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EXTERNAL BONE FIXATION DEVICE

[0001] intentionally left blank
TECHNICAL FIELD

[0002] The present application relates generally to orthopedics. More specifically, the
present application relates to a device and method for the repair of fractures or deformities in

long bones.
BACKGROUND

[0003] External bone fixation devices are used to stabilize bone segments and to facilitate
the healing of bones at a bone repair site. A bone repair site can include a location of a deformity
in a bone or an area of injury to a bone. Distraction and reduction/compression devices may be
incorporated into an external bone fixation device and may be used to gradually adjust the

relative orientation and spacing of portions of the bone on opposite sides of a bone repair site.

[0004] An external bone fixation device can include a number of support members

configured to be connected to the portions of the bone on opposite sides of the bone repair site,
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as well as a number of distraction and reduction/compression devices configured to adjust the
distance hetween the support members of the exiernal bone fixation device that are attached to
the bone porticns on opposite sides of the bone repair site. The distraction devices are
configured to move the support members gradually over a determined amount of fime. The
gradual separation alows new bone o form i the void of the bone repair site. In other cases,
reduction or compression across a bone repair site to hold the bone portions together is desired to
facilitate healing. Such adjustments, whether distraction or reduction/compression, typically
tollow a prescribed protocol, or treatiment plan. After cach adjustment, the distraction and
reduction/compression device is typically held fixed for a time allowing the new bone 1o grow
and gain strength. After the bone repair site has healed, the external bone fixation device is

removed from the bone portions.

SUMMARY

(#0851 Various embodiments and methods of an external bone fixation device (and the
components of the external bone fization device) used to stabilize bone segments and to facilitate
the healing of bones at a bone repair site are disclosed. In one embodiment, the device includes a
strut configured to be commected to a pair of external bone fixation mermbers along a strut axis.
The strut includes a strut body having a threaded rod and a sleeve. The threaded rod includes a
rod body that is clongate along the strut axis. The rod body defines an outer surface that is at
least partially threaded, and the sleeve includes a slesve body and a bore that extends at least into
the sleeve body. The bore is configured to receive at least a portion of the threaded rod such that
the threaded rod is transiatable refative to the sleove along the strut axis. The strut further
includes an actuator supported by the strut body and threadedly attached to the threaded rod,
such that rotation of the actoator relative to the rod about the stiut axis translates at least one or
both of the rod and the sleeve relative to the other of the rod and the sleceve along the strut axis,
The strut further includes a locking mechanism supported by the strut body so as to be pivotal
relative to the strut body about a pivot axis between a locked configuration whereby the locking
mechanisin preveuts the actuator from rotating relative {o the threaded rod, and an unlocked
configuration whereby the locking mechanism does not prevent the actuator from rotating
relative to the threaded rod, and the pivot axis is angularly offset with respect to the strut axis.

[8086] In another embodiment, a strut configured to be connected (o a patr of external
bone fixation members along a strut axis includes a strut body having a threaded rod and a
steeve, the threaded rod including a rod body that is elongate along the strut axis, and the rod
body defining an outer surface that is at least partially threaded. The slecve has a sleeve body



and a bore that extends at least into the sleeve body, the bore configured to receive at least a portion of
the threaded rod such that the threaded rod is translatable relative to the sleeve along the strut axis. The
strut further includes an actuator supported by the strut body and threadedly attached to the threaded
rod, such that rotation of the actuator relative to the rod about the strut axis translates at least one or both
of the rod and the sleeve relative to the other of the rod and the sleeve along the strut axis. The actuator
includes a gripping member that is configured to receive a torque that rotates the actuator relative to the
threaded rod about the strut axis. The gripping member includes a body and a bore that extends through
the body, the body having an inner surface that at least partially defines the bore and an outer surface
opposite the inner surface. The bore is configured to at least partially receive the strut body, and the
gripping member further includes a projection that is fixed to the gripping member body and extends out
from the outer surface of the gripping member body in a direction away from the inner surface of the
gripping member body. In one embodiment, the actuator further includes a locking mechanism
configured to prevent rotation of the actuator relative to the threaded rod.

[0007] In another embodiment, a strut configured to be connected to a pair of external bone
fixation members along a strut axis includes a strut body having a threaded rod and a sleeve, the
threaded rod including a rod body that is elongate along the strut axis, and defines an outer surface that
is at least partially threaded. The sleeve includes a sleeve body and a bore that extends at least into the
sleeve body, the bore configured to receive at least a portion of the threaded rod such that the threaded
rod is translatable relative to the sleeve along the strut axis. The strut further includes an actuator
supported by the strut body and threadedly attached to the threaded rod, such that rotation of the
actuator relative to the rod about the strut axis translates at least one or both of the rod and the sleeve
relative to the other of the rod and the sleeve along the strut axis. The strut further includes a joint
configured to attach to one of the external bone fixation members, the joint including a first hinge body
supported by the threaded rod, a second hinge body configured to attach to the external bone fixation
member, and a cross coupling member configured to couple the first hinge body to the second hinge
body such that first hinge body is rotatable relative to second hinge body about both a first axis that is
angularly offset with respect to the strut axis, and a second axis that is angularly offset with respect to
both the first axis and the strut axis. Wherein the cross coupling member is substantially spherical.

[0008] In another embodiment, a strut configured to be connected to a pair of external bone
fixation members along a strut axis includes a strut body having a threaded rod and a sleeve, the
threaded rod including a rod body that is elongate along the strut axis and defines an outer surface that is
at least partially threaded. The sleeve includes a sleeve body and a bore that extends at least into the

sleeve body, and the bore is configured to receive at least a portion of the
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threaded rod such that the threaded rod s translatable relative to the sleeve along the strut axis.
The strut further inclhades an actuator supported by the strut body and threadedly attached to the
threaded rod, such that rotation of the actuator relative to the rod about the sirut axis franslates at
least one or both of the rod and the sleeve relative o the other of the rod and the sleeve along the
strut axis. The strut fiirther includes a lecking mechamism supported by the strut body so as to be
pivotal relative to the strut body about & pivot axis between a locked configuration wherchy the
locking mechanism prevents the actuator from rotating relative to the threaded rod inresponse to
an applied torque, and an unlocked configuration whereby the locking mechantsm does not
prevent the actuator from rotating relative to the threaded rod in response to the applied torque.
Wherein the locking mechanism includes a lever the lever that defines a first surface, and the
strut body defines a second surface that mterferes with the first surface so as to prevent rotation
of the actuator relative to the threaded rod about the strut axis when the locking mechanism is n
the locked configuration, the first and second surfaces oriented such that the first and second
surfaces do not cam over one ancther inresponse to the applied torque.

(6088 In unother embodiment, a strut configured to be connected to a pair of external
bone fixation members along a strut axis includes a threaded rod having a rod body that is
clomgate along the strut axis, the rod body defining an outer surface that is at least partially
threaded. The strut further has a sleeve including a sleeve body, the sleeve body defining an
inner surface that defines a bore that extends at least info the slecve body and is configured {o
receive a portion of the red body. The strut further having an actuator threadedly attached to the
threaded rod and rotatably supported by the sleeve. Wherein one of the inner surface and the rod
body supports a track that is clongate along a direction paralie] to the strut axis, and the other of
the inner surface and the rod body fixedly supports a follower configured to ride along the track
such that the treaded rod travslates with respect to the sleeve along the strut axis when the
actuator 15 rotated with respect to the sleeve and the threaded rod.

[6018] In another embodiment, a strut configured 1o be connected to a pair of external
bone fixation members along a strut axis includes a threaded rod including a rod body that is
clongate along the strut axis, the rod body detining an outer surface that is at least partially
threaded, the outer surface defining a cross-sectional shape with respect to a direction parallel to
the strut axis, the cross-sectional shape being non-circudar, and a sleeve including a sleeve body
and a bore that extends at least into the sleeve body, the sleeve body defining an inner surface
that detines the bore, the inner surface definmg at opening of the bore, the opening definimg a
cross-sectional shape with respect to the dircetion, the cross-scetional shape of the opening

corresponding to the cross-sectional shape of the outer surface such that the opening is
-4 -
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configured to receive a portion of the rod body and prevent the threaded rod from rotating
relative to the sleeve. The strat further includes an aciuator threadedly attached to the threaded
rod and rotatably supported by the sleeve, wherein when the portion of the vod body is inserted
into the opening of the threaded rod, actuation of the actuator causes at least one or both of the
threaded rod and the slceve to translate relative to the other of the threaded rod and the slecve
along the strut axis.

(6011} In another embodiment, a strut configured to be connected to a pair of external
bone fixation members along a strat axis includes a strut body having a threaded red and a
steeve, the threaded rod including a rod bedy that is clongate along the strut axis, the rod body
defining an outer surface that is at loast partially threaded, and the sleeve including a slecve body
and a bore that extends at least into the sleeve body, the bore configured to recetve at least a
portion of the threaded rod such that the threaded rod is translatable relative to the sleeve along
the strot axis. The strut further inchades an actuator supported by the sleeve and threadedly
attached fo the threaded rod, such that rotation of the actuator relative to the threaded rod about
the strut axis causes at least one or both of the threaded rod and the sleeve 1o translate relative to
the other of the threaded rod and the sleeve along the sirut axis, and a locking mechanism
supported by the threaded rod so as to be translatable relative to the actuator along the strut axis
between 3 locked configuration whereby the locking mechanism prevents the actator from
rotating relative to the threaded rod, and an unlocked configuration wherehy the locking
mechanisin does not prevent the actuator from rotating relative to the threaded rod, wherein
when the actuator is supported by the sleeve and when the locking mechanism is supported by
the threaded rod, the actustor defines a first maxibmam cross-sectional dimension with respect to
a direction parallel to the strut axis, and the locking mechanism defines a second maximum
cross-sectional dimension with respect to the direction, the second maxinum cross-sectional
dimension being greater than the first maxiowm cross-sectional dimension

(8012} In another embodiment, a method of assembling an external bone fixation
device configured to ropair a deformity in a bone is disclosed. The external bone fixation device
includes first and second external bone fixation wernbers, and a stout that has a fiest joint
configured to be attached to the first external bone fixation member, and a second joint spaced
from the first joint along a strut axis, the second joint configured to be attached to the second
external bone fixation mewber. The method comprises the sieps of positioning the strut relative
to the first external bone fixation member such that a first fastener receiving hole of the fivst joint
is aligned with a sccond fastencr receiving hole of the first external bone fixation momber,

inserting a first fastoner at least into the first fastener receiving hole and the second fastener
-5-
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receiving bole so as o attach the first joint to the first external bone fixation member, rotating the
strat relative to the first extornal bone fixation member about the strut axis to a predetermined
orientation, aligning a third fastener receiving hole of a second joint of the strut with a fourth
fastener receiving hole of the second external bone fixation member, and inserting a second
fastener at least into the third fastener receiving hole and the fourth fastener receiving bole so as
to aftach the second joint o the second external bone fixation member, such that each of the first
and second joints is rotatably fixed with respect to both of the first and second external bone
fixation members aboot the strut axis.

(#9013} inanother embodiment, 3 method of assembling an external bone fixation
device configured to repair a deformity in a bone is disclosed. The device includes a strut having
a first joint, a second joint, and  length measured from the first Joint to the second jont along a
strut axis. The first and second joints define first and second fastener receiving holes
respectively, and the strut further inchudes an actuator configured to adiust the length and a
locking maechanism configured to be supported by the actuator. The locking mechanism can be
movable between a locked configaration in which the actoator is prevented from adjosting the
length, and an unlocked contiguration i which the actuator is able to adjust the length. The first
and second external boune fixation members each include a top surface and a botton surface, The
first and second external fixation members cach further including a fastener receiving hole
extending from the top surface to the bottem surface, and the first external fixation momber
defines a center and a radial outward direction that extends from the center to the fastener
receiving hole of the first external bone fixation member.

{80141 The method inchudes the step of positiomng the strut relative to the first external
bone fixation member such that the fastener receiving hole of the first joint is aligned with the
fastener receiving hole of the first external fixation member. The method further inchudes the
step of nserting a fivst fastener ixto and at least partially through the fastener receiving hole of
the first joint und the fastener receiving hole of the fivet external bone fixation member. The
method further includes the step of rotating the actuator about the strut axis such relative to the
fastoner receiving bole of the first exterval boue fixation member such that the locking member
is spaced from the strut axis m the radial ourward direction. The method further includes the step
of positioning the strut refative 1o the second external bone fixation member such that the
fastener receiving hole of the second joint 1s aligned with the fastener receiving hole of the
second external fixation member. The method further ncludes the step of inserting a second
fastoncr into and at least partially through thoe fastener receiving hole of the sccond joint and the

fastener receiving hole of the second external bone fixation member, such that after the step of
-6 -
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inserting of the second fastener through the fastener receiving holes of the second external
fixation member and the second joint, the actuator is not rotatable relative to the fastener
recetving hole of the first external bone fixation member about the strut axis when the locking

mechanism is in the locked configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[#818] The foregoing summary, as well as the following detated deseription of
illustrative cmbodiments of the cxicrnal bone fixation device of the present application, will be
better understood when read in conjunction with the appended drawings. For the purposes of
illustrating the external bone fixation device of the present application, there is shown in the
drawings ilustrative embodiments. 1t should be understoed, however, that the application s not
Hmited to the precise arrangements snd instrumentalities shown. In the drawings:

[6016] Fig. 1A is a perspective view of an external bone fixation device in a first
configuration, positioned proximate a fractured bone, the external bone fixation device melhuding
a plurality of bases and a plurality of struts;

80177 Fig. 1B is a perspective view of the external bone fixation device dlustrated
Fig. 1A in a second configuration positioned proximate the fractured bone;

[6018] Fig. 2A is a perspective view of one of the plorality of bases illustrated in Fig,
1A, according to one embodiment;

(8019} Fig. 2B is a top plan view of the base illustrated in Fig. 24;

[#828] Fig. 2C s a top plan view of the one of the plurality of bases tHustrated in Fig.
ZA, according to another embodiment;

16021} Fig. 3A is a perspective view of one of the plurality of bases tllustrated in Fig.
1A, according to another embodiment;

(60221 Fig. 3B is a perspective view of the one of the plorality of bases illustrated in
Fig. 3A, according to ancther crbodiment;

(6023} Fig. 4A is a top plan view of one of the plurality of bascs illustrated in Fig. 1A,
according to another embodiment;

[#824] Fig. 4B is a top plan view of the one of the plurality of bases tHustrated in Fig.
4A, according to another embodiment;

189251 Fig. 3A is a perspective view of one of the plurality of struts illustrated in Fig.
1A, according to one embodiment, the strut incloding an actuator, a threaded rod, a sleeve, a first
joint, and a second joint;

[6026] Fig. 3B is a top plan view of the strut llustrated in Fig. 54;
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. $C is a cross-sectional side view of the strot ilhustrated in Fig. SB along line

64 is an exploded perspective view of the strut illustrated in Fig. 5A;

6B is an exploded, cross-sectional view of the strut illustrated in Fig. 7A

7A is a perspective view of a gripping member of the actuator Hlustrated in

78 1s a side clovation view of the gripping member illostrated m Fig. 7A;
. 7C is a top plan view of the gripping member illusirated in Fig. 7A;
. 70 is a front clevation view of the gripping member illustrated in Fig. 7A;

8A 1s 8 perspective view of the strut lustrated m Fig. SA, the strut

including # distraction nut, a drive nut, and 2 clamyp in a firgt pogition;

[0035]

Fig

. 8B is a perspective view of the actoator illusirated io Fig. 8A, with the

clarop in a second position;

(6038}

16637}
98;

16638}
configuration;

[6038]
10B-108;

8640}

Fig

Fi

el

Fig

Fig

Fig

. 9A is g perspective view of the actuator ilhustrated in Fig. SA;

. 9B is a cross-sectional view of the sirut iHustrated in Fig. 9A along line 9B-

. F0A is s perspective view of the strot lustrated in Fig. SA, in a second

. 0B is a cross-sectional view of the strut illustrated in Fig. 10A along line

. 11A 18 a perspective view of one of the plurality of struts illustrated i Fig.

1A, according to another embodiment, the strut inchiding an actuator, a threaded rod, a sleove, a

first joint, a sccond foint, and a measurcment device;

6641}
[6042]
line 11C-11C.
[B843]
8844}

Fig

Fig

Fig

Fig

. 1B 1s a top plan view of the strut illustrated in Fig. 1185;

. F1C i a cross-sectional side view of the strut illustrated in Fig. 118, along

. 124 s an expledad perspective view of the strut illustrated in Fig. 11A;

128 s an exploded, cross-sectional view of the strot iHustrared in Fig. 11A

along hine 12B-128;

[6045]
(046}
(0047}

Fig, 13 is a perspective view of the threaded rod illustrated in Fig. 11A;
Fig. 14A is a perspective view of the sleeve illustrated m Fig. 114

Fig

. 14B is a top plan of the sleeve illustrated in Fig. 14A;

-§-
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tine 14C-14C;
16049}
in Fig. 11A;
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(6052}
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. 14C is a side cross-sectional view of the sleeve fifustrated in Fig. 14A along

-
£l

Fig. ISA is a perspective view of a gripping member of the actuator tlustrated

Fig. 15B is a top plan view of the gripping member illustrated in Fig. 15A;
Fig. 15C is g side clevation view of the gripping member illustrated in Fig. 15A;

Fig. 1313 is a side cross-sectional view of the gripping member (Hustrated in
B 2 5

I5A along line 15D-15D;

(4653}
15A;
10054}

Fig. 1SE is a front elevation view of the gripping member illustrated in Fig.

Fig. 16A is a perspective view of a portion of the lockimg mechanism of the
fe=J gl

actuator Hlustrated in Fig. 11A;

[6055]
in Fig. 16A;
{6854}

Fig. 168 is 2 top plan view of the portion of the locking mechanism illostrated

Fig. 16C is a front elevation view of the portion of the locking mechanisin

illusirated in Fig. 16A;

16057]

Fig. 1613 is a side elevation view of the portion of the locking mechenism

lustrated in Fig. 16D;

66581

Fig. 17A is a perspective view of a collar the strut iHlustrated in Fig. 11A, ina

closed configuration;

0059

line §17B-17B, n the

[6668]
configuration;

8061}

Fig. 178 is a front cross-sectional view of the collar llustrated in Fig. 17A along
clesed configuration;
Fig.

17C is a perspective view of the collar illustrated in Fig, 17A, in an open

Fig. 17D 1s a front cross-sectional view of the collar ilfustrated in Fig. 17A

along line 178-17B, in the open configuration;

6062}
in Fig. 114;
[B063]
064}
3665}
fine 18C-1RC;
6066}

Fig. 18A is a perspective view of a sensor of the measurcment device ilustrated

Fig. 128 is a top plan view of the sensor illustrated n Fig. 184
Fig. 18C is a bottom plan vicw of the sensor illustrated in Fig, 18A;

. 1811 is a side cross-sectional view of the sensor iHustrated in Fig. 18B along

18E is a front clovation view of the sensor iHustrated in Fig. 18A;
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(8067} Fig. 18F is a perspective view of a marker of the measurement device illustrated
in Fig. 11A;

18068} Fig. 19A is a side cross-sectional view of the strut illustrated 1o Fig, 118 along
fine 11C-11C, the strut in a locked configuration and having a fivst length;

{6863} Fig. 198 is a side cross-sectional view of the strut illusirated in Fig. 118 along
Hoe F1C-11C, the strut in an unlocked configuration and having the first length;

[8078] Fig. 19C is a side cross-sectional view of the strut ibustrated in Fig. 118 along
Hue FIC-11C, the strut in an unlocked configuration and having a second length;

(#8071} Fig. 20A is 2 perspective view of one of the plurality of struts iflustrated in Fig.
1A, according to another embodiment, the strut including an actuator, a threaded rod, asleeve, a
first joint, and a second jomt;

[6672] Fig. 20B is a top plan view of the strit iHustrated in Fig. 20A;

(8073} Fig. 20C is a cross-sectional view of the strut illustrated in Fig. 20B along line
200-20C;

[6874] Fig. 20D is an exploded perspective view of the strut illustrated in Fig. 204

[B075] Fig. 21A is a perspective view of one of the plurality of struts dlustrated in Fig.
1A, according to another embodiment, the strut including an actuator, a threaded rod, a slecve, a
first joint, and a sceond joint;

(86761 Fig. 21Bis atop plan view of the strut illasirated 1n Fig. 214A;

{6677} Fig. 21C is a side cross-sectional view of the strut ilfustrated in Fig. 218 along
tine 21C-21C;

(80781 Fig. 2113 is an exploded perspective view of the strut lustrated in Fig. 21A;

16679}

ig. 22 A is 8 perspective view of one of the plurality of struts illustrated in Fig,

1

1A, according to another embodiment, the strut inchuding an actuator, a threaded rod, a sleove, a
first joint, and a second joint;

[6088] Iig. 22B iy a top plan view of the strut ilfastrated in Fig. 22A;

(8081} Fig. 22C is a side cross-seciional view of the strut illustrated in Fig. 228 along
Hne 22C-22¢;

[B882] Fig. 22D is an exploded perspective view of the strut llustrated in Fig. 22A.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[6683] Certain terminology is used in the following deseription for convenience only
and is not limiting. The words “right”, “left”, “lower”, “upper”, “bottom”, and “iop” designate
directions in the drawings to which reference is made. The words, “anterior”, “posterior”,
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“superior”, “inferior”, “medial”, “lateral” and related words and/or phrases designate preferred
positions and oricutations in the hwnwan body to which reference is made. For example, the
words “medially” and “laterally” refer to directions toward and away from, respectively, a
midline extending vertically through a body, The words “proximal” and “distal” refer to
directions toward or away from where an appendage, such as a leg, is joined to the rest of the
body, respectively. The terminology includes the above-listed words, derivatives thereof and
words of similar import,

{8084} The term “plurality”, as used herein, means more than one, When a range of
values is expressed, another embodiment inciudes from the one particular value and/or to the
other particular value. Similarly, when values are expressed as approximations, by usc of the
antecedent “about,” it will be understood that the particular value forms another embodiment.
Further, reference to valoes stated in ranges inchudes each and every value within that range. All
ranges are inclusive and combinable. Cortain features of the invention which are described
herein in the context of separate embodiments may also be provided in combination n a single
embodiment. Conversely, various features of the tuvention that are described in the context of 4
single embodiment may also be provided separately or in any subcombination.

16085} A threo dimensional coordivate system is used to describe the positions and
orientations of the parts of the external bone fixation device. The coordinate system includes a
first dircction, such as a longitadinal dircction L; a sccond dircction, such as a lateral direction A,
and a third direction, such as a transverse direction T, wherein each of the directions is
perpendicular to both of the other two divections.

(3086} Referring to Figs. [A and 1B, an external bone fixation device 20 (also referred
to hereinafter as “device 20™) is configured to be used to correct bone deformitics, which can be
anatomical deformities or bone injurics such as fractures. In one embodiment the external bone
fixation device 20 can be used to treat 2 bone 2, for example a fractured long bone such as a
fernur. The bone 2 can include a first bone portion 4, such as a proximal portion, and a second
bone portion 6, such as a distal portion. The first bone portion 4 and the sccond bone portion 6
can be scparated by a defect, such as a fracture 8. The device 20 is configured 1o attach o the
bone 2 at a first location 10 located on the first bone portion 4, and at a second location 12
located on the second bone portion 6. The device 20 15 configured to move at least one or both
of the first bone portion 4 and the second bone portion 6 relaiive o the other of the first bone
portion 4 or the second bone portion 6, respectively, from a fivst position, such as a first

oricritation as shown in Fig. 1A, to a sccond position that is different from tho first position, such
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as a second orientation different from the first orientation as shown in Fig. 1B, to align the first
and second bone portions 4 and 6 so as to assist in correction the bone deformity of the bone 2.

180871 As showrn in the tHustrated cmbodiment, the device 20 can include a plurality
{(e.g., a pair or more} of external bone fixation members, such as bases 22, that are cach
configured to be sccured to respective bone portions, and at keast one stnut 24, such as a pharality
of struts 24, that are configured to attach to at least a pair of the external bone fixation members
at attachment locations 23, One or more fasteners 14, for example bolts or screws, can be used
to secure the strut 24 relative to the base 22 at the attachment location 23. The external support
members can atitach to a bone fixation element 204 that is anchored in the 1espective bone
portion. For instance, the external support member can be supported outboard of the epidermis
that surrounds the bong portion, and the bone fixation element 204 can extend from the external
support member, throogh the epidermis and soft tissue disposed between the epidermis and bone
portion, and into the bone portion.

[B088] For exarple, the bases 22 can include a first base 22a and a second base 22b.
The struts 24 can define respective distraction and reduction/compression devices (colfectively
referred to herein as “strut” or “struts” 24) configured to attach adjacent ones of the plorality of
bases 22 such that the adiacent bases 22 are movable relative to one another, For instance, the
struts 24 define a length between the attachment locations 23 that can be adjustable 50 as o
causc at feast onc of the bases 22 to move relative to the other of the bascs 22 at the respective
attachment locations 23,

[B0RY]  In particular, an increase of the length of the struts 24 can causc one of the
attachment locations 23 (¢ move away from the other of the attachment locations, a decrease of
the length of the struts 24 can cause one of the attachment locations 23 to move toward the other
of the attachment locations 23, and any adjustment of the length (increase or decrease) can cause
at least one of the external fixation members to rotate relative 1o the other of the external fixation
members. Euach of the struts 24 includes a first end portion 26 configured to be attached to » first
of the adjacent bases 22, for example the first base 22a at the attachment location 23, and a
second cnd portion 28 configured to be attached 10 a second of the adjacent bases 22, for
example the second base 22b at the attachment location 23, The struts 24 can further include a
strot axis 72 (as shown in Fig. 5A), the strut axis 72 extends from the first end portion 26 to the
second end portion 28 such that the strut 24 is clongate along the sirut axis 72.

160981 The struat 24 inchudes an intermediate portion 30 disposed between the first end
portion 26 and the sccond ond portion 28, The strut 24 can further include an actoator 32, sach

that when the actuator 32 is actuated, the first end portion 26 moves relative to the second end
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portion 28, In one embodiment, the intermediate portion 30 carries or sapports the actuator 32,
as shown. Actoation, for example rotation, of the actuator 32 of the sinit 24 moves the first end
portion 26 relative to the second end portion 28, When the first end portion 26 is attached to the
first base 22a and the second end portion 28 is attached to the second base 22b, actuation of the
actuator 32 moves the first end portion 26 and the attached first base 22a relative to the second
end portion 2% and the attached second base 22b.

(6091} The device 20 is configured such that in an assembled configuration, wherein
the first end portions 26 and the second end portions 28 of the strats 24 are attached to the first
base 22a and the second base 22Zb, the first base 222 is moveable relative to the second base 22b
in up to six degrees of freedom. For example, the first basc 22a can transiate relative to the
second base 22b in gither the anterior-posterior direction AP, the medial-lateral direction ML, the
superior-inferior direction 51, or any combination thereof. In addition, the first base 22a can
rotate relative to the second hase 22k about an axis defining the anterior-posterior direction AP,
the medial-lateral direction ML, the superior-inferior direction 81, or any combination thereof,

(80921 The rotational locking of the strut 24 when attached to one of the bases 22 at
both the first and second end portions 26 and 28 may be desired in an application where a certain
orientation of the struts 24 relative to the bases 22 is desired. For exarople, the struts 24 can
include visual indications regarding the properties of the strat 24, such as the current length of
the strut. The rotational locking of the strut 24 as described above allows a user to have the
visual indications facing in a direction that are casily readable by a user when the external bone
fixation device 20 is attached to the bone 2.

(#0831 The device 20, in one embodiment, includes a plurality of attachment
mechanisms 200 that are configured to attach the first bone portion 4 to the first base 223 and the
second bone portion 6 1o the second base 22b such that as the first and second bases 222 and 22b
move relative to one another, the first and second bone portions 4 and 6 also move relative to one
another. In other words the attachment mechanismys 200 are configured 1o attuch a base 22 10 4
portion of the bone 2 such that the base 22 and the portion of the bone 2 are ranslationally and
rotationally coupled together,

[8084] As shown in the illustrated embodiment, the attachment mechanisms 200 can
include a bracket 202 that can be attached to the base 22, for example by a fastener 206. The
attachment mechanism 200 further includes the bone fixation clement 204 that couples the
bracket 202 to the bone 2. The bone fixation element 204 includes, for example, a wive 208 and
arod 210, In one cmbodiment, the wire 208 is a Kirschner wires {or “K-wire”™). As shown, the

wire 208 is configured to be attached to a first bracket 202a, extend completely through the bone
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2, and be attached to a second bracket 202b on the other side of the bone 2. The rod 218 is
configured to be attached to a bracket 202, and extend into, or partially through, the bone 2. As
shown, the rod 210 is only attached to one bracket 202, The rod 210 can be threaded or have
another retention structure on an end of the rod 210 that is inserted into the bone 2 that aids in
securing the rod 210 ¢ the bone 2.

{8095} Referring to Figs, 2A and 2B, the base 22 includes a base body 34, As shown in
the illustrated embodiment, the base body 34 can be substantially ring shaped. The base body 34
can be formed from a monolithic piece of material, as shown, or the base body 34 can be formed
from separate pieces of segments of material that are joined together. The base 22 can include a
base axis 36. In one embodiment, the base axis 36 is a contral axis such that the basc body 34 is
substantiaily centered about the base axis 36, The base body 34 meludes a first surface 38 (or
upper surface}, a second sorface 40 (or lower surface) that is opposite the first surface 38, and a
thickness T1 mcasured from the first surface 38 to the sccond surface 40. In onc embodiment the
thickness T1 15 constant throughout the base body 34, In ancther ombodiment the thickness T1
is not constant throughout the base body 34,

1#80%6] As shown in the illustrated embodiument, the first surface 38 is substantially
planar such that the first surface 38 defines 2 plane P1. In another embodiment, the second
surface 40 s substantially planar such that the second surface 40 defines the plane P1. In another
cmbodiment both the first surface 3R and the sceond surface 40 are substantially planar such that
cither the first suwface 38 or the second surface 40, or both define the plane P1.

[8097] Referring to Figs. 1A 10 2B, the device 20 includes more than one base 22, As
shown, the device includes the first base 22a and the second device 22b. The first base 2Za and
the second base 22b are configured to be attached to the first bone portion 4 and second bone
pottion 6 of a bone 2, respectively, When the first basc 22a and the second base 22b are first
attached to the first and second bone portions 4 and 6, the first and second bone portions 4 and 6
are in a first orientation relative to one another. When the first and second bases 224 and 22b are
attached to the first and sccond bone portions 4 and 6 in the first oricntation, the first and second
bone portions 4 and 6 are in an undesired position such that the planes P1 of the first and second
bases 22a and 22b are non-parallel 10 one another, the base axes 36 of the first and second bases
224 and 22b are non-paraliel, or both,

[B098]  Afier the first and second bases 228 and 22b arg secured to the first and second
bone portions 4 and 6 in the first configuration, a treatment plan can be performed to move the
first and second bascs 222 and 22b inte a sccond origntation. In the sccond orientation, the first

and second bone portions 4 and 6 are in a desired position such that the planes P1 ot the first and
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second bases 22a and 22b are substantially parallel 1o one another, the base axes 36 of the first
and sccond bascs 22a and 22b are substantially paralicl, or both. As will be described 1 detail
below, the troatment plan can include actuation of the actuators 32 of the struts 24, o oue
embodiment the treatment plan includes actuation of the actuators 32 of speciticd struts 24, a
specified amommt, over a specificd amount of time.

{8098} Referring to Figs, 2A and 2B, the base body 34 further tncludes a first side wall
44, such as an outer side wall, and a second side wall 46, such as an foner side wall, that is
opposite the first side wall 44, As shown in the llustrated embodiment, the first side wall 44
defines an outer periphery of the base body 34, and the second side wall 46 defines an fnner
periphery of the base body 34, The base body 34 defines an inner diamoter D1 measured from
the second side wall 46 at a first location, through the base axis 36, and to the second side wall
46 at a second location. The base body 34 defines an outer diameter D2 measured from the first
side wall 44 at a first location, through the base axis 36, and 1o the first side wall 44 at a second
location,

[6388] The base 22 can further include an opening 48, The opening 48 is defined by
the base body 34, for example the second side wall 46, and the opening 48 is configured to
receive the bone 2. The base body 34 defines a width W1 measured from the second side wall
46 1o the first side wall 44 in a direction perpendicular to the base axis 36, In one embodiment
the width W1 is constant throughout the base body 34, In another embodiment the width Wi s
not constant throughout the base body 34.

[#181]  1n onc embodiment, the base body 34 includes at least one tab 56. The tab 56
includes a portion of the base body 34 that extends radially outward from the base axis 36 farther
than g surrounding portion of the base body 34. As shown, the tab 56 defines a portion of the
base body 34 with a greater width W1” than the width W17 of the base body 34 at a location
adjacent the tab 56. The base body 34 can include any number of tabs 56 (including no tabs),
spaced about the base body 34 in any desired configuration. For example, the base body 34 can
include three tabs 56 spaced apart substantially cqually about the outer periphery of the base
body 34, such that each of the tabs 56 is spaced about 120 degrees from cach of the other two
tabs 56.

(#3021 The base 22 also includes a plurality of holes 50, The plurality of holes S0
extend through the base body 34, for example the boles 50 extend though an entirety of the
thickness T1 of the base body 34 from the first surface 38 to the second surface 40, The holes 50
arc configurcd fo reccive the struts 24 and the attachmoent mechanisms 200, The holes S0 canboe

threaded, unthreaded, or a combination of threaded and unthreaded such that the holes 50 are
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configured to receive both locking and non-locking fastencrs. In the ostrated embodiment, the
holes 50 include a first series of holes 50a and a sccond series of holes S0h. The first serics of
holes SOa are arranged such that they are posttioned on the base body 34 along a first circle 52a.
The second series of holes 50b are arranged in the illustrated embodiment, such that they are
positioned on a second circle 52b. As shown, the first circle 52a has a smaller diameter than the
second circle 52b.

(8303} In one embodiment, the second series of holes 50b is positioned along the
second cirele 52b and the second cirele 52b passes through at least one, for example three, tabs
36. The first and second series of holes 30z and 50b can be positionad within the base body 34
such that a first ray line R1 extending from the base axis 36 o the first side wall 44 passes
through 4 hole 50 in the first series of holes 50a and 2 hole 50 i the second series of holes 50b.
The first and second series of holes 50a and 50b can further be positioned within the base body
34 such that a second ray hine R2 extending from the base axis 36 to the first side wall 44 passes
through a hole 56 1o the first series of boles 50a but does not pass through a bole 50  the second
series of holes 50b. The first and second series of holes 50a and 50b can stil further be
positioned within the base body 34 such that a third ray line R3 extending from the base axis 36
1o the first side wall 44 passes through a hole SG in the second series of holes 50b but does not
pass through a hole 30 in the first serics of holes S0a.

(61841 Each of the holes 50 defines a center 54, The holes 50 are arranged such that
adjacent holes SO define a distance between their centers 54, The distance is referred to hereafier
as “chord length C17 for the first serics of holes 50a and “chord length C27 for the sccond series
of holes 50b. In one embodiment, the first series of holes 50a are arranged throughout the base
body 34 such that the chord length C1 of first adjacent holes 50a’ is different from the chord
fength C17 of second adjacent holes 50a”,

(#1357 Referring to Figs. 2A 10 2C, in one embodiment the base 22 can include a base
body 1034, The base body 1034 is similar to the base body 34, deseribed in reference to Figs ZA
and 2B, in many aspects such that the description of the base body 34 herein can be applied to
the base body 1034 except where indicated to the contrary. Corresponding structures between
the different embodiments of the base 22 are identified by intervals of 1000, for example the
basc body 34 and the base body 1034,

[#888] The base body 10634 can include a plurality of holes 1050 that are positioned
within the base body 1034 in a pattern that is different from the plurality of holes 50 within the

base body 34. In onc ombodiment the structure and function of the plurality of holes 1050 arc
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the same as the structure and function of the plurality of holes 50 except for the pattern (or
position) of the plurality of holes 1050 within the base body 34.

(#3071 In one cobodiment the plurality of holes 1050 includes a first series of holes
1030a, a second series of holes 1030b, and a third series of holes 1050¢. The first series of holes
1050a can be arranged such that cach of the holes 1050 within the first scrics of holes 1050a are
positioned on the base body 1034 along a first circle 10524, the second series of holes 1936b can
be arranged such that cach of the holes 1050 within the second series of holes 1050b are
positioned on a sccond circie 1052h, and the third series of holes 150c¢ can be arranged such that
cach of the holes 1050 within the third series of holes 1050c¢ are positioned on a third circle
1052¢. As shown, the first circle 10524 has a smaller diameter than the third circle 1052¢ and
the third circle 1052¢ has a smaller diameter than the second circle 1052b.

(6138} In one embodiment, the third series of holes 1050¢ can include a single hole
1050, As shown in the iilustrated embodiment, the third series of boles 1050c can be positionad
within the base body 1034 such that a ray ling R3' extending from a base axis 1036 through a
first side wall 1044 such that the ray line R3' passes thirough the single hole 1050 in the third
sertes of holes 1050¢ but does not pass through a hole 1050 in either the first series of holes
16504 or the second series of holes 1050b,

183451 In snother embodiment, the third series of holes 1050c¢ can Include a plurality of
holes 1050, In ancther cmbodiment, the third serics of holes 1050¢ can be posttioned within the
base body 1034 such that a ray line R3' extending from the base axis 1036 to the first side wall
1044 passes through one of the holes 1050 in the third serics of holes 1050¢ and also passes
through a hole 1050 in the first series of holes 1050a, a hole 1050 in the second series of holes
1050b, or both a hele 1050 in the first series of holes 10502 and 2 hole 1050 in the second series
of holes 1050b.

[§118]  Referring to Fig. 34, in ancther embodiment the device 20 includes a base 122
that defines » base body 134, The base 122 s similar to the bage 22 in many aspects such that
the description of the base 22 hercin can be applicd to the base 122 except where indicated to the
contrary, As shown, the base body 134 includes a primary base body 135a and a secondary base
body 135b. The primary and secondary base bodies 135a and 135b are configured to be
connected such that they form a complete ring. In one embodiment the primary base body 135a
defines a partial ring, for example about a 3/8 ({ive-cighths) ring, and the secondary base body
135b defines another partial ring, for example a 3/8 (three/cighths) ving that complements the
partial ring of the primary basc body 135a such that when the primary and sccondary basc bodics

135a and 135b are joined, a complete ring is formed.
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{6313} The use of a base 122 with segments, for example primary and secondary base
bodics 133a and 135h provides additional flexibility or options when the device 20 is heing
assembled and attached to a patient. For example, the primary base body 135a can be placed ina
desired position relative to 8 bone and the secondary base body 133b can be attached to the
primary base body 1352 in the desired position withowt having to traverse the base 122 all the
way from a distal end of the bone {(or appendage) to the desired position.

(8312} In another embodiment, the device 20 includes a base 122 that only includes the
primnary base body 1354 soch that the base 122 defines only a partial ring shape and & gap. The
use of g partial ring shape, for example the primary base body 135a, can allow added flexibility
for a patient that the device 20 is attached to. The primary base body 135a can be positioned
such that the gap is posterior 1o (or behind) the patient’s knee, allowing the patient’s knee 1o flex
without interference from the base body 134,

(8313} Refeorring o Fig 3R, in another embodiment the device 20 inchudes a base 1122
that defines a base body 1134, The base 11272 15 similar to the base 122 illustrated o Fig. 3A
memy aspects such that the deseription of the base 122 herein can be apphied to the base 1122
cxcept where indicated to the conirary. As shown, the base body 1134 includces a primary base
body 113%a and a secondary base body 1135b. The primary and secondary base badies 1135a
and 1135b arc configured to be connected such that they form a complete ring. In one
cmbodiment the primary base body 1135a defines a partial ving, for cxample about a /8 (five-
cighths) ring, and the secondary base body 1135b defines another partial ring, for example a 3/8
(threc/eighths) ring that complements the partial ring of the primary basc body 1135a such that
when the primary and secondary base bodies [135a and 1135b are joined, a complete ring s
formed.

10314}  As shown in the Ulustrated embodiment, the base 1122 can include a plurality of
holes 1150 that are posttioned within the base 1122 differently than those positioned within the
bage 122, For example, the base 1122 can inchude 8 plurality of holes 1150 that are positioned
within the base 1122 in 2 pattern that includes first, second, and third series of holes, similar to
the plurality of holes 1150 in the base body 1034 as itlustrated i Fig. 2C.

(8115} Referring to Fig. 4A, in another embodiment the device 20 includes a base 222
that defines a base body 234, The base 222 is similar to the base 22 i many aspects such that
the description of the base 22 berein can be appled o the base 222 except where indicated to the
contrary. As shown, the base body 234 includes a primary base body 235 and one or more legs
236 exntonding out from the primary basc body 235, As shown, the base body 234 includes two

legs 236 extending out from the primary base body 235 such that the legs 236 are substantially
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paraliel to each other. In another embodiment, the legs 236 extend out from the primary base
body 235 such that the legs 236 arc substantially non-parallel to cach other. The base 222 turther
defines a gap 238 positioned between the legs 236, The base 222 is configured to be placed
around an appendage, such as a foot such that the primary base body 233 1s positioned posterior
to {or behind) a heel of the foot, and the gap 238 is positioned to recetve an anterior portion, such
as the toes, of the foot. The use of the base 222 in the device 20 aliows a patient to walk afier the
device 20 is attached to the patient, for example during treatment of a deformity or repair of an
mjury to the patient’s foot.

(#8116} Referring to Fig. 4B, in another embodiment the device 20 can include a base
1222 that defines a base body 1234, The base 1222 is similar to the basc 222 in many aspects
such that the description of the base 222 herein can be applied to the base 1222 except where
indicated to the contrary. As shown, the base body 1234 inchides a primary base body 1235 and
one or more legs 1236 extending out from the primary base body 1235, According 1o one
embodiment, the base body 1234 includes two fegs 1236 that extend out from the primary base
body 1235 such that the legs 1236 are substantially parallel to cach other. In another
embodiment, the legs 1236 can extend out from the primary base body 1235 such that the legs
1236 are substantially non-parallel to each other. As shown, the one or more legs 1236 canbe
integral, or monolithic with the primary base body 1235, In another embodiment, the one or
more legs 1236 can be releasably coupled to the primary base body 1235,

{6317} The base 1222 further defines a gap 1238 positioned between the legs 1236,

The base 1222 is configured to be placed around an appendage, such as a foot such that the
primary base body 1235 is positioned posterior to {or behind) a heel of the foot, and the gap 1238
is positioned to receive an anterior portion, such as the toes, of the foot. The use of the base
1222 in the device 20 allows a patient to walk after the device 20 is attached fo the pationt, for
example during trestment of & deformity or repair of an injury to the patient’s foot. Ag shown in
the illustrated embodiment, the gap 12338 is at least partially defined, for example completely
defined, by inner surfaces 1237 of the legs 1236,

[8318] The base body 1234 can include one or more projections 1140 that extend from
either the legs 1236, the primary base body 12335, in a direction towards the gap 1238, As shown
in the Hlustrated cmbodiment, the base body 1234 can include a projection 1144 on ecach of the
pair of legs 1236, The projections 1140 are opposite one another such that the gap 123% between
the projections 1140 is smaller than the gap 1238 between the legs 1236 at a location without a

projoction 1140,
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(6118} Referring to Figs. 4A and 48, the base 222 and the base 1222 each inclode a
plurality of holes 50 and 1150, respectively. The positioning of the boles 1150 can be varied.
For example, as shown o Fig, 4A, the plurality of holes 50 can be positioned within the base 222
such that the phurality of holes 50 includes a first series of holes 50a that are aligned along a first
U-shaped line 51a, and a second series of holes 50b that are aligned in a second U-shaped Hne
S1b. In one embodinmoent the second U-shaped line 51b is smaller than and does not overlap with
the first U-shaped linc 51a. In one embodiment, the base 222 can be devoid of any holes 50 that
are not aligned with either the first U-shaped line 51a or the second U-shaped hne 51b.

(#1208} in another embodiment, as shown in Fig. 4B, , the plurality of holes 1150 can be
positioned within the base 1222 such that the plurality of holes 1150 includes a first series of
holes 1150a that are aligned along a first U-shaped line 11514, and a second series of holes
1150b that arc aligned in & second U-shaped line 1151b. In one embodiment the second U-
shaped line 1151h s smaller than and does not overlap with the fivst U-chaped fine 1151a. As
showw, the base 1222 can include one or more holes 1150 that are not aligned with either a fust
U-shaped line 1151a or a second U-shaped line 1151b. For exampile, the base 1222 can inclnde a
hole 1130 that 1} 1s not lecated on cither the first U-shaped line 1151a or the sccond U-shaped
fine 1151h, and 2) is located between the first U-shaped line 11513 and the second U-shaped line
1151b. In ancther embodiment, the base 1222 can include one or more holes 11507 that 1) 18 not
located on cither the first U-shaped ling 1151a or the sccond U-shaped line 1151b, and 2) is not
located between the first U-shaped line 11514 and the second U-shaped line 1151b.. In one
embodiment the base 1222 can inchide one or maore holes 11507 that are positioned within a
projection 1140, The one or more holes 1130"” and the one or more projections 1140 can be
positioned within the base 1222 such that the one o7 mere holes 11597 are configured to align
with the one or more holes 50 or 1050 of the base 22 so as to receive the strut 24,

(31211 Referring to Figs. SA to 5C, in one embodiment, strut 24 includes a strut body
25, the strut body 25 includes, in one embodiment, a first member, for example a threaded rod
60, and a second member, for example a sleeve 62, The threaded rod 60 and the sleeve 62 are
configured to be connected such that the threaded rod 60 and the sleeve 62 are translatable
relative to one another. The strut 24 further includes a first joint 64 configured to be connected
to the threaded rod 60, and a sccond joint 66 configured to be connected to the sleeve 62, Once of
the first and second joinis 64 and 66, for example the first joint 64, can be a rotatable joint and
the other of the fivst and second jomts 64 and 66, for example 66, can be a non-rotatable joint, as

deseribed in greater detail below. Tho strut 24 also inclodes an actuator 32 configured to be
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coupled to the strut 24, for example supported by the strut body 25 such that actuation of the
actuator 32 translates the threaded rod 60 relative to the sleeve 62.

13322} The strut 24 includes a first end, such as a proximal end 68, and a second end,
such as a distal end 70. The strut 24 further inclades 4 strut axis 72 extending from the proximal
end 68 to the distal end 70. The strit 24, in one embodiment, is elongate afong the strut axis 72.
As shown in the illusirated embodiment, the strut axis 72 is a central axis, and the strut axis 72 18
paraliel to the longitudinal direction L. The strut 24 defines a length L1 measured froma fivst
poit 73 to a second point 7S along the strut axis 72, In one embodiment the first point 73 18
focated at or near the proximal end 0¥, for example in the first joint 64, and the second point 75
is located at or near the distal end 70, for example in the second joint 66, Actuation of the
actuator 32 transiates the threaded rod 60 relative to the sleeve 62, changing the length L1,

{61231 Referring to Figs. SA to 6B, the threaded rod 60 includes 2 first end, for
example a rod proximal end 74, a second end, for example a rod distal ond 76, and a rod body 78
that extends from the rod proximal end 74 to the rod distal end 76 and is elongate in the
longitudinal direction L, or along the strut axis 72, The rod body 78 includes an outer surface 80
that is at least partially threaded. The threaded rod 60 defines an outer dimension D3, for
example an outer diameter. Une end of the threaded rod 60, for exanple the rod proximal end
74, is configured to receive the first joint 64, The strut 24 ncludes a follower 77, Inone
cmbodiment, the follower 77 s supported by the rod distal end 76, The follower 77 13
configured to prevent the threaded rod 60 from rotating relative to the sleeve 62 as the threaded
rod 60 translates refative to the sleeve 62, The follower 77 can be in the form of a set screw 79
that 15 configured to be secured 1o a set screw hole 81 of the threaded rod 60. The set screw 79
includes a head portion 83 and a shaft €5 that extends out from the head portion 83, In one
cmbodiment, the set screw hole 81 is positioned within the rod distal end 76.

[§124] The rod distal end 76 can mclude a flat section that 15 configured to receive the
set screw 79 such that the head portion 83 of the set screw 79 sbuts the flat section and the shaft
85 of the sct scrow 79 extends through the set scrow hole 81 and protrudes out of the set scrow
hole 81 and at least partially into a track 89 of the sleeve 62 as described in detail below.

(8125} The sleeve 62 mncludes a fivst end, for example a sleeve proximal end 82, a
second end, for example a sleeve distal end 84, and a siceve body 86 that extends from the sleeve
proximal end 82 to the sleeve distal end 84 and is olongate in the longitudinal direction L. In one
embodiment, the sleeve 62 mcludes a recess, such as a bore 88 that extends nto and at least
partially through the sleeve body 86 from the slecove proximal end, in the longitudinal dircction

towards the slecve distal end 84, The siceve body 86, as shown, defines a ube-like structure,
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[6126] The sleeve body 86 incluades a sleeve inner sorface 90 that defines the bore 83,
and a sleeve outer surface 92 that is opposite the sleeve imner sirface 90, The sleeove 62 defines
an inner dimension 34, such as an inner diameter measured within the bore 88, and an outer
dimension D3, such as an outer diameter. The sleeve outer surface 92 melodes an engagement
mechamism, for example the sleeve proximal end 82 is at least partially threaded. The skeeve
body 86 can be substantially C-shapead such that the sleeve body 46 defines a slot 94, The slot 94
extends in the transverse direction T from the skeeve outer surface 92 1o the sleeve inner surface
90, and the slot 94 cxtends in the longitudinal divection L, or along the strut axis 72, between the
steeve proximal end 32 and the sleeve distal end 84,

#3271 The sleeve 62 can furthor include a track 89 that is configured to receive the
follower 77 of the threaded vod 60 such that mierference of the follower 77 and the track 89
prevents rotation of the threaded rod 60 relative 1o the sleeve 62 as the threaded rod 60 translates
relative to the sleeve 62, The track 89 extends inio the slecve body 86 from the sleave inner
surface 90 in a direction toward the sleeve outer surface 92, fn one embodiment the track 89
does not extend all the way through the sleeve body 86, In ancther embodiment the track 89 is
spaced apart from the slot 94, for example such that if the slot extends through the “top” of the
sleeve 62, the track extends towards the “botiom” of the sleeve 62. In another embodiment the
track 89 s at least partially aligned with the slot 94,

(01281  As shown in the iHostrated crmbodiment, the actuator 32 includes a distraction
aut 96, and a drive nut 98, The actator 32 can further cairy at least a portion of a locking
mechanism 104 of the strut 24, In one embodiment, the distraction nut 96 and the drive nut 98
are configured to be rotationally and translationally coupled to each other, such that for examyple,
as the distraction nut 96 translates along the longitudinal direction L, the drive nut 9% also
translates along the longitudinal direction L, and as the distraction nut 96 rotates about the
longitudinal direction L, the drive nut 98 also rotates about the longitudinal divection L.

(6128} The distraction mut 96 includes a gripping member 100, such as an actaator
housing 102. In onc cmbodiment, the gripping member 100 carries a portion of the locking
mechanisim 104, which can inchude 3 locking mechandism body 105, for example a lever 106 as
shown, such that as the gripping member 100 moves (for example translates along the
longiudinal direction L or rotates about an axis aligned with the longitedinal direction L) the
focking mechanism 104 moves with the gripping member 180, The gripping member 100 is
configured to be connected to the sleeve 62 such that the gripping member 100 is rotatable, for

cxample about the longitudinal direction L {or the strat axis 72), relative to tho slcove 62,

2
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[63138] At least 2 portion of the locking mechanism 104 is configured to be connected
to, or carricd by, the gripping member 100 such that when the locking mechanism 104 is v a
first, ot locked, configuration the gripping member 100 is rotationally locked with respect 1o the
sleeve 62, preventing the gripping member 100 from rotating relative to the sleeve 62, The
locking mechanism is further configured fo be connected to or carried by, the gripping member
164 such that when the locking mechanism 104 is in a second, or unlocked configaration the
gripping member 100 is rotatable with respect to the slecve 62.

(#3131} Referrimg to Figs. 5A to 7D, the grpping member 100 mcludes a proximal end
108, a distal end 110, and a gripping member body 112 extending from the proximal end 108 to
the distal end 110, The gripping member body 112 includes an outer surface 114 and an inner
surface 116 that is opposite the outer surface 114, The grippmg member 100 further includes
bore 118 that is at least partially defined by the inner surface 116. The bore 118 extends imto and
at least partially through the gripping member body 112 from the proximal end 108 to the distal
end 110, As shown in the ilustrated cmbodiment, the bore 118 can include a first portion 160
and a second portion 162,

#3132} The gripping member 100 defines a first lnner dimension D6 measured within
the first portion 160 of the bore 118, and a second tnner dimension 37 measured within the
second portion 162 of the bore 118, Ag shown the first and second inner dimensions D6 and D7
can bo differeat, such that the first inner dimension D6 18 larger than the second inner dimension
D7. The ioner surface 116 defining the fivst portion 160 is partially threaded in one embodiment.
In another embodiment, the inoner surface defining the first portion 160 is entirely threaded or
entirely anthreaded.

16133} The outer surface 114 of the gripping member body 112 is partially cylindrical
ot a tube-like shape such that the grippmg member 100 defines an owtor dimension D8, for
exaraple an outer diameter, measured from a first point on the outer surface 114, through the
strut axis 72, to a second point on the outer surface 114 that is opposite the first poimt. The
gripping member 100 can further include at least one groove 164 that exiends into the gripping
member body 112 from the outer surface 114 in a direction toward the inner surface 116 such
that the groove 164 defines s depth ELL The gripping member 100 can includes multiple grooves
164, as shown, to Improve a oser’s ability to grip and apply a torque to the gripping member 100,

#3834} The gripping member 100 can further inchide a projection 166 that is configured
to receive a torque applied to the gripping member 100 to make rotation of the gripping member
F3 casicr, for cxamplo by providing a mechanical advantage. As shown the projection 166 s in

the form of a raised portion 168. The raised portion 168 includes at least one projection side
73
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wall 170, for example two projection side walls, that extends out from the outer surface 114 of
the gripping member body 112 in a ditcction away from the inner surface 116 of the gripping
member body 112, The projection 166 defines a height HI measured from where the projection
side wall 170 extends out from the outer surface 114 and in the direction that the projection side
wall extends away from the tnner surface 116, In one embodiment, the projection 166 further
includes a projection top surface 172 extending between the projection side walls 170,

[03135]  Asg shown in the illustrated embodiment, the outer dimension DS of the gripping
member 100 15 measured at a location that does not mnchide the projection 166, The gripping
member 190 further defines an outer dimension D9 measured from the a first point on the outer
surface 114, through the strut axis 72, to a sccond point focated on cither the projection side wall
178 or the projection top surface 172, 1n one embodiment, the projection 166 18 configured such
that the height H1 of the projection side wall 170 is between about 3 mm and about 9 mim, the
outer dimension D# is between about 15 mum to about 30 mm, and the outer dimension DY is
between about 20 mm and about 35 vun. o anocther embodiment, the projection 166 is
configared such that the height Hi of the projection side wall 170 is about 6 mm, the outer
dimension DY is about 22 mm, and the outer dimension D9 is about 27 mum. In another
embodimend, the projection 166 s configured such that the height HI of the projection side wall
174 is at least 10 percent of the outer dimension DR, In another embodiment, the height Hi of
the projection side wall 170 is at lcast 20 percent of the outer dimension D8, In another
embodiment, the height HI is between sbout 20 percent and about 30 percent of the outer
dimension D&,

[#136] In one embodiment, the depth El is between aboat .5 mm and about | mm, In
another embodiment the height H1 is at least 5 times greater than the depth E1. In another
embodiment the height HY is at least 10 times greater than the depth E1. In another cmbodiment
the height H1 is between about 5 and about 10 times greater than El. For example, in one
embuodiment, the gripping member 180 can define an cuter dimension D8 of about 22 nm, an
outer dimension D9 of about 27 mam, a projection height H1 of about § mum, and a groove depth
El of about 0.7 oo

{33137} As shown in the iHlustrated embodiment, the gripping member 100, specifically
the projection 166 carries at feast a portion of the locking mechanism 104, The projection 166
includes a projection body 174 and a recess 176 extending into the projection body 174 and

ol
/
i

terminating at a base surface 177. The recess 176 1s configured to at least partially receive the
locking mechanism 104, The locking mochanism 104 is configurcd such that in a first, locked

configuration the locking mechanism 104 prevents rotation of the gripping member 100 relative
-4 -
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to the sleeve 62, The locking mechanism 104 i further configured such that in a second,
unlocked configuration the locking mechanism 104 docs not interfere with rotation of the
gripping member 100 relative to the sleeve 62.

(6138} In one embodiment, the locking mechanism 104 includes a locking mechanism
body 105. The locking mechanism body can include the lever 106, The lever 106 is configired
to be pivotally attached to the gripping menmber 100, The lever 106 includes a pivot axis 178
that the lever 106 pivots about from the first, focked configuration to the sccond, unlocked
configuration. As shown, locking mechanisim 104 can inclode a pin 182, The lover 106 and the
gripping member 100, specifically the projection 166, cach include corresponding through holes
180a and 180b, respectively configured to be aligned and receive the pin 182, When the locking
mechamism 104 15 pivotally attached to the gripping member 100 as described above, the locking
mechanism 104 is pivotable from the first, locked configuration to the second, unlocked
configuration about an axis, specifically the pivet axis 178, that is non-paralicl to the strut axis
72. In another embodinent, the locking mechanism 104 is pivotable from the first, locked
configuration to the second, unlocked configuration about an axis, specifically the pivot axis 178,
that is substantially perpendicular to the strut axis 72,

[0339]  As shown inthe illustrated embodiment the locking mechanism 104 includes the
locking mechanism body 103 and a biasing member, such as a spring 184, The locking
mechamsm body 105 can be in the form of the lever 106 that includes a basc portion 186, a stop
portion 188, and the pivot axis 178, The base portion 186 can be positioned on one side of the
pivot axis 178 and the stop portion 188 can be positioned on the other side of the pivot axis 178
as shown. The recess 176 of the projection 166 15 further configured such that when the lever
106 is at least partially received within the recess 176 and the lever 106 is pivotally attached to
the gripping moember 100, the spring 184 is configured to be received within the recess 176,

(#3148} in one embodiment, the spring §84 is configured 1o be posttioned within the
recess 176 such that the spring 184 is between the base surfuce 177 of the projection 166 and the
base portion 186 of the lever 106. The spring 184 can be configured such that when the lever
106 is pivotally attached to the gripping member 100 the spring 184 exerts a biasing force on the
base portion 186 of the lever 106 in a divection away from the strut axis 72, for example in a
dircction substantially perpendicular to the strut axas 72, such that the locking mechanism 104 is
biased towards the first, locked configuration. In one embodiment, the spring 184 is configured
to bias the lever 106 into the first, focked configimation even when the strut 24 1s umder a load,
for oxample during actuation of tho actuator 32 to change tho length L of the strut 24, when the

strut 24 is attached to a pair of external bone fixation members, such as the bases 22.
35 .
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Application of a greater force to the base portion 186, in the opposite direction of the biasing
force pivots the fever 106 about the pivot axis 178 into the second, unlocked configuration.

18341} Referring to Figs. 5A to 6B, the strut 24 can further inclade a bearing 190, The
bearing 190 s configured to connect the actuator 32 to the sleeve 62 such that the actuator 32 is
translationally fixed relative to the sleeve 62, and rotatable sbout the strut axis 72 relative to the
steeve 62, The bearing inclodes a proximal end 192, a distal end 194, and a bearing body 196
extending trom the proximal end 192 1o the distal end 194, The bearing 190 further includes a
bearing bore 198 extending into and at least partially through the bearing body 196 from the
proximal end 192 to the distal end 194. The bearing, as shown, includes a first portion 260 and a
second portion 262.

18342} The bearing 190 defines a first inner dimension D10 measured within the
bearing bore 198 at the first portion 260, and a second inner dimension D11 measured within the
bearing bore 198 at the second portion 262, As shown the first and second inner dimensions D10
and 311 can be different, such that the first inmer dimension D10 is smaller than the second inner
dimension DE1. The bearing body 196 further inclodes an inner sarface 264 and an vuter surface
266 that 1s opposite the inner surface 264, The mmer surface 264 at least partially defines the
bearing bore 198, The inner surface 264, for example the second portion 262, is partially
threaded in one embodiment. In another embodiment, the immer surface 264 defining the bearing
bore 198 within the sccond portion 262 15 entirely threaded or entirely unthreaded.

(8343} The bearing 190 further defines a first outer dimension D12 defined by the outer
surface 266 measured within the first portion 260, and a second outer dimension D13 defined by
the cuter sarface 266 measured within the second portion 262, As shown the first and second
outer dimensions D12 and D13 can be different, for example the first outer dimension D12 can
b smaller than the second outer dimension D13,

[§144] The locking mechanism 04 of the strut 24 can further include 8 locking feature
263, for example a recess 270 configared to engage the locking mechanism body 103, for
example by receiving the stop portion 188 of the lever 106, In onc embodiment the recess 270 is
defined by the bearing 190. The recess 270 and the stop portion 188, in one embodiment, have
corresponding shapes soch that when the locking mechamsm 104 s n the first, Jocked
configuration the locking mechanism body 105, for example the stop portion 18§, 13 at least
partially received within the locking feature 268, for example, the rocess 270 preventing any
rotation of the locking mechanism 104 relative to the bearing 190, When the locking mechanism
104 is m the sccond, enlocked configuration the locking moechanism body 108, for cxample the

stop portion 188, is completely removed from the locking feature 268, for example the recess
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270, such that the locking mechanism 104 can rotate relative to the portion of the strat 24 that
carrics the locking feature 268, for example the bearing 190, about the strut axis 72.

13148] Referring to Figs. 5A to 68, 8A and 8B, the actuator 32 can further include a
drive nut 98 that is rotationally and transiatably locked relative to the distraction mat 96. The
drive put 98 s further configured fo engage the threaded rod 60 such that the drive nut 98 is
rotatable and translatable relative o the threaded rod 6. As shown in the illustrated

embodiment, the drive nut 98 includes an attachment portion 272, a collet portion 274, and an
intermediate portion 276 between the attachment portion 272 and the collet portion 274, The
attachment portion 272 is configured 1o be secured to the distraction nut 96. For example, the
attachment portion 272 can incluade an outer swrface 278 that is at lcast partially threaded. The
threaded outer surface 278 of the attachment portion 272 18 configured to engage the threaded
tmer surface 116 of the distraction nut 96, When the corresponding threaded inner sorface 116
and threaded cuter surface 278 are engaged, the distraction nut 96 and the drive nut 98 are
secured relative fo one another both translationally and rotationally.

{6148} The collet portion 274 of the drive nut 98 is configured to releasably engage
with the threaded rod 60 both rotationally and translatably. As shown, the collet portion 274
includes a pharality of flexdible fingers 280, cach flexible fingor 280 being separated from an
adjacent flexible finger 280 by a gap 282, Each of the flexible fingers 280 includes an inner
surface 284 and an outer surface 286 opposite the inncr surface 284. The inner surface 284 of
the flexible fingers 280 is at least partially threaded such that the threaded inner surface 284 of
the collet portion 274 corrcsponds to the threaded outer surface 80 of the threaded rod 60.

{61471 The collet portion 274 ncludes an open configuration in which the threaded
inner surface 284 is capable of wranslating relative to the threaded rod 60 without rotating the
drive nut 98 relative to the threaded rod 60, In the open configuration, a user is able o make
quick, relatively lurge adjustments 1o the length L1 of the strut 24 by stimply translating the
threaded rod 60 relative to the sleeve 62 without the need to rotate or actuate the sctuator 32.
The collct portion 274 further inchades a closed configuration in which the threaded inner surface
284 engages the threaded rod 60 such that the drive nut 98 cannot translate relative to the
threaded rod 60 without rotating the drive nut 98 relative to the threaded rod 60.

[#148] The drive nut 98 can further melude a clamyp 288, for tustance a ring clamp 290
as shown in the illustrated embodiment. The clamp 288 includes a clamp body 292 and 2
through hole 294 passing through the clamp body 292, The clamp body 292 includes an imner
surface 296 that at lcast partially defines the through hole 294, The clamp body 292 further
defines an inner dimension D14, for example an inmer diameter, that is configured such that the
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clamp 288 is configured to be sHdably attached to the intermediate portion 276 and the collet
portion 274, As shown, the intermediate portion 276 or the collet portion 274 is configured fo
pass at least partially through the through hole 294,

16149} Referring 1o Fig. 8A and 8B, the clamp 288 is moveable relative to the drive nut
98 between a first position {as shown in Fig. 8A) and a sccond position (as shown in Fig. 8B),
such that in the first position the collet portion 274 passes at least partially though the through
hole 294, o the first position the clamp 288 biases or compresses the tiexible fingers 280 of the
collet portion 274 nto the closed configuration. In the sccond position the intermediate portion
276 passes at least partially through the through hole 294 such that the clamp 283 does not bias
the tlexible fingers 280 of the collet portion 274 into the closed configuration. Inone
embodiment, the flexible fingers 280 of the collet portion 274 are naturally biased mto the open
configuration, such that if the clamp 288 is in the sccond position, and thus not biasing the
flexible fingers 280 into the closed configuration, the collat portion 274 will be in the open
configuration aliowing the drive nut 98 to translate frecly along the threaded rod 60 without
rotating the drive nut 98 relative to the threaded rod 60.

(3150 In one embodiment, the actuator 32 can be made of a radiclucent material such
as a polymoer, for example polvether other ketone (PEEK). Use of a radiclucent material such as
PEEK in one or more portions of the strut 24 provides a clear radiography image of the bone 2
and other parts of the device 20 made from radiopaque materials, which may assist the
development a treatment plan for the external bone fixation device 20 to correct a bone defect or
repair a bone injury. {n another embodiment, any combination of the threaded rod 60, siceve 62,
actoator 32, first joint 64, and second joint 66, either in whole or in part is formed from a
radiolicent material such as PEEK. In another embodiment, any one of or any combination of
the throaded rod 60, sleeve 62, actuator 32, first joint 64, and second joint 66, cither whole or in
part, 15 formed from a polyetherimide (PEL, for example Ultenn.  In another embodiment, any
one of or any combination of the threaded rod 60, sleeve 62, actuator 32, first joint 64, and
second joint 66, cither whole or i part, is formed from a polyoxymethylene (POM), for cxample

Delrin. In another embodiment, any one of or any combination of the threaded vod 60, sleeve 62,
actuator 32, first joint 64, and second joint 66, either whole or in part, is formed from a
polyphenylsulfone (PPSF or PPSU), for example Radel In gne embodiment, components of the
focking mechanism 104 can be formed, oither in whole or in part, from titanivm, titanium alloy,
abminum, or alumimum alloy,

(83158} Reforring to Figs. SA to 6B, the strut 24 further includes the first joint 64 and

the second joint 66. The first joint 64 i described below as a non-rotatable joint attached to the
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threaded rod 60 and the second joint 66 is described as a rotatable joint (that inchides a shoulder
432} attached to the sleeve 62. It should be understood that in one embodiment, the first (non-
rotatable) joint 64 can be attached 1o the sleove 62 and the second (rotatable) joint 66 can be
attached to the threaded rod 64, In another embodiment, the strat 24 can include two first {non-
rotatable) joints 64, one attached to the threaded rod 61 and one attached to the sleeve 62, In
another embodiment, the strut 24 can include two second (rotatable) joints 66, ong attached to
the threaded rod 60 and one attached to the slecve 62.

[#E82] The first joint 64 1s configured to be located at once of the first ond and the
second end, for example the proximal end 63, of the siut 24 and the second joint 66 is
configured to be located at the other of the first end and the sccond end, for example the distal
end 70, of the strut 24, The first and second jomts 64 and 66 are configured to attach the strot 24
to the first and second bases 22a and 22b. The first joint 64 includes a first hinge body 300, 2
second hinge body 302, and a cross coupling member 304 that is configurad to pivotally connect
the first and second hinge bodiss 300 and 302. In ove embodiment, the first joint 64 includes a
fastener receiving hole 350 that extends into and at least partially through the second hinge body
302, The fastener receiving hole 350 is configured 1o recetve a fastener 14 {as shown in Fig. 1A}
that is inserted through the fastener receiving hole 50 of the base 22 and into the fastener
receiving hole 350 of the first joint 64 to attach the strut 24 1o the base 22 at the attachment
location 23, The term “non-rotatable joint” used herein refors to a joint, for example the first
joint 64, that is configored such that when the non-rotatable joint is attached to the base 22, for
example by a fastencr 14 as described above, the scecond hinge body 302 doces not rotate relative
to the base 22.

{6153} The first joint 64, in one embodiment, is configured as a universal joint such that
the first and sccond hinge bodies 300 and 302 are rotationally coupled about a first axis, and
rotatable relative 10 one another about a second axis and a thivd axis. For example, the first and
second hinge bodies 300 and 302 are configured 0 be rotationally coupled aboat the strut axis 72
and pivotal relative to one another about g first pivot axis 306 and a sccond pivet axis 308, In
the illustrated embodiment, the first and second pivot axes 306 and 308 define a plane that is
perpendicular to the strat axis 72, The first and second hinge bodies 300 and 302 are rotatable
relative to cach other aboot any axis that lies in the plane.

{4854} The first hinge body 300 includes a base portion 310 and a pair of legs 312,
extending out from the base portion 310, The legs 312 are spaced apart from one another to
defime a first gap 314 that is configured to at loast partially reccive the eross coupling member

304. The secend hinge body 302 includes a base portion 316 and a pair of legs 318, extending
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out from the base portion 316, The base portion 316 inchudes a base surface 354 configured to
face the base 22 when the first joint 64 is attached to the base 22. The second hinge body 302
mcludes a fastener receiving bole 350 extending into the base portion 316, The secound binge
body 302 can include threads 356 such that the fastener receiving hole 350 is threaded. In one
embodiment, fastencr receiving hole 350 is threaded along its entire length, such that the threads
356 abut the base surface 354 with no gap between the threads 356 in the fastener receiving hole
350 and the base surface 354, The legs 318 are spaced apart from one another to define a sccond
gap 320 that is configured to at least partially receive the cross coupling member 304

{6353} The pair of legs 312 and 318 of both the first and second hinge bodies 300 and
302 can further inchude an attachment feature configured to secure the cross coupling member
304 within the first and second gaps 314 and 320, As shown, the pair of fegs 312 of the first
hinge body 300 includes a first pin hole 322 configured 16 reectve a first pin 324, and the pair of
legs 318 of the second hinge hody 302 tncluades a second pin hole 326 configured 1o receive a

second pin 328,

(8158} The cross coupling member 304 includes a body 330 that is configured to be at
least partially received between the first and second gaps 314 and 320, In one embodiment, the
body 330 is substantially spherical. In another embodiment the cross coupling member 304 is
made from a first material and the first and second hinge bodies 300 and 302 are made from
second material that is different from the first material. The first material can be more
radiopaque than the second material. For example, the cross coupling member 304 can be made
from titanium and the first and second hinge bodies 300 and 302 can be made from aluminum.
The shape of the body 330, for example substantially spherical, and the difference n materials
between the cross coupling member 304 and the first and second hinge bodies 300 and 302 can
improve the use of radiography, such as x-rays, to plan a treatment plan using the external bone
fixation device 20 to correct a bone defect or repair a bone injury. For example, if body 330 s
substantiaily spherical in shape, the body 330 will appear as 2 cirele (or substantially as a circle)
in an x-ray taken from any angle about the external bone fixation device. Forming the cross
coupling member 304 from a more radiopague material than the first and second hinge bodies
300 and 302 will result n the cross coupling member appearing brighter on the x-ray than the
surrounding structure.

#1577 The cross coupling mermber 304 further includes a first pin hole 332, the first
pin 324, a second pin hole 334, and the second pin 328, The first pin hole 332 of the cross
coupling member 304 15 configured to receive the first pin 324 when the fisst pin hole 332 18

aligned with the first pin hole 322 of the first hinge body 300. The second pin hole 334 of the
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cross coupling member 304 is configured to receive the second pin 328 when the second pin hole
334 is aligned with the second pin hole 326 of the second hinge body 302, As showa the first
and second pin holes 337 and 334 of the cross coupling member 304 pass through one another,
for example at about 8 90 degree angle. One of the first and second pin holes 332 and 334 can be
larger than the other of the first and second pin holes 332 and 334, such that the larger of the first
and second pin holes 332 and 334 is configured o roceive a larger one of the first and second
pins 324 and 328, For examiple, the second pin hole 334 and the second pin 328 can be larger
tham the first pin hole 332 and the first pin 324, The second pin hole 334 can include a cross hole
336 that is configured to be aligned with the first pin hole 332 and receive the first pin 324.

16358} The first hinge body 300 is configured to be coupled to the threaded rod 60,
such that the threaded rod 60 and the first hinge body 300 are translationally and pivotally
coupled to each other. In one embodiment, the base portion 310 of the first hinge body 300
includes a recess 338 that is configured to at least partially receive the rod prozimal end 74 of the
threaded rod €0, and a pin 342, The rod body 78 and the base portion 310 can ioclude matching
pin holes 341a and 341b configured to be aligned and then receive the pin 342, Once the pin 342
is inserted through the aligned matching pin holes 341a and 341b, the threaded rod 60 and the
first joint 64 are translationally and rotationally coupled with respect to one another. Although
the first hinge body 300 and the threaded rod 60 are shown as separate parts that are releasable
and coupleable to cach other, in another embodiment, the first hinge body 300 and the threaded
rod 60 can be formed from a single picce of material, or monolithically formed.

[0359] The second joint 66 includes a first hinge body 400, a sccond hinge body 402,
and a cross coupling member 404 that is configured to pivotally connect the first and second
hinge bodies 400 and 402, In onc emboediment, the second joint 66 includes a fastener receiving
hole 450 that extends inte and at least partially through the second hinge body 402, The fastener
recetving hole 450 is configured to recetve a fastener 14 (as shown in Fig. 1A) that is inserted
through the fastener recetving hole SO of the base 22 and into the fastener receiving hole 450 of
the second joint 66 to attach the sirut 24 to the base 22 at the attachment location 23, The torm
“rotatable joint” used herein refers 1o a joint, for example the second joint 66, that is configured
such that when the rotatable joint is attached to the base 22, for example by a fastener 14 ag
described above, the second hinge body 402 s rotatable relative to the base 22

(#1608} The second joint 66, as shown in the illusirated embodiment, is configured as a
vmiversal joint such that the first and second hinge bodies 400 and 402 are rotationally coupled
about a first axis, and rotatable relative 1o onc another about a sceond axis and a third axis. For

example, the first and second hinge bodies 400 and 402 are configured to be rotationally coupled
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about the strut axis 72 and pivotable relative 1o one another about a first pivot axis 406 and a
sccond pivet axis 408, In the illustrated embodiment, the first and sccond pivot axes 406 and
408 define a plane that 15 perpendicular to the strut axis 72, The fist and second hinge bodies
400 and 402 are rotatable relative 1o cach other about any axis that Hes in the plane defined by
the first and sccond pivot axes 406 and 408,

{8161} The first hinge body 4900 includes 2 base portion 410 and a pair of legs 412,
extending out from the base portion 410, The legs 412 are spaced apart from one another to
define a first gap 414 that is configured to at least partially receive the cross coupling member
404. The second hinge body 402 includes a base portion 416 and a pair of legs 418, extending
out from the base portion 416, The base portion 4106 includes a base surface 454 configured to
face the base 22 when the second joint 66 15 attached to the base 22. The second hinge body 402
includes a fastener recetving hole 450 extending into the base portion 416 from the base surface
454 in a divection toward the pair of logs 418 such that the fastener roceiving hole 450 defines a
length, The second hinge body 402 can further inchude threads 456 such that the fastoner
receiving hole 450 is threaded. In one embodiment, fastener recetving hole 430 s threaded
along a portion of its length, such that the threads 456 do not abut the base surface 454, Instead a
shoulder 452 (for exaraple in the form of a gap or untlveaded portion) is positioned between the
threads 456 in the fastener receiving hole 430 and the base surface 454, The shoulder 432 15
configured such that when the second joint 66 13 attached to the basc 22, the second joint 66 13
rotatable relative to the basc 22. The legs 418 are spaced apart from one anocther to define a
second gap 420 that is configured to at least partially reccive the cross coupling member 404,

(81621 The pair of legs 412 and 418 of both the first and second hinge bodies 400 and
402 can further include an attachrent feature configured to secure the cross coupling member
404 within the first and sccond gaps 414 and 420, As shown, the pair of legs 412 of the fest
hinge body 400 includes a first pin hole 422 configured to receive a first pin 424, and the pair of
legs 418 of the second hinge body 402 inchudes a second pin hole 426 configured to receive a
second pin 428,

(8163} Similarly to the cross coupling member 304 of the first joint 64 described above,
the cross coupling member 404 of the second joint 66, in one embodiment, includes a body 430
that is configured to be at least partially received between the first and second gaps 414 and 420.
The body 430, as shown, is substantially spherical and can be made from a first material, for
exarmple titanium, and the first and second hinge bodies 400 and 402 can be made from second
material, for example aluminum, that is difforont from the first material, The shape of the body

430, for example substantially spherical, and the choice of materials for the cross coupling
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member and the first and second hinge bodies 400 and 402 can be selected to improve the gse of
radiography, such as x-rays, to plan a treatioent plan using the external bone fixation device 20 to
correct a bone defect or repair a bone mjury.

18164} The cross coupling member 404 further inchudes a first pin hole 432, the first
pin 424, a second pin hole 434, and the socond pin 428, The first pin hole 432 of the cross
coupling merber 404 is configured to receive the first pin 424 when the first pin hole 432 1s
aligned with the first pin hole 422 of the first hinge body 400, The second pin hole 434 of the
cross coupling member 404 13 configured to receive the sccond pin 428 when the second pin hole
434 is gligned with the second pin hole 426 of the second hinge body 402. As shown the first
and second pin holes 432 and 434 of the cross coupling member 404 pass through one another,
for example at about a 90 degree angle. One of the first and second pin holes 4372 and 434 can be
targer than the other of the first and second pin holes 432 and 434, such that the larger of the pin
holes 432 and 434 is configured to receive a larger one of the first and second pins 424 and 424,
For example, the second pin hole 434 and the second pin 428 can be larger than the first pin hole
432 and the first pin 424, The second pin hole 434 can include a cross hole 436 that is
configured to be aligned with the first pin hole 432 and receive the first pin 424,

18365} The first hinge body 400 is configured to be coupled to the sleeve 62, such that
the sleeve 62 and the first hinge body 400 are translationally and pivotally coupled to each other,
As shown in the llustrated cmbodimoent, the basc portion 410 of the first hinge body 400 15
integral with the sleeve 62 such that the first hinge body 400 and the sleeve 62 are monolithic. In
another embodiment the base portion 410 includes a recess configured to at least partially receive
the sleeve 62, In another embodiment, the base portion 410 includes a post configured to be at
least partially received within the bore 88 of the sleeve. In another embodiment, the sleeve 62
and the base portion 410 can include matching pin holes counfigured to be aligned and then
recetve a pin as described in detail above inreference 1o the first joint 64

[6i66] Referring to Figs. 6A and 6B, in one embodiment the strut 24 can be assembled
as described below. The threaded rod 60 is tnserted into the bore 8% of the sleeve 62 such that
the follower 77 is at least partially received within the track 89, Once the threaded rod 60 is
positioned within the sleeve 62 as described, the threaded rod 60 and the sleeve 62 are
transtatable relative to each other along the strut axis 72, but they are not rotatable relative (o
cach other abowt the strut axis 72, The bearing 190 is attached to the sleeve outer surface 92
such that the bearing 190 and the sleeve 62 are rotationally and transiationally coupled relative to

onc another. For examploe the threaded inner surface 264 of the bearing can bo threadedly
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engaged with the threaded sleeve outer surface 92. The threaded rod 60 passes through the
bearing bore 198 such that the threaded rod 60 is translatable relative to the bearing 190

13167} The actuator 32 s attachable to the strut 24 such that the bearing 190 s af least
partially received within the bore 118 of the distraction nut 96 such that the bearing 190 is
rotatable relative to the distraction nwt 96 about the strut axis 72, The drive mut 98 is attachable
to the distraction mut 96 such that the drive nut 98 and the distraction nut are translationally and
votationally coupled to cach other. When the drive nut 98 and the distraction nut 96 arc attached
as described above, the bearing 190 is positionod within the first portion 160 of the bore 118 of
the distraction nut 96, such that the bearing is translationally secured relative 1o the actuator 32
along the strut axis 72 and rotatable about the strut axis 72 relative to the actuator 32.

#3681 The drive nut 98 15 configured 1o be placed m the closed configuration by
moving the clamp 288 imo the first position such that the coliet portion 274 is compressed and
throadod inner surface 284 of the flexible fingers 280 threadedly engages the threaded outer
surface 80 of the threaded rod 60, In the closed configuration rotation of the drive nut 99 relative
to the threaded rod 60 about the strut axis 72 translates the drive nut 98 relative to the threaded
rod 60 along the strut axis 72, The clamp 288 can be moved into the second position placing the
drive nut 98 in the open configuration such that the tweaded inner surface 284 of the flexible
fingers 280 does not threadedly engage the threaded outer surface 80 of the threaded rod 60, In
the open configuration the drive nut 98 15 translatable relative to the threaded rod 60 along the
strut axis 72 without rotating the drive nut 98 relative to the threaded rod 60 about the strut axis
72.

(#1691 The first joint 64 is attachable to the rod proximal end 74 such that the first
hinge body 300 is both translationally (along the strut axis 72) and rotatably (about the strut axis
72y coupled to the threaded rod 60, The second joint 66 is attachable to the slceve distal end 84
such that the first hinge body 400 s both translationally (along the strut axis 72} and rotatably
{about the strot uxis 72) covpled o the sleeve 62.

[6378] Referring to Figs. 9A to 108, the strut 24 defines a length L1 measured from a
first point on the strat 24 to a second point on the strat 24, As shown in the Ulustrated
embodiment, the length L1 15 measured from the cross coupling member 304 of the first joint 64,
specifically a center 340 of the cross coupling member 304, along the strut axis 72, to the cross
coupling memboer 404 of the second joint 66, specifically a center 440 of the cross coupling
member 404, The length L1 of the strut 24 1s adjostable between a mintmuom length (as shown n
Figs. 9A and 9B) and a8 maximum length (as shown in Figs. 10A and 10R). The length L1 13

adjustable by actuation of the sctuator 32. The actuation of the actuator 32 can include
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translation along the strut axis 72, rotation about the strut axis 72, or both refative to the threaded
rod 60,

18371} To change the length L1 of the strut 24, the locking mechanism 104 is moved
from the first, locked configoration 1o the second unlocked configuration. For example, an
applied force s exerted by a user on the locking mechanism body 103, for example on the base
portion 186 of the fover 106, If the applied force is greater than the biasing force gpplied by the
spring 184 onthe base portion 186, and the applied force is applied in substantially the opposite
dirgction of the biasing force of the spring 184, then the application of the apphied force causes
the lever 106 1o pivot about the pivot axis 178, As the lever 106 pivots about the pivot axis 178,
the stop portion 188 of the lever 106 moves out of engagement with the recess 270 of the bearing
196, When the stop portion 188 13 removed from the recess 270, the locking mechamsm 104 s
in the second, uniocked configuration and the actaator 32 is now rotatable relative to the
threaded rod 60 about the strut axis 72.

[83172] Once the actuator 32 has been rotated in a first direction, for example counter-
clockwise, such that the stop portion 188 of the lever 106 is no longer aligned with the recess
276, the applied force can be removed from the base portion 186, A torque applied to the
gripping member 1060, for example to the projection 166, in one embodiment specifically 1o one
of the projection side walls 170, rotates the actuator relative to the threaded rod 60, Because the
actuator 32 is translationally coupled to the outer surface, rotation of the actoator 32 translates
the threaded rod 60 relative to the actuator 32 and the sleeve 62 changing the length L1 as
measured between the cross coupling meombers 304 and 404 of the first and second joints 64 and
66,

{6173} Upon the completion of a fisll rotation (360 degrees) about the strut axis 72, the
stop portion 188 of the lover 106 moves mto alignment with the recess 270 of the bearing 190,
Ongce the stop portion 188 and recess 270 are aligned, the biasing force of the spring 184 pivots
the lever 106 about the pivot axis 178 until the stop portion 188 is at least partially recetved
within the recess 270. When the stop portion 188 is at least partially roceived within the recess
270 the locking mechanism 104 is once again in the first, locked configuration and further
rotation of the actuator 32 relative to the threaded rod 60 about the strut axis 72 s prevented by
mnterference between the stop portion 188 and the locking feature 268, In one embodiment, the
focking mechanism body 105, for example the stop portion 188, and the locking feature 268, for
exarmple the recess 270, include opposed surfaces, for example fivst and second surfaces. The
opposcd surfaces arc configurcd such that no amount of torque applied by hand to the locking

mechanism 104 about the strut axis 72 will cause the opposed surfaces to cam over one anothet,
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[6374] In one embodiment, the opposed surfaces are planar and substantially paralicl to
ong another. In another embodiment the opposed {first and second) surfaces are substantially
perpendicular to the strut axis. As the locking mechanism 104 rotates back o the fivst, locked
configuration an audible indication, for example a “click”™ is produced to alert a user to the
completion of a revelution of the actuator 32 and confirm that the locking mechanism 104 is
once again in the first, locked configuration. In another embaodiment, as the locking mechanism
104 rotates back into the first, focked configuration a visual indication, a tactile indication, or
both are produced, either instead of or in addition to the audible indication, to alert a uscr to the
completion of a revolution of the actuator 32 and conflrm that the locking mechanism 104 is
once again in the fivst, locked configuration.

183751 As shown, the locking mechanism 104 1s configured such that the biasing force
of the spring 184 is applied to the base portion 186 of the lever 106 in a direction that is
angularly offsct from the direction of clongation of the strut 24, or the strut axis 72 1o the
tlhustrated embodiment. The angular offset of the blasing force relative to the strut axis 72,
shown in the fhistrated embodiment, prevents the application of a torgae to the actoator 32 from
rotating the actuator 32 relative to the threaded rod 60 when the locking mechanism 104 is in the
first, locked configuration. Thus, in the {llustrated embodiment, only when the locking
mechanisin 104 s in the second, unlocked configuration does the application of a torque to the
actuator 32 rotate the actuator 32 relative to the threaded rod 60

(8876} The strut 24 is configured such that a single rotation (360 degrees) of the
actuator 32 relative to the threaded rod 60, translates the threaded rod 60 a predetermined amount
relative to the sleeve 62, Thus a single rotation of the actuator 32 relative o the threaded rod 64,
changes the length L1 a prodetermined amount. The predetermined amount can be adjusted, for
example by sclecting a pitch for the corresponding threads of the actuator 32 and the threaded
rod 60, In one embodiment, a single rotation of the actuator 32 relative to the threaded rod 60,
changes the fength L1 of the strot 24 by 1 millimeter ().

{6377} Referring to Figs. 6A-68 to 9A-10B, in one embodiment the strut 24 includes a
length indicator 500, The length indicator 500 is configured to provide a visual indication of the
length L1 of the strat 24, Ag shown in the Hlustrated embodiment the length indicator 00
includes a clip S02 that 1s configured 1o be coupled to the threaded rod 60 such that clip 502 1s
translationally secured relative t¢ the threaded rod 60 and rotatable about the strut axis 72
relative to the threaded rod 60. The length indicator 500 can inchude a pin 504, such that the ¢lip
$62 is configured to be attached by the pin S04 to the rod distal ond 76. Thoe clip S02 can include

a post 506 that extends at least partislly through the slot 94 of the sleeve 62 when the clip is
- 34 -



CA 02905865 2015-09-11

WO 2014/159824 PCT/US2014/025263

attached to the threaded rod 60 and the threaded rod 68 s positioned at least partially within the
bore 88 of the slecve 62, The length indicator 500 can further include markings 508 (as shown
in Fig, 9A) on the sleeve outer surface 92, The markings 508 can be configured such that as the
threaded rod 60 translates within the bore 88 of the sleeve 62, the clip 302 which is attached to
the threaded rod 60, is positioned adjacent a marking that indicates the current length LT of the
strut 24.

(8378} Referring to Figs. 11A to 11C, the device 20 can include a strut 1024 4
replacement of, or in combination with, one or more of the struts 24, The structure, function, and
method of use of the strut 1024 is similar 1o structure, function, and method of use of the strut 24
in many aspects such that the description of the strut 24 herein can be applicd to the strut 1024
except where indicated to the contrary. In accordance with one embodiment, the strat 1024
includes a strut body 1023, the strut body 1025 can inchude, a first member, for example a
throaded rod 1060, and a second member, for example a sleeve 1062, The threaded rod 1060 and
the sleeve 1062 are configured 1o be connected such that the threaded rod 1060 and the sleeve
1062 are translatable relative to one another. The strat 1024 can further inchude the first joint 64,
described in detail above, contfigured to be connecied to the threaded rod 1060, and the sccond
joint 66, described in detail above, configured to be connected to the sleeve 1062, The strut 1024
also includes an actuator 1032 configured to be coupled to the strat 1024, for example supported
by the strut body 1025 such that actuation of the actuator 1032 translates the threaded rod 1060
relative to the sleeve 1062, The strot can further include 8 locking mechanism 1104, at icasta
portion of which is carried by the actuator 1032,

(#1791 According to ong embodiment, the locking mechanism 1104 caninclude a
locking mechanism body 1105, 3 biasing member 1183, and a focking feature 1268, The locking
racchanism body 1105 can be in the form of, for example, a push member 1106 as shown in the
ithistrated embodiment. The locking mechanism body 1105 can be configured to be carried by a
gripping member 1100 of the actuator 1032 such that as the gripping member 1100 moves (for
example translates along the longituding direction L or rotates about an axis aligned with the
longitudinal direction L) the locking mechanism 1104 moves with the gripping member 1100,

(6188} The strut 1024 includes a first end, such as a proximal end 1068, and a second
end, such as a distal end 1070, The strut 1024 further includes a strut axis 1072 extending from
the proximal end 1968 1o the distal end 1070, The strut 1024, in ong crabodiment, is elongate
along the strut axis 1072, As shown m the illustrated embodiment, the strut axis 1072 canbe a
contral axis, and the strut axis 1072 can be parallel to the longitudinal direction L. Thoe strut

1024 defines 2 fength LY measured from a first point 1073 1o a second point 1975 along the strut
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axis 1072, In one embodiment the first potnt 1073 can be located at or near the proximal end
1068, for example in the first joint 64, and the second poimt 1075 can be located st or near the
distal end 1070, for example in the second jomt 66, Actuation of the actuator 10372 translates the
threaded rod 1060 relative to the sleeve 1062, changing the length L1

{6181} Referring to Figs. 11A to 13, the threaded rod 1060 inchudes a first end, for
example 8 rod proximeal end 1074, a second end, for example a rod distal end 1076, and a rod
body 1078 that extends from the rod proximal end 1074 to the rod distal end 1076 and is
elongate in the longitudinal dircetion L, or along the strot axis 1072, One end of the threaded rod
1060, for example the rod proximal end 1074, can be configured 10 receive the first joint 64. The
rod body 1078 includes an outer surface 1080 that is at least partially threaded. The threaded vod
1060 defines an outer dimension D3’ As shown the outer dimonsion D3’ can be a cross-
sectional dimension that is measured in a direction perpendicular to the strat axis 1072,

(#3821 In one embodiment at feast a portion of the rod body 107% defines a non-civeular
shape. As shown, the threaded portion of rod body 1078 can inchude at least one flat 1077 such
that the rod body 1078 defines a D-shaped cross-sectional shape. In another embodiment the rod
body 1078 can include more than one flat 1077 such that the rod body 1078 defines a polygonal
shape. The flat 1077 can be untlreaded, as shown. The cross-sectional shape of the rod body
1678 is configured to be nserted into a bore 1088 of the sleeve 1062, the bore 1088 defining a
cross-sectional shape that corrosponds to the cross-sectional shape of the rod body 1078 such that
when the threaded rod 1660 is inserted into the sleeve 1062 the corresponding cross-sectional
shapes of the rod body 1078 and the bore 1088 prevent the threaded rod 1060 from rotating
relative to the sleeve 1062 as the threaded rod 1060 translates relative to the sleeve 1062, In one
embodiment, the at least one flat 1077 extends along a plane that is partially defined by a chord
of a circular shape, a portion of the circular shape defining a sleeve outer surface 1092, The
plane can further be defined by a direction that is parallel to the strut axis 1072,

[6183] The rod body 1078, according to one embodiment, nchudes 4 pin hole 1341a.
The pin hole 1341a is similar to the pin hole 341a as described above in reference to strut 24,
The pin hole 1341ais configured to receive a pin, for example the pin 342 as described in
reference 1o strut 24, sach that the threaded rod 1060 and the first joint 64 arc translationally and
rotationally coupled with respect to one another.

(184} Referring to Figs. 11A to 14C, the sleeve 1062 inchudes a first end, for example
a sleeve proximal end 1082, a second end, for example a sleeve distal end 1084, and a sleeve
body 1086 that cxtends from the sleove proximal end 1082 to the slcove distal end 1084 and, in

on¢ embodiment, is clongate in the longitudinal direction L. The slceve body 1086, as shown,
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can define a tube-like structure. The sleeve 1062 inchudes a recess, such as a bore 1088 that
cxtends mto and at least partially through the sleeve body 1086 from the sleeve proximal end
1082, in the longitudinal direction L towards the sleeve distal end 1034,

18185} The sleeve 1062 can define a first opening 1089 of the bore 1088, for example,
positioned at the sleeve proximal end 1082, The first opening 1089 defines a cross-sectional
shape such that the bore 1088 of the slecve 1062 is configured to receive and translate relative to
the threaded rod 1060, As shown in the illustrated embodiment, the first opening 1089 defines a
cross-sectional shape that matches the cross-sectional shape of the rod body 1078, The first
opening 1089 can be partially defined by at least one flat 1091 such that the first opening 1089
defines a D-shaped cross-sectional shape. In another embodiment the first opening can be
partially defined by more than one flat 1091 sach that the first opening 1089 defines a polygonal
shape.

(8386} The sloeve body 1086 can inchade a sleave inner surface 1090 that defines the
bore 1088, and a sleeve outer surface 1092 that is opposite the sleeve inner surface 1090, The
steave 1062 defines an inner dimension D4’ such as an inner diameter measured within the bore
1088, and an outer dimension DS, such as an cuter diameter. The inner dimension D4’ and the
outer dimension D5 can each be measured in g divection perpendicular o the strut axis 1072, or
alternatively to an axds of elongate of the sleeve 1062,

(61871 The sleeve 1062 can melude a shoulder portion 1094, In onc cmbodiment, the
shoulder portion 1094 is located on the sleeve outer surface 1092 at the sleeve proximal end
1082, As shown, the shoulder portion 1094 can define a maxinwum value for the outer dimension
D& of the sleeve 1062, The shoulder portion 1094 can be configured 1o be captured between the
actuator 1032 such that the actuator 1032 and the sleeve 1062 are translationally locked to one
another such that the actuator 1032 and the sleeve 1062 are prevented from moving relative to
one another alone the strut axis 1072,

[0188] In one embodiment, the sleeve 1062 can define the locking feature 1268, The
locking featurc 1268 can be in the form of a recess 1097 that extends from the sleeve outer
surface 1092 toward the sleeve inner surface 1090 and terminates prior 1o reaching the nner
surface 1090, In one embodiment the recess 1097 extends from the sleeve cuter surface 1092
through the sleeve inner surface 1090 such that the recess 1097 13 open to the bore 1088, The
focking featurc 1268 can be configured 1o selectively engage with the locking mechanism body
1105 of locking mechanism 1104 to: 1) prevent the actaator 1032 and sleeve 1062 from rotating
relative to onc another about the strut axis 1072 whoen the strut 13 in a lockod configuration, and

2} allow the sctuator 1032 and sleeve 1062 to rotate relative to one another about the strut axis
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1072 when the strut is in an unlocked configuration. The recess 1097 can be positioned at a
location between the sleeve proximal end 1082 and the slecve distal end 1084, for example at a
location that s closer to the sleeve proximal end 1082 than the sleeve distal end 1084, as shown
in the illustrated embodiment.

{6183} The sleeve 1062 can include an engagement mechanism 1099 configured to
engage with a length measurement deviee 1500 as described in greater detail below. The
engagement mechanism 1099 can be in the form of recess 1101 that extends from the sleeve
outer surface 1092 toward the sleeve inner surface 1090, In one embodiment, the receas 1101 s
a circomferential recess that is positioned around an entirety of the sleeve ounter surface 1092 at a
focation between the sleeve proximal end 1082 and the sleeve distal end 1084, for examplec ata
location that 1s closer to the sleeve proximal end 1082 than the sleeve distal end 1084,

[6198] Inuse, the threaded rod 1060 and the sleeve 1062 are configured to be oriented
with respect to one another such that the cross-sectional shape of the threaded rod 1060 is
aligned with the cross-sectional shape of the first opening 1089 of the sleeve 1062, for example
such that the flat 177 of the threaded rod 1060 is aligned with the flat 1691 of the sleeve 1062,
When the threaded rod 1060 and the sleeve 1062 are aligned, the threaded rod 1660 can be
inserted and translated within the bore 1088 of the sleeve 1062 along the strut axis 1072, but
interference between the flats 1077 and 1081 prevents rotation of the threaded rod 1060 relative
to the sleeve 1062 about the strut axis 1072

(8198} The strut 1024 can further inchide, in accordance with one embodiment, the first
hinge body 400 as described in detail above in reference to Figs. SA te 6B, The first hinge body
400 can include a base portion 410 and a pair of legs 412, that extend out from the base portion
410. The legs 412 are spaced apart from one another fo define a first gap 414 that is configured
1o at least partially receive the cross coupling member 404, The pair of tegs 412 can further
mclude the first pin hole 422 which defines the first pivot axis 406 of the second joint 66,

[6192] The first hinge body 400 1s configured to be coupled to the sleeve 1062, such
that the sleeve 1062 and the first hinge body 400 are transiationally and pivotally coupled to cach
other. As shown in the illustrated embodiment, the first hinge body 400 is intogral with the
stecve 1062 such that the first hinge body 400 and the sleeve 1062 are monolithic. In another
embodiment the first hinge body 400 includes a recess configured to at least partially receive the
sfceve 1062, In another embodiment, the first binge body 4090 includes a post configured to be at
least partially received within the bore 1083 of the sleeve 1062, In another embodiment, the
sleove 1062 and the first hinge body 400 can include matching pin holes configured to be aligned

and then receive a pin as described in detail above in reference to the first joint 64.
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(6193} Referring to Figs. 11A to 12B and 15A to 16D, in accordance with one
embodiment, the actaator 1032 includes a distraction mut 1096, the drive nut 98, and 3 locking
mechanism 1104, As shown, the distraction nut 1096 and the drive nut 98 are configured 1o be
rotationally and tramslationally coupled 1o cach other, such that for example, as the distraction
nut 1096 translates along the longitudinal direction L, the drive nut 98 also translates along the
longitudinal direction L, and as the distraction nut 1096 rotates about the longitudinal direction
L, the drive nut 98 also rotates about the longitudinal direction L.

[#194] The distraction not 1096 includes a gripping member 1100, such as an actuator
housing 1102. In one embodiment, the gripping member 1100 carries the locking mechanism
1104 such that as the gripping member 1100 moves (for example translates along the
longitudinal direction L. or rotates about an axis aligned with the longitudinal direction L) the
locking mechanism 1104 moves with the gripping member 1100, The gripping member 1100 s
configured to be connected to the sleeve 1062 such that the gripping member 1100 is rotatable,
for exanple about the longitedinal divection L {or the strut axis 1072), relative to the sleeve
1062.

163195} The locking mechanism 1104 1s configured to be connected to, or carried by, the
gripping member 1100 such that when the locking mechanism 1104 is in a first, or locked,
configuration the gripping member 1100 15 rotationally locked with respect to the sleeve 1062,
preventing the gripping member 1100 from rotating relative to the sleeve 1062, The locking
mochanism 1104 can further be configured to be connected to, or carried by, the gripping
member 1100 such that when the locking mechanism is in a sccond, or unlocked configuration
the gripping member 1100 1s rotatable with respect to the sleeve 1062

16196} The gripping member 1100 include a proximal end 1108, a distal end 1110, and
a gripping member body 1112 extending from the proximal end 1108 to the distal end 1110, The
gripping member body 1112 inclodes an outer surface 1114 and an inner surface 1116 that is
opposite the outer surface 1114, The gripping member 1100 forther includes a bore 1118 that is
at fcast partially defined by the inner surface 1116, The bore 1118 extends through the gripping
member body 1112 from the proximal end 1108 1o the distal end 1110, As shown in the
illustrated embodiment, the bore 1118 can include a first portion 11660 and a second portion
1162,

(#1971 The gripping member 1100 defines g first inner dimension D6 measured within
the first portion 1160 of the bore 1118 in a divection perpendicular to the longitudinal direction
L, and a sccond mmer dimension D7 measured within the sccond portion 1162 of the bore 1118

in the direction perpendicular to the longitudingl direction L. As shown, the first and second
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tnner dimensions D6 and D7’ can be different, such that the first inner dimension D6’ is larger
than the second foner dimension 7. The inner surface 1116 defining the first portion 1160 is
partially threaded in one embodiment. In another embodiment, the inner surface defining the
first portion 1160 is entirely threaded or entirely unthreaded.

[6198] The outer surface 1114 of the gripping member body 112 can be substantially
cylindrical such that the gripping member 1100 defines an outer dimension DY/, for example an
outer diameter, measured from a first point on the outer surface 1114, through the strot axis
1072, or alterpatively in the transverse direction T, to a second point on the outer surface 1114
that is opposite the first point. The gripping member 1100 can further include at least one groove
1164 that extends into the gripping member body 1112 from the outer surface 1114 in a direction
toward the inner surface 1116 such that the groove 1164 defines a depth B Although the
ithistrated embodiment of the gripping member 1100 18 shown as being substantially circular in
shape, in another embodiment the gripping member 1100 can include a projection 166 llustrated
in Figs. 7TA to 7D,

[6199] Referring to Figs. 12A 10 12B and 15A fo 16D, as shown in the illustrated
embodiment, the actuator 1032, for example the gripping member 1100, can be configured to
carry the locking mechanism 1104, The gripping menber 1100 defines a first recess 1176 that
extends nto the gripping member body 1112 from a location on the outer surface 1114 and
terminates at a base surface 1177, The first recess 1176 18 configured to receive the locking
mechanism 1104, The locking mechanism 1104 is configured such that in g first, locked
configuration the focking mechanism 1104 prevents rotation of the gripping member 1100
relative to the sleeve 1062, The locking mechanism 1104 can further be configured such that in
a second, vnlocked configoration the locking mechanism 1104 does not prevent rotation of the
gripping member 1100 refative to the sleeve 1062, The gripping member 1100 can further define
a second recess 1179 at least partially defined by the base surface 1177,

[62¢8]  The locking mechanism 1104, can be in the form of 2 spring blased buiton
asscmbly, as shown in the illustrated cmbodiment. The locking mechanism 1104 can include the
locking mechanism body 11035, which as shown can be in the form of the push member 1106, a
biasing member F1R3, which as shown can be in the form of a spring 1184, and the locking
feature 1268, which as shown can mclade the recoss 1097 of the sleeve 1062, The push member
1106 is configured to be fnseried into the first rocess 1176 of the gripping member 1100, and the
spring 1184 1s configured to be nserted into the second recess 1179, such that the spring 1184 4
configurcd to provide a biasing forec to the push momber 1106, The push moemboer 1106 18

configured to translate within the first recess along a direction that, in one cmbodiment, is
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substantiaily perpendicular to the longitudinal direction L. The push member 1106 is
translatable to move the locking mechanisim 1104 from the first, locked configuration to the
second, unlocked configuration.

18281}  According to one embodiment, the push member 1106 can include a push
member body 1400 and a bore 1402 that extends through the push member body 1400, the bore
1402 s configured to receive the sleeve 1062 such that at least a portion of the sleeve ocuter
surface 1097 is positioned within the bore 1402, The push member body 14060 includes an inner
surface 1404 that at least partially defines the bore 1402, The push member 1106 can firther
include an outer surface 1406 that includes an upper surface 1408 and a lower surface 1410, The
upper surtace 1408 can be configured to receive a force from a user, the force being safficient 1o
overcome the biasing force provided by the bissing member 1183 and translate the push member

1166 within the first recess 1176 to the second, unlocked configuration. The lower surface 1410
can be configured to rocetve the biasing force from the biasing member 1143, the biasing force
being sufficient, in the absence of other forces applied by the user, to translate the push member
1106 within the first recess into the first, locked configuration.

14282} The push member 1106, in one embodiment, includes an engagement
mechanism 1412 that is configured to selectively engage with locking feature 1268, which as
shown can be defined by the sleeve 1062, Engagement of the push member 1106 with the recess
1097 defimes a locked configuration of the lecking mechanism such that at least one of the
actuator 1032 and sleeve 1062 is prevented from rotating relative 1o the other about the strut axis
1072, Discngagement of the push member 1106 from the recess 1097 defines an undocked
configuration of the locking mechamism such that at least one of the actuator 1032 and sleeve
1062 is prevented from rotating refative to the other about the strut axis 1072, The engagement
racchanism 1412 can be in the form of a projection 1416 that extends from the mner surface
1404, for example in a direction toward the upper surface 1408, As shown 1n the iHustrated
embuodiment the projection 1416 corresponds in shape, for example is at least partially msertable
info the recess 1097.

[82863] The biasing member 1183 is configured to be inseried info the gripping member
1100, for example into the second recess 1179, such that the biasing member 1183 provides a
biasing force on the push member 1106, for example in a direction away from the base surface
1177, The biasing member 1143 can further be configured such that when push member 1106
and the biasing member 1183 are both inserted within the gripping member 1100, the spring
F184 cxorts a biasing foree on the lower surface 1410 1n a dircetion effsct, for cxamplo

substantially perpendicular to the strut axis 1072, to bias the locking mechanism 1104 towards
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the first, locked configuration. The biasing force being applied in a direction offset to the strut
axis 1072 can allow the biasing member 1183 to bias the push momber 1106 into the first, locked
configuration even when the strut 1024 18 under a load, for exanple during actuation of the
actuator 1032 to change the length L1 of the sirut 1024, when the strut 1024 is attached to 4 pair
of external bone fixation members, such as the bases 22,

[6264] Referring o Figs. 8A 10 8B, 11A to 12B, and 17A 1o 17D, the strot 1024 (as
well as any other embodiments of the strut disclosed herein) can include a locking collar 1450
that 15 configured to be attached to the drive nut 98 of the actuator 1032, The locking collar 1450
includes a locking collar body 1452 and a bore 1454 that extends through the locking collar body
1452, The locking collar 1450 can include a joint 1456 that allows the locking collar 1450 1o
transition, for exampie hinge, between an open configuration and a closed configuration. In the

open configuration the locking collar 1450 is configured to be attached to the drive nut 98, and in

the closed configuration the locking collar 1450 s configured to remain secured to the drive mt
8.

(82851  As shown in the iHustrated embodiment, the bore 1454 s configured to be
attached to the intermediate portion 276 of the drive mt 98 when the collet portion 274 of the
drive nut 9% is in the closed configuration. When the locking collar 1430 is attached to the drive
it 98 such that at least a portion of the imtermediate portion is reccived within the bore 14534,
the locking collar 1450 provents the clamp 288 from moving from the first position to the sccond
position, and thus preventing the collet portion from transitioning from the closed configuration
to the open configuration,

[#286] Referring to Figs. [1A to 12B and {8A to I8F, the strot 1024 can include a
length measurement device 1500 that is configured to display to the user a length of the strut
1624, for example the length LU, Although described in use with the strut 1024 below, the
length measurement device 1500 as deseribed below can also be configured to dispiay the length
of any embodiments of the strut (24, 2024, 3024), for example the length L1,

(8287} In one embodiment, the length measurement device 1500 includes a sensor 1502
and & marker 1504, The marker 1504 is configured to be secured to the stoat 1024, for example
transiationally secured to the distal end 1076 of the threaded rod 1060 such that as the threaded
rod 1060 translates relative to the sleeve 1062 along the strut axis 1072, the marker 1504 also
ranstates relative 1o the sleeve 1067 along the strut axis 1072, In one embodiment the marker
1504 inclades threads that mate with corresponding threads on the threaded rod 1066 to secure

the marker 1504 relative to the threaded rod 1060, In anothor embodiment, the marker 1504 is
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secured to the threaded rod 1060 through other nieans, such as an adhesive material, 2 magnetic
material, or other fastencers.

182081  The senser 1502 is configured to be secured 1o the strut 1024, for example
releasably seceured to the sleeve cuter surface 1092, Once secured to the sleeve 1062, the sensor
1502 is configured to detect the location of the marker 1504 along the strut axis 1072, The
sensor 1502 can further be configured to display the current length, for example the longth L1 of
the strut 1024 that the seusor 1502 is attached 1o based on the detected location of the marker
1504 along the strut axis 1072, The sensor 1502 imcludes a first end 1503, a sccond end 1566,
and a scnsor body 1508 that extends from the first end 1303 1o the second end 1506, In one
embodiment the sensor body 1508 includes an inner surface 1510 that is configured to face, or
abut, the sleeve outer surface 1092, As shown in the illustrated embodiment, the fnner surface
1510 can bave a shape, for example a concave curve, such that the inner surface 1519
corresponds in shape to a portion of the sleeve outer surface 1092,

(8289} The seosor 1502 can include an engagement mechanisma 1512 that ts configured
to engage with the engagement mechanism 1099 of the sleeve 1062 to secure the sensor 1502
relative to the sleeve 1062, In one embodiment, the engagement mechanism 1512 includes a
projection 1514 that s positioned on the inner surface 1510 and extends i a direction away from
the inner surface 1310, The projection 1514 can correspond in shape to the recess 1101 sach that
the projection 1514 is configured {0 be inserted into the rocoss 1101, In onc ombodiment, when
the projection 1514 is inserted into the recess 1101, the sensor 1502 is transiationally secured
relative to the sleeve 1062 such that the sensor 1502 and the sleeve 1062 are prevented from
transtating relative to one ancther along the strut axis 1072, In one embodiment, when the
projection 1514 is inserted into the recess 1101, the sensor 1502 is rotatable relative 1o the sleeve
1062 such that the sensor 1502 and the sleeve 1062 can be rotated relative to one another about
the strut axis 1072,

(8218} In accordance with one embodiment, the sensor 1302 can be configured to be
attached to struts 1024 of difforent sizes. For example the sensor 1502 can be configared to be
attached 10 any combination of lengths of struts 1024, for example extra short, short, medium,
and long struts 1024, and display the cusrent length LY of whichever of the struts 1024 the
sensor 1502 s currently attached to.

(#8211} The sensor 1502 can further include a housing 1516 that encloses additional
components 1518 of the sensor 1502, For example, the housing 1516 can enclose a power
source, such as a battery, and a set of clectronics that are configured to collect data about tho

location of the marker 1504 along the strut axis 1072 and convert that data into a displayed
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fength L1 of the strut 1024, In one embodiment the sensor 1502 includes a display 1520, for
cxample a digital display, which displays the corrent length L1 of the strut 1024 to the user. For
exaraple if the fength L1 of the strut 1024 is currently 115.0 vum, the display 1520 will display
“115.0 mom” as shown in the illustrated embodiment, To another embodiment the sensor 1502 is
configured to transmit the length L1 of the strut 1024, cither through 8 wired or wireless
connection, to a sgparaic display. For example, the sensor 1502 can be configured to transmit
the length 117 of the strut 1024 over a Bluetooth connection to the user’s smartphone.

(8212} Reforring to Figs. [2A to 12B and 19A to 19C, 1in one embodiment the strut
1024 can be actuated to adjust the length .17 as described below. Mote that as shown in Fig. 12A
10 assemble the strut 1024, the sloeve 1062 would be rotated 90 degrees about the strut axis so
that first hinge body 400 fits through the bore 1118 of the gripping mermber 1100, then the sleeve
1062 would be rotated another 90 degrees in the same direction of rotation about the strat axis
1072 o that the recass 1097 faces “downward” and is aligned with the projoction 1416 of the
push member 1106,

(6213} Referring to Figs. 19A to 198, the strat 1024 defines a first value for the length
L1 and the strut 1024 is i a locked configuration. The length L1 is measured from a figst point
onthe strut 1024 10 a second point on the strut 1024, As shown in the illustrated embodinen,
the first point can be located within the sleeve, for example the center of the first pin hole 422,
and the sceond point can be located within the threaded rod 1060, for example the center of the
pint hole 1341a. Thus, in onc cmbodiment, the length £17 is measured from the center of the first
pin hole 422 to the center of the pin hole 1341# in a straight line along the strut axis 1072, The
length Li" of the strut 1024 1s adjustable between a first length (as shown in Figs, 19A and 19B),
for example a minimum length and a second length (as shown in Fig. 19C), for example a
raxiowm length, The length L1 is adjustable by actuation of the actuator 1032, The actuation
of the actuator 10372 can clade translation along the strut axis 1072, rotation about the strut axis
1072, or both relative to the threaded rod 1060,

[6214] To change the length LU of the strut 1024, the locking mechanism 1104 is
moved from the first, locked counfiguration (as shown in Fig. 19A) to the second unlocked
configuration {(as shown in Fig. 198). For example, an applied force is exerted by a user on the
upper sarface 1408 of the push member 1106, Once the applied force is greater than the biasing
force applied by the spring 1184 on the lower surface 1419, the push member 1106 translates
towards the base surface 1177 and compresses the spring 1184, As described above the direction
of transiation of the push momber 1106 15 substantially porpondicular to the strut axis 1072,

according to one embodiment.
- 46 -



CA 02905865 2015-09-11

WO 2014/159824 PCT/US2014/025263

{6218} Referring to Fig. 19B, the push member 1106 can be translated toward the base
surface 1177 until the projection 1416 is completely removed from the 1097, as shown., When
the projection 1416 is removed from the recess 1097, the locking mechanism 1104 15 in the
second, unlocked configuration and the actuator 1032 is now rotatable relative to the threaded
rod 1060 about the strot axis 1072,

[6216] Once the actuator 1032 has been rotated in a first direction, for example counter-
clockwise, such that the projection 1416 of the push member 1106 is no longer aligned with the
recess 1097, the applied force can be removed from the upper surface 1408, A torque applied to
the gripping member 1100, will cause the actuator 1032 to rotate relative to the threaded rod
1660. Because the actuator 1032 is translationally coupled to the sleeve 1062, rotation of the
actuator 1032 causes the threaded rod 1060 to translate relative to the actuator 1032 and the
sleeve 1062 changing the length L1, As shown in the ilfustrated embodiment, the shoulder
portion 1094 is captured between the distraction nut 96 and the drive nut 98, such that the
actuator 1037 s translationally coupled 1o the sleove 1062,

(62177  Upon the completion of a fall rotation (360 degrees) of the actnator 1032
relative to the slegve 1062 about the strut axis 1072, the projection 1416 of the of the push
merber 1106 is once again in alignment with the recess 1097 of the sleeve 1062, Once the
projection 1416 and the recess 1097 are aligned, the biasing force of the spring 1184 translates
the push member 1106 in a dircction, for cxample substantially perpendicular to the strut axis
1072 until the projection 1416 is at least partially received within the recess 1097, When the
projection 1416 is at least partially received within the recess 1097 the locking mechanism 1104
is once again m the first, locked configuration and further rotation of the actuator 1032 relative to
the threaded rod 1060 about the strut axis 1072 is prevented by interference between the
projection 1416 and the recess 1097, Tn one embodiment, the locking mechanism body 1103, for
exaraple the projection 1416, and the locking feature 1268, for example the recess 1097, include
opposed surfaces, for example first and second surfaces. The opposed surfaces are configured
such that no amount of torque applicd by hand to the locking mechanism 1104 about the strut
axis 1072 will cause the opposed surfaces to cam over one another,

[8218] In one embodiment, the opposed surfaces are planar and substantially parallel to
one another. In another embodiment the opposed (first and second) surfaces are substantially
perpendicular to the strut axis 1072, As the locking mechanism 1104 transiates back into the
first, locked configuration an audible indication, for example a “click” can be produced to alerta
uscr to the completion of a revolution of the actuator 1032 and confirm that the locking

mechanisi 1104 is once again in the first, locked configuration. In another embodiment, as the
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focking mechamism 1104 rotates back into the first, locked configuration a visual indication, a
tactile indication, or hoth are producad, cither instead of or in addition o the audible indication,
1o alert the user to the conpletion of a revolution of the actuator 1032 and confiro that the
locking mechanism 1104 is once again in the first, locked configuration.

[6218] As shown, the locking mechanism 1104 is configured such that the biasing force
of the spring 1184 is applied to the lower surface 1410 of the push member 1106 in a direction
that is angularly offset from the ditection of clongation of the strut 1024, or the strut axis 1072,
As shown in the illustrated embodiment the biasing force can be applhied to the lower surface
1410 in a direction that is substantially perpendicular to the direction of elongation of the strut
1024 or the strut axis 1072, The angular offsct of the biasing force relative to the strut axis 10772,
can prevents the application of a torque to the actoator 1032 from rotating the actuator 1032
relative to the threaded rod 1060 when the locking mechanism 1104 s in the first, locked
configuration. Thus, in the illustrated embodiment, only when the locking mechanism 1104 is
the second, vnlocked configuration does the application of a torgue to the actuator 1032 rotate
the actuator 1032 relative to the sleeve 1062,

18228} The strut 1024 can be configured such that a single rotation (360 degrees) of the
actuator 1032 relative to the threaded rod 1060, translates the threaded vod 1060 a predetermined
amount relative to the sleeve 1062, Thus a single rotation of the actaator 1032 relative to the
threaded rod 1060 can change the length L1 2 predetermined amount. The predetermined
amount can be adjusted, for example by selecting a pitch for the corresponding threads of the
actuator 1032 and the threaded rod 1060, In one embodiment, a single rotation of the actuator
1032 relative to the threaded rod 1060, changes the length L1’ of the strat 1024 by | mm.

{6221} Referring to Fig. 19A to 19C, the marker 1504 as shown is secured proximate
the distal end 1076 of the threaded rod 1060, Additionally, the sensor 1502 13 scoured to the
sleeve 1062, With the marker 1504 and the sensor 1502 in place as shown, the sensor 1502 will
determine the postiion of the marker 1504 relative 10 the sensor 1502 with respect to the strut
axis 1072 and calculate a value for the length L1 of the strut 1024, The value for the length L1°
can then bo displayed or transmitied to a device that displays the length L1 to the user. As the
length L1 of the strot 1024 s adjusted and the threaded rod 1060 transiates relative to the sleeve
1062, the marker 1504 moves from a first position 1600 (as shown in Figs. 19A and 19B)
relative 1o the sensor 1502 with respect 1o the strut axis 1072, ¢ & sccond position 1602 (as
shown i Fig. 190} relative to the sensor 1502 with respect to the strut axis 1072, As the marker

ES04 moves from the first position 1600 to the sccond position 1602 the sensor 1502 continually
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determines the current length L7 of the strut 1024 and displays or transmits the current length
L1

19222} Referring to Figs. 20A 1o 20D, 1n one embodiment, the device 20 can include at
least one strat 2024, The structure, function, and method of use of the stnut 2024 15 similar to
structure, function, and method of use of the strut 24 in many aspects such that the deseription of
the strut 24 herein can be applied to the strut 2024 excepit where indicated to the contrary. In
accordance with one embodiment, the strut 2024 includes a strut body 2023, the strut body 2023
can include, a first member, for example a threaded rod 2060, and 2 second member, for gxample

siceve 2062, The threaded rod 2060 and the sleeve 2062 are configured to be connected such
that the threaded rod 2060 and the sleeve 2062 are translatable relative 0 one ancther. The strut
2024 can further include the first jomt 64, as described in detail above, connected to the threaded
rod 20560, and the second joint 66, as described in detail above, connected to the sleeve 2062.
The strut 2024 also inclades an actuator 2032 configured to be conpled to the strut 2024, for
example sapported by the strut body 20235 such that actuation of the actuator 2032 trauslates the
threaded rod 2060 relative 1o the sleave 2062,

142231 The strut 2024 includes 3 first end, such as a proximal e¢nd 2068, and a second
end, such as a distal end 2070, The strut 2024 further includes a strot axis 2072 that extends
from the proximal end 2068 to the distal end 2070, The strut 2024, sccording to one
cmbodiment, can be clongate along the strut axis 2072 as shown in the ithustrated embodiment.
The strut axis 2072 can be a coniral axis, and the strut axis 2072 can further be parallel to the
longitudinal direction L. The strut 2024 defines a length L1 measured fron a fivst point 2073
on the strut body 2025 to a second point 2075 on the sinut body 20285, the length 1" being
measured along the strut axis 2072, In one cmbodiment the first point 2073 is located at or near
the proximal end 2068, for example inthe first joint 64, and the sccond point 20735 is located at
or near the distal end 2070, for example n the second joint 66, Actuation of the actuator 2032
causes the threaded rod 2060 to transiate relative to the sleeve 2062, changing the length 11"

(6224} The threaded rod 2060 is similar to the threaded rod 60 in many aspects such
that the description of the threaded rod 60 herein can be applied 10 the threaded rod 2060 except
where indicated to the contrary. The strut 2024 can include a follower 2077, The follower 2077
can be supported by the rod distal end 2076 as shown m the illustrated embodiment. The
follower 2077 is configured to prevent the threaded rod 2060 from rotating relative to the sleeve
2062 as the threaded rod 2060 translates relative to the sleeve 2062,

(62251 Asshown in the iHlustrated cmbodimont, the follower 2077 can be configured

similarly to the follower 77. The rod distal end 2076 can include a flat section that is configured
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to receive the follower 2077 such that the follower 2077 is positioned in a hole 2081 in the
threaded rod 2060, such that the follower 2077 protrudes at least partially owt of the hole 2081
and at least partially into a track 2089 of the sleeve 2062 as described in detail below to prevent
the threaded rod 2060 from rotating relative to the sleeve 2062 about the strut axis 2072,

{6226} The sleeve 2062 is similar o the slecve 62 in many aspects such that the
description of the sleeve 62 herein can be applied to the sleeve 2062 except where indicated to
the contrary. The slecve 2062 includes a first end, for exanple a sleeve proximal end 2082, a
second end, for example a sleove distal end 2084, and a sleeve body 2086 that extends from the
steeve proximal end 2082 1o the sieeve distal end 2084 and is elongate in the longitudinal
direction L. The sleeve body 2086 includes a sleeve proximal portion 2087 that includes the
sieeve proximal end 2082, and a sleeve distal portion 2091 that maclodes the sleeve distal end
2084, The sleeve 2062 can also include a recess such as a bore 2088, as shown, that extends into
and at least partially through the sleeve body 2086 from the sleeve proximal end 2087, in the
longitudinal direction L towards the sleove distal ond 2084,

(82271 In one embodiment, the sleeve 2062 s configured to connect the actuator 2032
such that the actuator 2032 is translationally fixed relative to the skeeve 2062, and rotatable about
the strut axis 2072 relative to the sleeve 2062, The actuator 2032 can include a distraction nut
2096, and a drive nut 2098, The actuator 2032 can be configured to carry at least a portion of 2
locking mechanism 2104 of the strut 2024, In one embodiment, the distraction nut 2096 and the
drive nut 2094 are configured to be rotationally and translationally coupled to cach other, such
that for example, as the distraction nut 2096 translates along the fongitudinal divection L, the
drive nut 2098 also translates along the longitudinal direction L, and as the distraction nut 2096
rotates about the longitudinal direction L, the drive nut 2098 also rotates about the longitudinal
direction L.

182281 The locking mechamsm 2104 can clude a locking mechanism body 2105, for
example a lever 2106 and a locking feature 2268, for example a recess 2270 that is configured to
receive a stop portion 2188 of the lever 2106, as deseribed in further detail below. According to
one embodiment, the sleeve proximal portion 2087 can define the focking feature 2268, The
recess 2270 and the stop portion 2188, in one embodiment, have corresponding shapes such that
when the focking mechanism 2104 13 in the first, locked configuration the stop portion 2188 15 at
feast partially received within the recess 2270 proventing rotation of the locking mechanism
2104 relative to the sleove 2062 sbout the strut axis 2072, When the locking mechanism 2104 1s

in the second, unlocked configuration, in onc cmbodiment the siop portion 2188 is complotely

- 50 -



CA 02905865 2015-09-11

WO 2014/159824 PCT/US2014/025263

removed from the recess 2270 such that the locking mechanism 2104 can rotate relative to the
sloeve 2062, for exarople about the strut axis 2072.

182291 As shown in the illustrated embodiment, the sleeve 2062 can include a shoulder
portion 2093 that defines the locking festure 2268, The shoulder portion 2093 is structurally and
fimctionally similar fo the bearing 190 described above in reference to strut 24, except that the
shouider portion 2093 1s intogral, or monolithic, with the sleeve 2062,

[8238] The sleeve 2062 can further include a rack 2089 that is configured 1o receive
the follower 2077 of the threaded rod 2060 such that interference of the foliower 2077 and the
irack 2089 prevents rotation of the threaded rod 2060 relative to the sleeve 2062 as the threaded
rod 2060 translates relative to the sleeve 2002, The track 2089 is similar to the track 89 in many
aspects such that the description of the track 89 herein can be applied 1o the track 2089,

(62311 In one embodiment the strot 2024 can include 8 length indicator 2500, The
length ndicator 2500 18 similar to the length indicator 500 in many aspects such that the
description of the length mdicator S00 hercin can be applied to the longth tndicator 2500, In
another embodiment, the strut 2024 can include the length measurement device 1500 instead of
the length indicator 500,

10232}  The strut 2024 further includes the actuator 2032, The actator 2032 is similar
fo the actuator 32 in many aspects such that the description of the actuator 32 herein can be
applicd to the actuator 2032,

[8233] In one embodiment the strut 2024 can be assembled and actuated as described
below. The actuation of the actuator 2032 can include translation along the strut axis 2072,
rotation about the strut axis 2072, or both relative to the threaded rod 2060. The threaded rod
2060 can be inserted into the bore 2088 of the sleeve 2062 such that the follower 2077 is at least
partially received within the track 2089, Once the threaded rod 2060 is positioned withio the
sleeve 2062 as described, the threaded rod 2060 and the sleeve 2062 are transiatable relative to
each other along the strut axis 2072, but they are not rotatable relative (o each other about the
strut axis 2072.

[8234] The actuator 2032 is attachable to the strut body 2025 such that the shoulder
portion 2003 of the sleeve 2062 is captured between a distraction nut 2096 of the actuator 2032
and a drive nut 2098 of the actoator 2032 such that the shoulder portion 2093 1s rotatable relative
to the actuator 2032 about the strut axis 2072, The drive nut 2098 is attachable to the distraction
nut 2096 such that the drive nut 2098 and the distraction not are translationally and rotationally

coupled to cach other.
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(#2358} The drive nut 2098 is similar to the drive mut 98 as described herein such that
the drive nut 2098 is configured to be placed i a closed ccmﬁgm‘a‘rion aund an open configuration
as described m detail above in reforence 1o drive nut 98, To change the length L1 of the strut
2024, the locking mechanism 2104 is moved from the first, locked configuration to the second
uniocked configuration, For example, an applied force is excerted by a uscr on a base portion
2186 of the lever 2106 of the locking mechanism 2104, The applied force is greater than the
biasing force applicd by a spring 2184 on a base portion 2186 of the lever 2106, and the applied
torce s apphied i substantially the opposite direction of the biasing foree of the spring 2184,

{62381 Application of the applied force as described above pivots the lever 2106 about
a pivot axis 2178, As the lever 2106 pivots about the pivot axis 2178, the stop portion 2188 of
the lever 2106 moves out of engagement with the recess 2270 of the sleeve 2062, When the stop
portion 2188 is removed from the recess 2270, the locking mechanism 2104 15 1n the second,
unlocked configuration and the actuator 2032 is now rotatable relative to the threaded rod 2060
about the strut axis 2072,

(82371 Omee the locking mechanism 2104 i3 1n the second, wnlocked configuration a
torque applied to the gripping member 2100, for example to a projection 2166, rotates the
actuator 2032 relative to the threaded vod 2060. Because the actuator 2032 is translationally
coupled to the sleeve 2062, rotation of the actuator 2032 causes the threaded rod 2060 1o
translate relative to the actuator 2032 and the sleeve 2062, causing the length 117 to change.

(8238} Upon the completion of a fisll rotation (360 degrees) about the strut axis 2072,
the stop portion 2188 of the lever 2106 will be in alignment with the recess 2270 of the sleeve
2062, Once the stop portion 2188 and recess 2270 are aligned, the biasing force of the spring
2184 pivots the lever 2106 about the pivot axis 2178 uatil the stop portion 2188 is at least
partially received within the recess 2270, When the stop portlon 2188 is at least partially
recetved within the recess 2270 the lockimg mechanism 2104 1s once again in the first, locked
configuration and further rotation of the actaator 2032 relative to the sleeve 2062 and the

throaded rod 2060 about the strut axis 2072 is prevented by interforence between the stop portion

the stop portion 2188, and the locking feature 226%7 tor exampie the recess 2270, include
opposed sorfaces, for example first and second surfaces. The opposed surfaces are configured
such that no amount of torque applied by hand fo the locking mechanism 2104 about the stnxt
axis 2072 will cause the epposed surfaces to cam over one another.

[623%] In onc cmbodiment, the opposed surfaces are planar and substantially paralicl to

on¢ another. In another embodiment the opposed (first and second) surfaces are substantially
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perpendicular to the strot axis 2872, As the locking mechanism 2104 rotates back into the first,
locked configuration an audible tudication, for example a “click” is produced to alert a user to
the completion of a revolution of the actuator 2032 and confirm that the locking roechanism
2104 is once again in the first, locked configuration. In another embodiment, as the locking
mechanism 2104 rotates back into the first, locked configuration a visual indication, a tactile
indication, or both are preduced, cither instead of or in addition to the audible indication, to alert
a user to the completion of a revolution of the actuator 2032 and confirm that the locking
mechanism 2104 1s once agam in the first, locked configuration.

{62481 The locking mechanism 2104 can be configured such that the biasing force of
the spring 2184 is applied to the base portion 2186 of the lever 2106 in a divection that is
angularly offset from the direction of elongation of the strut 2024, or the strut axis 2072, as
shown in the Hustrated embodiment. The angular offset of the biasing force relative to the strut
axis 20072, shown in the iliusiraied cmbodiment, can help prevent the application of a torque to
the actuator 2032 from rotating the actuator 2032 relative to the threaded rod 2060 whern the
locking mechanism 2104 is in the first, locked configuration. Thus, in one embodiment, only
when the focking mechanism 2104 1s n the second, unlocked configuration docs the application
of a torque to the actuator 2032 rotate the actuator 2032 relative to the threaded rod 2060,

(6241} Referrmgto Figs. 21A w 210, in oue embodiment, the device 20 can inchide at
least one strut 3024, Thoe structure, function, and method of use of the strut 3024 is similar to
structure, function, and method of use of the strut 24 in many aspects such that the description of
the strut 24 berein can be applicd to the strut 3024 except where indicated to the contrary. In
accordance with one embodiment, the strut 3024 schudes a strut body 3025, the strut body 3025
can include, a first membey, for example a threaded rod 3060, and a second member, for example
a siceve 3062, The threaded rod 3060 and the sleeve 3062 are configured to be connected such
that the threaded rod 3060 and the sleeve 3062 are translatable relative 10 one another. The stnxt
3024 can further inchude the first joint 64, as described in detail above, connected to the threaded
rodd 3060, and the second joint 66, as described in detall above, connecied to the sleeve 3062,
The strut 3024 also includes an actuator 3032 configured 1o be coupled to the strut 3024, for
example supported by the strut body 3028 such that actuation of the actuator 3032 transiates the
threaded rod 3060 relative to the sleeve 3062.

(8242} The strut 3024 includes 3 first end, such as a proximal end 3068, and a second
end, such as a distal end 3070, The strut 2024 further includes a strot axis 3072 that extends
from the proximal ond 3068 to the distal ond 3070, The strut 3024, according to onc

embodiment, can be elongate along the strut axis 3072 as shown in the ilustrated embodiment.
-53-



CA 02905865 2015-09-11

WO 2014/159824 PCT/US2014/025263

The strut axis 3072 can be a central axis, and the strat axis 3072 can further be parallel to the
fongitudinal direction L. The strut 3024 defines a length L1 measured from a first point 3073
on the strut body 3025 1o a second point 3073 on the strit body 3025, the length L1 being
measured along the strut axis 3072, Tn one embodiment the fivst point 2073 is located at or near
the proximal end 3068, for example in the first joint 64, and the sccond point 3075 is located at
or near the distal end 3070, for example in the second joint 66. Actuation of the actuator 3032
causes the threaded rod 3060 1o wanslate relative to the sleove 3062, changing the length L1,
{#243F The threaded rod 3060 is similar to the threaded rod 60 i many aspects such
that the description of the threaded rod 60 herein can be applied to the threaded rod 3060 except

7

whete indicated to the contrary, The strot 3024 can include a follower 3077, The follower 3077
can be supported by the threaded rod 3060 such that the follower 3077 15 both translationally and
rotationally secured to the threaded rod 3064, The follower 3077 is configured to prevent the
throaded rod 3060 from rotating relative to the sleeve 3062 as the threaded rod 3060 translates
velative 1o the sleeve 3062, As shown in the illustrated embodiment, the threaded rod 3060 can
include a hole 3081 that is configured to recetve the follower 3677,

16244} The sleeve 3062 is similar to the sleeve 62 in many aspects such that the
description of the sleeve 62 herein can be applied to the sleeve 3062 except where jndicated to
the contrary., The sleeve 3062 includes a fivst end, for example a sleeve proximal end 3082, a
sccond cnd, for example a sloeve distal end 3084, and a slecve body 3086 that exicnds from the
stecve proximal end 3082 1o the slceve distal end 3084 and is clongate in the lengitudinal
direction L. The sleeve body 3086 includes a sleeve proximal portion 3087 that inclodes the
steeve proximal end 3082, and a sleeve distal portion 3091 that includes the sleeve distal end
3084. The sleeve 3062 can also include a circumferential groove 3093 that is configured to
secure the steeve 3062 1o the actuator 3032 as described in detail below. As shown 1o the
ithistrated embodiment the circumferential groove 3093 is posifioned within the sleeve proximal
portion 3087 und extends into and at least partially through the sleeve body 3086.

(8245} The sloeve 3062 is configured to connect the actuator 3032 such that the
actuator 3037 is translationally fixed relative 1o the sleeve 3062, and rotatable about the strut axis
3077 refative to the sleeve 3062, As shown the in the Hlustrated embodiment, the strut 3024
includes a member, for example a c-clip 3700, that 1s configured to be partially received in the
cireumferential groove 3093 of the sleeve 3062 and partially in a circumferential groove 3033 of

the actuator 3032,



CA 02905865 2015-09-11

WO 2014/159824 PCT/US2014/025263

(#2486} The strut 3024 further inchides the actuator 3032, The actuator 3032 includes a
distraction mut 3096, The distraction nut 3096 includes a first portion 3098 that is configured to
recetve the sleeve proximal portion 3087, and a second portion 3099 that is configured to receive
the threaded rod 3060, As shown the first portion 3098 can include a recess 3102 that is defined
by an inner surface 3104 of the first portion 3098, The second portion 3099 can include a
through bore 3106 that is defined by an inner surface 3108 of the second portion 3099, Inone
embodiment, the ner surface 3108 of the second portion 3099 includes threads that are
configured to engage with the threaded rod 3060 and the mmer surface 3104 of the fisst portion
3098 is ynthreaded. In one embodiment, the inner surface 3108 defings a circumference, and an
entirety of the circumterence of at least a portion of the inner surface 3108 is threaded. In
another embodiment, the entirety of the circomference contacts the threaded rod 3060 both when
the actuator is rotated in a first direction of rotation about the strut axis and when the actuator is
rotated in a second direction of rotation abowt the strut axis that is opposite the fivst direction of
rotation.

(8247} In one embodiment, the actuator 3032 can define a maximum outer diameter
D1, As shown in the illustrated embodiment, when the actuator 3032 is supported by the
sleeve 3062, the actuator 3032 defines a first maxtmum cross-sectional dimension OD1 with
respect to a direction perpendicular to the strut axis 3072, In one embodiment when the actuator
3032 1s supported by the slecve 3062, the strut 3024 15 devoid of any mechanism that disengages
the threaded attachment of the inner surface 3108 of the acmator 3032 and the threaded rod
3060,

(#8248} The strut 3024 can further include a locking mechanism 3200, The locking
mechanism 3200 can inchide a cinch nut 3202 that defines g locked configuration and an
undocked configuration. When the locking mechanism 3200 is in the locked configuration the
actuator 3032 s prevented from rotating relative to the sleeve 3062 about the strut axis 3072,
The locking mechanism 3200 can be configured such that when the locking mechanism 3200 s
in the locked configuration the actuator 3032: 1) is prevented from rotating relative to the sleove
3062 about the strut axis 3072 in one direction, for sxample a clockwise direction, and 2) is free
to rotate relative to the sleeve 3062 about the strut axis 3072 in another direction, for example a
counter-clockwise direction. When the locking mechanism 3200 is in the unlocked
configuration the actuator 3032 is free o rotate relative 1o the sieeve 3062 about the strut axis
3072 in cither divection.

[624%] The cinch nut 3202 can melude a first surface 3204, a sccond surface 3206 that

faces opposite the first surface 3204, and a cinch nut body 3208 that extends from the first
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surface 3204 to the second surface 3206, The cinch nwt 3202 can further incinde a threaded bore
hole 3210 that extends through the cinch nut body 3208 from the first surface 3204 to the sccond
surface 3206, When the cinch mut 3202 15 attached to the threaded rod 3060 such that the
threaded rod 3060 is received within the threaded bore hole 3210, the first surface 3204 faces the
actuator 3032, The strut 3024 is configured such that in the locked configuration the first surface
3204 of the cinch nut 3202 abuts the second portion 3099 of the actuator 3032, The strut 3024
can further be configured such that in the unlocked configuration the first surface 3204 of the
cinch nut 3202 1s spaced from the second portion 3099 of the actuator 3032 along the strut axis
3072. The cinch nut 3202 is configured to be rotated with respect to the threaded rod 3060 about
the strut axis 3072 to move from the locked configuration to the unlocked configuration. The
cinch nut 3202 can further define a second maximum cross-sectional dimension. When the
locking mechanism is supported by the threaded rod the second maximum cross-sectional
dimension OD2 is measured in a direction perpendicular to the striat axis 3072, Tnone
embodiment the second maximum cross-sectional cuter dimension OD2 1s greater than the fust
maximunm cross-sectional dimension QD1

142508} The actuation of the actuator 3032 includes, in one embodiment, only rotation
about the strut axis 3072, relative to the threaded rod 3060, To increase the length 117 of the
strut 3024, the locking mechanism 3200 can be in either the locked configuration 1o the onlocked
configuration, as the cinch mut 3202 15 configured to only prevent rotation of the actuator 3032
relative to the sleeve 3062 and the threaded rod 3060 in a direction that decreases the length E17
To decrease the length L1 of the strut 3024, the locking mechanism 3200 swst be in the
uniocked configuration. In another embodiment, to adjost the length L17 of the strut 3024
either direction, the locking mechanism 3200 must be in the unlocked configuration.

182511 According to one embodiment, to change the length L1 of the strut 3024, a
forque is applied to a gripping member 3100 which causes the actuator 3032 1o yotate relative to
the threaded rod 3060 and the sleeve 3062 about the strot axis 3072, The rotation of the actuator
3032 relative to the threaded red 3060 and the sleeve 3062 causes the threaded rod 3060 to
translate relative to the actuator 3032 and the sleeve 3062, along the strut axis 3072 causing the
length £17 to change.

[#282] Omnce the desired length L1 of the strut 3024 has been achieved, the cinch mat
3202 can be rotated with respect to the threaded rod 30660 about the strut axis 3072 which causes
the cinch wot 3202 to trapslate toward the actuator 3032, Once the cinch not 3202 abuts the
actuator 3032 the strut 3024 is in the locked configuration and further adjustment of the length

L1 is restricted (in at least one direction, or alternatively in both directions).
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(82531 The strut 3024 can be configured as shown such that in the anlocked
configuration, rotation of the actuator 3032 with respect to the sleove 3062 about the strat axis
3072 requires & pinumum force that is constant throughout a full (360 degrees) rotation in cither
direction.

[6254] The device 20 can further include one or more, for example a plurality of
identification members 3400 that are sach configured to be supported by the strut body 3025.
Fach of the identification members 3400 can include information that identifies or distinguishes
each of the struts 3124 that the identification member 3400 1s attached to from another ofthe
struts 3024, In one embodiment the identification membets 3400 are color coded. The color
coded identification members 3400 can facilitate the user completing a treatment plan. For
exarple, @ patient’s take home mstructions could mchude directions fo merease the length of the
red strut 3024 by | mum on day 1, and to then increase the length of the bhie stret 3024 by 3 mm
on day 2, and so on. In another embodiment the identification members 3400 are numbered so
as to wdentify the struts 3024 by mumber (1, 2, etc.}). The identification member 3400 can nchide
a label 3402 that is attached, as shown in the illustrated embodiment, to an outer surface 3114 of
the distraction mut 3096.

18258} Referring to Figs. 224 10 221, according 1o another embodiment the strut 3024
can include a cinch nut 32027, The cinch mut 32027 includes a post member 3207 that extends out
from the second surface 3206 of the cinch nut 32027 in a direction away from the first surtace
3204. The post member 3207 can be configured to receive the identification member 3400 as
shown n the iHustrated embodiment. The identification member 3400 can include 2 member
3404 that s configured to be attached, for example snap fit, onto the post member 3207,

(6258} Referring to Figs. 1A-2B and 5A-68, in one embodiment, the device 20 is
configurced such that when one of the first and sccond end portions 26 and 28 of the strut 24 is
attached to one of the bases 22 the strut 24 s rotatable about the strut axis 72 relative to the
attached base 22, for example a hole 50 of the attached base 22, In another embodiment, the
device 20 is configured such that when the first eod portion 26 is attached to one of the bases 22,
and the second end portion 28 is attached to another of the bases 22, the strut 24 is rotationally
locked relative to the bases 22, such that the strut 1s not rotatable about the strut axis 72 relative
to the attached base 22, for example a hole 50 of the attached base 22.

(#2871 inone embodiment, the device 20 includes the strut 24 having the first joint 64,
the second joint 66, and the length L1 measured from the first joint 64 to the second joint 66
along a strut axis 72, The first and sccond joints 64 and 66 definimg first and second fastonoer

receiving holes 350 and 450 respectively, that are ¢ach configured to roceive a fastencr 14 that is
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configured to secure the strut 24 to a base 22, The strot 24 inclhudes the actuator 32 configured to
adjust the length L1, and a locking mechanism 104. The locking mechanism 104 is configured
to be supported at [oast partially by the actuator 32, and the locking mechanism 104 mcludes a
locked configoration in which the actuator 32 is prevented from adjusting the length L1, and an
uniocked configuration in which the actuator 32 is able to adjust the leagth L1

(0258} The device 2{ further can include first and second extornal bone fixation
members, such as bases 22a and 22b. Each of the first and second external bone fixation
members includes a fivst side wall 44 (or an inner sorface) and a second side wall 46 (or an outer
surface) that is opposite the first side wall 44, The first side wall 44 defines a space configured
10 receive the bone 2. The first and socond bases 22 each further inchude a top (or first) surface
3% and a bottom {or second) surface 40 that each extends between the respective first and second
side walls 44 and 46. The bases 22 each further including & hole 30 extending from the first (or
apper) surface 38 o the sccond (or lower) surface 40, the hole 50 configured to receive a fastener
14 to attach the strut 24 to the base 22. The first side wall 44 defines an opening 48 configured
1o receive the bone 2, and the base 22 defines 2 center 49 and 4 radial outward direction that
extends from the center 49 to the hole 56 (“fastener receiving hole™) that receives a fastener 14 to
attach the strut 24 to the base 22,

16289} A method of assembling the external bone fixation device 20 according to any
of the embodimoents disclosed hereim is deseribed below. A method of assemblhing the external
bone fixation device 20 according to any of the embodiments disclosed herein is described
below. Any of the embodiments of the strut described herein, for example the strat 24, can be
positioned refative to the first external bone fixation member (for example the first base 22a)
such that the fastener recciving hole 350 of the first joint 64 is aligned with the fastener receiving
hole 50 of the first base 22a. A first fastener 14 5 inserted into and at least partially through the
fastener receiving hole 350 of the first joint 64 and the fastener receiving hole 50 of the fizst base
22a, such that at least a portion of the strut 24, is rotatable about the strut axis 72 relative to the
fastener receiving hole 50 of the first base 22a. In onc cmbodiment at leasi the locking fosture
268 is rotatable about the sirut axis 72 relative to the fastener receiving hole 50 of the first base
22a. In another embodiment at least the length indicator 500 is votatable about the strut axis 72
relative to the fastener receiving hole 50 of the first base 223, In one embodiment an entivety of
the strut 24 is rotatable about the strut axds 72 relative to the fastener receiving bole 30 of the
first base 22a.

(82687 The at loast a portion of the strat 24 can be rotated about the strut axis 72

relative to the fastener receiving hole 50 of the first base 22a such the at least g portion of the
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strut 24, for example the locking feature 268 is in a predetermined orientation. The
predetermined oricntation can be one in which the at lcast a portion of the strut 24, for example
the locking feature 268 15 spaced from the strut sis 72 in a radially outward dirgction (2
direction from the center 49 1o the fastener receiving hole 50 of the first base 22a). The
predetermined origntation can include a range of orientations such that the locking feature 268 is
spaced from the struf axis 72 in a direction that includes a vector that is radially outward (a
direction from the conter 49 to the fastener receiving hole 50 of the first base 22a),

(8261} In other words at least a portion of the strut 24, for example the locking feature
208, is rotated such that the locking mechanism 104 faces outward frony the opening 48 and the
bone 2. The strut 24 is positioned relative to the sccond external bone fixation meraber (for
example the base 22b) such that the fastener receiving hole 450 of the second jont 66 15 aligned
with the fastener receiving hole 30 of the second base 22b. A second fastener 14 is inserted into
and at least partially through the fastener receiving hole 450 of the second joint 66 and the
fastoner receotving bole 50 of the second base 22b. Wherein after both of the fasteners 14 bave
been inserted into the respective fastener recetving holes, the portion of the strut 24, for example
the actuator 32, is not rotatable relative to the fastener receiving hole 50 of the first base 22z
about the strut axis 72 when the locking mechanism 104 is in the locked configuration,

18262} According to ancther embodiment, a method of assembling an external bone
fixation dovice configured to repair a deformity i a bong s described below, The external bone
fixation device includes first and second external bone fixation members, and a strut that has a
first joint contfigured to be attached to the first external bone fixation member, and a scocond joint
spaced from the first joint along a strut axis, the second joint configured to be attached 1o the
second external bone fixation member. The method comprises the steps of poesitioning the strut
relative to the first external bone fixation wember such that & fivst fastener receiving hole of the
first joint 1s aligned with a second fastener receiving hole of the first external bone fixation
member, inserting 4 first fastener at least into the fivst fustener receiving hole and the second
fastener receiving hole so as to attach the tirst joint to the first external bone fixation member,
rotating the strut relative to the first external bone fixation member about the strut axis to a
predetermined orientation {as described above}, aligning a third fastener receiving hole of a
second joint of the strut with a fourth fastener receiving hole of the second external bone fixation
member, and inserting a sccond fastener at least into the third fastener receiving hole and the
fourth fastener receiving hole so as to attach the second joint to the second external bone fixation
membeor, such that cach of the first and second joints is rotatably fixed with respeet to both of the

first and second external bone fixation members about the strut axis,
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(82631 In another embodiment, the method of assembling the external bone fixation
device 20 according to any of the embodiments disclosed herein inclades, positioning the strut
24 relative to the second external bone fixation member (for example the second base 22b) such
that the fastener receiving hole 350 of the first joint 64 is aligned with the fastener receiving hole
50 of the sccond base 22b. A first fasicner 14 is inserted into and at feast partially through the
fastener receiving hole 330 of the first joint 64 and the fastener receiving hole 50 of the second
base 22b, such that at least a portion of the strut 24, for example the actuator 32, is rotatable
about the strut axis 72 relative to the fastener receiving hole S0 of the second base 22b. The
actuator 32 can be rotated about the strot axis 72 relative to the fastener receiving hole 50 of the
sccond hase 22b such that the focking mechanism 104 is spaced from the strutaxis 72 ina
radially outward direction {a direction from the center 49 1o the fastener receiving hole 50 of the
sccond base 22b). In other words at least a portion of the strat 24, for example the actuator 32, is
rotated such that the locking mechanism 104 faces outward from the opening 48 and the bone 2.
The strut 24 1s posttioned relative to the first external bone fixation member (for example the
base 22b) such that the fastener receiving hole 430 of the second joint 66 13 aligned with the
fastener receiving hole SO of the first base 223, A second fastener 14 is inserted into and at least
partially through the fastenor receiving hole 450 of the second joint 66 and the fastener recetving
hole 50 of the first base 22a. Wherein after both of the fasteners 14 have been inserted jnto the
respective fastener recciving holes, the portion of the strut 24, for example the actuator 32, 1s not
rotatable relative to the fastener receiving hole 50 of the second base 22b about the strut axis 72
when the locking mechanism 104 15 in the locked configuration.

[#264] In another embodiment, the method of assembling the external bone fixation

device 20 according to any of the embodiments disclosed herein includes, positioning the strut

the fastener receiving hole 450 of the second joint 66 is aligned with the fastener receiving hole
30 of the first base 22a. The actuator 32 can be rotated about the strit axis 72 relative to the
fastener receiving hole 50 of the first base 22a such that the locking mechanism 104 is spaced
from the strut axis 72 in a radially outward direction (a direction from the center 49 to the
fastener recctving hole 50 of the first base 22a). In other words at least a portion of the strut 24,
tor example the actoator 32, is rotated such that the locking mechanism 104 faces outward from
the opening 48 and the bone Z. A first fastener 14 i inserted into and at least partially through
the fastener receiving hole 450 of the second joint 66 and the fastener receiving hole 50 of the
first basc 22a, such that at loast a portion of the strut 24, for example the actuater 32, 15 not

rotatable about the strut axis 72 relative to the fastencr receiving hole 50 of the first base 22a
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when the locking mechanism 104 is in the locked configuration. A second fastener 14 is inserted
into and at lcast partially through the fastencr receiving hole 350 of the first jomt 64 and the
fastener receiving hole S0 of the second base 22

18265} In another embodiment, the method of assembling the external bone fixation
device 20 according to any of the embodiments disclosed herein inchides, positioning the strut
24 relative to one of the external bone fixation member {for exarple the second base 22b) such
that the fastener receiving hole 450 of the second joint 66 15 aligned with the fastener receiving
hole 50 of the second base 22b. The actoator 32 can be rotated about the strat was 72 relative to
the fastener receiving hole 50 of the second base 22b such that the locking mechanism 104 is
spaced from the strut axis 72 in a radially outward direction {a direction from the conter 49 1o the
fastener receiving hole 50 of the second base 22b). In other words at least a portion of the strut
24, for example the actuator 32, is rotated such that the locking mechanism 104 faces outward
froma the opening 48 and the bone 2. A first fastener 14 18 inserted into and at least partially
through the fastener receiving hole 450 of the second joint 66 and the fastener recetving hole 50
of the second base 22b, such that at least a portion of the strut 24, for exampie the actoator 32, is

not rotatable about the strut axis 72 relative to the fastener receiving hole 50 of the sccond base

inserfed into and at least partially through the fastener veceiving hole 330 of the first joint 64 and
the fastencr recciving hole SO of the first base 228,

(8266} In one embodiment the external bone fixation device 20 includes a kit having a
plurality of struts 24 and a plurality of bases 22. The kit can further include a phurality of
attachment mechamisms 200. In another embodiment, the plurality of siruts 24 mchades struts
with different minimum and maximum lengths L1 (measured, for example, from the center 340
of the cross coupling member 304 of the first joint 64 to the conter 440 of the cross coupling
member 440 of the second joint 663 The plurality of struts 24 in the kit, in one embodiment, can
include any combination of one or more triple extra short struts, one or more double extra short
struts, one or more exira short struts, one or more short struts, one or more medivm struts, and
ong o1 niore long strufs,

(8267} Tn one embodiment the triple extra short strut can be provided having a
mimimum length L of about 65 mum and a maximmum fength L1 of about 82 mm for a total travel
distance of sbout 17 mm. In onc embodiment the double extra short strut can be provided having
a rmninuam length L1 of about 81 num and a maximum length L1 of about 99 mm for a total
travel distance of about 18 mm. In onc embodiment the extra short struts define a minmmum

length L1 of about 91 nun and a maximum length L1 of about 121 mm for a total fravel distance
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of about 30 nym. In one embodiment the short struts define a minimum length L1 of about 116
mam and a reaximum leogth L1 of about 152 mum for a total travel distance of about 36 vun. In
one embodiment the medivm struts define & minimum length L1 of about 142 nm and &
maxinnim length L1 of about 205 mm for a total travel distance of about 63 mm. Tnone
embodiment the long struts define a3 minimum length L1 of about 195 mm and a maxinmm
tength LT of about 311 num for a total travel distance of sbout 116 mm.

(8268} The plurality of bases 22 in the kit, in one embodiment, can include any
combination of one or more bases with an outer diameter of 90 mm, 120 mm, 150 mm, 180 mm,
210 mm, and 240 mm. The plurality of attachment mechanisms 200 in the kit, in one
embodiment, can include any combination of one or more brackets 202, fasteners 206, wires 208
and rods 210, The plurahty of struts n the kit, in one embodiment, can include any combination
of one or more of the struts 24, 1024, 2024, and 3034,

[6269] 1t will be appreciated by those skilled in the art that changes could be made to
the embodunents described above without departing from the broad inventive concept thereof. It
is understood, therefore, that this disclosure is not limited {o the particular embodiments
disclosed, but it is intended to cover modifications within the spirit and scope of the present

disclosure as defined by the claims.



CLAIMS

1. A strut configured to be connected to a pair of external bone fixation members along a
strut axis, the strut comprising:

a strut body that includes a threaded rod and a sleeve, the threaded rod including a rod
body that is elongate along the strut axis, the rod body defining an outer surface that is at least
partially threaded, and the sleeve including a sleeve body and a sleeve bore that extends at least
into the sleeve body, the sleeve bore configured to receive at least a portion of the threaded rod
such that the threaded rod is translatable relative to the sleeve along the strut axis; and

an actuator supported by the strut body and threadedly attached to the threaded rod, such
that rotation of the actuator relative to the threaded rod about the strut axis translates at least one
or both of the threaded rod and the sleeve relative to the other of the threaded rod and the sleeve
along the strut axis, the actuator including a gripping member that is configured to receive a
torque that rotates the actuator relative to the threaded rod about the strut axis;

wherein the gripping member includes a body and a gripping member bore that extends
through the body of the gripping member, the body of the gripping member having an inner
surface that at least partially defines the gripping member bore and an outer surface opposite the
inner surface, the gripping member bore is configured to at least partially receive the strut body,
and the gripping member further includes a projection that extends out from the outer surface of
the gripping member body in a direction away from the inner surface of the gripping member
body; and

the actuator further includes a locking mechanism configured to prevent rotation of the

actuator relative to the threaded rod.

2. The strut of claim 1, wherein the projection includes at least one side wall extending out
from the outer surface of the gripping member body in the direction away from the inner surface
of the gripping member body, the at least one side wall configured to receive the torque that

rotates the actuator relative to the threaded rod about the strut axis.

3. The strut of claim 2, wherein the projection defines a height measured from a point where

the at least one side wall extends out from the outer surface and in the direction that the at least
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one side wall extends away from the inner surface, the gripping member further includes an outer

diameter defined by the outer surface, and the height is at least 10 percent of the outer diameter.
4. The strut of claim 3, wherein the height is at least 20 percent of the outer diameter.

5. The strut of claim 1, wherein the locking mechanism is rotatable about a pivot axis that is
angularly offset with respect to the strut axis between a locked configuration and an unlocked
configuration, such that when the locking mechanism is in the locked configuration, the locking
mechanism prevents rotation of the actuator relative to the threaded rod about the strut axis, and
when the locking mechanism is in the unlocked configuration the locking mechanism does not

prevent rotation of the actuator relative to the threaded rod about the strut axis.

6. The strut of claim 5, wherein the locking mechanism includes a lever and a biasing
member, the biasing member configured to exert a biasing force on the lever such that the

locking mechanism is biased toward the locked configuration.

7. The strut of claim 6, wherein the biasing force is exerted on the lever in a direction

angularly offset with respect to the both the pivot axis and the strut axis.

8. The strut of any one of claims 5 to 7, wherein the projection pivotally supports the

locking mechanism about the pivot axis.

9. The strut of claim 1, wherein the locking mechanism includes a lever and a biasing
member, the biasing member configured to exert a biasing force on the lever such that the

locking mechanism is biased toward the locked configuration.

10.  The strut of any one of claims 1 to 9, wherein at least a portion of the actuator is made

from a radiolucent material.

11. The strut of claim 10, wherein at least a portion of the actuator is made from at least one

of PEEK, Ultem, Delrin, and Radel.

12.  The strut of any one of claims 10 to 11, wherein at least a portion of the gripping member

is made from at least one of PEEK, Ultem, Delrin, and Radel.
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