping surface to form a
polyaxial joint between the first clamp assembly and the second rod assembly,
wherein tightening the locking screw simultancously locks the positions of the first
and second rod assemblics relative to the first clamping assembly.

{0089} In yet another cmbodiment, the external fixation system includes a first
bone pin, wherein the first clamping assembly houses a first fixation plate and a
second fixation plate, wherein the first bone pin passes through the first fixation
plate and the second fixation plate, and the first and second fixation plates are
deformable to bind against the first bone pin and fix the position of the first bone pin
relative to the first clamping assembly.

{0690} In yet another embodiment, the external fixation system includes a
removable tab attached to the one-way locking mechanism, wherein the rervovable
tab holds the one-way locking mechanisim in the unlocked configuration, wherein
removal of the tab from the onc-way locking mechanism converts the one-way

locking mechanism to the locked configuration.

12
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[0091] Referring to FIGS. 1 and 2, an external fixation system 500 includes a
first clamping assembly 502, a second clamping assembly 504, a first rod asserubly
506 and a second rod assembly SOX. In an embodiment, external fixation system 500
roay be referred to as a knee spanning system or joint spanning system, although
external fixation system 500 may also be used to span a fracture, ostcotomy,
epiphyscal plate, or other discontinuity between bone portions. The rod assemblics
506, 60K extend between and connect the clamping assemblies 302, 504 into the
single system 500. The rod assemblics 506, 508 may be scaled to an appropriate size
for the knee or other anatoraical site. In some embodiments, the second rod
asscmbly 308 may be omitted. The connections between the rod assemblies and
clamping assemblies are polyaxially adjustable. The clamping assemblies ray be
referred to as support clements or members, as they support the rod assemblies. The
rod assemblics may be referred to as variable length or telescoping elements, struts,
or members, as the length of each is adjustable. The external fixation system 300
may be referred to as a frame. The first and second clamping assemblics may be
mirror images, or may be identical to one another, as may the first and second rod
assemblics. Using identical assemblics in a system may enable the entire system to
be produced more cheaply and/or quickly than a system in which each separate
component or assembly is unique. For example the system 500 with identical
assemblies 502, 504 and 506, 508 may require fewer forms and unique production
processes than a system having multiple unique and non-identical components.
Assembly may also be faster as there may be fewer steps, and certain assembly
steps may be repeated.

{0092} In usc. system 500 can be sccured to the patient in onc picce, as a unit.
First clamping assembly 502 may be fixed to a first bone portion by one or more
fixation pins 510. Bone screws, bone pins, wires, and/or other fastencrs may be used
in place of or in cornbination with fixation pins 510. Second clamping assembly 504
may be fixed to a sccond bone portion by additional fixation pin{s} 510. The rod
asscmblies 506 and 508, extending between the clamping assemblies, may span a

joint or fracture between the first and second bone portions. After the clamping
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assemblies 502, 504 are fixed to the bone portions, the rod assemblics 506, 508 may
be lengthened or shortened to a desired fength and provisionally locked to stabilize
the joint or fracture. Following the provisional locking, the polyaxial connections of
the assembly may be adjusted, then more permanently Jocked.

{0093} Referring to FIGS. 3-6, clamping assembly 502 is shown in more detail.
Clamping assembly 504 may be a mirror image, or may be identical to clamping
assembly 502 and will not be described in further detail; the description of clamping
assembly 502 also applics to clamping assembly 504. Clamping assembly 502
includes a clarap body 520 which is formed as a single picce. Clamping assembly
502 further includes first and sccond fixation bolts 522, 524; first, second, third and
fourth fixation plates 526, 527, 328 and 529; a clamping bolt 530; first nut S32; and
second nut 533. The fixation plates may be referred to as locking plates. The rod
assemblics 506, 508 arc polyaxially adjustably connected to the clamping assembly
302 via a first clamp 534 and a second clamp 536 which are formed as part of the
clamping body 520. In some embodiments, the sccond clamp 536 may be omitted.
Two bone pins 560, 562 extend through the clamping body 520 to fix the clamping
assembly 502 to a bone portion. In another embodiment, only one bone pin may be
used.

{0094 Referring to FIGS. 2, 4 and 5, clamp body 520 may be cruciform or plus-
shaped and includes an upper or first surface 512 and a lower or second surface 514
opposite the first surface. The clamp body 520 further includes a first arm 538 and a
second arm 540 which cxtend along a first axis 341, perpendicular to the first and
second clamps 534, 536 which extend along a second axis 535. First axis 541 may
be parallel to the longitudinal lengths of rod assemblics 5306, 508 when the system
500 is in a neutral or orthogonal arrangeroent. Two bolt openings 544, 346 extend
through the clamping body 520 in the same direction as the pin openings 342, 552
described below. In the example shown, the bolt and pin openings extend in a
direction perpendicular to the first axis 541 and the second axis 335. A first slot 548
1s recessed into the first surface 512, and a second slot 5350 is recessed into the

second surface S14, opposite the first slot. The first and second slots are elongated,
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occupying the majority of the length of the first and sccond arms 538, 540, and slots
are parallel with first axis 541. A plurality of pin openings or bores 542 extend
through the arms between the first and second slots 548, 550, cach pin bore sized to
receive a bone pin S10. First and second fixation plates 326, 528 are housed in the
tirst slot 548, and third and fourth fixation plates are housed in the second slot 550.
Each fixation plate 526, 527, 528 and 529 includes at lcast one plate pin opening
552, and one of a threaded plate bolt opening 554 or a non-threaded plate bolt
opening 555. Each fixation plate 526, 527, 528 and 329 is clongated, having a first
extension 356 and a second extension 558.

{6095} The bone pins 360, 562 are received in pin openings 542 of clamp body
520. As seen in FIGS. 4 and 5, each bone pin way pass through a plate pin opening
552 in a fixation plate, through the first slot 545, through a pin bore 542, through the
second slot 350, and out through a plate pin opening 552 in another fixation plate.
The opening for the pins may be non-threaded and/or smooth, to allow the pins 560,
362 to nitially be axially translatable relative to the arms 538, 540. The translation
allows for adjustability of the height of the system 500 relative to a patient’s limb,
which may be advantageous if there are tissue swelling, open wounds, and/or skin
abrasions on the limb. It is appreciated that the bone pins may be placed in one or
any combination of the pin openings 542.

{0096} Referring to FIG. 5, the first fixation bolt 522 passes through a non-
threaded bolt opening 554 in first fixation plate 526, into the slot 548, through a bolt
opening 544 and out through second slot 550 and a threaded plate bolt opening 555
10 second fixation plate 527. As the threads of bolt 522 engage threaded plate bolt
opening 555, the second fixation plate 527 is drawn toward the first fixation plate
526, and ouc or both of fixation plates 527, 526 may be elastically or plastically
deformed. The plate pin openings 552 frictionally bind against pin 562, preventing it
from further axial translation. As the plates 526, 528 deform they may bow and
decrease in length, which pushes the pin 562 apainst the side wall of the pin bore
542. This force creates a secondary locking action relative to the pin 562. The bolt

524 passes through bolt opening 554 in third fixation plate 528, through a bolt
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opening 544 and out through second slot 550 and a threaded plate bolt opening 535
in fourth fixation plate 529. Bolt 524 engages with plates 528, 529 in the sarve
manner as described for bolt 522 to fix pin 560. It is appreciated that in other
embodiments, other methods of pin capture or fixation known in the art may be
used.

{6097} Turning to FIGS. 4 and 6. clamps 534, 536 are shaped to retain or clamp
rod assemblies 506, 508 while allowing telescoping movement of the rod assemblies
to lengthen or shorten the rod assemblies. Clamp 534 has an inner clamping surface
570 which is spherical in the illustrated embodiment; in other ernbodiments the
clamping surfaces may be partially spherical, conical, cylindrical, flat, polygonal, or
another shape. In the embodiment shown, the clamps 534, 536 may be said to hold
the corresponding spherical portions 612, 614 captive because the inner clamping
surfaces 570, 580 are wide enough, parallel to axis 541, to cover an cquatorial
diameter, or great diameter, of the corresponding spherical portion 612, 614
sufficiently to interfere with disassembly at low loads. The inner clamping surface
570 is interrupted by a clamp gap 572 bounded by opposing first and second clamp
surfaces 574, 576. Similarty, clamp 336 has a spherical inner clamping surface 580,
clamp gap 582, and first and second clamping surfaces 584, 586. In the example
shown the inner clamping surfaces 570, 580 arc smooth but in an alternative
embodiment they may be ridged or roughened. A bore 530 extends through clamps
534 and 536, parallel to second axis 535, intersecting clamp gaps 572, 582. Bore
590 also intersects with sccond slot S50 at the center of the clamp body 520. The
bore 590 includes a first recess 592 at one end and a second recess 594 at the
opposite end. A chamber 596 extends lengthwise within the clamp body 520
between the first clarop 534 and the second clamp 536, and may provide for weight
reduction for the clamp body. Clamping bolt 530 extends through bore 599 and
engages nut 532. As the clamping bolt 530 engages the nut 532, the nut 532 1s
captured in second recess 594. Further actuation of bolt 530 draws nut 532 toward
the bolt head. engaging recess 594 and closing gaps 572, 582, Nut 533, which may

be a wing nut, may alse be actuated by hand to tighten bolt 530. As seen in FIG. 1,
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when rod assemblies 506, 508 are assembled with clamps 534, 536 as shown and
bolt 530 is tightened as described, the rod assemblies are gripped n the clamps and
prevented from any movement, for cxample axial, rotation, or polyaxial, relative to
the clamp body 520. Nut 533 and bolt 530 may include coarse pitch threads for
quick tightening.

{0098] Referring to FIGS. 7-10, rod assembly 506 is shown in more detail. Rod
assembly 508 may be a mirror image, or may be identical to rod assembly 506 and
will not be described further detail. Rod assembly 506 includes an outer or first
tubular clement 600, an inner or sccond tubular element 602, a locking screw 604
and a rod clamp assembly 606. The first tubular clement 600 has a first end 601 and
a second end 603 and shaft 609 extending therebetween; the second tubular element
has a first end 605 and a sccond end 607 and a shaft 619 extending therebetween.
The first tubular clement 600 is larger in diameter than and coaxially receives a
portion of the second tubular element 602. The tubular members may be circular in
cross-scction as shown, or in other embodiments may be square, rectangular,
triangular, or any other polygonal shape in cross-section. The tubular elements may
also be referred to as rods, rod elements, or rod members.

{8699} A first tube plug 608 1s joined to the first end 601 of first tubular clement
600 and a sccond tube plug 610 is joined to the second end 607 of second tubular
element 602. An inner plug 611 fits inside the first end 605 of the inver tubular
element 602. The tube plugs 60%, 610 have convex spherical portions 612, 614
which arc complementarily shaped to the concave spherical inner clamping surtaces
570, 580 of the clamps 534, S36. First tube plug 608 further includes a neck 613 and
an attachment portion 617, and sccond tube plug 6190 further includes a neck 615
and an attachment portion 619. The necks 613, 615 may be smaller in diameter than
the respective spherical portions 612, 614, and the respective inner and outer tubular
clements 600, 602. The attachrent portions 617, 619 may be annular and hollow,
and sized to be reccived in the respective tubular clements 600, 602. The large and

small tube plugs 608, 610 may be made from machined aluminum. During
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manufacture they may be assembled to the associated tubes through insertion,
bonding, gluing or threading, armong other processes.

{66180] A linc, chain, tether, or other connecting clement may extend between
inner plug 611 within second tubular elevoent 602 and first tubular element 609, to
prevent inadvertent disconnection between the tubular elements 600, 602, As seen
in FIG. 9, a line 629 may be tethered to inner plug 611, extend through the bore of
outer tubular element 600, and be tethered to a cap 631 reccived in tube plug 608.
Line 629 may be of sufficient length to allow axial translation between the tubular
clements; for exarple line 629 may be approximately the length of outer tubular
element 600. In other embodiments, other retention features known in the art may
be used to prevent disconuection between the first and second tubular clements.
{00101] The spherical portions 612, 614 of the plugs may feature an exterior
pattern or texture to enhance the locking strength of the polyaxial clamps. A first
pattern may be a negative feature, in which valleys, grooves or slots are cut into the
outer surface of the sphere. This is effective where the clamp surface has sufticient
compliance to deform elastically or plastically into the negative features. A second
pattern may be a positive feature, such as spikes or sharp ridges that extend from the
native, or nominal, spherical surface. These positive features are intended to press or
cut into the clamp surface in order to create a mechanical interlock between the
spherical portion and the clamp. The first pattern may enhance the claraping forees
between the two elements without damaging cither component. The second pattern
may permanently deform onc of the two clements, and may be less likely to be
reversible. The embodiments disclosed herein may include the first or second
patterns, a combination of the two, neither pattern, or another pattern. In other
cmbodiments, texture may be provided by coatings or material deposits. The
spherical portions may include openings that serve as drain holes, to permit fluid
drainage when a patient bathes.

{80102} When assembied with the clamps 534, 536, as in FIGS. | and 3 for
example, the spherical portions 612, 614 form polyaxially adjustable joints,

allowing rotational motion about multiple axes. The polyaxial range of motion of
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the system S00 is a function of the thickness of the clamps 534, 536 parallel to axis
541, the diameter of the spherical portions 612, 614 of the tube plugs and the
diameter of the necks 613, 615 that connect the spherical portion to the tubular
element. The depicted embodiment features +/- 30 degrees of motion at each
polyaxially adjustable joint. In another embodiment, the range of motion may be +/-
45 degrees at cach polyaxially adjustable joint. If additional range of motion is
required, this can be accomplished by reducing the thickness of the clamps,
increasing the diameter of the spherical portions, and/or decrecasing the diameter of
the neck regions. As the diameter of the neck is reduced, the tube wall thickness
may be thicker in order to maintain the same strength. An optimization exercise can
be employed to determine the diameter and wall thickness that maximizes both the
polyaxial range of motion and the component strength. It is appreciated that the
locations of the spherical portions and clamping surfaces can also be reversed to
achieve a polyaxial connection between the clamp assembly and a rod assembly.
For example, in an cmbodiment the clamp body 520 may include a convex spherical
portion and a rod assembly S06 or 508 may include a concave spherical clamping
surtace. In another embodiment, spherical portions 612, 614 may be split spheres
which are expanded from within to lock with the spherical clamping surfaces 570,
580.

{60103}  The spherical portious 612, 614 may have any size diameter according to
the intended use of the external fixator embodiment. As the diameter of a spherical
portion increases, the clamping force necessary to lock out motion between a
spherical portion and its respective spherical clamping surface decreases, and can be
reduced to a level that can be locked by finger tightening a wing nut. knob, lever,
bolt, or the like. In an embodiment, the diameter of the spherical portion is .75
inches or larger. In another embodiment, the diameter of the spherical portion is 1.0
inch or larger. In another embodiment, the diaroeter of the spherical portion ranges
from 1.25 to 1.75 inches. Embodiments with spherical portions of .75 inches or

larger may be suited to usc in the femur, knce, tibia, ankle, and/or foot.
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{00104} 1t is appreciated that other embodiments contemplated within the scope
of the disclosure include polyaxially adjustable joints at other locations on the
systems disclosed herein. In another embodiment, polyaxially adjustable joints may
be located at one or more locations along the length of the rod asserablics, instead of
or in addition to the polyaxially adjustable joints at the ends of the rod assemblics,
tor example, they may be formed between first and second rod clements of the rod
assemblies. in another embodiment, U-joints allowing rotational movement about
two axcs may be formed between the rod assemblies and the clamping assemblics.
In another embodiment, polyaxially adjustable joints may be formed on the
clamping assemblics instead of at the connections between the clamping assemblies
and the rod assemblics. In another embodiment, polyaxially adjustable joints may be
formed between the bone pins and the clamping bodies. Other embodiments may
mix and match the joint locations disclosed herein.

{00105] The outer 600 and inner 602 tubes may be specitied as standard sized,
thin-walled aluminum tubing. They may also be manufactured from carbon fiber
reinforced polymer or other materials that provide the desired stiffhess and ability to
associate with the tube plugs. The shatts 609, 619 may be smooth to facilitate
shiding between them. Indicia 646 may be present on the outsides of the tubular
clements to indicate the length of the rod assembly. In some embodiments, grooves
may be present on the outside of tubular element 602 to catch binding collar 624 at
discrete and/or predetermined positions. In some embodiments, a ratcheting
connection may be formed between the first and second tubular elements.

{00186] In an embodiment, the rod clamp assembly 606 may be described as a
split collar locking device. It may be bonded to the end of the outer tubular clement
600 and is oriented to a short slot 616 in that tube. In the example shown in FIG. §,
the rod clamp assembly 606 includes a locking collar 620, a pin 622, a binding
collar 624, a screw 626, a retention pin 628, a spring 630 and a retainer 632. The
binding collar 624 is received in an annular recess 621 of the locking collar 620, and
is hinged to the locking collar via pin 622. A tongue 625 protrudes from the binding

collar 624. The retention pin 628 extends through a bore in the binding collar 624,
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through a pin bore 629 in the locking collar, through spring 630 and is captured by
retainer 632. The locking collar 620 further includes a circular bore 660 which is
interrupted by a collar gap 662. A first shoulder 664 and a sccond shoulder 666 are
on opposite sides of the bore gap 662. Screw 626 is received in a screw bore 627 of
the locking collar 620. The outer tubular element 600 is received in bore 660, with
second end 603 scated against a flange 623.

{00187]  The rod clamp assembly 606 further includes a tab member 670, which
1s removable to allow the rod clamp assembly 606 to be actuated to provisionally
fock the first and second tube raembers 600, 602 in a fixed axial or length
relationship. Tab member 670 includes a pair of tab extensions 672. As seen in FIG.
10, binding collar 624 is received in locking collar 620. In an unlocked
configuration, tab member 670 is attached to the rod clamp assembly 606 with tab
extensions 672 are on either side of tongue 623, captured between the tongue and
the shoulders 664, 666. The presence of the tab member 670 keeps collar gap 662
open, allowing tubular members 600, 602 to axially move relative to once another in
both directions, by preventing bore 660 from clamping around tubular members
600, 602 and provisionally locking the tubular members together. In use, tab
raember 670 may be present on the systern S00 when it 18 removed from packaging,
and allows telescoping adjustment of the length of system 500, in cither axial
direction, to shorten or fengthen the system S00.

{00188] A provisional, or temporary locking mechanism 650 allows the tubes
600, 602 to telescope outward, jncreasing in combined length, but prevents the tubes
from collapsing, or decreasing in combined length, unless the lock is released. This
type of locking may be described as a one-way motion lock. The rod assembly may
be described as being length-stable when the temporary locking mechanism 650 1s
engaged. The provisional locking mechanism 650 allows for adjustment of the
fength of the rod assembly before the entive system 500 is locked down into a rigid
configuration. This one-way locking mechanism has an unlocked configuration in
which the second tubular member can frecly translate relative the first tubular

member to increase or decrease the length of the external fixation system, and a
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locked configuration in which the sccond tubular member can freely translate
relative to the first tubular member to increase the combined length of the external
fixation system but is prevented from translating relative to the first tubular member
to decrease the length of the cxternal fixation systern. Removal of the tab member
670 converts the one-way locking mechanism from the unlocked to the locked
configuration. Tab member 670 may be tethered to the system 500, for cxample via
a line, lanyard, split ring, or the like, so that after tab member 670 is disengaged
from the rod clamp assembly 606 the tab member 670 1s not lost. The tab member
670 may be removed from the rod clamp assembly 606 and reinserted into the rod
clamp assembly 606 repeatedly during a medical procedure.

{68108}  The locking mechanism 650 imcludes the binding collar 624, locking
collar 620, retention pin 628, spring 630 and retainer 632. After tab member 670 is
removed, a closing force is applicd by spring 630, the closing force pushing binding
collar 624 against inner tubular element 602. In this state, tension may be applied to
onc or both tubular clements 600 and 602 to translate them coaxially apart to
increase their combined length; for example, the second clamp assembly 504 may
be distracted away from the first clamp assembly 502. As the elements arc pulled
apart binding collar 624 and retention pin 628 are advanced toward locking collar
620, frecing binding collar 624 from engagement with inner tubular element 602.
Once the desired length of the rod assembly 506 is achieved, and the tension is
released, the spring force causes binding collar 624 to bind against inner tube 602
provisionally locking the tubes 600, 602 together and preventing any decrease in
their combined length. The closing force is required to ensure that the locking action
is automatic and occurs without any backlash. In the context of this disclosure,
automatic locking refers to locking that does not require any additional action by the
user to accomplish the locking; once the pulling force ceases allowing binding collar
624 to bind against inner tube 602, the length of rod assernbly 506 is locked without
any further steps. It is appreciated that provisional locking mechanism 650 allows
locking of the two tubular clements together anywhere along a continuum on the

outer surface of inner tubular element 602. In other words, the provisional locking
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mechanism 650 allows locking of the two tubular clements together at any one of an
infinite number of locations along the other surface of the inner tubular element.
During system lengthening, binding collar 624 may be parallel with locking collar
620; during provisional locking, binding collar 624 may be angled relative to
focking collar 620 as it binds against the inner tubular clement.

{00118}  After provisional locking, further locking of each rod assembly may be
accomplished by turning scrow 626. As screw 626 is tightened, the inner diameter
of the locking collar 620 decreascs and compresses over the rod slot 616, reducing
the effective inside diameter of the large tube 600 uutil it compresses around the
outside of the small tube 602. Screw 626 and plug 611 may include coarse pitch
threads for quick tightening.

{06111} Locking screw 604 may also be tightened to more permanently fix the
length of rod assembly 506, and/or to increasc the rigidity of the rod assembly S06.
The locking screw 604 and inner plug 611 act to remove any backlash or loosceness
that may cxist between the outer diameter of the first end 605 of the small tube 602
and the inner diameter of the large tube 600. The locking screw 604 includes a
screw head 634 and a shaft 636 with a threaded portion 638. The inner plug 611
includes a protrusion 642 and a threaded bore 644. As screw 604 is rotated, the
threaded portion 638 of the screw engages the threaded bore 644 of the inner plug
611 and protrusion 642 indexes into one of the slots 640 in the tube to prevent the
plug from spinning as the screw 604 turns. Protrusion 642 may be referred to as a
key and slot 640 may be referred to as a keyway. The first end 605 of the inner tube
602 features several slots 640 that allow the tube to expand as the tapered inner plug
611 is drawn into it by rotation of the screw 604. Screw 604 may be turned until
inner tubular member 602 has expanded sufficiently to cause first end 605 of inner
tubular member 602 to fit tightly within outer tubular member 600, and lock its
position relative to outer tubular member 600. The screw head 634 protrudes from
the small tube plug 610 and is thercfore readily accessible yet largely out of the
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{00112] It is appreciated that other locking assemblies known in the art may be
used to clamp the tubular portions together and fix the length of a rod assembly. In
an embodiment, a two picce compression lock may be used to fix the length of a rod
assembly. The outer tubular element may be rotated about the inner tubular element
to compress about the inner tubular element and lock the length of the rod assembly.
In another embodiment, a wedge member may be substituted for inner plug 611 to
expand inner tubular element 602 within outer tubular element 604 and lock the
tubular elements together. In another embodiment, hydraulic expansion may be usec
to lock the tubular elements together at a desired length. In another embodiment, 4
dovctail and tab system may be used to lock the tubular clements together at a
desired length. ln another embodiment, a ball and ramp frictional lock may be used
to lock the tubular clements together.

{06113] In an embodiment, cxternal fixation system 500 is avatlable in a kit 700,
as shown in FIG. 11. Kit 700 may include a tray 702, the pre-assembled external
tixation system 500, a plurality of bone pins 310, 560 and/or 562, a drill guide 704,
drill sleeves 706, and/or a wrench 708. The kit may be sterife packaged in the peel-
pack tray 702, which may be sealed.

{06114] In amethod of use, kit 700 is opened and the drill guide 704 removed.
The drili guide 704 is positioned at a first bonc portion on the patient, drill slecves
706 are inserted into the drill guide, and passages are drilled through drill sleeves
and guide, through the adjacent tissues, and into the bone portion. The drill sleeves
may prevent soft tissuce from wrapping around the drill and/or pin during this step.
One or more of the bone pins 560, 562 are inserted through the drilled passages and
fixed in the first bone portion. In an alternative embodiment, the pins may be placed
without the use of the drill guide and drill sleeves; in one alternative, the system 500
may be removed from the kit and positioned so that the first and second clamping
assemblies 502, 504 are on opposite sides of the fracture, joint, or other
discontinuity, and the pins may be placed through the first clamping assembly 502.
{00115]  The system 500 is removed from the kit and positioned so that the first

clamping assembly S02 is placed over the one or more bone pins 560, 562 with each
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bone pin 560 and/or 562 received in a pin bore 542. The fixation bolts 522, 524 are
tightened to fix the clamping body 520 to the bone pin{s). The systerm 500 may be
lengthened or shortened by axially translating outer tubular members 600 relative to
the imner tubular members 602, The length of system 500 is adjusted to span the
joint and/or fracture. To adjust the system length, the second clamping assembly
504 may be pulled axially toward or away from the first clamping assembly 502 to
lengthen or shorten the assembly. When the desired length is achieved, the second
clamping assembly 504 may then be used as a drill guide for one or more additional
bone pins 560, 562 to be fixed in the second bone portion. The additional bone
pin{s) may be placed in the second bone portion out of plance from the bone pin(s) in
the first bone portion. After at least one additional bone pin is placed in the second
bone portion, the second clamping assembly is mounted on the additional bone
pin{s), and the fixation bolts 522, 524 of the second clamping assembly 504 arc
tightened to fix the second clamping body 520 to the additional bone pin{s) in the
second bone portion. It is noted that the polyaxial connections allow the system 500
to twist sufficiently to allow the clamping assemblies 502, 504 mount to first and
second sets of bone pins, respectively, which are out of plane from one another. The
tab maembers 670 are removed. The system 500 1s lengthened to provide traction,
reduce the fracture and establish the proper limb length between the first and second
boune portions, the inner tubular elernents 602 non-rotatably sliding relative to the
outer tube elements 600. The system 500 can be lengthened generally parallel to
axis 541, within the polyaxial range of motion, by grasping and pulling clamping
assembly 502 axially away from clamping assembly 504. Alternatively, the
practitioner may grasp the patient’s limb, at the foot for example, and pull axially to
lengthen the limab and the systern 500. When lengthening ceases, the system 500
automatically provisionally locks in a one-way manner as described above, with
binding collars 624 engaged against inner tubular efements 602, in what may be
referred to as primary locking. The provisional locking may occur when the
clamping assembly 502 is rcleased from the tension of pulling. In this arrangement,

the practitioner may apply distraction forces intermittently, and may rely upon the
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onc-way lock to maintain a length-stable construct during periods of no distraction
force. This may be advantageous to the practitioner, as rest periods may be taken
without sacrificing reduction. The rest periods may also permit reassessment of
reduction quality, or they may allow gradual atraumatic stretching of swollen,
cramped, or spasming muscles or other soft tissues. The system facilitates obtaining
an initial reduction followed by an itcrative process of refining the reduction without
the stress and fatigue associated with constantly maintaining traction on the limb.
For example, the reduction may be refined by rotating onc bone portion relative to
the other bone portion.

{00116}  After provisional locking at the desired length, at least one of the screws
626 may be tightened to lock the locking collar 620 around the rod assembly, in
what may be referred to as secondary locking by activating a second locking
mechanism. The limb or bone portions may be further manipulated to achicve
proper segment alignment; the spherical portions 612, 614 may polyaxially rotate
within their respective inner clamping surfaces 570, 580. For example. onc or both
of the bone portions may be rotated while the syster 500 automatically maintains
the desired length. Once the desired bone alignment is achieved, the clamping bolts
S30 on cach clamp asserubly 502, 504 arc tightened to lock the clamping assermblies
502, 504 to the rod assemblies 506, S08 with the clamping surfaces 570, 580
compressing around the spherical portions 612, 614 to prevent further polyaxial
motion. Wing nuts 533 may be finger tightened to tighten the clamping bolts 530.
The remaining screw 626 may also be tightened at this time, if loose. The locking
screws 604 in each rod assembly 506, S0¥ are tightencd to further lock the relative
position of the telescoping inner and outer tubular clements 600, 602, in what may
be referred to as tertiary locking by activating a third locking mechanism. BDuring
the procedure, wrench 708 may be used to adjust the screws and bolts of the
assembly 500.

{00117} The one-picce assembly 500 and one-way automatic locking of the rod
asscmblies S06, 508 can be advantageous when quick, secure setting of a patient’s

limb or joint is desired. In contrast with external fixation systems which require
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asscmbly of separate rods, clamps and other structures during the external fixation
procedure, systerm 500 is pre-assembled and packaged as one piece which is easily
manipulated in a user’s two hands. After mounting to the bone pins, system 300 is
easily telescopically lengthened by pulling one claroping asserubly 502 away from
the other clamping assembly 504; when the clamping assembly is released the
automatic one-way locking mechanism prevents collapse or shortening of the
assembly 500. The one-way provisional locking mechanism maintains the length of
the assembly SO0 while final adjustments arc made and the secondary locking
rocchanisms are deployed.

{00118} The system 500 provides single point tightening and loosening at cach
one of the locking mechanisrus. Length can be locked progressively, or unlocked
and adjusted, without uniocking the clamps, and vice versa.

{06119} For casc of usc, indicia or labeling may be provided on locking screws or
other parts. In one non-limiting example, fixation bolts 522, 524 are cach marked
with a “1’ to indicate that they should be actuated first. Similarly, clamping bolts
530 may be marked with a ‘2’; screws 626 may be marked with a ‘3°, and locking
screws 604 may be marked with a “4” to indicate the proper order of actuation and
locking. In other embodiments, focking may occur in a different order and the
screws or parts may be labeled accordingly.

{68120}  The clamping bodics 520, locking collars 622 and binding collars 624
may be injection molded in plastic, preferably in a fiber reinforced material to resist
creep under a prolonged load. For example fiber-filled PEEK (polyctheretherketone)
may be used, and may incorporate glass or carbon fibers. In another embodiment,
the clamping bodies are made from machined aluminum. The pins, bolts, screws,
nuts and springs may be made of stainless steel or a stainless alloy, preferably non-
magnetic. The fixation plates 326-529 and binding collar 624 may be made of
stainless steel or other metal, preferably non-magnetic. The locking collar 622, and
inner and outer tubular clements 602, 600 may be formed of aluminum. The
spherical portions 612, 614 may be cast, may be machined from aluminum, or may

be molded from PEEK. laner plug 611 may be injection molded in plastic, or in
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other embodiments may include aluminum or fiber-filled PEEK. Some or all parts
may be radiolucent. It is appreciated that system S00 may be provided in various
sizes and/or lengths so that a practitioner can sclect a system suited to the size or
necds of the patient. For example, longer or shorter rod assemblies may be used to
build systems with longer or shorter overall lengths. Rods of vartous diameters may
also be available to scale the external fixation system to the intended use. It is also
appreciated that in an embodiment, only one rod assembly may be included in the
systent. In another embodiment, more than two rod assemblies may be included in
the system, with an appropriate nurnber of clamps for clamping the rod assemblies.
{00121}  Another embodiment includes an external fixation system 800 which
may be referred to as an ankle spanning systern 800 or joint spanning system,
although external fixation system 800 may also be used to span a fracture,
ostcotory, epiphyseal plate, or other discontinuity between bone portions. Referring
to FIGS. 12-188, external fixation system 800 inclhudes the first clamping assembly
502, the first rod assembly 506 and the second rod assembly 508, and a clamping
subassembly 802.

{66122} The clamping subassembly 802, which may be referred to as an ankle
clamping subassembly, can connect to and extend between the first and second rod
assemblies 506, S0¥, and includes a first clamping strut assembly 804, a second
clamping strut assembly 806, a spanning member 80, and a pin clarop asserubly
810. Two calcancal pins 812, K14 extend between the first and second clamping
strut assemblics 804, 806; cach calcaneal pin includes a threaded portion 815. The
first clamping asseribly 502, first rod assembly S06 and second rod assembly 508
are as described above with reference to FIGS. 1-10; in this embodiment the rod
asscrnblies may be shorter than those depicted in FIGS. 1-10. The external fixation
system 800 can provide rigid fixation of the ankle joint, to stabilize the foot and
aokle with respect to the tibia, for example in the case of a lower tibial fracture or an
injured ankle joint.

{00123} Referring to FIGS. 14-16, the first and sccond clamping strut assemblics

804, 806 may be mirror images, or may be identical to one another except for the
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direction in which locking bolts, screws, or pins are inserted; thus the description of
furst clamping strut assembly 804 also applies to assembly 806. First clamping strut
assembly 804 includes a clamping strut €20, first and sccond fixation plates 22,
824, spacing member 826, first fixation bolt 828, second fixation bolt 830, nut §32,
a fixation member &34 and two dowel pins 836. The clamping strut 820 includes a
strut portion 840, a split clamp portion 842, and a pin clamp portion 844. From a
side view, the clamping strut may be generally Y-shaped. The strut portion 840 may
be straight, and oval in cross section, although other cross-scction shapes such as
circular, square or rectangular are conteraplated within the scope of the disclosure.
The strut portion 840 includes a fixation member bore 841 and may include
additional bores to receive dowel pins, to enable connection to the spanning member
808. At least one of the bores in the strut portion may be threaded. In an
cmbodiment, fixation plates 822, 824 are structurally the same as fixation plates
526-529. Each fixation plate 822, 824 includes a bolt opening 870 and several pin
openings §72. Bolt and pin openings 870, 872 may be threaded or nou-threaded. It
is noted that the threaded portion 815 on each calcaneal pin may be smaller diameter
than threading in the pin openings 872 on the fixation plates, allowing the calcancal
pins to be freely inserted through the fixation plates.

{00124}  The split clamp portion 842 of the clamping strut 820 includes first and
second clamp arms 850, 52 which face one another and encircle a spherical
clamping surface 854, which is interrupted by a gap 856. A fixation bore 858
extends through a distal end of the split clamp portion 842, and is interrupted by the
gap 856, When operatively assembled as in FIG. 14, the spherical portion 612 of rod
assembly 506 is received within the clamp arms 850, 852 and encircled by the
spherical claroping surface 854 so that the spherical portion 612 1s captive within
the clamp arms 850, 852. The rod assembly 506 may be polyaxially adjustable
within the split clamp portion 842 antil a desired position is reached. Second
fixation bolt 30 may be actuated to draw the first and sccond clamp arms 850, 852
together, closing the gap 856 and locking the position of the rod assembly 506

relative to the clamping strut 8§20.
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{00125] The pin clamp portion 844 includes a first support arm &60 having a first
recess 862, opposite a second support arrm &64 having a second recess 866, each
recess shaped to receive a fixation plate €22, 824. The support arms 860, 864 are
separated by an arm gap 868, When operatively assembled as in FIG. 14, the furst
fixation plate 822 is received in first recess 862, second fixation plate 824 is
recetved in sccond recess 866, and spacing member 826 is received between the
support arms 860, 864 in the arm gap &68. First fixation bolt &28 extends through
bolt opening 870 the first fixation plate 822, through the spacer member 826 and
into the bolt opening &70 in second fixation plate &24. Calcaneal pins 812, 814
extend transversely through pin openings 872 in the fixation plates, through the
support arms 860, 864, and through the arm gap 86&, When fixation bolt 828 is
tightened, threads on the fixation bolt 828 may engage threads in the bolt opening
870 on the second fixation plate 824 so that tightening the bolt draws the first and
second fixation plates toward one another and one or both of fixation plates 822,
%24 may be deformed. The pin openings 872 frictionally bind against calcaneal pins
812, 814 preventing them from further axial translation relative to the clamping strut
asscmbly 804. It is appreciated that in other embodiments, other methods of pin
capture or fixation known in the art may be used.

{00126] Reforring to FIGS. 17A-17C, spanning member 808 includes first and
second attachment sections 880, 882 which are bridged by a span section 884. In the
embodiment shown span section &84 is curved to fit over a patient’s appendage. The
size, shape and curvature of the spanning member 808 may be varied to
accommodate variations in patient size or appendage configuration; in some
embodiments the spanning member may be straight. Each attachment section
includes a first bore 886 and one or more secondary bores 890. On an outer side of
the member 880, a recess 888 surrounds the first bore 886. As scen in FIGS. 14 and
16, spanning member K08 may be operatively attached to cach clamping strut
assembly 804, 806. Dowel pins 836 are received in openings on the clamping struts
%20 and in the secondary bores 890 in the spanning member. Fixation member 834

extends through first bore 886 and into bore 841 on the clamping strut 820 to secure
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the spanning member 08 to the clamping strut 820. A head portion of the fixation
member 834 is received in the recess 88 to provide a low profile to the assembly.
{06127} It is appreciated that variations in the configuration of the clamping strut
assemblies 804, 806 and the spanning member 80K roay occur. For example, in
another embodiment the strut portions may be shorter than those depicted, and the
attachment scctions 880, 882 may cxtend toward the strut portions. In another
embodiment, a separate spanning member may not be present; instead the spanning
member may be integrally formed with the clamping strut assemblies to bridge
between thern. In another embodiment, the spanmung member may be absent; the
calcaneal pins may form the connection between the clamping strut assemblies.
{60128} Referring to FIGS. 18A and 8B, pin clamp assembly 810 includes a
clamp body 900 having a pin clamp portion 902 and a spanning member clamp
portion 904. The clamp portions 902, 904 may be angled rclative to one another.
The pin clamp portion 902 includes first and second spherical openings 906, 908. A
slot 910 intersccts both spherical openings. A first split sphere 912 is received in the
first spherical opening 906 and a sccond split sphere 914 is received in the second
spherical opening 908. A first fixation pin 916 is reccived through the first split
sphere 912 and a second fixation pin 918 1s received in the second split sphere 914,
The split spheres are polyaxially adjustable within the spherical openings, allowing
the trajectories of fixation pins to be adjusted to connect with targeted bone
portions, such as a metatarsal bone, or other structures. A first bolt opening 920
extends through the pin clamp portion 902 transverse to the spherical openings, and
receives a first clamping bolt 922, When clamping bolt 922 is tightened, the width
of slot 910 decreases and the spherical openings 906, 908 are compressed around
the spherical members 912, 914, locking the positions of the spherical roembers and
the captured pins 916, 918.

{66129} Spanning member clamp portion 904 includes a member opening 92%
surrounded by a member clamping surface 930. Both the member opening 928 and
clamping surface 930 arc interrupted by a member clamping gap 932. A second bolt
opening 934 extends through clamp portion 904 and a second clamping bolt 936

~
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extends through the bolt opening 934, bridging the gap 932. When operatively
assernbled as in FIG. 12, for example, spanning mmember 80K 1s received in the
member opening 928, and the pin clamp assembly 810 may be translated along the
spanning raember 80K until a desired or targeted position is reached. Second
clamping bolt 936 is actuated to close the gap 932 and compress clamping surface
930 around the spanning member 80, preventing any further translation of the pin
clamp assembly 810 relative to the spanning member 80K.

{0613¢] In an embodiment, cxternal fixation system 800 is available in a kit. The
kit may include a tray, the pre-assembled external fixation system 800, a plurality of
bonc pins 560, 562, 916, 918, calcaneal pins 812, 814, a drill guide 704, drill sleeves
706, and/or a wrench 708, The kit may be sterile packaged in the tray.

{00131] In a method of usc of system 00 to immobilize an ankle joint, onc or
morce of the following steps may be present. The tray is opened and the system 800
1s removed from the tray. With reference to FIG. 12, the first bone pin 560 is placed
in the tibia. The pre-assembled system 800 with clamping assermbly 502 is placed
over the first bone pin 560, with pin 560 extending through a pin opening 542 in
clamp body 520. The spanning member 808 is rested over the foot, with the first and
second clamping strut asserblics 804, K06 along either side of the foot in a
generally aligned position. Using the clamping assembly 502 as a guide, the second
tibial pin is extended through another pin opening 542 in clamp body 520 and into
the tibia. The clamping assembly 502 is locked to the bone pins 560, 562 by
tightening fixation bolts 522, 524. The first and second clamping strut assemblies
804, 806 arc aligned to the calcancus and one of the first or second calcaneal pins
812, 814 1s driven through first and sccond clamping strut assemblics 804, 806 as
well as the bone. The polyaxial alignment of the rod asserablies 506, 508 is adjusted
relative to the clamping assemblics 502, 804 and 806. The polyaxial clamps are
provisionally locked by tightening clamping bolt 530 in clamping assembly 502,

and by tightening fixation bolts 830 in clamping strut asscmblies 804, 806. The pin
clamp assembly 89 is slid along the spanning member 808 until it provides the

proper approach angle to the great toe metatarsal. The position of the pin clamp
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assembly 810 on the spanning member is locked by tightening clamping bolt 936 in
the spanning member clamp portion 904. One or both metatarsal pins 916, 918 are
placed through the polyaxial split spheres 912, 914 and into the metatarsal. The pins
916, 918 are locked nto the pin clarap portion 902 by tightening clamping bolt 922.
{60132] The other of the first and second calcaneal pins 812, ¥K14 is inserted
through the first and second clamping strut assemblics 804, 806 as well as the bone.
The calcaneal pins 812, 814 are locked into the first and second clamping strut
assemblics 8§04, 806 by tightening fixation bolts §28 to frictionally lock the pins to
the clamping struts 820. The tab rmembers 670 are removed from the rod assemblies
506, 508. If required, the limb is placed in traction to re-establish the proper limb
length. When the traction is released, the one-way provisional locking of the rod
assemblics as described previousty will maintain the established length. Binding
collar 624 engages against inner tube 602 to prevent telescopic collapsing, or a
decreasc in the length of the rod assembly. The limb position may be adjusted as
necessary, which may include loosening polyaxial clamping bolts 530. 830,
adjusting the relative position of the rod assemblies and re-tightening the polyaxial
clamping bolts 530, 830. Screws 626 on locking collars 620 are tightened to prevent
axial translation of the inner and outer tubes 602, 600 relative to one another.
Locking screws 604 are tightened to expand each inner tube member 602 and lock
its position relative to outer tube member 600.

{00133} Referring to FIGS. 19 and 20, an external fixation system 1000 is a two-
level system which includes system 500, which may span a knec joint, and system
800, which may span an ankle joint. Both systems 500, 00 are mounted on a
conmumon set of bone pins 560, 562 which may be mounted in a tibia. Systerm 1000
may provide rigid fixation of the both the knee and ankle joints. Systems S00 and
800 may be vertically stacked on one sct of pins without further modification as
shown in FIGS. 19 and 20. In another embodiment, the clamp bodies 520 ray be
modificd to allow systems 500 and 800 to be mounted horizontally relative to one

another, for example adjacent to one another along second axis 535.
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{00134} In a method of use of external fixation system 1000, bone pin 560 i3
mounted in a tibia. External fixation system 800 is mounted on bone pin 560 and as
described previously, through the step of the onc-way provisionally locking of the
rod assemblics. After external fixation systern 800 is mounted and provisionally
locked, external fixation system 500 is mounted on to bone pins 560, 562 and the
rod assemblics arc provisionally locked as described previously for system 500.
After the provisional locking of systems 500 and 800, final limb adjustments and
locking steps for both systems can be iteratively carried out as needed. It will be
appreciated that additional systems 500 and/or 800 may be mounted sequentially to
extend the zone of fixation as far as necessary.

{B0135]  Another embodiment includes an external fixation system 1100 which
may be referred to as a wrist spanning system | 100 or joint spanning system,
although external fixation system 1100 may also be used to span a fracture,
osteotomy, cpiphyseal plate, or other discontinuity between bone portions. Referring
to FIGS. 21-27, external fixation system 1100 includes a first clamping assembly
1102, a second clamping assembly 1104, and the first rod assembly 506. The rod
asscmbly 506 cxtends between and connects the clamping assemblics 1102, 1104
into the single system 1100, The rod assernbly 506 may be scaled in length and/or
diamcter to an appropriate size for the wrist. The clamping assemblics may be
referred to as support elements or members, as they support the rod assembly. The
first and sccond clamping assemblies may be mirror images, or may be identical to
one another. As described above, using identical assemblics in a system may cnable
the cntire system to be produced more cheaply and/or quickly than a system in
which each separate component or assembly is unique.

{B0136]  In usc, system 1100 can be secured to the patient in one piece, as a unit.
First clamping assembly 1102 may be fixed to a tirst bone portion by onc or more
fixation pins S10. Bone screws, bone pins, wires, and/or other fasteners may be used
in place of or in combination with fixation pins 510. Second clamping assembly
1104 may be fixed to a second bone portion by additional fixation pin{s) 510. The

rod assembly 500, extending between the clamping assemblics, may span a joint or
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tracturc between the first and sccond bone portions. After the clamping assemblics
1102, 1104 are {ixed to the bone portions, the rod assembly 506 may be lengthened
or shortened to a desired length and provisionally locked to stabilize the joint or
fracture. Following the provisional locking, the polyaxial connections of the
assembly may be adjusted, then more permanently locked.

{00137} Referring to FIGS. 22-26, clamping assembly 102 is shown in more
detail. Clamping assembly 1104 may be a mirror image, or may be identical to
clamping assembly 102 and will not be described in further detail; the description
of claraping asserubly 1102 also applies to clamping asserably 1104, Clamping
assembly 1102 includes a clamp body 1120 which is formed as a single picce.
Clamping asserobly 1102 further inclades first fixation bolt 1122; {irst and sccond
fixation plates 1126, 1127; a clamping bolt 1130; first nut 1132; and second nut
1133. The fixation plates may be referred to as locking plates. The rod assembly 506
is polyvaxially adjustably connected to the clamping assembly 1102 via a clamp 1134
which is formed as part of the clamping body 1120. Two bone pins 560, 562 extend
through the clamping body 1120 to fix the clamping assembly 1102 to a bone
portion. In another embodiment, only one bone pin may be used in each clamping
assembly.

{00138} Referring to FIGS. 21-26, clamp body 1120 may be T-shaped and
includes an upper or first surface 1112 and a lower or second surface 1114 opposite
the first surface. The clamp body 1120 further includes a firstarm 113K and a
second arm 1140 which extend along a first axis 1141, perpendicular to the first
clamp 1134, which extends along a sccond axis 1135, First axis 1141 may be
parallel to the longitudinal lengths of rod asserably 506 when the system 1100 1s in
a neutral or orthogonal arrangement. A bolt opening 1144 extends through the
clamping body 1120 in the same dircction as the pin openings 1142, 1152 described
below. In the exarple shown, the bolt and pin openings extend in a direction
perpendicular to the first axis 1141 and the sccond axis 1135, A first slot 1148 is
recessed into the first surface 1112, and a second slot 1150 is recessed into the

second surface 1114, opposite the first slot. The first and second slots are clongated,
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occupying the majority of the length of the first and second arms 1138, 1140, and
the slots are parallel with first axis 1141, A plurality of pin openings or bores 1142
extend through the arms between the first and second slots 1148, 1150, cach pin
bore sized to receive a bone pin 510. First fixation plate 1126 1s housed in the first
slot 1148 and second fixation plate 1127 is housed in the second slot 1150. Each
fixation platc 1126, 1127 includes at lcast one plate pin opening 1152, and one of a
threaded plate bolt opening 1154 or a non-threaded plate bolt opening 1155, Each
fixation plate 1126, 1127 is clongated, having a first cxtension 156 and a sccond
extension 1158,

{68139} The bone pins 560, 562 arc received in pin openings 1142 of clamp body
1120. Each bone pin may pass through a plate pin opening 1152 in a fixation plate,
through the first slot 114¥, through a pin bore 1142, through the sccond slot 1150,
and out through a plate pin opening 1152 in another fixation plate. The opening for
the pins may be non-threaded and/or smooth, to atlow the pins 560, 562 to initially
be axially translatable rclative to the arms 1138, 1140. The translation allows for
adjustability of the height of the system 1160 relative to a patient’s limb, which may
be advantageous if there is tissue swelling, an open wound, and/or a skin abrasion
on the limb. It is appreciated that the bone pins may be placed in one or any
combination of the pin openings 1142,

[66148] Referring to FIG. 235, the first fixation bolt 1122 passes through a non-
threaded bolt opening 1155 in first fixation plate 1126, into the first slot 1148,
through a bolt opening 1144 and out through sccond slot 1150 and a threaded plate
bolt opening 1154 in second fixation plate F127. As the threads of bolt 1122 engage
threaded plate bolt opening 1154, the center portion of second fixation plate 1127 is
drawn toward the center portion of first fixation plate 1126 against the resistance of
first and second cxtensions 1156, 1157 bearing in slots | 148, 1150, causing onc or
both of fixation plates 1127, 1126 to be elastically or plastically deformed. As a
result of the clastic or plastic deformation, the plate pin openings 1152 frictionally
bind against pin 562, preventing pin 562 from turther axial translation relative to the

clamp body 1120. As the plates 1126, 1128 deform, they may bow and decrease in
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length, which pushes the pin 562 against the side wali of the pin bore 1142. This
force creates a sccondary locking action relative to the pin 562. It is appreciated that
in other embodiments, other methods of pin capture or fixation known in the art
roay be used.

{60141] Tuming to FIGS. 23-24 and 26, the clamp 1134 is shaped to retain or
clamp rod assembly 506 while allowing telescoping movement of the rod assembly
to lengthen or shorten the rod assembly. Clamip 1134 has an inner clamping surface
1170 which is spherical in the illustrated cmbodiment; in other embodiments the
clamping surfaces may be partially spherical, conical, cylindrical, flat, polygonal, or
another shape. The inner clamping surface 1170 is interrupted by a clamp gap 1172
bounded by opposing first and second clamp surfaces 1174, 1176. In the example
shown the inner clamping surface 1170 is smooth, but in an alternative embodiment
it may be ridged or roughcened. A bore 1190 extends through the clamp 1134,
parallel to second axis 1135, intersecting clamp gap 1172. The bore 1190 includes a
first recess 1192 at one end and a second recess 1194 at the opposite end. Onc or
more chambers 1196 extend into the clamp body 1120 between the pin openings
1142, and may provide for weight reduction for the clamp body. Clamping bolt
1130 extends through bore 1190 and engages vut 1132, As the claroping bolt 1130
engages the nut 1132, the nut 1132 is captured in sccond recess 1194, Further
actuation of bolt 1130 draws nut 1132 toward the bolt head, engaging recess 1194
and closing gap 1172, Nut 1133, which may be a wing nut, may also be actuated to
tighten bolt 1130. As scen in FIG. 21, when rod assembly 506 is assembled with
clamp assemblics 1102, 1104 as shown and bolt 1130 is tightened as described, the
rod asscmbly is gripped in the clamps 1134 and prevented from any movement, for
example axial, rotation, or polyaxial, relative to the clamp body 1120.

{66142]  In an embodiment, external fixation system 1100 is available in a kit,
similar to that shown in FIG. 11. The kit for external fixation system 1100 may
include a tray, the pre-assembled external fixation system 1100, a plurality of bone
pins 560 and S62, a drill guide 704, drill sleeves 706. and/or a wrench 708, The kit

may be sterile packaged in a peel-pack tray, which may be sealed.
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{00143] A method of use of external fixation system 1100 may be similar to, or
identical to, that described above for external fixation system S00.

{00144] FIG. 28 15 a perspective view of another clamping assembly, including
two bone pins. The clamping assembly 1200 of FIG. 28 can include a main clamp
body 1202, a first clamp 1204 having an inner surface 1206 for connecting to a first
rod asscmbly. ¢.g.. rod assembly 506 of FIG. 1. a sccond clamp 1208 having an
inner surface 1210 for connecting to a second rod assembly, ¢.g., rod assembly SOK
of FIG. 2, and two bone pins 1212, 1214,

{00143]  In contrast to the clamping asserubly 5302 of FIGS. 3-S5 in which two
bolts, namely the first and second fixation bolts 522, 524, lock the bone pins 560,
562 {described in detail above), the clamping assembly 1200 in FIG. 28 includes a
single fixation bolt 1216 that can lock one or more bone pins simultancously, ¢.¢.,
both bone pins 1212, 1214 simultancously. In addition, instcad of actuating from a
direction substantially parallel to the bone pins 560, 562 like in FIGS. 3-S5, the single
tixation bolt 1216 of the clamping assernbly 1200 of FIG. 28 can actuate from a
direction substantially perpendicular to the bone pins 1212, 1214, ¢.g.. along a
longitudinal axis of the main clamp body. For example, as seen in FIG. 28, the
fixation bolt 1216, ¢.g., a bolt or screw, can extend into and actuate froru the side of
the main clamp body 1202. As shown and described below in FIGS. 29 and 30, the
clamping assembly 1200 can include a sliding clamp 1218 that can lock the bone
pins 1212, 1214 against the main clamp body 1202 or any installed bushings.
{06146] FIG. 29 is a top view of a portion of the main clamp body 1202 depicted
in FI1G. 28, depicting the sliding clamp 1218 in an open position. In FIG. 29, as the
sliding clamp 1218 1s moved toward the right by tightening the fixation bolt 1216,
the sliding clamp 1218 can lock the bone pins 1212, 1214 of FIG. 2R against the
main clamp body 1202.

{06147]  To help align and prevent the sliding clamp 1218 from rotating within
the main clamp body 1202, the clamping assembly 1200 can include a sliding clamp

pin 1220. In addition, two pins 1222A, 12228 can help retain and/or align the
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fixation bolt 1216 within the main clamp body 1202. The sliding clamp 1218 is
shown in detail in FIG. 33.

{06148]  The main clamp body 1202 can define a plurality of holes 1224A-
1224D, through which the bone pins 1212, 1214 can be inserted. In some exarple
configurations, the holes 1224A-1224 can be sized to accommodate the use of
tissuc sleeves disposed over the bone pins 1212, 1214 (as scen in FIG. 32).

{00848]  In some example configurations, the main clamp body 1202 can include
one or more bushings, ¢.g., bushings 1226A-1226D (referred to collectively as
“bushings 1226 and shown in FIG. 29). The bushings 1226 can be used instead of
the fixation (or locking) plates 526, 528 of FIG. 3.

[00858] FIG. 30 is a top cross-sectional view of the portion of the main clamp
body 1202 depicted in FIG. 29, depicting the sliding clamp 1218 in an open
position. As scen in FIG. 30, the sliding clamp 1218 defines two apertures 12284,
12288 (referred to collectively as “apertures 12287}, The apertures 1228 can be at
least partially defined by ramps 1230A-1230D (referred to collectively as “ramps
12307). In this disclosure, the ramps 1230 can be defined as having a slope relative
to an axis extending along the length of the sliding clamp 1218, In some cxample
configurations, the ramps 1230 can include curved portions and/or straight portions.
The ramps 1230 of the sliding clamp 1218 can provide a clamping force that can
lock the bone pins 1212, 1214 against the main clamp body 1202 {or against any
bushings 1226, if installed). As seen in FIG. 30, when the sliding clamp 1218 is
pulled toward the right via the fixation bolt 1216, the ramps 1230 can slide along the
bone pins 1212, 1214 and gradually secure the bone pins to the main clamp body
1202 as the dimensions of the apertures 1228 decrease. The sliding clamp pin 1220
can help the sliding clamp 1218 move laterally as the fixation bolt 1216 pulls the
stiding clamp 1218 toward the right in FIG. 30.

{06181} Inaddition, the design of the main clarap body 1202 of FIG. 29 can
permit the use of tissue skeeves 1232, 1234 (shown in FIG. 33) over the bone pins

1212, 1214,
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{00152] fn some alternative configurations, the interference can be a wall of
the apertures, and does not need to be a ramp.

{00153] FIG. 31 is a top view of a portion of the main clamp body depicted in
FI1G. 28, depicting the sliding clamp 1218 in a closed position. The fixation bolt
1216 has pulled the sliding clamp 1218 into a closed position. As seen in FIG. 31,
the ramp 1230A and the ramp 1230D have reduced the through-hole size, thus
creating a clamping force between the sliding clamp 1218 and the main clamp
body/bushing at cach hole location. The associated bone pins 1212, 1214 can flex
or bend to allow a lock to occur at cach position.

{00154] FIG. 32 is a cross-scctional view of an example portion of the main
clamp body 1202 of FIG. 29. A tissue sleeve 1232 can extend through the main
clamp body 1202 and the sliding clamp 1218, In the example of FIG. 32, bushings
1226A, 1226E arc coaxially positioned within a hole defined by the main clamp
body, e.g., hole 1224A of FIG. 29.

{00155] FIG. 33 is a cross-scctional view of the clamping assembly 1200 of FIG.
28. The shding clamp 1218 is shown in an open position. As the fixation bolt 1216
pulls the sliding clamp 1218 to the right in FIG. 33, the sliding clamp 1218 can
secure the bone pins, ¢.g., bone pins 1212, 1214 of FIG. 2§, against the main clamp
body 1202. The holes 1224A, 1224D are sized to accommodate the use of tissue
steeves 1232, 1234,

{00156]  As described above with respect to FIG. 30, the ramps 1230A-1230D of
the sliding clarap 1218 can provide a clamping force that can lock the bone pins
1212, 1214 against the main clamp body 1202 (or against any bushings 1226, if
installed). FIGS. 34-37 depict various examples of alternative sliding clamp
configurations that may be used with the main clamp body 1202.

{00157] FIGS. 34A and 34B dcepict another example of a sliding clamp that can
be used in accordance with various techniques of this disclosure. FIG. 34B depicts
an cnlarged arca of the example sliding clamp 1218 of FIG. 34A. For purposcs of

conciseness, FIGS. 34A and 34B will be described together.
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{00158}  The sliding clamp 1218 of FIGS. 34A and 34B can include onc or more
ramps 1230A-1230D having portions that define a plurality of tecth 1236. The teeth
1236 can improve the torsional rotation resistance of the bone pins on the sliding
clamp 121K, Asseen in FIG. 3413, a first portion of a ramp, ¢.g., rarop 1230B, can
define tecth 1236 while a second portion 123% of the ramp remains substantially
smooth. In addition, a straight portion 1240 of the sliding clarap 1218 adjacent to
the teeth 1236 of the first portion of the ramp, e.g., ramp 12308 can also define the
tceth 1240. As the fixation bolt 1216 (FI1G. 30) pulls the sliding clamp 1218
faterally, the teeth 1236 can grip a bone pin thereby increasing the locking force.
[00159F  FIGS. 35A and 35B depict another example of a sliding clamp that can
be used in accordance with various techniques of this disclosure. FIG. 358 depicts
an enlarged arca of the example sliding clamp (218 of FIG. 35A. For purposes of
concisencss, FIGS. 35A and 35B will be described together.

{00866}  Like the sliding clamp shown in FIGS. 34A and 34B, the sliding clamp
1218 of FIGS. 35A and 35B can include one or more ramps [230A-1230D having
portions that define a plurality of teeth 1236, The teeth 1236 can improve the
torsional rotation resistance of the bone pins on the sliding clamp [218. As scen in
F1G. 35B, a first portion of a ramp, ¢.g., ramp 1230B, can define tecth 1236 while a
sccond portion 1238 of the ramp remains substantially smooth. Further, a straight
portion 1240 of the sliding clarap 1218 adjacent to the teeth 1236 of the first portion
of the ramp 1230B can also define the teeth 1236.

{66161} In addition to the teeth 1236 defined by the ramps 1230A-1230D (and
any adjacent straight portions), the sliding clamp 1218 can include other portions
that define a plurality of teeth. In the example configuration shown in FIG. 35B, the
shiding clamp 1218 can include teeth 1242 to increase the torsional rotation
resistance. As the fixation bolt 1216 (FIG. 30) pulls the sliding clamp 1218
laterally, cach sct of teeth 1236, 1242 can grip a bone pin, thereby increasing the
locking force.

{00162} FIG. 36 depicts another example of a sliding clamp that can be used in

accordance with various techniques of this disclosure. fn contrast to the examples
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of sliding clamps depicted in FIGS. 30, 34A-34B, and 35A-35B that had
asymmetric designs, the sliding clarap 1218 of FIG. 36 includes a design that 1s
symmetric about an axis 1244 extending along the length of the sliding clamp 1218.
[66163] In the example symmetric coufiguration shown 1o FIG. 36, the sliding
clamp 121X includes a plurality of pairs of ramps 1230A-1230H, ¢.g., ramps 1230A,
[230E form a first pair of ramps, ramps 1230B, 1230F form a second pair of ramps,
etc. Similar to the configuration shown above with respect to FIGS. 34A and 348,
the raraps 1230A-1230H can include portions that detine a plurality of teeth 1236.
The teeth 1236 can improve the torsional rotation resistance of the boue pins on the
sliding clamp 1218. A first portion of a ramp, ¢.g., ramp 1230A, can define tecth
1236 while a second portion of the ramp rernains substantially smooth. In addition,
a straight portion of the ramp, ¢.g., ramp [230A, adjacent to the tecth 1236 of the
first portion of the ramap 1230A can also define the tecth 1236, As the fixation bolt
1216 (FIG. 30) pulls the sliding clamp laterally, the tecth 1236 can grip a bone pin,
thereby increasing the locking force.

{00164] FIG. 37 depicts another example of a sliding clamp that can be used in
accordance with various techniques of this disclosure. In contrast to the example
shiding clamps described above, the shiding clamp 1218 of FIG. 37 defines four
apertures {1228A-1228D) instead of two. The apertures 1228A-1228D can define a
plurality of pairs of ramps 1230A-1230H. The configuration in FIG. 37 can
improve rotational lock because the two ramps per aperture create three points of
contact (two from the ramps and one on the bushing).

[66165] Like the example of a sliding clamp 1218 shown in FIG. 36, the sliding
clamp 1218 of FIG. 37 includcs a design in which the apertures 1228A-1228D are
syrmetric about av axis 1244 extending along the fength of the shiding clamp 1218,
However, the sliding clamp 1218 of FIG. 37 does not define any teeth. Rather, the
torsional resistance provided by the stiding clamp 121K 1s a result of contact with a
bone pin from cach of the ramps in a pair, e.g., ramps 1230A, 1230E, and contact
with a bushing {not depictcd). This 3-point contact with a bone pin can provide

sufficient forces to lock the bone pin in place.
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{00166] It should be noted that any of the sliding clamps depicted in FIGS. 34A-
37 can be configured without teeth.

{66167] F1G. 38 is a cross-sectional view of another example of a clamp
assembly 1200, In contrast to the sliding clamp 1218 described above, the clamp
assembly 1200 can include a flexible plate 1245, e.g., spring steel. The flexible
plate 1248 can define curved notches at cach of its cuds that are configured to
cngage a respective bone pin 1212, 1214 (notches 1250A, 1250B are shown in FIG.
39).

{60168] When uncompressed, the flexible plate 1248 can assume a curved shape,
as seen in FI1G. 38, When compressed by a fixation bolt 1216, the flexible plate
1248 can flex and take on a more lincar shape. As the flexible plate 124R flexes, the
bone pins 1212, 1214 can frictionally engage with the portions of the flexible plate
124X that define the curved notches to create a mechanical lock.

{00169] FIG. 391s a top view of the flexible plate of FIG. 38. The flexible plate
1248 includes first and second ends 1252, 1254 that define respective curved
notches 12504, 12508 that are cach configured to engage a bone pin to create a
mechanical lock.

{66176] FIG. 40 is a perspective view of another example of a rod clarp
assembly 1260. The rod clamp assembly 1260 ot F1G. 40 can be used as an
alternative to rod clarap assernbly 606 and can form a portion of the rod assembly
506, which are described above with respect to FIGS. 7-10, for exarmple. For
purposcs of conciseness, many of the components of rod assembly 506 will not be
described in detail again.

{0017%] Like the rod clamp assembly 606 of FIGS. 7-10, the rod clamp assembly
1260 of FIG. 40 can also be described as a split collar tocking device. The rod
clamp assembly 1260 can include a split clamp 1262 {or locking collar), a binding
collar 1264 configured to be coaxially aligned with the spring clamp 1262, and a
spring housing 1266. The split clamp 1262 can define a circular bore 1268 which is
interrupted by a collar gap 1270, A screw 1271 can be received in a screw bore of

the split clamp 1262 and adjust the size of the collar gap 1270. As described in
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more detail below, the spring housing 1266, ¢.g., a molded housing, can retain a
spring {(shown at 1274 in FIG. 41), which biases the binding collar 1264 downward
against the split clamp 1262.

{60172] FIG. 41 1s a cross-sectional side view of the rod clamp assembly 1260 of
FIG. 40 in combination with a first rod 1272, where a second rod is slidably
disposed within the first rod 1272, (sec FIGS. 2 and 8). The rod clamp assembly
1260 can include the split clamp 1262, the binding collar 1264, the spring housing
1266, a spring 1274, a fulcrum 1276, and onc or more protrusions, or tabs 1278,
positioned about an exterior surface of the split clamp 1262, e.g.. two tabs 1278,
{681731  When the split clamp 1262 is opened and slid over the first rod 1272, the
one or more protrusions, or tabs 1278, can mate with one or more corresponding
holes 1280 on the first rod 1272. The tabs 127¥ can help retain the split clamp 1262
on the first rod 1272 without the usc of an adhesive.

{66174} As mentioned above, the spring housing 1266 can retain the spring 1274,
which biases the binding collar 1264 downward. The fulcrum 1276 can provide the
reaction force that holds an end 1282 of the binding collar 1264 up to create a
binding force with the second rod slidably disposed within the first rod 1272.
{06173] The design of the rod clamp assembly 1260 of FIG. 41 can
advantageously climinate several components of the design of the rod clamp
asserably 606 of FIGS., 7-10. For example, the pin 622 shown in FIG. &, which can
connect the binding collar 624 to the locking collar 620, can be eliminated because
the binding collar {264 of FIG. 41 can be constrained by the binding cffect with the
rod 1272 as a result of the fulcrum 1276. This design change can allow the binding
collar 1264 to be waterjet cut or stamped, rather than machined.

[00876]  As another example, the spring 1274 can replace the spring 630 of FIG.
&, which is retained in the spring housing 1266. The use of the spring housing 1266
can allow the spring 1274 to be retained inside the sphit clamp 1262, ¢.g., molded,
and can eliminate the retention pin 628 and the retainer 632 of FIG. XK.

{80177] Finally, as mentioned above, the usc of one or more tabs 1278 can

climinate the need for a glue to retain the split clamp 1262 to therod 1272, Asa
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result of the simplification in assembly and the reduction in components, the design
of FIGS. 40 and 41 can be less expensive to produce.

{06178} FIG. 42 is a perspective view of a portion of a rod assembly 1284
including the rod clamp assembly 1260 of FIG. 40. The rod assembly 1284 is
simailar to the rod asserbly 506 of FIG. 7, with the exception of the rod clamp
asscmbly 1260. and, for purposcs of conciseness, will not be described again. As
secn in FIG. 42, the rod clamp assembly 1260 can include a tab member 1286,
which can be similar to the tab member 670 described above, ¢.g.. with respect to
FIG. 8. The presence of the tab member 1286 can keep a collar gap of the split
clamp 1262 open, which allows the tubular member 1272 and an inner tubular
member (e.g.. inner tubular meruber 602 of FIG. K) to axially move relative to one
another in both directions, by preventing bore 1268 from clamping around the
tubular members and provisionally locking the tubular members together.

{00179] FIG. 43 1s an cxploded view of a trocar assermbly 1290, The trocar
assembly 1290 can include a tissue slecve 1292 that defines a lumen, a first grip
1294 that is atffixed 0 an end 1296 of the tissue sleeve 1292, an obturator 1298 that
can extend through an opening in the first grip 1294 and into the lumen of the tissue
sleeve 1292, and a second grip 1300 that i1s affixed to an end 1302 of the obturator
1298, The trocar assembly 1290 can include an interlocking feature between the
first grip 1294 of the tissue sleeve 1292 and the second grip 1300 of the obturator
1298 that can hold the assembly 1290 together, as seen in FIGS. 44A-44C and
described below.

{0018¢] Thc obturator 1298 can allow a clinician to insert the trocar assembly
1290 through soft tissuc to access a bone surface. Once the target location is
reached, the obturator 1298 can be removed to expose the bone surface for inscrtion
of a bone pin through the tissue sleeve 1292.

{60181} FIGS. 44A-44C are perspective views of the first grip and the second
grip of the trocar assembly of FI1G. 43. For purposes of conciseness, FIGS. 44A-

44C will be described togcether.
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{00182] The second grip 1300 can include a pair of grip wings 1304, 1306, which
when grasped, can be used to rotate the sccond grip 1300, Further, the first grip
1294 and the second grip 1300 can be keyed to allow the grips 1294, 1300 to
interlock. For example, the second grip 1300 can include a projection 1308 that can
mate with a notch 1310 of the first grip 1294, ¢.g., a bayonet connector, which can
lock the two grips 1294, 1300 together.

{00§83] In some example configurations {not depicted}, additional features can
be included to further interlock the first grip 1294 and the second grip 1300. For
example, spring locks, ball detents, interference fittings, threaded connections,
and/or alternative bayonet connectors can be used to interlock the first grip 1294
and the second grip 1300.

{00184]  Asscenin FIGS. 44A-44C, the first grip 1294 and the second grip 1300
can be interlocked by rotating the grip wings 1304, 1306 until the projection 1308 is
positioned within the notch 1310, Biscngagement can be accomplished by rotating
the grip wings 1304, 1306 in the opposite direction.

{00185]  FIG. 45 is a perspective view of the trocar assembly 1290 of FIG. 43 in
an interlocked position. The first grip 1294 is interlocked with the second grip
1300.

{00186] FIGS. 46A-46C arc perspective views of another example of a first grip
and a second grip that can be used with a trocar asserubly. For purposes of
conciseness, FIGS. 46A-46C will be described together.

{06187] Asscen in FIGS. 46A-46C and in contrast to the design of FIGS. 44A-
44C, cach of the first grip 1294 and the second grip 1300 can include first and
sccond grip wings. The first grip 1294 can include first and sccond grip wings
1312, 1314 and the second grip 1300 can include first and second grip wings 1302,
1304. Further, the first grip 1294 and the second grip 1300 can be keyed to allow
the grips 1294, 1300 to interlock. For exarnple, the second grip 1300 can include a
projection 1308 that can mate with a notch 1310 of the first grip 1294, c.g., a

bayonct connector, which can lock the two grips 1294, 1300 togcther.
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{00188] FIG. 47 is a perspective view of a trocar assembly 1290 depicting the
first and second grips of FIGS. 46A-46C in an interlocked position. The first grip
1294 is interlocked with the second grip 1300.

{06189] The systems disclosed herein may provide advantages over cxternal
tixation systems known in the art. For example, providing pre-assembled systems
such as 500, 800, or 1100 which arc anatomy-specific can reduce the number of
parts or inventory necessary to perform an external fixation procedure, compared to
systems which are provided as a comprehensive kit of loose parts. Also, having a
pre-assembled system can minimize unanticipated disassembly during an external
fixation procedure and during tightening and adjustment of the system. The pre-
assemnbled system may therefore provide a low-stress user experience for the
practitioner, for example, by climinating tedious intraoperative assembly or
unanticipated disassembly. Use of the pre-assembled systems disclosed herein also
reduces or eliminates operating room or procedure time which, for other systems
known in the art, is spent assembling a fixation system on the back table. The one-
way locking mechanism may retain limb length during tightening and adjustment of
the system without requiring constant distraction by the surgeon. The one-way
focking mechanism contributes to case of obtaining fracture reduction, and the
provisional locking is secure enough to allow casy adjustment of the reduction while
the system is provisionally locked. The removable tab member 670 provides quick
conversion between the unlocked configuration and the locked configuration,
allowing guick and efficient distraction and reduction. The systems disclosed herein
can be applied to a patient by one or two practitioners, which may reduce the
number of practitioners needed and overall procedure cost.

{60190] In addition to the embodiments shown herein to span the knee, ankle,
and/or wrist joints, it is appreciated that principles taught herein may be applied to
external fixators and fixation rocthods for other joints, inclading but not limited to
the clbow, wrist, carpal, tarsal, phalanges, hip, sacrum, shoulder, cranium, and/or
intervertebral joints. The technology disclosed herein may also be applied to

cxternal fixation and fixation methods for fractures rather than joints.
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{00191] The apparatus disclosed herein may be made from low cost materials,
such as aluminum and/or plastic, using low cost manufacturing techniques such as
lathe and mill. In somc embodiments, the system may be so incxpensive as to be
single-use disposable. In this situation, there would be no re-processing or re-
stocking fees charged to the owner of the apparatus.

[00192] It should be understood that the present system, kits, apparatuses, and
methods arc not intended to be limited to the particular forms disclosed. Rather,
they are to cover all modifications, cquivalents, and alternatives falling within the
scope of the claims.

{00193] The claims are not to be interpreted as including means-plus- or step-
plus-function limitations, unless such a limitation is explicitly recited in a given
claim using the phrase(s) "means for” or "step for,” respectively.

{66194] The term "coupled” is defined as connccted, although not necessarily
directly, and not necessarily mechanically.

{00195]  The usec of the word "a" or "an" when used in conjunction with the term
"comprising” in the claims and/or the specification may mean "one,” but it is also
consistent with the meaning of "onc or more" or "at least one.” The term "about"
rocans, in general, the stated value plas or minus 5%. The use of the term "or" in the
claims is uscd to mean "and/or" uniess explicitly indicated to refer to alternatives
only or the alternative arc mutually exclusive, although the disclosure supports a
definition that refers to only alternatives and "and/or.”

{66196] The terms "comprise” (and any form of comprise, such as "comprises”
and "comprising™}, "have" {and any form of have, such as "has" and "having"},
"mclude” (and any form of include, such as "includes" and "including”) and
"contain” {and any form of contain, such as "contains” and "containing”} are open-
cnded linking verbs. As a result, a method or device that "comprises,” "has,"”
“includes" or "contains” one or more steps or elements, possesses those one or more
steps or elements, but is not limited to possessing only those one or more elements.
Likewise, a step of a method or an clement of a device that "comprises,” "has,"

"includes" or "contains” one or more features, possesses those one or more features,
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but is not limited to possessing only those one or more features. Furthermore, a
device or structure that is configured 1 a certain way is configured n at least that
way, but may also be configured in ways that are not listed.

{86197]  The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. It is appreciated that various
teatures of the above-described examples can be mixed and matched to form a
variety of other alternatives. For example, a clamping body or assembly described
for one system may be used with another system. Features of instrumentation from
one example may be applied to instrumentation from another example. As such, the
described embodiments are to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes which come within the
meaning and range of cquivalency of the claims are to be embraced within their

scope.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A clamp assembly for external fixation of a limb, the clamp assembly comprising:

a main clamp body comprising a cruciform shape defining a first axis and a second
axis perpendicular to the first axis, the cruciform shape body comprising first and second
arm portions disposed along the first axis and integral with and between first and second
clamps disposed along the second axis, the first and second arm portions comprising at least
one hole configured to receive at least one bone pin perpendicular to the first axis and the
second axis, the first and second clamps configured to connect to first and second rod
assemblies, respectively,

a sliding clamp operatively connected to the first and second arm portions of the
main clamp body, the sliding clamp disposed and configured to slide along the first axis
between the first and second clamps to secure the at least one bone pin in the at least one
hole; and

a fixation bolt coupled to one of the first and second arm portions and configured to

actuate the sliding clamp.

2. The clamp assembly of claim 1, wherein the fixation bolt extends into a side of the

main clamp body and along the first axis.

3. The clamp assembly of claim 1 or 2, wherein the at least one hole comprises two or
more holes and the at least one bone pin includes two or more bone pins, and wherein the

sliding clamp is configured to engage the two or more bone pins.

4. The clamp assembly of any one of claims 1 to 3, wherein the sliding clamp
configured to move along the first axis and to secure the at least one bone pin in place is

configured to secure the at least one bone pin against the main clamp body.

S. The clamp assembly of any one of claims 1 to 4, comprising:
at least one bushing positioned within the at least one hole,
wherein the sliding clamp configured to move along the first axis and to secure the at

least one bone pin in place is configured to secure the at least one bone pin against the at
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least one bushing.

6. The clamp assembly of any one of claims 1 to 5, wherein the sliding clamp defines at
least one aperture, wherein the at least one aperture is defined by at least one ramp portion
having a slope, and wherein the at least one ramp portion is configured to secure the at least

one bone pin in place.

7. The clamp assembly of claim 6, wherein the at least a portion of the at least one ramp

portion defines a plurality of teeth to secure the at least one bone pin in place.

8. The clamp assembly of any one of claims 1 to 7, wherein the sliding clamp defines at
least one aperture, wherein the aperture defines a set of teeth configured to secure the at least

one bone pin in place.

9. The clamp assembly of any one of claims 1 to 8, wherein the sliding clamp defines at
least one aperture, wherein the aperture defines a first set of teeth and a second set of the

teeth configured to secure the at least one bone pin in place.

10. The clamp assembly of any one of claims 1 to 9, wherein the sliding clamp defines

two apertures, and wherein the two apertures are symmetric about the first axis.

11. The clamp assembly of any one of claims 1 to 10, wherein the sliding clamp defines

four apertures, and wherein the four apertures are symmetric about the first axis.

12. The clamp assembly of any one of claims 1 to 11, comprising:

a trocar assembly including:

a tissue sleeve having a first end and defining a lumen, the tissue sleeve configured to
extend through the at least one hole of the main clamp body configured to receive at least
one bone pin;

a first grip connected to the first end of the tissue sleeve, the first grip defining a
notch;

an obturator having a first end and configured to extend through the lumen; and
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a second grip connected to the first end of the obturator, the second grip defining a
projection,
wherein the first grip and the second grip are configured to securely engage by

mating the projection and the notch.

13. The clamp assembly of claim 12, wherein the second grip defines a first grip wing

and a second grip wing.

14. The clamp assembly of claim 12 or 13, wherein the first grip defines a first grip wing

and a second grip wing, and wherein the second grip defines a third grip wing and a fourth

grip wing.
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