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(57) Abstract: A limb positioning system (10) includes a
clamp assembly (100), a pylon and bar assembly (200), a
sled assembly (300), and a limb positioning assembly
(400). The clamp assembly attaches to arail (30) of a table
and accepts a pylon (220) connected to a bar (240). The
pylon has a plurality of pylon bars (222a, 222b) that are
secured by the clamp assembly. A base bar (240) extends
from the pylon, and is attachable to an extension bar (260)
to provide a longer track for the sled assembly. The sled
assembly is biased to be locked with respect to the base
bar. The limb holding assembly includes a boot (402)
coupled to the sled via a connector (460) near the heel.
The connector is tapered and insertable into a correspond-
ingly tapered section of a ball (380) that sits within the
sled assembly, the ball being capable of polyaxial motion.
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LIMB POSITIONING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of the
filing date of U.S. Provisional Patent Application
No. 61/950,491 filed March 10, 2014, the disclosure of which
is hereby incorporated herein by reference.

BACKGROUND

[0002] This disclosure relates generally to a positioning
system used to position body parts, such as a knee, during a
medical or surgical procedure. The term knee, as used
herein, is intended to be synonymous with a knee joint. More
particularly, the system is used to first position the bones
of the knee in a desired position and orientation. The
position of the knee can be adjustably set along a plurality
of different axes. Once the position of the knee is set, the
system holds the knee 1in that position and orientation to
facilitate the performance of a procedure on the patient.
Although the particular embodiments described herein are
described in relation to positioning a patient’s knee, 1t
should be understood that one of ordinary skill in the art
could modify the concepts herein for positioning other parts
of the body.

[0003] When a medical or surgical procedure 1s performed
on a limb, such as an arm or leg, it may be desirable to
restrict movement of the limb. Without holding the 1limb
steady, it can become extremely difficult for the
practitioner to perform procedures on the limb with
precision. Further, with an increasing frequency, surgical
procedures are performed with the aid of surgical navigation
systems. This type of system often includes one or more
trackers and a camera, for example.

[0004] In one version of such a system, at least one

tracker 1is attached to the patient. Based on the signals
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emitted by the tracker, the camera and associated software
determines the position of the tracker. By extension, this
leads to the determination of the position of the attached
patient. (Some surgical navigation systems have trackers
with units that, instead of emitting energy, track energy
emitted from the static source.) For many surgical
navigation systems to operate, the trackers and camera must
be in close proximity to each other. This means that it may
be necessary to restrain the movement of the limb so that the
tracker and complementary camera are able to engage in the
appropriate signal exchange. Such surgical navigation
systems are described more fully in U.S. Patent No.
7,725,162, titled “Surgery system,” the entire contents of
which are hereby incorporated by reference herein.

[0005] Presently there are a number of different devices
that can be used to hold the limb o©¢f the patient. These
devices include some sort of shell or frame designed to
receive the limb. Structural members hold the shell or frame
to the operating table. At the start of the procedure, the
patient’s limb is placed in the shell. The shell 1is
positioned at a location which preferably provides the
practitioner with sufficient access to perform the procedure.
If a navigation unit 1is used to facilitate the procedure, the
shell is further positioned to ensure that any components of
the system fitted to the patient are within the appropriate
range to the complementary static components of the system.
One particular limb positioning system is described in U.S.
Patent Publication No. 2013/0019883, the disclosure of which
is hereby incorporated by reference herein.

[0006] Some available 1limb holders are able to hold the
limb of the patient 1in a fixed position, for example.
However, there are limitations associated with some of these
limb holders. Sometimes during a procedure, the practitioner

may want to move a portion of the patient. For example,
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during some orthopedic surgical procedures on the knee, the
practitioner may want to bend the knee so that the patient’s
leg 1is moved between the extended (straight) and flexed
(bent) positions. Some available limb holders are designed
so that, to move the limb, the actual limb holding component
is temporarily disconnected from the other components of the
assembly. This means that, to reposition the limb, the limb
holder is first disconnected and then moved. Once the limb
holder is repositioned it 1s reattached to the other assembly
components. Having to perform all these steps makes
repositioning the limb a complicated task.

[0007] Still other limb holder assemblies comprise
components that only allow the attached limb to be move in
between a number of defined positions. This means that the
practitioner may not be able to make precise or small
adjustments of limb positioned that may be desired in order
to accomplish a particular medical or surgical procedure.
[0008] Also, prior to placing the patient on a surgical
table, it 1s common practice to place a sterile drape on the
table. This drape functions as a sterile barrier. Some
available limb holders are designed to be attached directly
to the tables with which the holders are wused. At the
location where this type of 1limb holder is attached it 1is
difficult, if not impossible to, place the drape around
and/or under the 1limb holder so as to provide the desired
sterile barrier. Additionally, devices attached over sterile
drapes may be 1likely to rip or tear the sterile drape,
causing a loss of the desired sterile barrier.

BRIEF SUMMARY OF THE INVENTION

[0009] In one embodiment, a limb positioning system
includes a clamp assembly, a pylon and bar assembly, a sled
assembly, and a limb positioning assembly. The clamp
assembly may be configured to attach to a variety of

differently sized and shaped bed rails of a surgical table,
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and may be configured to accept a pylon connected to a bar.
The pylon may have a plurality of pylon bars that are secured
by the clamp assembly, helping to reduce the amount of torque
placed on the clamp assembly during use. A base bar may
extend from the pylon, and may be attachable to an extension
bar to provide a longer track along which the sled assembly
may slide. The sled assembly may be biased to be locked with
respect to the base bar, such that a user must depress a
lever to allow the sled to slide along the bar. The 1limb
holding assembly may include a boot coupled to the sled via a
connector near the heel of the boot. The connector may be
tapered and insertable into a correspondingly tapered section
of a ball that sits within the sled assembly. The connector
may be rotationally locked with respect to the ball, with the
ball being capable of polyaxial rotation with respect to the
sled. The ball may be locked or unlocked to restrict or
allow the polyaxial motion.

[0010] In another embodiment of the disclosure, a limb
positioning system may include a clamp attachable to a
patient support, a first support member slidingly coupled to
the c¢lamp about a first longitudinal axis, and a second
support member slidingly coupled to the first support member
about a second longitudinal axis transverse to the first
longitudinal axis. The system may also include a limb holder
polyvaxially and hingedly coupled to the second support
member, and a support wing adjustably coupled to the 1limb
holder. The system may further include a mount polyaxially
coupled to the second support member, wherein the limb holder
is hingedly coupled to the mount. The limb holder may be
detachably coupled to the mount. A tapered connector member
may be coupled at one end thereof to the limb holder and
another end thereof may be engageable to a corresponding
tapered recess in the mount. A height adjustment member may

be coupled to a rear of the limb holder, wherein the support
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wing 1is adjustably coupled to the height adjustment member.
Top and bottom jaws of the clamp may be pivotably coupled,
wherein movement of a shaft of an actuator of the clamp in

proximal and distal linear directions rotates the bottom jaw

about a pivot point in respective clockwise and
counterclockwise directions. The shaft of the actuator may
be pivotably coupled the bottom Jjaw. First and second

apertures may be formed by the coupling of a body member of
the clamp to the top and bottom Jjaws thereof. The first
support member may include first and second pylons extending
outwardly from an elongate rod, the first and second pylons
being receivable in the first and second apertures to couple
the first support member to the clamp. The second support
member may have locked and unlocked states with respect to
the first support member, the second support member being in
the unlocked state when a lever is depressed to allow a sled
portion of the second support member to slide along the first
support member. The support wing may have attachment
features for coupling a retractor to the support wing, and
the system may include a retractor coupled to the support
wing. At least a portion of the support wing may be at least
partially circular with a wvirtual center configured to align
with a center of a joint of a limb positioned in the 1limb
holder. The system may further include a tracking system,
wherein a component of the tracking system is mountable to
the support wing.

[0011] According to another embodiment of the disclosure,
a limb positioning system includes a clamp attachable to a
patient support, the clamp having first and second channels.
A first support member may include first and second pylons
extending outwardly from an elongate rod, the first and
second pylons being receivable in the first and second
channels to slidingly coupled to the first support member to

the clamp about a first longitudinal axis. A second support
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member may be slidingly coupled to the first support member

about a second longitudinal axis transverse to the first

longitudinal axis. A limb holder may be coupled to the
second support member. The limb holder may be polyaxially
and hingedly coupled to the second support member. A mount

may be polyaxially coupled to the second support member,
wherein the 1limb holder is hingedly coupled to the mount.
The limb holder may be detachably coupled to the mount. A
height adjustment member may be coupled to a rear of the 1limb
holder, and a support wing may be adjustably coupled to the
height adjustment member.

[0012] According to yet another embodiment of the
disclosure, a limb positioning system may include a clamp
attachable to a patient support, and first and second support
members. The first support member may be slidingly coupled
to the clamp about a first longitudinal axis, and the second
support member may be slidingly coupled to the first support
member about a second longitudinal axis transverse to the
first longitudinal axis. A limb holder may be coupled to the
second support member, and a height adjustment member may be
coupled to a rear of the limb holder. A support wing may be
adjustably coupled to the height adjustment member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a perspective view of a limb positioning
system according to an embodiment of the disclosure.

[0014] FIG. 2A 1is a top perspective view of a clamp
assembly of the limb positioning system of FIG. 1.

[0015] FIG. 2B is a front perspective view of the clamp
assembly of FIG. 2A.

[0016] FIG. 2C is a bottom perspective view of the clamp
assembly of FIG. 2A.

[0017] FIG. 2D 1is a cross-sectional view of the clamp

assembly of FIG. 2A taken along line 2D-2D of FIG. 2B.
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[0018] FIG. 2E 1is a top perspective view of the clamp
assembly of FIG. 2A, used with a padding, attached to a bed
rail.

[0019] FIG. 3A is a top perspective view of a pylon of a
bar assembly and a bed rail coupled to the clamp assembly of
FIG. 2A.

[0020] FIG. 3B is a front view of the pylon coupled to the
clamp assembly.

[0021] FIG. 3C is a side wview of the pylon coupled to the
clamp assembly.

[0022] FIG. 3D 1s a <cross-sectional view of the pylon
coupled to the clamp assembly taken along line 3D-3D of FIG.
3A.

[0023] FIG. 3E 1is a perspective view of a base bar coupled

to an extension bar.

[0024] FIG. 3F is a perspective view of an end of the base
bar.
[0025] FIG. 3G is a perspective view of an end of the

extension bar.

[0026] FIG. 3H is an enlarged view of a portion of the
base bar connected to a portion of the extension bar, shown
in partial transparency.

[0027] FIG. 3I 1is a cut-away view of a sled assembly
coupled to the base bar.

[0028] FIG. 3J 1is a cross-sectional wview of the sled
assembly coupled to the base bar and extension bar taken

along line 3J-3J of FIG. 3E.

[0029] FIG. 4A is a perspective view of the sled assembly
of FIG. 1.
[0030] FIG. 4B 1s a cross—-sectional wview of the sled

assembly of FIG. 4A taken along line 4B-4B coupled to the
pylon and bar assembly and a limb holding assembly.
[0031] FIG. 4C is a perspective view of the sled assembly

of FIG. 4A with certain components omitted.

—7—



WO 2015/138317 PCT/US2015/019436

[0032] FIG. 5A 1s a front perspective view of the limb
holding assembly of FIG. 1.

[0033] FIG. 5B 1is a rear perspective view of the limb
holding assembly of FIG. 5A.

[0034] FIG. 5C 1s an enlarged perspective view of a
connector portion of the limb holding assembly of FIG. 5A.
DETAILED DESCRIPTION

[0035] FIG. 1 illustrates one embodiment of a limb
positioning system 10. System 10 generally includes a clamp
assembly 100, a pylon and bar assembly 200, a sled assembly
300, and a limb holding assembly 400.

[0036] The particular system 10 shown in FIG. 1 is shaped
to hold the foot and lower leg in any one of a number of
positions and orientations relative to an operating table
(not illustrated), which holds the remainder of the patient.
Other embodiments o©of system 10 may be shaped to hold other
body parts, such as an arm. The term table should be
understood to include a table, a bed, or any support
structure upon which a patient may be disposed.

[0037] Generally, system 10 is mounted to a bed rail 30, a
generally rectangular bar that 1s often fixedly mounted to
the side of a surgical table, by way of clamp assembly 100.
Bed rail 30 may also be referred to as a DIN rail, based on
specifications published by Deutsches Institut fir Normung.
It should be understood that system 10 may be attached to
other types of rails, and to a variety of sizes of bed rails.
For example, Europe, Denmark, Japan, Switzerland, the United
Kingdom, and the United States may each have bed rails with
different standard shapes or sizes, with system 10 being
capable of use with all of the above rails.

[0038] As seen in FIGS. 2A-E, clamp assembly 100 generally
includes an upper Jjaw 120, a lower Jjaw 140, a pylon clamp

160, and a clamp knob 180.
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[0039] Upper Jjaw 120 may include a generally “J”-shaped
clamping finger 122. In other words, clamping finger 122 may
include a flange portion 121 with a lip 123 transverse to the
flange portion to facilitate gripping one side of bed rail
30. Lips with more or less extreme angles may be used
depending on the particular structure to which upper jaw 120
is intended to clamp. The lip may also extend gradually from
a recessed portion adjacent the flange and lip portions 121
and 123, rather than at a sharp angle. Upper Jjaw 120 may
include sidewall 124, sidewall 126, and a center wall 128
between first and second sidewall 124, 126. A top portion of
upper Jjaw 120 may include one or more apertures 125a and
125b, each capable of receiving a post or a portion of a
post, such as pylon 220 (described in greater detail below in
connection with FIGS. 3A-3D). In the illustrated embodiment,
upper Jjaw 120 includes two apertures 125a and 125b. Aperture
125a is at least partially defined by sidewall 124 and center
wall 128. Aperture 125b 1is at least partially defined by
sidewall 126 and center wall 128. Although two apertures are
illustrated, one aperture or more than two apertures may be
used in alternate embodiments of upper jaw 120.

[0040] Lower jaw 140 may 1include a generally “J”-shaped
clamping finger 142. As with wupper clamping finger 122,
lower clamping finger 142 may include a generally recessed
portion adjacent a flange portion 141 with a transverse 1lip
portion 143 designed to facilitate gripping one side of bed
rail 30. Lower Jjaw 140 may include sidewall 144, sidewall
146, and center wall 148. Sidewalls 144 and 146 and center
wall 148 of lower Jaw 140 may be at least partially
positioned within corresponding recesses in upper Jaw 120.
In particular, as best illustrated in FIG. 2B, sidewall 144
may be positioned within a recess defined at least in part by
sidewall 124 of wupper Jjaw 120. Sidewall 146 may be

positioned within a recess defined at least 1in part by
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sidewall 126 of upper Jjaw 120. Similarly, center wall 128
may be positioned within a recess defined at least in part by
center wall 148.

[0041] Upper Jjaw 120 may Dbe hingedly or ©pivotably
connected to lower Jjaw 140. For example, sidewall 124 of
upper Jjaw 120 and sidewall 144 of lower Jjaw 140 may have
corresponding apertures configured to accept a pin 105 or
other structure about which lower Jjaw 140 may rotate with
respect to upper Jjaw 120. Similarly, sidewall 126 of upper
jaw 120 and sidewall 146 of lower Jjaw 140 may also have
corresponding apertures configured to accept the other end of
pin 105 or other structure about which lower Jjaw 140 may
rotate with respect to upper Jjaw 120. Although a single
elongate pin 105 may be used that extends across upper jaw
120 and lower Jjaw 140, it 1s contemplated that multiple
smaller pins may be used. A bottom portion of center wall
148 of lower jaw 140 may include a pair of extension flanges
having corresponding apertures to accept a pin 182 or other
structure for coupling to a portion of clamp knob 180, which
is described in greater detail below.

[0042] Pylon clamp 160 has a first end 164 and a second
end 166, with a center portion 168 positioned between first
end 164 and second end 166. Pylon clamp 160 may include a
recess near the top of center portion 168 into which a
portion of center wall 128 of upper jaw 120 is configured to
fit. Additional recesses may be formed on either side of the
center recess 1in pylon clamp 160 in which rotatable wheels
162a and 162b are positioned to facilitate coupling of the
pylon into clamp assembly 100. Second end 166 of pylon clamp
160 may include an aperture into which pin 105 extends, such
that pylon clamp 160 may rotate with respect to upper jaw 120
and lower Jjaw 140 about pin 105. A similar aperture may be
included in first end 164 of pylon clamp 160 for the same

purpose. The bottom end of center portion 168 of pylon clamp
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160 may include a pair of extension flanges having
corresponding apertures to accept a pin 184 or other
structure for coupling to a portion of clamp knob 180, which
is described in greater detail below.

[0043] As Dbest illustrated in FIG. 2D, center wall 128 of
upper Jjaw 120 may include a recess 129 housing a spring pin
150. Spring pin 150 may include a generally cylindrical
portion around which a stiff spring (spring not illustrated)
may be positioned. A first end of the spring may contact one
end of the recess in upper Jjaw 120, with the other end
contacting an enlarged head 152 of spring pin 150. Head 152
of spring pin 150 in turn contacts center portion 168 of
pylon clamp 160. This contact biases pylon clamp 160 in an
open position with respect to upper jaw 120, maximizing the
clearance space 1in apertures 125a and 125b for eventual
insertion of pylon 200, as described in greater detail below.
The degree to which pylon clamp 160 is held open with respect
to upper jaw 120 is limited by stop 170 in upper jaw 120.
[0044] Still referring to FIG. 2D, clamp knob 180 may
generally 1include a handle 186 and distal housing 188.
Distal housing 188 may be fixedly positioned within pin 182,
which itself is fixed to the extension flanges of center wall
148 of lower Jjaw 140. A proximal portion of clamp knob 180
may be fixedly positioned within pin 184, which itself 1is
fixed to the extension flanges of center portion 168 of pylon
clamp 160. An inner surface of housing 188 may be threaded
while an outer surface of a distal portion of clamp knob 180
may include complementary threads, for example. In this
configuration, wupon rotation of handle 186, the distal
portion of clamp knob 180 will thread into or out of housing
188. Because housing 188 is fixed to lower Jjaw 140 and a
proximal portion of clamp knob 180 1is fixed to pylon clamp
160, as clamp knob 180 threads into or out of housing 188,

the extension flanges of lower jaw 140 move toward or away
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from the extension flanges of pylon clamp 160, ultimately
causing lower jaw 140 to pivot with respect to pylon clamp
160.

[0045] To connect clamp assembly 100 to bed rail 30, lower
jaw 140 must be pivoted open to a certain extent with respect
to upper jaw 120. If there is not enough clearance space for
bed rail 30, clamp knob 180 is rotated in a first direction
to pivot lower Jjaw 140 away from wupper Jjaw 120. A user

positions upper jaw 120, and particularly finger 122 of upper

jaw 120, over the top of bed rail 30. Clamp knob 180 1is
rotated in the other direction. This causes lower jaw 140 to
pivot in an opposite direction as pylon clamp 160. The

pivoting of pylon clamp 160 1is transmitted to upper jaw 120
because of the contact between pylon clamp 160 and upper jaw
120. This 1s continued until finger 142 of lower Jjaw 1is
positioned over the bottom of bed rail 30.

[0046] Before continuing to rotate clamp knob 180, upper
jaw 120 and lower jaw 140 partially secure clamp assembly 100
to bed rail 30. As upper Jjaw initially closes 120 closes
with respect to lower Jjaw 140, pylon clamp 160 essentially
remains open because 1t 1is spring-loaded against stop 170.
The degree to which spring pin 150 keeps pylon clamp 160 open
may be limited by stop pin 170 which extends through upper
jaw 120 and within a recess in pylon clamp 160. The initial
closing of lower jaw 140 with respect to upper jaw 120 does
not significantly compress the spring surrounding spring pin
150. The spring is compressed (and pylon clamp 160 closed
with respect to upper jaw 120), after upper jaw 120 and lower
jaw 140 are clamped to the bed rail 30 and the rotation of
clamp knob 180 is then continued. This 1is because as pylon
clamp 160 continues to c¢lose, upper Jjaw 120 1is pressed
against bed rail 30 and can no longer rotate in sync with
pylon clamp 160. One benefit of keeping pylon clamp 160 open

during the initial clamping of upper Jjaw 120 and lower Jjaw
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140 to bed rail 30 is to allow pylon 200 to be easily be
inserted through apertures 125a and 125b of upper jaw 120, as
described in greater detail below in connection with FIGS.
3A-D.

[0047] During a typical surgical procedure, a patient
positioned on a surgical table will often have a sterile
drape or other sterile covering draped over the patient’s
body. Preferably, clamp assembly 100 is clamped to bed rail
30 over the sterile drape so as to maintain a sterile working
field. The surfaces of upper jaw 120 and lower jaw 140 which
clamp onto bed rail 30 have the potential to cut, rip, or
otherwise tear the sterile drape, disrupting the sterile
field. In one embodiment, at least a portion of upper jaw
120 and lower Jjaw 140, preferably the portions intended to
contact bed rail 30, may include padding 40, or a buffer
material, to reduce the 1likelihood of tearing the sterile
drape, as 1illustrated in FIG. 2E. Padding 40 may take the
form of a disposable insert such that, after each use, the
padding may be discarded without the need to re-sterilize the
padding. Preferably, the padding 40 is a strong, inexpensive
material, such as a tarp material or a para-aramid synthetic
fiber, such as that sold under the trade name Kevlar. Other
materials that may Dbe suitable include, for example,
Parylene, polyurethanes, vinyl acetates, alkyds, polyesters,
polyamides, or polyimides formed into thin sheets.

[0048] Pylon and bar assembly 200 may be coupled to clamp
assembly 100 as illustrated in FIGS. 1 and 3A-C. Generally,
pylon and bar assembly includes pylon 220, base bar 240, and

extension bar 260 (extension bar illustrated best in FIGS. 1

and 3E-H).
[0049] Pylon 220 may include a first pylon bar 222a and a
second pylon bar 222b. Pylon bar 222a 1is generally

rectangular and extends at a substantially perpendicular

angle from an end portion of base bar 240. Pylon bar 222b
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extends from base bar 240 at a spaced distance from pylon bar
222a, but in all other respects is substantially identical to
pylon bar 222a. Pylon bars 222a and 222b serve to mount base
bar 240 to the operating table, wvia clamp assembly 100, to
support sled assembly 300, limb holding assembly 400, and a
patient’s limb held therein. Because base bar 240 (and
extension Dbar 260, if being used) extends a distance
substantially orthogonally to pylon bars 222a and 222b,
weight from base bar 240 (and extension bar 260), sled
assembly 300, limb holding assembly 400, and any limb held
therein may have the potential to create a relatively large
amount of torque on pylon 220 within clamp assembly 100. By
using a relatively wide pylon 200, for example by having two
pylon bars 222a and 222b positioned at a spaced distance,
torque 1in the pylon 200 becomes less o0of a potential issue
than if pylon 200 consisted of a single relatively thin
structure. Although two pylon bars 222a, 222b are
illustrated, other alternates may be possible, such as a
relatively wide single pylon bar, or more than two pylon
bars. It should be noted that clamp assembly 100 may need to

have an alternate configuration for coupling to other types

of pylons.
[0050] Pylon bar 222a may include a plate insert 230 with
a plurality of notches 232a. The plate may be a separate

piece of material welded or otherwise attached to pylon bar
222a, or the notches 232a may be integral with pylon bar
222a. Each notch 232a may be curved, substantially forming a
portion of a circle. The notches 232a may be equally spaced
along pylon bar 222a, although varying spacing may be used if
desired. Another set of notches 232a may be positioned on
the opposite surface of pylon bar 222a. Pylon bar 222b may
contain a similar set of notches 232b. Preferably, the
spacing of notches 232a with respect to pylon bar 222a is
substantially identical to the spacing of notches 232b with

14—
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respect to pylon bar 222b. If plate inserts are used on each
side of pylon bar 222a or 222b, they may be connected to one
another, for example by connecting screw 223b illustrated in
FIG. 3D.

[0051] As noted above in connection to FIGS. 2A-E, prior
to coupling pylon and bar assembly 200 to clamp assembly 100,
upper jaw 120 and lower jaw 140 are partially secured to bed
rail 30, with pylon clamp 160 in a relatively open position
with respect to upper jaw 120. At this point, clamp assembly
may be secured to bed rail 30 such that it will remain
coupled to bed rail 30 without the wuser’s intervention,
although it may not be fully secure at this point. With the
pylon clamp 160 in a relatively open position (up to stop
170) with respect to upper jaw 120, the user may couple pylon
220 to clamp assembly 100. To accomplish this, the wuser
inserts pylon bar 222a into aperture 125a and pylon bar 222b
into aperture 125b simultaneously. Upper Jjaw 120 and pylon
clamp 160 are dimensioned such that as pylon bars 222a and
222b enter apertures 125a and 125b, wheels 162a and 162b of
pylon clamp 160 contact pylon  bars 222a and 222b,
respectively, rotating as the pylon bars 222a and 222b move
further into the apertures 125a and 125b. As wheels 162a and
162b rotate against the moving pylon bars 222a and 222b, they
successively engage notches 232a and 232b. As wheels 1l62a
and 162b enter a particular pair of notches 232a and 232b,
tactile and/or auditory feedback will alert the user that the
wheels 162a and 162b have *clicked” into a particular pair of
notches 232a and 232b. Each pair of notches 232a and 232b
provides a different height at which base bar 240 may be set
with respect to bed rail 30. The wheels 162a and 162b may or
may not be spring loaded against pylon 220.

[0052] Once the pylon bars 222a and 222b and wheels 162a
and 162b are positioned within the desired pair of notches

232a and 232b with the base bar 240 at the desired height,
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the user may continue to rotate handle 182 of clamp knob 180.
As best illustrated in FIGS. 2D and 3C-D, further rotation of
clamp knob 180 causes lower jaw 140 to pivot further closed
with respect to upper jaw 120, fully locking clamp assembly
100 to bed rail 30. Once clamp assembly 100 is fully locked
to bed rail 30, the pivoting motion of pylon clamp 160 cannot
be meaningfully transferred to upper Jjaw 120, as upper jaw
120 1is locked onto bed rail 30. As a result, further
rotation of clamp knob 180 causes pylon clamp 160 to pivot
further toward upper jaw 120 and further compress the stiff
spring surrounding spring pin 150. As pylon clamp 160
further pivots, pylon clamp 160 and the wheels 162a and 162b
further press into the respective pylon bars 222a and 222b,
locking pylon 220 into clamp assembly 100 at the desired

height.
[0053] FIG. 3E illustrates base bar 240 along with
optional extension bar 260 attached thereto. As noted above,

a first end of base bar 240 terminates in pylon 220, with the
opposite end terminating in first connector portion 242.
Generally, base bar 240 is & generally elongate cylindrical
bar with a flattened top. The bottom of base bar 240 may
include a relatively thin flange 244 running part or all of
the length of base bar 240. Flange 244 may provide
additional support for extension bar 260, 1f attached to base
bar 240, and may also serve to stiffen base bar 240. Base
bar 240 provides a trajectory along which sled assembly 300,
described in greater detail below 1in connection with FIGS.
4A-C, may slide. If a user desires for a longer path, he may
connect extension bar 260 to base bar 240.

[0054] First connector portion 242 of Dbase bar 240 1is
illustrated in greater detail in FIG. 3F with extension bar
260 detached. First connector portion 242 includes a
coupling latch 246. Coupling latch 246 may be at least

partially positioned within a recess extending from base bar
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240 to first connector portion 246. Coupling latch 246 may
include an aperture through which pin 248 extends, such that
coupling latch 246 1is connected to first connector portion
246 via a pin 248 about which coupling latch 246 may pivot.
A spring may be positioned in the recess between base bar 240
and coupling latch 246, such that coupling latch 246 1is
biased in the clockwise direction with reference to FIG. 3F.
First connector portion 242 may include a number of contact
surfaces for coupling to second connector 262 of extension
bar 260 (as described 1in greater detail below). In this
particular embodiment, first connector portion 242 includes
two generally dovetailed shapes separated by a centering
recess. The slightly angled portions of first connector
portion 242 define a first contact surface CS1l, while the
curved portions define a second contact surface CS2. Flange
244 terminates at first connector portion 242, defining a
third contact surface CS33, providing additional surface area
for contact between first connector portion 242 of base bar
240 and second connector portion 262 of extension bar 260.

[0055] FIG. 3G illustrates second connector portion 262 of
extension bar 260 1in greater detail. Second connector
portion 262 may take any shape complementary to first
connector portion 242, In this embodiment, second connector
portion includes two recesses separated by a centering
protrusion. A relatively flat end of second connector
portion 262 defines first contact surfaces CS1’ configured to
be in contact with the first contact surface CS1 of first
connector portion 242. The curved portion defines a second
contact surface CS2’ configured to be in contact with the
second contact surface CS2 of first connector portion 242.
Second connector portion 262 may also include a flange 264
defining a third contact surface CS3’ that contacts flange

244 and contact surface CS3 of Dbase bar 240. Second
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connector portion further includes a coupling latch recess
266 configured to mate with coupling latch 246.

[0056] The angle of contact surfaces (€S2 and CS27
facilitates the first connector portion 242 coupling to
contact surfaces CS1’ and CS3’ of second connector portion
262, forming a rigid assembled Jjoint with 1little to no
clearance. Base bar 240 is i1llustrated connected to
extension bar 260 in FIG. 3H, with first connector portion
242 and second connector portion 262 in partial transparency.
Spring loaded coupling latch 246 is coupled into latch recess
266. When coupled with latch recess 266, the spring in
contact with coupling latch 246 1is compressed, placing a
clockwise force (as illustrated in FIG. 3H) on latch recess
266, keeping extension bar 260 locked to base bar 240. In
this position, coupling latch 246 is substantially flush with
the top flattened surfaces of base bar 240 and extension bar
260 to allow sled assembly 300 to slide along the bar
uninterrupted, as described in greater detail below.

[0057] As noted above, limb positioning system 10 may be
used with base bar 240, with or without extension bar 260. A
portion of sled assembly 300 is illustrated in FIG. 3I in use
with base bar 240, with extension bar 260 disconnected. A
user can slide sled assembly 300 (described in greater detail
below in connection with FIGS. 4A-C) over first connector
portion 242 to attach sled assembly 300 to base bar 240.
Coupling latch 246 does not stop sled assembly 300 from
sliding onto base bar 240, because coupling latch 246 acts
like a spring loaded ramp. The force provided by sled
assembly 300 compresses the spring operatively coupled to
coupling latch 246, causing coupling latch 246 to rotate into
base bar 240 such that sled assembly may slide over coupling
latch 246. However, once sled assembly 300 has slid far
enough to c¢lear coupling latch 246, coupling latch 246

springs back out of base bar 240. Because of the orientation
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of coupling latch 246, sled assembly 300 is prevented from
sliding off the end of base bar 240 wunintentionally. If
desired, a user may manually depress coupling latch 246 to
allow sled assembly 300 to slide off the end of base bar 240.
[0058] Once sled assembly 300 is on base bar 240, a user
may attach, if desired, extension bar 260 to base bar 240,
substantially as described above. As illustrated in FIG. 3J,
once base bar 240 and extension bar 260 are coupled, coupling
latch 246 1is 1in a position substantially flush with the
flattened top surface of base bar 240 and extension bar 260.
This provides the ability for sled 300 to slide from base bar
240 to extension bar 260 without interruption from coupling
latch 246. It should further be noted that the end of
extension bar 240 opposite the second connecting portion 262
may include a stop to ensure sled assembly 300 does not
unintentionally slide off the end of extension bar 260. This
may be provided in the form of a pin, button, or other end
stop structure extending generally upwards from the flattened
top of extension bar 260 near an end potion. Other
structures may be provided as well. For example, a coupling
latch substantially identical to coupling latch 246 may be
provided at the end of extension bar 260 to allow sled
assembly 300 to slide over the end of extension bar in a
first direction onto the extension Dbar 260, but not 1in a
second direction off of the extension bar 260.

[0059] Sled assembly 300 1is illustrated in FIGS. 4A-C.
Sled assembly 300 generally includes a sled body 302, a bar
lock assembly 319, a ball 380, and a ball clamp assembly 359.
Sled assembly 300 functions to slide along base bar 240 (and
extension bar 260 if attached) and to support limb holding
assembly 400 through a range of motion, as described below.
[0060] Sled body 302 generally includes a bar track 304
and a body extension 306. Bar track 304 may have generally

circular or cylindrical ends trough which base bar 240 may
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extend. A bottom portion of bar track 304 may include a slot
308 extending the length of bar track 304 so as to not
interfere with flange 244 of base bar 240 or flange 264 of
bar extension 260.

[0061] The bar lock assembly of sled assembly 300 is best
illustrated in FIG. 4B, which shows sled assembly 300 coupled
to base bar 240. The bar lock assembly functions to lock or
unlock the ability of sled assembly 300 from sliding along
base bar 240. The bar lock assembly generally includes bar
lock lever 320, connectors 322, 1link 324, and 1lock roller
326. Bar lock lever 320 may be connected to sled body 302
via a pin 328 about which bar lock lever 320 may pivot. As
bar lock lever 320 pivots, connector 322 and link 324 move
lock roller 326 laterally along the top flattened surface of
base bar 240. Sled body 302 may include a relief portion 310
(FIG. 4A) to provide clearance for this motion. In a first
position, lock roller 326 places little to no force on base
bar 240, such that sled assembly 300 may freely slide along
base bar 240. As lock roller 326 moves laterally toward the
center of base bar 240, lock roller 326 places significant
pressure on base bar 240, such that sled assembly 300 1is
fixed with respect to base bar 240. Preferably, bar lock
lever 320 is biased, for example via a spring, such that sled
assembly 300 is locked or fixed with respect to base bar 240
when there is no user intervention. If the user desires to
unlock sled assembly 300 and slide sled assembly 300, he
pulls on bar lock lever 320, compressing the spring and
moving roller lock 326 out of engagement with the top
flattened surface of base Dbar 240. Although other
configurations may accomplish this motion, a c¢ircular or
cylindrical roller lock 326 may be preferred as it does not
result in skidding across base bar 240 and lowers wedging
friction. This may reduce the rate at which these components

degrade over time through normal use.
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[0062] As noted above, sled assembly 300 may include ball
380 to which 1limb holding assembly 400 couples. Ball 380
provides for polyaxial motion of limb holding assembly 400.
This connection and movement is described in greater detail
below in connection to FIG. 5C. The extent to which ball 380
may move within sled assembly 300 may be controlled by the
ball clamp assembly. The Dball clamp assembly generally
includes ball clamp lever 360 (omitted in FIG. 4C), ball
clamp screw 362, ball clamp nut 364, spring washer 366, and
ball clamp 368. Ball clamp 368 is coupled at a first end to
ball clamp lever 360 wvia ball clamp screw 362, ball clamp nut
364, and spring washer 366. At a second end, ball clamp 368
is coupled to ball 380 via a pair of ball locks 370 and 372.
Ball lock 370 may be generally annular, surrounding a portion
of ball 380, and stationary relative to sled body 302. Ball
lock 372 may be substantially identical to ball lock 370, and
moveable toward or away to ball 1lock 370 to increase or
decrease friction on ball 380.

[0063] In a locked position, in which ball 380 is locked
from rotation, ball locks 370 and 372 are relatively close
together. To move ball 380 into an unlocked position, a user
may rotate ball clamp lever 360. As Dball clamp lever 360
rotates, ball clamp screw 362 begins to unthread from ball
clamp nut 364. As ball clamp screw 362 translates with
respect to ball clamp nut 364, ball clamp 368 moves generally
along with ball clamp nut 364. Movements of ball clamp 368
causes similar movement of ball lock 372 away from ball lock
370, reducing friction between ball locks 370, 372 and ball
380. Spring washer 366 may be positioned between ball clamp
nut 364 and ball clamp 368 to maintain a light pressure on
ball clamp 368, such that ball 380 may move with respect to
ball 1locks 370 and 372, but to a limited degree. As
illustrated 1in FIG. 4C, which illustrates certain internal

components o0f sled assembly 300 (but omits others), ball
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clamp screw 362 may include one or more flanges. One of the
flanges may include an extension that interacts with detent
lever 374. Ball detent lever 374 may be biased, for example
with a spring, to rotate toward ball clamp screw 362, such
that ball clamp screw 362 may rotate a fixed amount prior to
contacting detent lever 374, which prevents further rotation.

[0064] As noted above, ball clamp lever 360 may be rotated
to loosen ball 380 to an unlocked position in which ball 380
may have measured polyaxial movement. It may be desirable to
be further able to 1loosen ball 380, for example for
sterilization of sled assembly 300 between uses. To better
expose ball 380 for purposes of sterilization, ball lock 372
may be moved even further away from ball lock 370. In order
to accomplish this, a user accesses detent lever 372, for
example with a finger, and rotates it out of contact with the
extension on the flange of ball clamp screw 362. With detent
lever 372 clear of ball clamp screw 362, the user may rotate
ball clamp lever 360 further and release detent lever 372.
Ball clamp lever 360 may be rotated one full turn until the
extension on the flange of ball clamp screw 362 again
contacts detent lever 374, which moved to i1its original
position when the user released his grip on it. With the
above configuration, ball 380 remains within sled assembly
300 at all times, with at least three different possible
states, including the locked state, a first unlocked state
for measured movement of ball 380 within sled body 302, and a
second unlocked state for sterilization.

[0065] Limb holding assembly 400, which may be connected
to sled assembly 300 as described below, is illustrated in
FIGS. 5A-B. While limb holding assembly 400 may take wvarious
forms depending on the limb for which it will be used, limb
holding assembly 400 generally takes the form of a boot 402
for positioning the heel of a foot and holding the foot and

lower leg of a patient for a knee operation. Preferably,
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boot 402 is formed of a lightweight, strong, and compressible
material so that a user may easily manipulate boot 402 while
a foot is positioned therein. Boot 402 may be specifically
shaped to match a particular patient, or may be shaped to
have a high likelihood of being appropriately sized to fit a
large portion of the population. For example, boot 402 may
be designed based on anthropomorphic data such that it is
sized to fit the 5th percentile female to the 95th percentile
male.

[0066] During a typical surgical procedure, a patient’s
foot may freely sit within boot 402, or may be secured into
boot 402, for example by straps or wrapping wrapped around
the foot in boot 402, such as wrapping available under the
trade name Coban. The straps or wrapping may be designed
specifically for use with limb positioning system 10. Such
straps and wrapping are described in more complete detail in
U.S. Patent Publication No. 2013/0019883, the disclosure of
which 1s hereby incorporated by reference herein.

[0067] Limb holding assembly 400 may include one or more
accessory attachment features, such as wings or antlers 420.
Each antler may have a first generally straight portion 422
coupled to a height adjuster 440. In the illustrated
embodiment, each height adjuster 440 extends generally
laterally in opposite directions from the rear of boot 402.
The straight portion 422 may include a plurality of apertures
along the length thereof. Each height adjuster 440 may
include a knob 442 connected to a pin configured to extend
through the apertures in straight portion 422, such that
antlers 420 can be fixed at different heights with respect to
boot 402. The height to which antlers 420 are able to extend
via height adjuster 440 may have maximum or minimum presets.
The value of the preset travel distance may be designed for a
particular patient, or may be shaped to have a high

likelihood of being appropriately sized to fit a large
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portion of the population. For example, the adjustable
travel height may be designed based on anthropomorphic data
such that it is sized to fit the b5th percentile female to the
95th percentile male.

[0068] The top end of the straight portions 422 of antlers
420 may be coupled to a curved portion 424. Each curved
portion may include a plurality of attachment sites, such as
apertures or notches. Curved portion 424 may be positioned
in relation to straight portion 422 such that notches are
positioned on each side of straight portion 422. The notches
of curved portion 424 may be used to attach accessories to
limb holding assembly 400. For example, retractors may be
connected to curved portions 424 of antlers 420 such that,
during a surgical procedure, retractors holding open the
surgical site are connected to limb holding assembly 400.
The notches may facilitate the retractors being held in place
with tubing of wvarious durometer or product specific
strappage. Such retractors may have at least a portion
thereof that is bioabsorbable as described, for example, 1in
U.S. Patent Application No. 14/190,716, the disclosure of
which 1s hereby incorporated by reference herein. In this
configuration, as limb holding assembly 400 is positioned,
moved, or repositioned with respect to the surgical table,
the retractors may not need to be repositioned as they move
along with limb holding assembly 400. This self-retaining
quality of the retractors may allow for wound exposure with
hands—-free retraction, allowing the user to use both hands
for performing a desired procedure. Other accessories
instead of or in addition to retractors may be connected to
antlers 420. For example, position tracking devices may be
coupled to antlers 420 to track the position of the limb
holding assembly 400 during a procedure.

[0069] Limb holding assembly 400 may include a connector
portion 460. Connector portion 460 is best shown in FIGS. 4B
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and 5B-5C. Connector portion 460 may include a tapered
portion 462 rotatably connected to a heel portion of boot
402. In the illustrated embodiment, tapered portion 462 1is
rotatable about a single axis with respect to boot 402. The
rotation may be lockable, for example by a screw 466.
Alternately, there may be enough friction between connector
portion 460 and boot 402 such that connector portion 460 does
not freely rotate, but rather rotates upon an application of
a threshold force. Tapered portion 462 may include a pin 464
extending therethrough. Tapered portion 462 is configured to
be inserted through a correspondingly tapered aperture within
ball 380, with pin 464 sitting with grooves 382 of ball 380
(see Figs. 4A-4C). In this configuration, tapered portion
462 cannot rotate with respect to ball 380. Further, boot
402 may be lifted out of ball 380 without needing to unlock
any components. Preferably, tapered portion 462 of connector
portion 460 is angled such that the taper 1s self-releasing,
allowing relatively easy insertion and withdrawal of
connector portion 460 into and out of ball 380.

[0070] Based on at least the above description, a number
of benefits of limb positioning system 10 should be apparent.
For example, a user may easily attach clamping assembly 100
to a wvariety of shapes of rails connected to an operating
table. The connection allows for quick insertion of pylon
and bar assembly 200 into clamping assembly 100 to fix base
bar 240 at a desired height. The user may then easily slide
sled assembly 300 onto base bar 240, or onto bar extension
260 1f it has been attached to base bar 240. Limb holding
assembly 400 can be quickly connected to sled assembly 300
without any additional locking steps being needed. Once a
patient’s foot is positioned within boot 402, the user may
easily slide sled assembly 300 along the length of base bar
240 and bar extension 260 during the procedure by pressing on

bar lock 1lever 320 and moving sled assembly 300 in the
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desired direction. Limb holding assembly 400 may be put
through polyaxial rotation with respect to sled assembly 300,
as desired by the user. Once in a desired position, the limb
holding assembly 400 may be locked by a single turn of ball
clamp lever 360. Boot 402 may also rotate about a single
axis with respect to ball 380 to increase the range of
positions of the patient’s leg and knee.

[0071] Notably, the 1lower 1leg (or other 1limb) may be
firmly held in place by limb holding assembly 400 in neutral,
intermediate, and extreme positions. For example, during a
knee surgery, the lower leg may be held at extreme internal
or external rotation angles, which may be useful to open
joint compartments at any desired level of flexion or
extension. In addition, the self-releasing taper interface
of connector portion 460 of limb holding assembly 400 and the
complementary recess 1in ball 380 may allow the wuser to
evaluate the patient’s kinematic envelope and pathologic
state as would normally be done in a clinical setting.

[0072] Through all of the above-described movement,
retractors may be attached to antlers 420, holding the
incision site open, without requiring the retractors to be
removed and replaced prior to and after each repositioning of
the knee. Further, tracking devices may be attached to
antlers 420. The trackers may provide the ability to
determine a position of the system 10 and/or the patient’s
limb held therein. Furthermore, trackers may be attached to
a robot that controls the positioning of the components sled
assembly 300 and limb holding assembly 400, such that some or
all of the positioning may be automated.

[0073] As described above, limb positioning system 10 may
be used with different parts of the body. When used with a
foot and lower leg, an illustrative list of procedures which
may be performed includes total knee arthroplasty, partial

knee arthroplasty, patella-femoral resurfacing, anterior
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cruciate ligament (“ACL™) reconstruction, high tibial
osteotomy, tibial tubercle transfer, antegrade femoral nail,
and focal plug defect management/osteochondral autograft
transfer system (¥OATS”). A variety of hip procedures, such
as direct anterior hip replacement may also be performed
using limb positioning system 10 with a foot and lower leg.
It should be noted that minor mechanical modifications may be
made to system 10 for use in other surgical procedures.

[0074] Although the invention herein has been described
with reference to particular embodiments, it is to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended

claims.
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CLAIMS

1. A limb positioning system comprising:

a clamp attachable to a patient support;

a first support member slidingly coupled to the
clamp about a first longitudinal axis;

a second support member slidingly coupled to the
first support member about a second longitudinal axis
transverse to the first longitudinal axis;

a limb holder polyaxially and hingedly coupled to
the second support member; and

a support wing adjustably coupled to the 1limb
holder.

2. The limb positioning system of c¢laim 1,
further comprising a mount polyaxially coupled to the second
support member, wherein the limb holder 1is hingedly coupled

to the mount.

3. The limb positioning system of <c¢laim 2,

wherein the limb holder is detachably coupled to the mount.

4, The 1limb holder positioning system of claim 3,
further comprising a tapered connector member coupled at one
end thereof to the limb holder and another end thereof being

engageable to a corresponding tapered recess in the mount.

5. The limb holder positioning system of claim 1,
further comprising:

a height adjustment member coupled to a rear of the
limb holder, wherein the support wing is adjustably coupled

to the height adjustment member.
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6. The limb positioning system of c¢laim 1,
further comprising pivotably coupled top and bottom jaws of
the clamp, wherein movement of a shaft of an actuator of the
clamp in proximal and distal linear directions rotates the
bottom jaw about a pivot point 1in respective clockwise and

counterclockwise directions.

7. The limb positioning system of <c¢laim 6,
wherein the shaft of the actuator is pivotably coupled the

bottom jaw.

8. The limb positioning system of <c¢laim 6,
wherein first and second apertures are formed by the coupling
of a body member of the clamp to the top and bottom jaws

thereotf.

9. The limb positioning system of <c¢laim 8,
wherein the first support member includes first and second
pylons extending outwardly from an elongate rod, the first
and second pylons being receivable in the first and second

apertures to couple the first support member to the clamp.

10. The 1limb ©positioning system of c¢laim 1,
wherein the second support member has locked and unlocked
states with respect to the first support member, the second
support member being in the unlocked state when a lever 1is
depressed to allow a sled portion of the second support

member to slide along the first support member.
11. The 1limb ©positioning system of c¢laim 1,

wherein the support wing has attachment features for coupling

a retractor to the support wing.
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12. The 1limb ©positioning system of c¢laim 1,

further comprising a retractor coupled to the support wing.

13. The 1limb ©positioning device of <c¢laim 1,
wherein at least a portion of the support wing is at least
partially circular with a wvirtual center configured to align
with a center of a joint of a 1limb positioned in the 1limb

holder.

14. The limb positioning device of claim 1, further
comprising a tracking system, wherein a component of the

tracking system is mountable to the support wing.

15. A limb positioning system comprising:

a clamp attachable to a patient support, the clamp
having first and second channels;

a first support member including first and second
pylons extending outwardly from an elongate rod, the first
and second pylons being receivable in the first and second
channels to slidingly coupled to the first support member to
the clamp about a first longitudinal axis;

a second support member slidingly coupled to the
first support member about a second longitudinal axis
transverse to the first longitudinal axis; and

a limb holder coupled to the second support member.

16. The 1limb positioning system of c¢laim 15,
wherein the limb holder is polyaxially and hingedly coupled

to the second support member.

17. The 1limb positioning system of c¢laim 15,
further comprising a mount polyaxially coupled to the second
support member, wherein the limb holder is hingedly coupled

to the mount.
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18. The 1limb positioning system of c¢laim 17,

wherein the limb holder is detachably coupled to the mount.

19. The 1limb holder positioning system of claim
15, further comprising:

a height adjustment member coupled to a rear of the
limb holder; and

a support wing adjustably coupled to the height

adjustment member.

20. A limb positioning system comprising:

a clamp attachable to a patient support;

a first support member slidingly coupled to the
clamp about a first longitudinal axis;

a second support member slidingly coupled to the
first support member about a second longitudinal axis
transverse to the first longitudinal axis;

a limb holder coupled to the second support member;

a height adjustment member coupled to a rear of the

limb holder; and

a support wing adjustably coupled to the height

adjustment member.
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