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SURGICAL FRAME FACILITATING ARTICULATABLE SUPPORT
FOR A PATIENT DURING SURGERY
FIELD OF THE INVENTION
[001] The present invention relates to a surgical frame for supporting a patient
during surgery. The surgical frame includes components that can be adjusted to
facilitate positioning and repositioning of a patient during surgery and/or to
accommodate differently sized patients. The components of the surgical frame are
configured to afford supported movement of a patient during surgery. Preferred
components of the surgical frame afford adjustment of the position of the upper body
(including the head, shoulders, arms, and chest), and the lower body (including the
hips, legs, and feet) of a patient. Additionally, the surgical frame includes components
that afford movement of the entirety of the surgical frame. In doing so, the entirety of
the surgical frame can be pivoted to further adjust the position of a patient during
surgery including between a prone position and a lateral position. In a preferred
embodiment of the surgical frame the patient can be positioned in a prone position, a
lateral position, or an angled position therebetween, by way of example, at a 45 degree
angle.
DESCRIPTION OF THE PRIOR ART
[002] Traditionally, it has been difficult to articulate the bodies of patients during
surgery. It is inherently difficult to position and reposition a patient under general
anesthesia. To illustrate, multiple operating room personnel may be required for
positioning a patient to afford a first surgical approach, and repositioning the patient to
afford a second surgical approach may again require multiple operating room
personnel.
[003] Given the inherent difficulty in moving a patient during surgery, there exists
a need for a surgical frame for supporting a patient thereon that affords positioning and
repositioning of the patient to afford multiple surgical approaches.

SUMMARY OF THE INVENTION
[004] The present invention in one preferred embodiment contemplates a
positioning frame for supporting a patient, the positioning frame including at least one
main beam having a first end, a second end, and a length extending between the first
and second end, the at least one main beam defining an axis of rotation relative to at
least a first support structure and a second support structure, the at least one main
being rotatable about the axis of rotation between at least a first position and a second

position, the axis of rotation substantially corresponding to a cranial-caudal axis of the
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patient when the patient is supported on the positioning frame; the first and second
support structures supporting the at least one main beam, the first and second support
structure spacing the at least one main beam from the ground; a torso-lift support
attached to the at least one main beam, the torso-lift support including a chest support
plate being configured to support the chest of the patient, the torso-lift support being
pivotally connected to the at least one main beam, the torso-lift support being
configured to pivot the chest support plate between at least a first position and a
second position to move the torso of the patient between an unlifted position and a
lifted position; and a pelvic-tilt support attached to the at least one main beam, the
pelvic-tilt support including a thigh cradle and a lower leg cradle, the thigh support
being configured to support the thighs of the patient, and the lower leg cradle being
configured to support the lower legs of the patient, the thigh cradle and the lower leg
cradle being pivotal with respect to one another to facilitate adjustment of the hips of
the patient.

[005] The present invention in another preferred embodiment contemplates A
positioning frame for supporting a patient, the positioning frame including at least one
main beam having a first end, a second end, and a length extending between the first
and second end, the at least one main beam defining an axis of rotation relative to at
least a first support structure and a second support structure, the at least one main
being rotatable about the axis of rotation between at least a first position and a second
position, the axis of rotation substantially corresponding to a cranial-caudal axis of the
patient when the patient is supported on the positioning frame; the first and second
support structures supporting the at least one main beam, the first and second support
structure spacing the at least one main beam from the ground; a torso-lift support
attached to the at least one main beam, the torso-lift support including a chest support
plate being configured to support the chest of the patient, the torso-lift support being
pivotally connected to the at least one main beam, the torso-lift support being
configured to pivot the chest support plate between at least a first position and a
second position to move the torso of the patient between an unlifted position and a
lifted position; a pelvic-tilt support attached to the at least one main beam, the pelvic-tilt
support including a thigh cradle and a lower leg cradle, the thigh support being
configured to support the thighs of the patient, and the lower leg cradle being
configured to support the lower legs of the patient, the thigh cradle and the lower leg
cradle being pivotal with respect to one another to facilitate adjustment of the hips of
the patient; a coronal adjustment assembly attached to the at least one main beam, the

coronal adjustment assembly being configured to move at least a portion of the torso of
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the patient away from a portion of the at least one main beam; and at least one actuator
for articulating at least one of the at least one main beam, the torso-lift support, the
pelvic-tilt support, and the coronal adjustment assembly.

[006] The present invention in yet another preferred embodiment contemplates a
method of performing surgical using a positioning frame to position portions of the body
of a patient, the method including positioning the patient on the positioning frame by
approximately aligning the cranial-caudal axis of the body of the patient with an axis of
rotation of a main support beam; supporting the torso of the patient on a torso-lift
support, the torso-lift support being attached to the main support beam; supporting the
thighs and lower legs of the patient on a pelvic-tilt support; the pelvic-tilt support being
attached to the main support beam; and rotating the main support being about the axis
of rotation there to move the patient between a first position and a second position, the
patient being in a prone position in the first position and in a lateral position in the
second position.

[007] The present invention in yet another preferred embodiment contemplates an
adjustable surgical frame for supporting a patient to facilitate different surgical
approaches to the spine of the patient, the adjustable surgical frame including a first
end, an opposite second end, and a length extending between the first and second
ends thereof, the surgical frame having a longitudinal axis extending between the first
and second ends along the length thereof, the surgical frame being moveable between
a first position, a second position, and a third position, the surgical frame being
supported by a first support surface in the first position, a second support surface in the
second position, and a third support surface in the third position, a chest support being
configured to support the chest of the patient on the surgical frame, at least a portion of
the chest support being movable in a direction transverse to the longitudinal axis of the
surgical frame to facilitate positioning and repositioning of the chest of the patient
thereon, a hip and upper leg support being configured to support the hips and upper
legs of the patient on the surgical frame, at least a portion of the hip and upper leg
support being pivotally adjustable to facilitate positioning and repositioning of the hips
and upper legs of the patient, and a feet and lower leg support being configured to
support the feet and the lower legs of the patient on the surgical frame, at least a
portion of the feet and lower leg support being moveable in a direction aligned with the
longitudinal axis of the surgical frame to facilitate positioning and repositioning of the
feet and lower legs of the patient, where the coronal plane of the patient is oriented
approximately horizontal when the surgical frame is in the first position, the coronal

plane of the patient is oriented approximately 45° with respect to horizontal and vertical
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when the surgical frame is in the second position, the coronal plane of the patient is
oriented approximately vertical when the surgical frame is in the third position.

[008] The present invention in yet another preferred embodiment contemplates a
method including providing the surgical frame having a first end, an opposite second
end, and a length extending between the first and second ends, the surgical frame
having a longitudinal axis extending between the first and second ends along the length
thereof, the surgical frame including at least a chest support, a hip and upper leg
support, and a feet and lower leg support, adjusting the chest support, the hip and
upper leg support, and the feet and lower leg support to accommodate the size of the
patient, positioning the patient on the surgical frame by contacting portions the chest of
the patient with the chest support, contacting portions of the hips and upper legs of the
patient with the hip and upper leg support, and contacting at least the feet of the patient
with the feet and lower leg support, moving the surgical frame between a first position,
a second position, and a third position, and performing surgery on the patient when the
surgical frame is disposed in the first, second, and third positions, where the coronal
plane of the patient is oriented approximately horizontal when the surgical frame is in
the first position and the patient is supported thereby, the coronal plane of the patient is
oriented approximately 45° with respect to horizontal and vertical when the surgical
frame is in the second position and the patient is supported thereby, and the coronal
plane of the patient is oriented approximately vertical when the surgical frame is in the
third position and the patient is supported thereby.

[009] The present invention in yet another preferred embodiment contemplates an
adjustable surgical frame for supporting a patient to facilitate different surgical
approaches to the spine of the patient, the adjustable surgical frame having a first end,
an opposite second end, and a length extending between the first and second ends
thereof, the surgical frame having a longitudinal axis extending between the first and
second ends along the length thereof, the surgical frame having a first support surface,
a second support surface, and a third support surface, a chest support, at least a
portion of the chest support being movable in a direction transverse to the longitudinal
axis of the surgical frame to facilitate positioning and repositioning of the chest of the
patient thereon, a hip and upper leg support, at least a portion of the hip and upper leg
support being pivotally adjustable to facilitate positioning and repositioning of the hips
and upper legs of the patient, a feet and lower leg support, at least a portion of the feet
and lower leg support being moveable in a direction aligned with the longitudinal axis of
the surgical frame to facilitate positioning and repositioning of the feet and lower legs of

the patient, where a first plane extends through the surgical frame, and the surgical
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frame is moveable between and supports the patient in a first position, a second
position, and a third position, the surgical frame being supported by the first support
surface in the first position, the second support surface in the second position, and the
third support surface in the third position, the first plane being oriented approximately
horizontal when the surgical frame is in the first position, the first plane being oriented
approximately 45° with respect to horizontal and vertical when the surgical frame is in
the second position, and the first plane being oriented approximately vertical when the
surgical frame is in the third position.

[010] These and other objects of the present invention will be apparent from
review of the following specification and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[011] The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate preferred embodiments of the invention and, together with
the description, serve to explain the objects, advantages, and principles of the
invention. In the drawings:
[012] FIG. 1A is a top perspective view of a surgical frame according to the
present invention;
[013] FIG. 1B is the perspective view of FIG. 1A identifying additional features
thereof;
[014] FIG. 1C is the perspective view of FIGS. 1A and 1B identifying additional
features thereof;
[015] FIG. 1D is the perspective view of FIGS. 1A, 1B, and 1C identifying
additional features thereof;
[016] FIG. 1E is a top plan view of the surgical frame of FIG. 1A;
[017] FIG. 1F is a side elevational view of the surgical frame of FIG. 1A,
[018] FIG. 1G is a bottom perspective view of the surgical frame of FIG. 1A,;
[019] FIG. 2A is a top perspective view of the surgical frame of FIG. 1A,
components thereof having been adjusted to maintain a patient in a first position;
[020] FIG. 2B is a top plan view of the surgical frame of FIG. 1A, the components
thereof having been adjusted as shown in FIG. 2A to maintain the patient in the first
position;
[021] FIG. 2C is a side elevational view of the surgical frame of FIG. 1A, the
components thereof having been adjusted as shown in FIG. 2A to maintain the patient

in the first position;
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[022] FIG. 3A is a top perspective view of the surgical frame of FIG. 1A, the
components thereof having been adjusted to maintain the patient in a second position;
[023] FIG. 3B is a top plan view of the surgical frame of FIG. 1A, the components
thereof having been adjusted as shown in FIG. 3A to maintain the patient in the second
position;

[024] FIG. 3C is a side elevational view of the surgical frame of FIG. 1A, the
components thereof having been adjusted as shown in FIG. 3A to maintain the patient
in the second position;

[025] FIG. 4A is a top perspective view of the surgical frame of FIG. 1A, the
components thereof having been adjusted to maintain the patient in a third position;
[026] FIG. 4B is a top plan view of the surgical frame of FIG. 1A, the components
thereof having been adjusted as shown in FIG. 4A to maintain the patient in the third
position;

[027] FIG. 4C is a side elevational view of the surgical frame of FIG. 1A, the
components thereof having been adjusted as shown in FIG. 4A to maintain the patient
in the third position;

[028] FIG. 5A is a top perspective view of the surgical frame of FIG. 1A, the
components thereof having been adjusted to maintain the patient in a fourth position;
[029] FIG. 5B is a top plan view of the surgical frame of FIG. 1A, the components
thereof having been adjusted as shown in FIG. 5A to maintain the patient in the fourth
position;

[030] FIG. 5C is a side elevational view of the surgical frame of FIG. 1A, the
components thereof having been adjusted as shown in FIG. 5A to maintain the patient
in the fourth position;

[031] FIG. 6 is a top perspective view of another embodiment of a surgical frame
according to the present invention with a patient positioned thereon in a prone position;
[032] FIG. 7 is a side elevational view of the surgical frame of FIG. 6 with the
patient positioned thereon in a prone position;

[033] FIG. 8 is another side elevational view of the surgical frame of FIG. 6 with
the patient positioned thereon in a prone position;

[034] FIG. 9 is a top plan view of the surgical frame of FIG. 6 with the patient
positioned thereon in a prone position;

[035] FIG. 10 is a perspective view of the surgical frame of FIG. 6 with the patient
positioned thereon in a lateral position;
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[036] FIG. 11 is a top perspective view of portions of the surgical frame of FIG. 6
showing an area of access to the head of the patient positioned thereon a prone
position;

[037] FIG. 12 is a side elevational view of the surgical frame of FIG. 6 showing a
torso-lift support supporting the patient in a lifted position;

[038] FIG. 13 is another side elevational view of the surgical frame of FIG. 6
showing the torso-lift support supporting the patient in the lifted position;

[039] FIG. 14 is an enlarged top perspective view of portions of the surgical frame
of FIG. 6 showing the torso-lift support supporting the patient in an unlifted position;
[040] FIG. 15 is an enlarged top perspective view of portions of the surgical frame
of FIG. 6 showing the torso-lift support supporting the patient in the lifted position;
[041] FIG. 16 is an enlarged top perspective view of componentry of the torso-lift
support in the unlifted position;

[042] FIG. 17 is an enlarged top perspective view of the componentry of the torso-
lift support in the lifted position;

[043] FIG. 18A is a perspective view of an embodiment of a structural offset main
beam for use with another embodiment of a torso-lift support showing the torso-lift
support in a retracted position;

[044] FIG. 18B is a perspective view similar to FIG. 18A showing the torso-lift
support at half travel;

[045] FIG. 18C is a perspective view similar to FIGS. 18A and 18B showing the

torso-lift support at full travel,

[046] FIG. 19 is a perspective view of a chest support lift mechanism of the torso-
lift support of FIGS. 18A-18C with actuators thereof retracted;
[047] FIG. 20 is another perspective view of a chest support lift mechanism of the

torso-lift support of FIGS. 18A-18C with the actuators thereof extended;

[048] FIG. 21 is a top perspective view of the surgical frame of FIG. 6;

[049] FIG. 22 is an enlarged top perspective view of portions of the surgical frame
of FIG. 6 showing a sagittal adjustment assembly Including a pelvic-tilt mechanism and
leg adjustment mechanism,;

[050] FIG. 23 is an enlarged side elevational view of portions of the surgical frame

of FIG. 6 showing the pelvic-tilt mechanism;

[051] FIG. 24 is an enlarged perspective view of componentry of the pelvic-tilt
mechanism;
[052] FIG. 25 is an enlarged perspective view of a captured rack and a worm gear

assembly of the componentry of the pelvic-tilt mechanism,;
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[053] FIG. 26 is an enlarged perspective view of the worm gear assembly of FIG.
25;
[054] FIG. 27 is a side elevational view of portions of the surgical frame of FIG. 6

showing the patient positioned thereon and the pelvic-tilt mechanism of the sagittal
adjustment assembly in the flexed position;

[055] FIG. 28 is another side elevational view of portions of the surgical frame of
FIG. 6 showing the patient positioned thereon and the pelvic-tilt mechanism of the
sagittal adjustment assembly in the fully extended position;

[056] FIG. 29 is an enlarged top perspective view of portions of the surgical frame
of FIG. 6 showing a coronal adjustment assembly;

[057] FIG. 30 is a bottom perspective view of portions of the surgical frame of
FIG. 6 showing operation of the coronal adjustment assembly; and

[058] FIG. 31 is a top perspective view of portion of the surgical frame of FIG. 6
showing operation of the coronal adjustment assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[059] The following description is intended to be representative only and not
limiting. Many variations, therefore, can be anticipated according to these teachings.
For example, a dynamic surgical table system is disclosed in U.S. Patent 7,234,180.
Reference will now be made in detail to the preferred embodiments of this invention,
examples of which are illustrated in the accompanying drawings.
[060] As depicted in FIGS. 1A-5C, a surgical frame is generally indicated by the
numeral 10. The surgical frame 10 is provided to facilitate positioning and repositioning
of a patient P during surgery and/or to accommodate differently sized patients. To that
end, the surgical frame 10 includes various features that facilitate supported movement
of the patient P (Fig. 2A) during surgery. As discussed below, the surgical frame 10
affords positioning and repositioning of the upper body (including the chest), hips, legs,
and feet of the patient P during surgery and/or to accommodate differently sized
patients. Furthermore, the surgical frame 10 includes various features that facilitate
pivotal movement of the entire surgical frame 10. In doing so, the surgical frame 10 can
be pivoted to move the patient P from a prone-supported position, to a 45°-supported
position, to a side-supported position, and back again.
[061] As depicted in FIG. 1A, the surgical frame 10 includes a first portion 12, a
second portion 14, and a third portion 16. As discussed below, the first and second
portions 12 and 14 share some components therebetween, and the second and third

portions 14 and 16 share some components therebetween. The first portion 12 includes
8
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support surfaces 20 that support the surgical frame 10 such that the patient P can be
supported in the prone position, the second portion 14 includes support surfaces 22
that support the surgical frame 10 such that the patient P can be supported in the 45°-
supported position, and the third portion 16 includes support surfaces 24 that support
the surgical frame 10 such that the patient P can be supported in the side-supported
position.

[062] The first portion 12 includes various frame members. The first portion 12
includes a first frame member 28, a second frame member 30, a third frame member
32 (Fig. 1B), and a fourth frame member 34 (Fig. 1B). The third and fourth frame
members 32 and 34 can be integrally formed with the first frame member 28. However,
to afford an additional degree of movement, the third and fourth frame members 32 and
34 can be attached to a moveable frame member 36. As depicted in FIG. 1A, the
second frame member 30 extends outwardly from the first frame member 28, and the
third and fourth frame members 32 and 34 extend outwardly from the moveable frame
member 36. The moveable frame member 36 includes a cavity 38 (Fig. 1E) for
receiving the first frame member 28 therethrough, and the moveable frame member 36
is slidable along the first frame member 28. The moveable frame member 36 affords
repositioning of the third and fourth frame members 32 and 34 along the first frame
member 28 relative to the remainder of the surgical frame 10. The first frame member
28 and the moveable frame member 36 are axially aligned with the longitudinal axis of
the surgical frame 10, and the second, third, and fourth frame members 30, 32, and 34
are perpendicular with respect to the first axially-aligned member 28.

[063] The second frame member 30 supports first and second chest support
mechanisms 40 and 42. Each of the first and second chest support mechanisms 40
and 42 include a collar portion 44, an upright portion 46, an extension portion 48, and a
chest pad 50. As discussed below, components of the first and second chest support
mechanisms 40 and 42 can be adjusted to position and reposition the upper body
(including the chest) of the patient P during surgery and/or to accommodate differently
sized patients.

[064] The collar portions 44 of the first and second chest support mechanisms 40
and 42 are moveable with respect to the second frame member 30, and the extension
portions 48 are moveable with respect to the upright portions 46. Furthermore, the
chest pads 50 are attached to the extension portions 48. Movement of the collar
portions 44 with respect to the second frame member 30, and movement of the
extension portions 48 with respect to the upright portions 46 serves in facilitating

positioning and repositioning of the chest pads 50.
9
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[065] Each of the collar portions 44 include an aperture 52 for receiving the
second frame member 30 therethrough to facilitate slidable movement of the first and
second chest support mechanisms 40 and 42 on the second frame member 30.

[066] The first and second chest support mechanisms 40 and 42 each include a
pin 54, and the collar portions 44 each include apertures 56 through opposed sides
thereof for receiving one of the pins 54. Furthermore, the second frame member 30
includes various sets of apertures 58 along and through opposed sides thereof for
receiving the pins 54. When the apertures 56 are aligned with one of the sets of
apertures 58, insertion of one of the pins 54 through the apertures 56 and one of the
sets of apertures 58 serves to hold the first and second chest support mechanisms 40
and 42 in position with respect to the second frame member 30. As such, the first and
second chest support mechanisms 40 and 42 can be positioned and repositioned along
the second frame member 30.

[067] The extension portion 48 is partially received within the upright portion 46,
and is moveable outwardly and inwardly with respect to the upright portion 46. Each of
the first and second chest support mechanisms 40 and 42 include a pin 60, and the
upright portions 46 each include apertures 62 through opposed sides thereof for
receiving one of the pins 60. Furthermore, each of the extension portions 48 include
various sets of apertures (not shown) along and through opposed sides thereof for
receiving one of the pins 60. When the apertures 62 are aligned with one of the sets of
apertures in one of the extension portions 48, insertion of one of the pins 60 through
the apertures 62 and one of the sets of apertures in one of the extension portions 48
serves to hold the extension portion 48 (and the chest pad 50 attached thereto) in
position with respect to the corresponding upright portion 46. As such, the chest pads
50 of the first and second chest support mechanisms 40 and 42 can be positioned and
repositioned with respect to the upright portions 46 (and the remainder of the first and
second chest support mechanisms 40 and 42).

[068] The third and fourth frame members 32 and 34 support hip and upper leg
support mechanism 70 and feet support mechanism 72. As discussed below,
components of the hip and upper leg support mechanism 70 and the feet support
mechanism 72 can be adjusted to position and reposition the lower body (including the
hips, legs, and feet) of the patient P during surgery and/or to accommodate differently
sized patients. In situations where the patient P is being positioned for back surgery,
hip and upper leg support mechanism 70 offers a significant advantage to the surgeon
by permitting the positioning of the patient’s back into a preferred position for access to

the surgical site. By way of example, during posterior lumbar surgery, the patient’s back
10



WO 2017/031225 PCT/US2016/047394

can by curved via movement of the hip and upper leg support mechanism 70 to a more
distracted/open orientation on the posterior side between adjacent vertebrae so as to
facilitate removal of the disc therebetween and/or subsequent insertion of a spinal
implant therein.

[069] As depicted in FIG. 1B, the third and fourth frame members 32 and 34
support sub-frame 74 which undergirds the hip and upper leg support mechanism 70
and feet support mechanism 72. The sub-frame 74 is moveable along the third and
fourth frame members 32 and 34. The sub-frame 74 includes a first collar member 76
(Fig. 1B), a second collar member 78, a first cross member 80, and a second cross
member 82. The first and second collar members 76 and 78 are attached to one
another with first cross member 80, and the second cross member 82 extends
outwardly from the second collar portion 78. As depicted in FIG. 1B, the first and
second cross members 80 and 82 are perpendicularly oriented with respect to the first
and second collar members 76 and 78. The first and second collar members 76 and 78
and the first and second cross members 80 and 82 are welded or otherwise fixedly
attached to one another.

[070] The first and second collar members 76 and 78 are hollow. As such, the first
and second collar members 76 and 78 include cavities 84 and 85, respectively,
extending therethrough from one end to the other end thereof. The third frame member
32 is received through the first collar member 76, and the fourth frame member 34 is
received through the second collar member 78. As such, the first and second collar
members 76 and 78 are moveable along the third and fourth frame members 32 and
34, respectively. The movement of the first and second collar members 76 and 78
along the third and fourth frame members 32 and 34, respectively, facilitates movement
of the sub-frame 74 (and hence, the hip and upper leg support mechanism 70 and the
feet support mechanism 72) relative to the remainder of the surgical frame 10. As
discussed above, the moveable frame member 36 also affords repositioning of the third
and fourth frame members 32 and 34 (and the sub-frame 74, and the hip and upper leg
support mechanism 70 and the feet support mechanism 72 supported by the sub-frame
74) along the first frame member 28. As such, the positions of the hip and upper leg
support mechanism 70 and the feet support mechanism 72 can be changed by moving
the moveable frame member 36 along the first frame member 28, and by moving the
sub-frame 74 along the third and fourth frame members 32 and 34.

[071] The sub-frame includes a pin 86, and the second collar member 78 includes
apertures 87 through opposed sides thereof for receiving the pin 86. Furthermore, the

fourth frame member 34 includes various sets of apertures 88 along and through
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opposed sides thereof for receiving the pin 86. When the apertures 87 are aligned with
one of the sets of apertures 88, insertion of the pin 86 through the apertures 87 and the
sets of apertures 88 serves to hold the second collar member 78 (and hence, the
sub-frame 74) in position relative to the fourth frame member 34.

[072] As discussed above, the first and second collar members 76 and 78 of the
sub-frame 74 are moveable along the third and fourth frame members 32 and 34,
respectively. To facilitate such movement (especially when the patient P is positioned
on the surgical frame 10), the third frame member 32 and the first collar member 76
include an internal mechanism (not shown) that translates rotational movement of a
shaft 90 extending through the third frame member 32 into movement of the sub-frame
74 (and the hip and upper leg support mechanism 70 and the feet support mechanism
72 attached thereto). Rotation of the shaft 90 in one direction moves the sub-frame 74
(and the hip and upper leg support mechanism 70 and the feet support mechanism 72
attached thereto) toward the first frame member 28, and rotation of the shaft 90 in the
other direction moves the sub-frame 74 (and the hip and upper leg support mechanism
70 and the feet support mechanism 72 attached thereto) away from the first frame
member 28. Thus, via movement of the sub-frame 74, the hip and upper leg support
mechanism 70 and the feet support mechanism 72 can be moved toward and away
from the first frame member 28 to position and reposition the lower body of the patient
P during surgery and/or to accommodate differently sized patients.

[073] As depicted in FIG. 1C, the feet support mechanism 72 is moveably
attached to the second cross member 82. The feet support mechanism 72 includes a
flange portion 96, an upright portion 98, a first foot support 100, and a second foot
support 102.

[074] The flange portion 96 attaches the feet support mechanism 72 to the second
cross member 82 using bolts 104 attached to a truck 106 moveable within the second
cross member 82. The bolts 104 are attached to the truck 106 through a slot 110
formed in the second cross member 82. The truck 106 is confined within the interior of
the second cross member 82, and the slot 110 affords movement of both the truck 106
and the feet support mechanism 72 attached thereto relative to the second cross
member 82. To facilitate such movement (especially when the patient P is positioned
on the surgical frame 10), the second cross member 82 includes an internal
mechanism (not shown) that translates rotational movement of a shaft 112 extending
through the second cross member 82 into movement of the truck 106 (and the feet
support mechanism 72 attached thereto). Rotation of the shaft 112 in one direction

moves the truck 106 (and the feet support mechanism 72 attached thereto) toward the
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fourth frame member 34, and rotation of the shaft 112 in the other direction moves the
truck 106 (and the feet support mechanism 72 attached thereto) away from the fourth
frame member 34. As such, movement of the feet support mechanism 72 toward and
away from the fourth frame member 34 serves to position and reposition the legs of the
patient P during surgery and/or to accommodate differently sized patients.

[075] The first and second foot supports 100 and 102 are provided on opposed
sides of the upright portion 98. The first and second foot supports 100 and 102 each
include an arm portion 116 and an extension portion 118. The arm portions 116 of the
first and second foot supports 100 and 102 are attached to either side of the upright
portion 98 using a pin 120, and washers 122 received on the pin 120 are positioned
between the arm portions 116 and the upright member 98. The pin 120 allows the first
and second foot supports 100 and 102 to pivot. The extension portions 118 support the
feet of the patient thereon, and, as the patient is positioned and repositioned, the
extension portions 118 move via pivotal movement of the first and second foot supports
100 and 102 to accommodate such positioning.

[076] As depicted in FIG. 1B, the hip and upper leg support mechanism 70
includes a patient support platform 130 for anteriorly supporting the hips and the upper
legs of the patient P. As discussed below, the angle and location of the patient support
platform 130 can be adjusted to position and reposition the hips and the upper legs of
the patient P during surgery and/or to accommodate differently sized patients.

[077] The patient support platform 130 includes a body portion 132, a first leg
portion 134, and a second leg portion 136. A slot 138 separates the first and second leg
portions 134 and 136 from one another. The body portion 132 serves in supporting the
hips of the patient P, the first and second leg portions 134 and 136 serves in supporting
the upper legs of the patient, and the slot 138 serves to limit contact of the support
platform 130 with the groin area of the patient.

[078] As depicted in FIG. 1G, the hip and upper leg support mechanism 70 also
includes a first angled portion 140, a second angled portion 142, a first extension
portion 144, a second extension portion 146, and a plate 148. The first and second
angled portions 140 and 142, the first and second extension portions 144 and 146, and
the plate 148 support the patient support platform 130. As discussed below, the patient
support platform 130 is attached to the plate 148, and the plate 148 is pivotally attached
to the first and second extension portions 144 and 146. Furthermore, the first and
second extension portions 144 and 146 are moveable outwardly and inwardly with
respect to the first and second angled portions 140 and 142. Thus, pivotal movement of

the plate 148, and outward and inward movement of the extension portions 144 and
13



WO 2017/031225 PCT/US2016/047394

146 can affect the position of the patient support platform 130. The pivotal movement of
the plate 148 affects the angle of the patient support platform 130, and the inward and
outward movement of the extension portions 144 and 146 affects the location of the
patient support platform 130.

[079] The first and second angled portions 140 and 142 are attached to the first
collar member 76 of the sub-frame 74, and the first and second extension portions 144
and 146 are partially received within the first and second angled portions 140 and 142,
respectively. As seen in FIG. 1G, the first and second angled portions 140 and 142
extend upwardly at an angle from the first collar member 76. The first and second
extension portions 144 and 146 are moveable outwardly and inwardly within the first
and second angled portions 140 and 142. Furthermore, because the first and second
extension portions 144 and 146 are received in the first and second angled portions
140 and 142, the angles of the first and second extension portions 144 and 146
correspond to the angles of the first and second angled portions 140 and 142. Each of
the first and second angled portions 140 and 142 include apertures 150 through
opposed sides thereof, and each of the first and second extension portions 144 and
146 include various sets of apertures (not shown) along and through opposed sides
thereof. When the apertures 150 are aligned with one of the sets of apertures, insertion
of pins 152 therethrough serves to hold the first and second extension portions 144 and
146 in position with respect to the first and second angled portions 140 and 142. As
such, the first and second extension portions 144 and 146 can be positioned and
repositioned with respect to the first and second angled portions 140 and 142.

[080] End portions 154 and 156 of the first and second extension portions 144
and 146, respectively, are attached to the plate 148. The plate 148 is attached to the
patient support platform 130, and the plate 148 includes a top surface 160 and a
bottom surface 162. The top surface 160 contacts the patient support platform 130, and
the bottom surface 162 includes a first clevis 164 and a second clevis 166 facilitating
attachment of the first and second extension portions 144 and 146 to the plate 148.
Attachment of the end portions 154 and 156 to plate 148 allows for pivotal movement of
the plate 148 (and the patient support platform 130 attached thereto) with respect to the
first and second extension portions 144 and 146. Furthermore, movement of the first
and second extension portions 144 and 146 with respect to the first and second angled
portions 140 and 142 allows for outward and inward movement of plate 148 (and the
patient support platform 130 attached thereto). As such, the angle and location of the

patient support platform 130 can be adjusted to position and reposition the hips and the
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upper legs of the patient during surgery and/or to accommodate differently sized
patients.

[081] The first and second clevises 164 and 166 can be integrally formed with the
plate 148. The end portion 154 is received in the first clevis 164 and the second end
portion 156 is received in the second clevis 166. Each of the first and second clevises
164 and 166 include apertures 170 therethrough, and each of the end portions 154 and
156 include apertures (not shown) therethrough on opposed sides of the first and
second extension portions 144 and 146. Fixed pins 172 can be received through the
apertures 170 and the apertures to pivotally attach the end portions 154 and 156 to the
first and second clevises 164 and 166, respectively. Furthermore, each of the fixed pins
172 includes a handle 174 that can be tightened onto the fixed pins 172 to hold the first
and second clevises 164 and 166 in position relative to the end portions 154 and 156.
[082] As discussed above, given that the plate 148 is attached to the patient
support platform 130, the pivotal movement of the plate 148 affords corresponding
pivotal movement of the patient support platform 130 attached thereto. Thus, tightening
of the handles 174 onto the fixed pins 172 serves to hold the plate 148 and the patient
support platform 130 attached thereto in position relative to the first and second
extension portions 144 and 146. Furthermore, as discussed above, given that the plate
148 is attached to the first and second extension portions 144 and 146, movement of
the first and second extension portions 144 and 146 outwardly and inwardly affords
corresponding outward and inward movement of the plate 148 and the patient support
platform 130 attached thereto. Thus, insertion of the pins 152 through one of the sets of
apertures in each of the first and second extension portions 144 and 146 serves to hold
the first and second extension portions 144 and 146, the plate 148 attached to the first
and second extension portions 144 and 146, and the patient support platform 130
attached to the plate 148 in position relative to the first and second angled portions 140
and 142.

[083] As depicted in FIGS. 1B and 1G, the position of the patient support platform
130 can be affected during surgery using telescoping mechanism 180. The telescoping
mechanism 180 extends from the feet support mechanism 72 to the plate 148 of the hip
and upper leg support mechanism 70. The telescoping mechanism 180 includes a base
portion 182 attached to the upright portion 98 of the feet support mechanism 72, an
extension portion 184 partially received in the base portion 182, and a clevis 186
provided on an end portion 188 of the extension portion 184. As discussed below, the
lengthening and shortening of the telescoping mechanism 180 can be used to adjust

the angle of the patient support platform 130.
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[084] The extension portion 184 is moveable outwardly and inwardly with respect
to the base portion 182. Moving the extension portion 184 outward lengthens the
telescoping mechanism 180, and moving the extension portion 184 inward shortens the
telescoping mechanism 180. The base portion 182 includes apertures 192 in opposed
sides thereof, and the extension portion 184 includes sets of apertures 194 along and
through opposed sides thereof. When the apertures 192 are aligned with one of the
sets of apertures 194, insertion of a pin 196 through the apertures 192 and one of the
sets of apertures 194 serves to hold the base portion 182 and the extension portion 184
in position with respect to one another. As such, the extension portion 184 can be
positioned and repositioned with respect to the base portion 182.

[085] The clevis 186 is attached to an extension arm 190 depending downwardly
from the plate 148. The clevis 186 can be integrally formed with the extension portion
184, and the extension arm 190 can be integrally formed with plate 148. The extension
arm 190 is received within the clevis 186. As depicted in FIG. 1G, the clevis 186
includes apertures 200 therethrough, and the extension arm 190 includes an aperture
(not shown). Fixed pin 204 can be received through the apertures 200 and the aperture
in the extension arm 190 to attach the extension portion 184 to the extension arm 190.
Furthermore, the fixed pin 204 includes a handle 206 that can be tightened onto the
fixed pin 204 to hold the clevis 186 in position relative to the extension arm 190.

[086] The lengthening or shortening of the telescoping mechanism 180 can be
used to adjust the angle of the patient support platform 130. As discussed above, the
plate 148 is pivotally attached to the first and second extension portions 144 and 146
via the first and second clevises 164 and 166. The extension arm 190 attached to the
plate 148 serves as a moment arm to facilitate pivotal movement of the plate 148 on
the first and second clevises 164 and 166. Movement of the extension arm 190 toward
the first and second chest support mechanisms 40 and 42 serves to move the body
portion 132 of the patient support platform 130 downwardly, and movement of the
extension arm 190 toward the feet support mechanism 72 serves to move the body
portion 132 of the patient support platform 130 upwardly. Lengthening of the
telescoping mechanism 180 moves the extension arm 190 toward the first and second
chest support mechanisms 40 and 42, and shortening of the telescoping mechanism
180 moves the extension arm 190 toward the feet support mechanism 72. As such, by
adjusting the telescoping mechanism 180, the angle of the plate 148 and the patient
support platform 130 attached thereto can be adjusted to position and reposition the
hips and the upper legs of the patient P during surgery and/or to accommodate

differently sized patients.
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[087] As depicted in FIG. 1C, the second portion 14 of the surgical frame 10
includes the first frame member 28, a fifth frame member 210, a sixth frame member
212, and a seventh frame member 214. The first frame member 28 is shared between
the first and second portions 12 and 14 of the surgical frame 10, and the sixth and
seventh frame members 212 and 214 connect the first and fifth frame members 28 and
210 together. Furthermore, the third portion 16 of the surgical frame 10 includes the
fifth frame member 210, an eighth frame member 220, a ninth frame member 222, and
a tenth frame member 224. The fifth frame member 210 is shared between the second
and third portions 14 and 16 of the surgical frame 10, and the ninth and tenth frame
members 222 and 224 connect the fifth and eighth frame members 210 and 220
together.

[088] A portion of the third portion 16 can be separable from the remainder of the
surgical frame 10. As depicted in FIG. 1C, the ninth and tenth frame members 222 and
224 can be formed of two components that are removably attached to one another. For
example, the ninth frame member 222 includes a first portion 230 and a second portion
232, and tenth frame member 224 includes a first portion 234 and a second portion
236. The first portion 230 is attached to the fifth frame member 210 and the second
portion 232 is attached to the eighth frame member 220, and the first portion 234 is
attached to the fifth frame member 210 and the second portion 236 is attached to the
eighth frame member 220. The first portion 230 includes apertures 240 through
opposed sides thereof, the second portion 232 includes apertures (not shown) through
opposed sides thereof, and a pin 242 is inserted through the apertures 240 in the first
portion 230 and the apertures in the second portion 232 to facilitate removable
attachment between the first and second portions 230 and 232. Furthermore, the first
portion 234 includes apertures 244 through opposed sides thereof, the second portion
236 includes apertures (not shown) through opposed sides thereof, and a pin 246 is
inserted through the apertures 244 in the first portions 234 and the apertures in the
second portion 236 to facilitate removable attachment between the first and second
portions 234 and 236. As such, the eighth frame member 220, and the second portions
232 and 236 of the ninth and tenth frame members 222 and 224, respectively, can be
removed from the remainder of the surgical frame 10.

[089] In addition to the first and second chest support mechanisms 40 and 42, the
hip and upper leg support mechanism 70, and the feet support mechanism 72, the
surgical frame 10 includes a lateral shoulder/upper torso mechanism 250 and a lateral
hip support mechanism 252. As discussed below, components of the lateral

shoulder/upper torso mechanism 250 and the lateral hip support mechanism 252 can
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be adjusted to position and reposition the upper body (including the chest) and the hips
of the patient P during surgery and/or to accommodate differently sized patients.

[090] As depicted in FIG. 1C, the lateral shoulder/upper torso mechanism 250 is
moveable along the second portion 232 of the ninth frame member 222, and also
moveable outwardly and inwardly with respect to the ninth frame member 222. The
lateral shoulder/upper torso mechanism 250 includes a collar portion 260, a base
portion 262, an extension portion 264 (FIG. 3A), and a shoulder/upper torso contacting
portion 266. The collar portion 260 is moveable along the ninth frame member 222, and
the extension portion 264 is partially received in the base portion 262 and is moveable
outwardly and inwardly with respect thereto.

[091] The collar portion 260 includes an aperture 268 for receiving the second
portion 232 of the ninth frame member 222 therethrough to facilitate slidable movement
of the lateral shoulder/upper torso mechanism 250 on the ninth frame member 222.
The lateral shoulder/upper torso mechanism 250 includes a pin 270, the collar portion
260 includes apertures 272 through opposed sides thereof for receiving the pin 270,
and the second portion 232 of the ninth frame member 222 includes various sets of
apertures 274 along and through opposed sides thereof for receiving the pin 270. When
the apertures 272 are aligned with one of the sets of apertures 274, insertion of the pin
270 through the apertures 272 and one of the sets of apertures 274 serves to hold the
lateral shoulder/upper torso mechanism 250 in position with respect to the ninth frame
member 222. As such, the lateral shoulder/upper torso mechanism 250 can be
positioned and repositioned along the ninth frame member 222.

[092] The extension portion 264 is partially received within the base portion 262,
and is moveable outwardly and inwardly with respect to the base portion 262. The
lateral shoulder/upper torso mechanism 250 includes a pin 280, the base portion 262
includes apertures (not shown) through opposed sides thereof for receiving the pin 280,
and the extension portion 264 includes various sets of apertures (not shown) along and
through opposed sides thereof for receiving the pin 280. When the apertures in the
base portion 262 are aligned with one of the sets of apertures in the extension portion
264, insertion of the pin 280 through the apertures in the base portion 262 and one of
the sets of apertures in the extension portion 264 serves to hold the position of the
extension portion 264 (and the shoulder/upper torso contacting portion 266 attached
thereto) in position with respect to the base portion 262. As such, the shoulder/upper
torso contacting portion 266 of the lateral shoulder/upper torso support mechanism 250
can be positioned and repositioned with respect to the base portion 262 (and the

remainder of the lateral shoulder/upper torso mechanism 250).
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[093] As depicted in FIG. 1D, the lateral hip support mechanism 252 is moveable
along both the fifth frame member 210 and the eighth frame member 220, and also
moveable outwardly and inwardly with respect to the fifth frame member 210 and the
eighth frame member 220. The lateral hip support mechanism 252 includes a first
portion 290 and a second portion 292. The first portion 290 is supported between the
fifth frame member 210 and the eighth frame member 220, and the second portion 292
is attached by the first portion 290.

[094] The first portion 290 of the lateral hip support mechanism 252 includes a
collar portion 300, a base portion 302, and a slidable portion 304. The collar portion 300
is moveable with respect to the eighth frame member 220, and the slidable portion 304
is moveable with respect to the fifth frame member 210. The collar portion 300 includes
an aperture 306 for receiving the eighth frame member 220 therethrough to facilitate
slidable movement of the first portion 290 on the eighth frame member 220.
Furthermore, the slidable portion 304 is configured to rest on the fifth frame member
210 to facilitate slidable movement thereon. The first portion 290 includes a pin 310, the
collar portion 300 includes apertures 312 through opposed sides thereof for receiving
the pin 310, and the eighth frame member 220 includes various sets of apertures 314
along and through opposed sides thereof for receiving the pin 310. When the apertures
312 are aligned with one set of the apertures in the eighth frame member 220, insertion
of the pin 310 through the apertures 312 and one of the sets of apertures 314 in the
eighth frame member 220 serves to hold the position of the first portion of the lateral hip
support mechanism 252 relative to the fifth frame member 210 and the eighth frame
member 220. As such, the first portion 290 (and the second portion 292 attached
thereto) of the lateral hip support mechanism 252 can be positioned and repositioned
with respect to the fifth frame member 210 and the eighth frame member 220.

[095] The second portion 292 of the lateral hip support mechanism 252 includes a
collar portion 320, a base portion 322, an extension portion 324 (FIG. 3A), and a
hip-contacting portion 326. The collar portion 320 is moveable along the base portion
302 of the first portion 290, and the extension portion 324 is partially received within the
base portion 302 and is moveable outwardly and inwardly with respect thereto.

[096] To facilitate movement of the second portion 292 relative to the first portion
290, the lateral hip support mechanism 252 includes a pin 330, the collar portion 320
includes apertures 332 through opposed sides thereof for receiving the pin 330
therethrough, and the base portion 302 of the first portion 290 includes various sets of
apertures 334 along and through opposed sides thereof for receiving the pin 330

therethrough. When the apertures 332 are aligned with one of the sets of apertures
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334, insertion of the pin 330 through the apertures 332 and one of the sets of apertures
334 serves to hold the second portion 292 in position with respect to the base portion
302 of the first portion 290. As such, the second portion 292 of the hip support
mechanism 252 can be positioned and repositioned along the base portion 302 of the
first portion 290.

[097] Additionally, to facilitate movement of the extension portion 324 relative to
the base portion 322, the lateral hip support mechanism 252 includes a pin 340, the
base portion 322 includes apertures 342 through opposed sides thereof for receiving
the pin 340, and the extension portion 324 includes various sets of apertures (not
shown) along and through opposed sides thereof for receiving the pin 340. When the
apertures 342 are aligned with one of the sets of apertures, insertion of the pin 340
through the apertures 342 and one of the sets of apertures serves to hold the extension
portion 324 (and the hip-contacting portion 326 attached thereto) in position with
respect to the base portion 322. As such, the hip-contacting portion 326 of the lateral
hip support mechanism 252 can be positioned and repositioned with respect to the
base portion 322 (and the remainder of the lateral hip support mechanism 252).

[098] As discussed above, the surgical frame 10 affords positioning and
repositioning of the upper body (including the chest), hips, legs, and feet of the patient
P during surgery and/or to accommodate differently sized patients. In summary, the
locations of chest support pads 50 of the first and second chest support mechanisms
40 and 42 can be adjusted to position and reposition the upper body (including the
chest) of the patient P. The angle and location of the patient support platform 130 of the
hip and upper leg support mechanism 70 can be adjusted to position and reposition the
hips and upper legs of the patient P. The location of the feet support mechanism 72 can
be adjusted to position and reposition the legs of the patient P. The positions of the hip
and upper leg support mechanism 70 and the feet support mechanism 72 (and the
patient P received thereon) also can be changed by moving the moveable frame
member 36 along the first frame member 28, and by moving the sub-frame 74 along
the first and second frame members 32 and 34. Furthermore, the location of the
shoulder/upper torso contacting portion 266 of the lateral shoulder/upper torso
mechanism 250, and the location of the hip-contacting portion 326 of the lateral hip
support mechanism 252 can be adjusted to position and reposition the shoulders and
hips of the patient P. The movement afforded by the various mechanisms of the
surgical frame 10 affords articulation of portions of the body of the patient P to change

the degree of surgical access to the body during surgery. The movement afforded by
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the various mechanisms of the surgical frame 10 also affords the accommodation of
differently sized patients.

[099] FIGS. 2A-5C serve in illustrating the articulation of the body of the patient P
afforded by the various mechanisms of the surgical frame 10. FIGS. 2A-2C depict the
patient P positioned on the surgical frame 10 in the prone position. The body contacting
portions of the first and second chest support mechanisms 40 and 42, the hip and
upper leg support mechanism 70, the feet support mechanism 72, the lateral
shoulder/upper torso mechanism 250, and the lateral hip support mechanism 252 are
located in the same position as depicted in FIGS. 1A-1C.

[0100] As shown in FIGS. 2A-2C, the shoulder/upper torso contacting portion 266
of the lateral shoulder/upper torso mechanism 250 and the lateral hip-contacting portion
326 of the hip support mechanism 252 are disengaged from the body of the patient P,
and the patient P is supported by the chest support pads 50 of the first and second
chest support mechanisms 40 and 42, the patient support platform 130 of the hip and
upper leg support mechanism 70, and the first and second foot supports 100 and 102
of the feet support mechanism 72.

[0101] In comparison to FIGS. 2A-2C, FIGS. 3A-3C depict the lateral
shoulder/upper torso contacting portion 266 of the shoulder/upper torso mechanism
250 having been placed into contact with the left shoulder of the patient P, and the hip-
contacting portion 326 of the lateral hip support mechanism 252 having been placed
into contact with the left hip of the patient.

[0102] In comparison to FIGS. 3A-3C, FIGS. 4A-4C depict the feet support
mechanism 72 having been moved away from the fourth frame member 34 to move the
feet of the patient P, as well as the angle of the patient support platform 130 having
been changed to adjust the angle of the hips of the patient P, to correspondingly
increase the length of the patient P.

[0103] In comparison to FIGS. 4A-4C, FIGS. 5A-5C depict the moveable frame
member 36 (and the sub-frame 74, and the hip and upper leg support mechanism 70
and the feet support mechanism 72 supported by the sub-frame 74) having been
moved toward the second frame member 30 to move the hips, legs, and feet of the
patient P, as well as the angle of the patient support platform 130 having been changed
to adjust the angle of the hips of the patient P, to correspondingly decrease the length
of the patient P and also move the patient P relative to the chest support mechanisms
40 and 42.

[0104] In addition to the articulation afforded by the various mechanisms of the

surgical frame 10, the orientation of the surgical frame 10 can also be changed during
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surgery. As depicted in FIGS. 1A-1C and 2A-5C, the surgical frame 10 is oriented to
rest on the support surfaces 20 of the first portion 12 of the surgical frame 10. The
patient P is supported in the prone position when the surgical frame 10 is oriented to
rest on the support surfaces 20. The surgical frame 10 can be oriented to rest on the
support surfaces 22 of the second portion 14 or rest on the support surfaces 24 of the
third portion 16. When the surgical frame 10 is oriented to rest on the support surfaces
22, the patient is supported in the 45°-supported position, and, when the surface frame
10 is oriented to rest on the support surfaces 24, the patient is supported in the side-
supported position. In the prone position, the weight of the patient P is primarily
supported by the chest support mechanisms 40 and 42, the hip and upper leg support
mechanism 70, and the feet support mechanism 72. In the 45°-supported position, the
weight of the patient P is primarily supported by the chest support mechanisms 40 and
42, the hip and upper leg support mechanism 70, the feet support mechanism 72, the
lateral shoulder/upper torso mechanism 250, and the lateral hip support mechanism
252. In the side-supported position, the weight of the patient P is primarily supported by
the lateral shoulder/upper torso mechanism 250 and the lateral hip support mechanism
252. When the patient P is supported by the surgical frame 10 in the prone position, the
patient P is in the 45°-supported position, or the patient is in the side-supported
position, the various mechanisms of the surgical frame 10 can be adjusted to articulate
portions of the body of the patient P.

[0105] FIGS. 6-31 depict another preferred embodiment of the surgical support
frame generally indicated by the numeral 10°. As discussed below, the surgical support
frame 10’ serves as an exoskeleton to support the body of the patient P as the patient’s
body is manipulated thereby, and, in doing so, serves to support the patient P such that
the patient’s spine does not experience unnecessary torsion.

[0106] The surgical frame 10’ is configured to provide a relatively minimal amount
of structure adjacent the patient’s spine to facilitate access thereto and to improve the
quality of imaging available before and during surgery. Thus, the surgeon’s workspace
and imaging access are thereby increased. Furthermore, radio-lucent or low magnetic
susceptibility materials can be used in constructing the structural components adjacent
the patient’s spine in order to further enhance imaging quality.

[0107] The surgical frame 10’ has a longitudinal axis and a length therealong. As
shown in FIGS. 6-10, for example, the surgical frame 10’ includes an offset structural
main beam 600 spaced from the ground by a support structure 602. As discussed
below, the offset main beam 600 is used in supporting the patient P on the surgical

frame 10’ and various support components of the surgical frame 10’ that directly
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contact the patient P (such as a head support 356, arm supports 364, torso-lift supports
366 and 700, a sagittal adjustment assembly 370 including a pelvic-tiit mechanism 372
and a leg adjustment mechanism 373, and a coronal adjustment assembly 374.) As
discussed below, an operator such as a surgeon can control actuation of the various
support components to manipulate the position of the patient’s body. Soft straps (not
shown) are used with these various support components to secure the patient P to the
frame and to enable either manipulation or fixation of the patient P. Reusable soft pads
can be used on the load-bearing areas of the various support components.

[0108] The offset main beam 600 is used to facilitate rotation of the patient P. The
offset main beam 600 can be rotated a full 360° before and during surgery to facilitate
various positions of the patient to afford various surgical pathways to the patient’s spine
depending on the surgery to be performed. For example, the offset main beam 600
can be positioned to place the patient P in a prone position (e.g., FIGS. 6-9), a lateral
position (e.g., FIG. 10), and in a position 45° between the prone and lateral positions.
Furthermore, the offset main beam 600 can be rotated to afford anterior, posterior,
lateral, anterolateral, and posterolateral pathways to the spine. As such, the patient’s
body can be flipped numerous times before and during surgery without compromising
sterility or safety. The various support components of the surgical frame 10’ are
strategically placed to further manipulate the patient’s body into position before and
during surgery. Such intraoperative manipulation and positioning of the patient P
affords a surgeon significant access to the patient’s body. To illustrate, when the offset
main beam 600 is rotated to position the patient P in a lateral position, as depicted in
FIG. 10, the head support 356, the arm supports 364, the torso-lift support 366, the
sagittal adjustment assembly 370, and/or the coronal adjustment assembly 374 can be
articulated such that the surgical frame 10’ is OLIF-capable or DLIF-capable.

[0109] As depicted in FIG. 6, for example, the support structure 602 includes a first
support portion 604 and a second support portion 606 interconnected by a cross
member 608. Each of the first and second support portions 604 and 606 include a
horizontal portion 610 and a vertical support post 612. The horizontal portions 610 are
connected to the cross member 608, and casters 614 can be attached to the horizontal
portions 610 to facilitate movement of the surgical frame 10°.

[0110] The vertical support posts 612 can be adjustable to facilitate expansion and
contraction of the heights thereof. Expansion and contraction of the vertical support
posts 612 facilitates raising and lowering, respectively, of the offset main beam 600. As
such, the vertical support posts 612 can be adjusted to have equal or different heights.

For example, the vertical support posts 612 can be adjusted such that the vertical
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support post 612 of the second support portion 606 is raised 12 inches higher than the
vertical support post 612 of the first support portion 604 to place the patient P in a
reverse Trendelenburg position.

[0111] Furthermore, cross member 608 can be adjustable to facilitate expansion
and contraction of the length thereof. Expansion and contraction of the cross member
608 facilitates lengthening and shortening, respectively, of the distance between the
first and second support portions 604 and 606.

[0112] The vertical support post 612 of the first and second support portions 604
and 606 have heights at least affording rotation of the offset main beam 600 and the
patient P positioned thereon. Each of the vertical support posts 612 include a clevis
620, a support block 622 positioned in the clevis 620, and a pin 624 pinning the clevis
620 to the support block 622. The support blocks 622 are capable of pivotal movement
relative to the clevises 620 to accommodate different heights of the vertical support
posts 612. Furthermore, axles 626 extending outwardly from the offset main beam 600
are received in apertures 628 formed the support blocks 622. The axles 626 define an
axis of rotation of the offset main beam 600, and the interaction of the axles 626 with
the support blocks 622 facilitate rotation of the offset main beam 600.

[0113] Furthermore, a servomotor 630 can be interconnected with the axle 626
received in the support block 622 of the first support portion 604. The servomotor 630
can be computer controlled and/or operated by the operator of the surgical frame 10’ to
facilitate controlled rotation of the offset main beam 600. Thus, by controlling actuation
of the servomotor 630, the offset main beam 600 and the patient P supported thereon
can be rotated to afford the various surgical pathways to the patient’s spine.

[0114] As depicted in FIGS. 6-10, for example, the offset main beam 600 includes
a forward portion 640 and a rear portion 642. The forward portion 640 supports the
head support 356, the arm supports 364, the torso-lift support 366, and the coronal
adjustment assembly 374, and the rear portion 642 supports the sagittal adjustment
assembly 370. The forward and rear portions 640 and 642 are connected to one
another by connection member 644 shared therebetween. The forward portion 640
includes a first portion 650, a second portion 652, a third portion 654, and a fourth
portion 656. The first portion 650 extends transversely to the axis of rotation of the
offset main beam 600, and the second and fourth portions 652 and 656 are aligned with
the axis of rotation of the offset main beam 600. The rear portion 642 includes a first
portion 660, a second portion 662, and third portion 664. The first and third portions

660 and 664 are aligned with the axis of rotation of the offset main beam 600, and the
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second portion 662 extends transversely to the axis of rotation of the offset main beam
600.

[0115] The axles 626 are attached to the first portion 650 of the forward portion 640
and to the third portion 664 of the rear portion 642. The lengths of the first portion 650
of the forward portion 640 and the second portion 662 of the rear portion 642 serve in
offsetting portions of the forward and rear portion 640 and 642 from the axis of rotation
of the offset main beam 600. This offset affords positioning of the cranial-caudal axis of
patient P approximately aligned with the axis of rotation of the offset main beam 600.
[0116] Programmable settings controlled by a computer controller (not shown) can
be used to maintain an ideal patient height for a working position of the surgical frame
at a near-constant position through rotation cycles, for example, between the patient
positions depicted in FIGS. 6 and 10. This allows for a variable axis of rotation
between the first portion 604 and the second portion 606.

[0117] As depicted in FIG. 10, for example, the head support 356 is attached to a
chest support plate 368 of the torso-lift support 366 to support the head of the patient P.
If the torso-lift support 366 is not used, the head support 356 can be directly attached to
the forward portion 640 of the offset main beam 600. As depicted in FIGS. 9 and 10,
for example, the head support 356 further includes a facial support cradle 358, an
axially adjustable head support beam 360, and a temple support portion 362. Soft
straps (not shown) can be used to secure the patient P to the head support 356. The
facial support cradle 358 includes padding across the forehead and cheeks, and
provides open access to the mouth of the patient P. The head support 356 also allows
for imaging access to the cervical spine. Adjustment of the head support 356 are
possible via adjusting the angle and the length of the head support beam 360 and the
temple support portion 362.

[0118] As depicted in FIG. 10, for example, the arm supports 364 contact the
forearms and support the remainder of the arms of the patient P, with a first arm
support 364A and a second arm support 364B attached to the chest support plate 368
of the torso-lift support 366. If the torso-lift support 366 is not used, the arm supports
364 can both be directly attached to the offset main beam 600. The arm supports 364
are positioned such that the arms of the patient P are spaced away from the remainder
of the patient’s body to provide access (FIG. 11) to at least portions of the face and
neck of the patient P, thereby providing greater access to the patient.

[0119] As depicted in FIGS. 12-17, for example, the surgical frame 10’ includes a
torso-lift capability for lifting and lowering the torso of the patient P between an uplifted

position and a lifted position, which is described in detail below with respect to the
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torso-lift support 366. As depicted in FIGS. 12 and 13, for example, the torso-lift
capability has an approximate center of rotation (‘COR”) 378 that is located at a
position anterior to the patient's spine about the L2 of the lumbar spine, and is capable
of elevating the upper body of the patient at least an additional six inches when
measured at the chest support plate 368.

[0120] As depicted in FIGS. 14-17, for example, the torso-lift support 366 includes
a “crawling” four bar mechanism 376 attached to the chest support plate 368. Soft
straps (not shown) can be used to secure the patient P to the chest support plate 368.
The head support 356 and the arm supports 364 are attached to the chest support
plate 368, thereby moving with the chest support plate 368 as the chest support plate
368 is articulated using the torso-lift support 366. The fixed COR 378 is defined at the
position depicted in FIGS. 12 and 13. Appropriate placement of the COR 378 is
important so that spinal cord integrity is not compromised (i.e., overly compressed or
stretched) during the lift maneuver performed by the torso-life support 366.

[0121] As depicted in FIGS. 14-17, for example, the four bar mechanism 376
includes first links 380 pivotally connected between offset main beam 600 and the
chest support plate 368, and second links 382 pivotally connected between the offset
main beam 600 and the chest support plate 368. As depicted in FIGS. 16 and 17, for
example, in order to maintain the COR 378 at the desired fixed position, the first and
second links 380 and 382 of the four bar mechanism 376 crawl toward the first portion
604 of the support structure 602, when the patient’s upper body is being lifted. The first
and second links 380 and 382 are arranged such that neither the surgeon’s workspace
nor imaging access are compromised while the patient’s torso is being lifted.

[0122] As depicted in FIGS. 16 and 17, for example, each of the first links 380
define an L-shape, and includes a first pin 384 at a first end 386 thereof. The first pin
384 extends through first elongated slots 388 defined in the offset main beam 600, and
the first pin 384 connects the first links 380 to a dual rack and pinion mechanism 390
via a drive nut 415 provided within the offset main beam 600, thus defining a lower
pivot point thereof. Each of the first links 380 also includes a second pin 392 positioned
proximate the corner of the L-shape. The second pin 392 extends through second
elongated slots 394 defined in the offset main beam 600, and is linked to a carriage 395
of rack and pinion mechanism 390. Each of the first links 380 also includes a third pin
396 at a second end 398 that is pivotally attached to chest support plate 368, thus
defining an upper pivot point thereof.

[0123] As depicted in FIGS. 16 and 17, for example, each of the second links 382

includes a first pin 400 at a first end 402 thereof. The first pin 400 extends through the
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first elongated slot 388 defined in the offset main beam 600, and the first pin 400
connects the second links 382 to the drive nut 415 of the rack and pinion mechanism
390, thus defining a lower pivot point thereof. Each of the second links 382 also
includes a second pin 404 at a second end 406 that is pivotally connected to the chest
support plate 368, the defining an upper pivot point thereof.

[0124] As depicted in FIGS. 16 and 17, the rack and pinion mechanism 390
includes a drive screw 408 engaging the drive nut 415. Coupled gears 410 are
attached to the carriage 395. The larger of the gears 410 engage an upper rack 412
(fixed within the offset main beam 600), and the smaller of the gears 410 engage a
lower rack 414. The carriage 395 is defined as a gear assembly that floats between the
two racks 412 and 414.

[0125] As depicted in FIGS. 16 and 17, the rack and pinion mechanism 390
converts rotation of the drive screw 408 into linear translation of the first and second
links 380 and 382 in the first and second elongated slots 388 and 394 toward the first
portion 604 of the support structure 602. As the drive nut 415 translates along drive
screw 408 (via rotation of the drive screw 408), the carriage 395 translates towards the
first portion 604 with less travel due to the different gear sizes of the coupled gears 410.
The difference in travel, influenced by different gear ratios, causes the first links 380
pivotally attached thereto to lift the chest support plate 368. Lowering of the chest
support plate 368 is accomplished by performing this operation in reverse. The second
links 382 are “idler” links (attached to the drive nut 415 and the chest support plate 368)
that controls the tilt of the chest support plate 368 as it is being lifted and lowered. All
components associated with lifting while tilting the chest plate predetermine where
COR 378 resides. Furthermore, a servomotor (not shown) interconnected with the
drive screw 408 can be computer controlled and/or operated by the operator of the
surgical frame 10’ to facilitate controlled lifting and lowering of the chest support plate
368. A safety feature can be provided, enabling the operator to read and limit a lifting
and lowering force applied by the torso-lift support 366 in order to prevent injury to the
patient P. Moreover, the torso-lift support 366 can also include safety stops (not
shown) to prevent over-extension or compression of the patient P, and sensors (not
shown) programmed to send patient position feedback to the safety stops.

[0126] An alternative preferred embodiment of a torso-lift support is generally
indicated by the numeral 700 in FIGS. 18A-20. As depicted in FIGS. 18A-18C, an
alternate offset main beam 702 is utilized with the torso-lift support 700. Furthermore,
the torso-lift support 700 has a support plate 704 pivotally linked to the offset main

beam 702 by a chest support lift mechanism 706. An arm support rod/plate 707 is
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connected to the support plate 704, and the second arm support 364B. The support
plate 704 is attached to the chest support plate 368, and the chest support lift
mechanism 706 includes various actuators 708 used to facilitate positioning and
repositioning of the support plate 704 (and hence, the chest support plate 368).

[0127] As discussed below, the torso-lift support 700 depicted in FIGS. 18A-20
enables a COR 710 of the patient P thereof to be programmably altered such that the
COR 710 can be a fixed COR or a variable COR. As their names suggest, the fixed
COR stays in the same position as the torso-lift support 700 is actuated, and the
variable COR moves between a first position and a second position as the torso-lift
support 700 is actuated between its initial position and final position at full travel
thereof. Appropriate placement of the COR 710 is important so that spinal cord
integrity is not compromised (i.e., overly compressed or stretched). Thus, the support
plate 704 (and hence, the chest support plate 368) follows a path coinciding with a
predetermined COR 710 (either fixed or variable). FIG. 18A depicts the torso-lift
support 700 retracted, FIG. 18B depicts the torso-lift support 700 at half travel, and FIG.
18C depicts the torso-lift support 700 at full travel.

[0128] As discussed above, the chest support lift mechanism 706 includes
actuators 708 to position and reposition the support plate 704 (and hence, the chest
support plate 368). As depicted in FIGS. 19 and 20, for example, a first actuator 708A,
a second actuator 708B, and a third actuator 708C are provided. Each of the actuators
708A, 708B, and 708C are interconnected with the offset main beam 600 and the
support plate 704, and each of the actuators 708A, 708B, and 708C are moveable
between a retracted and extended position. As depicted in FIGS. 18A-18C, the first
actuator 708A is pinned to the offset main beam 702 using a pin 722 and pinned to the
support plate 704 using a pin 724. Furthermore, the second and third actuators 708B
and 708C are received within the offset main beam 702. The second actuator 708B is
interconnected with the offset main beam 702 using a pin 726, and the third actuator
708C is interconnected with the offset main beam 702 using a pin 728.

[0129] The second actuator 708B is interconnected with the support plate 704 via
first links 730, and the third actuator 708C is interconnected with the support plate 704
via second links 732. First ends 734 of the first links 730 are pinned to the second
actuator 708B and elongated slots 735 formed in the offset main beam 702 using a pin
736, and first ends 738 of the second links 732 are pinned to the third actuator 708C
and elongated slots 739 formed in the offset main beam 702 using a pin 740. The pins
736 and 740 are moveable within the elongated slots 735 and 739. Furthermore,

second ends 742 of the first links 730 are pinned to the support plate 704 using the pin
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724, and second ends 744 of the second links 732 are pinned to the support plate 704
using a pin 746. To limit interference therebetween, as depicted in FIGS. 18A-18C, the
first links 730 are provide on the exterior of the offset main beam 702, and, depending
on the position thereof, the second links 732 are positioned on the interior of the offset
main beam 702.

[0130] Actuation of the actuators 708A, 708B, and 708C facilitates movement of
the support plate 704. Furthermore, the amount of actuation of the actuators 708A,
708B, and 708C can be varied to affect different positions of the support plate 704. As
such, by varying the amount of actuation of the actuators 708A, 708B, and 708C, the
COR 710 thereof can be controlled. As discussed above, the COR 710 can be
predetermined, and can be either fixed or varied. Furthermore, the actuation of the
actuators 708A, 708B, and 708C can be computer controlled and/or operated by the
operator of the surgical frame 10’°, such that the COR 710 can be programmed by the
operator’. As such, an algorithm can be used to determine the rates of extension of the
actuators 708A, 708B, and 708C to control the COR 710, and the computer controls
can handle implementation of the algorithm to provide the predetermined COR. A
safety feature can be provided, enabling the operator to read and limit a lifting force
applied by the actuators 708A, 708B, and 708C in order to prevent injury to the patient
P. Moreover, the torso-lift support 700 can also include safety stops (not shown) to
prevent over-extension or compression of the patient P, and sensors (not shown)
programmed to send patient position feedback to the safety stops.

[0131] FIGS. 21-28 depict portions of the sagittal adjustment assembly 370. The
sagittal adjustment assembly 370 can be used to distract or compress the patient’s
lumbar spine during or after lifting or lowering of the patient’s torso by the torso-lift
supports. The sagittal adjustment assembly 370 supports and manipulates the lower
portion of the patient’s body. In doing so, the sagittal adjustment assembly 370 is
configured to make adjustments in the sagittal plane of the patient’s body, including
tilting the pelvis, controlling the position of the upper and lower legs, and lordosing the
lumbar spine.

[0132] As depicted in FIGS. 21 and 22, for example, the sagittal adjustment
assembly 370 includes the pelvic-tilt mechanism 372 for supporting the thighs and
lower legs of the patient P. The pelvic-tilt mechanism 372 includes a thigh cradle 800
configured to support the patient’s thighs, and a lower leg cradle 802 configured to
support the patient’s shins. Different sizes of thigh and lower leg cradles can be used
to accommodate different sizes of patients, i.e., smaller thigh and lower leg cradles can

be used with smaller patients, and larger thigh and lower leg cradles can be used with
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larger patients. Soft straps (not shown) can be used to secure the patient P to the thigh
cradle 800 and the lower leg cradle 802. The thigh cradle 800 and the lower leg cradle
802 are moveable and pivotal with respect to one another and to the offset main beam
600. To facilitate rotation of the patient’s hips, the thigh cradle 800 and the lower leg
cradle 802 can be positioned anterior and inferior to the patient’s hips.

[0133] As depicted in FIGS. 21, 22, 23, and 30, for example, a first support strut
804 and second support struts 806 are attached to the thigh cradle 800. Furthermore,
third support struts 808 are attached to the lower leg cradle 802. The first support strut
804 is pivotally attached to the offset main beam 600 via a support plate 810 and a pin
812, and the second support struts 806 are pivotally attached to the third support struts
808 via pins 814. The pins 814 extend through angled end portions 816 and 818 of the
second and third support struts 806 and 808, respectively. Furthermore, the lengths of
second and third support struts 806 and 808 are adjustable to facilitate expansion and
contraction of the lengths thereof.

[0134] To accommodate patients with different torso lengths, the position of the
thigh cradle 800 can be adjustable by moving the plate 810 along the offset main beam
600. Furthermore, to accommodate patients with different thigh and lower leg lengths,
the lengths of the second and third support struts 806 and 808 can be adjusted.

[0135] To control the pivotal angle between the second and third struts 806 and
808 (and hence, the pivotal angle between the thigh cradle 800 and lower leg support
802), a link 820 is pivotally connected to a captured rack 822 via a pin 823. The
captured rack 822 includes an elongated slot 824, through which is inserted a worm
gear shaft 826 of a worm gear assembly 828. The worm gear shaft 826 is attached to
a gear 830 provided on the interior of the captured rack 822. The gear 830 contacts
teeth 832 provided inside the captured rack 822, and rotation of the gear 830 (via
contact with the teeth 832) causes motion of the captured rack 822 upwardly and
downwardly. The worm gear assembly 828, as depicted in FIGS. 24-26, for example,
includes worm gears 834 which engage a drive shaft 836, and which are connected to
the worm gear shaft 826.

[0136] The worm gear assembly 828 also is configured to function as a brake,
which prevents unintentional movement of the sagittal adjustment assembly 370.
Rotation of the drive shaft 836 causes rotation of the worm gears 834, thereby causing
reciprocal vertical motion of the captured rack 822. The vertical reciprocal motion of
the captured rack 822 causes corresponding motion of the link 820, which in turn pivots
the second and third support struts 806 and 808 to correspondingly pivot the thigh

cradle 800 and lower leg cradle 802. A servomotor (not shown) interconnected with the
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drive shaft 836 can be computer controlled and/or operated by the operator of the
surgical frame 10’ to facilitate controlled reciprocal motion of the captured rack 822.
[0137] The sagittal adjustment assembly 370 also includes the leg adjustment
mechanism 373 facilitating articulation of the thigh cradle 800 and the lower leg cradle
802 with respect to one another. In doing so, the leg adjustment mechanism 373
accommodates the lengthening and shortening of the patient’s legs during bending
thereof. As depicted in FIG. 22, for example, the leg adjustment mechanism 373
includes a first bracket 850 and a second bracket 852 attached to the lower leg cradle
802. The first bracket 850 is attached to a first carriage portion 854, and the second
bracket 852 is attached to a second carriage portion 856 via pins 862 and 864,
respectively. The first carriage portion 854 is slidable within third portion 664 of the rear
portion 642 of the offset main beam 600, and the second carriage portion 856 is
slidable within the first portion 660 of the rear portion 642 of the offset main beam 600.
An elongated slot 858 is provided in the first portion 660 to facilitate engagement of the
second bracket 852 and the second carriage portion 856 via the pin 864. As the thigh
cradle 800 and the lower leg cradle 802 articulate with respect to one another (and the
patient’s legs bend accordingly), the first carriage 854 and the second carriage 856 can
move accordingly to accommodate such movement.

[0138] The pelvic-tilt mechanism 372 is movable between a flexed position and a
fully extended position. As depicted in FIG. 27, in the flexed position, the lumbar spine
is hypo-lordosed. This opens the posterior boundaries of the lumbar vertebral bodies
and allows for easier placement of any interbody devices. The lumbar spine stretches
slightly in this position. As depicted in FIG. 28, in the extended position, the lumbar
spine is lordosed. This compresses the lumbar spine. When posterior fixation devices,
such as rods and screws are placed, optimal sagittal alignment can be achieved.
During sagittal alignment, little to negligible angle change occurs between the thighs
and the pelvis. The pelvic-tilt mechanism 372 also can hyper-extend the hips as a
means of lordosing the spine, in addition to tilting the pelvis. One of ordinary skill will
recognize, however, that straightening the patient’s legs does not lordose the spine.
Leg straightening is a consequence of rotating the pelvis while maintaining a fixed
angle between the pelvis and the thighs.

[0139] The sagittal adjustment assembly 370, having the configuration described
above, further includes an ability to compress and distract the spine dynamically while
in the lordosed or flexed positions. The sagittal adjustment assembly 370 also includes
safety stops (not shown) to prevent over-extension or compression of the patient, and

sensors (not shown) programmed to send patient position feedback to the safety stops.
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[0140] As depicted in FIGS. 29-31, for example, the coronal adjustment assembly
374 is configured to support and manipulate the patient’s torso, and further to correct a
spinal deformity, including but not limited to a scoliotic spine. As depicted in FIGS. 29-
31, for example, the coronal adjustment assembly 374 includes a lever 880 linked to an
arcuate radio-lucent paddle 882. As depicted in FIGS. 29 and 30, for example, a
rotatable shaft 884 is linked to the lever 880 via a transmission 886, and the rotatable
shaft 884 projects from an end of the chest support plate 368. Rotation of the rotatable
shaft 884 is translated by the transmission 886 into rotation of the lever 880, causing
the paddle 882, which is linked to the lever 880, to swing in an arc. Furthermore, a
servomotor (not shown) interconnected with the rotatable shaft 884 can be computer
controlled and/or operated by the operator of the surgical frame 10’ to facilitate
controlled rotation of the lever 880.

[0141] As depicted in FIG. 29, for example, adjustments can be made to the
position of the paddle 882 to manipulate the torso and straighten the spine. As
depicted in FIG. 30, when the offset main beam 600 is positioned such that the patient
P is positioned in a lateral position, the coronal adjustment assembly 374 supports the
patient’s torso. As further depicted in FIG. 31, when the offset main beam 600 is
positioned such that the patient P is positioned in a prone position, the coronal
adjustment assembly 374 can move the torso laterally, to correct a deformity, including
but not limited to a scoliotic spine. When the patient is strapped in via straps (not
shown) at the chest and legs, the torso is relatively free to move and can be
manipulated. Initially, the paddle 882 is moved by the lever 880 away from the offset
main beam 600. After the paddle 882 has been moved away from the offset main
beam 600, the torso can be pulled with a strap towards the offset main beam 600. The
coronal adjustment assembly 374 also includes safety stops (not shown) to prevent
over-extension or compression of the patient, and sensors (not shown) programmed to
send patient position feedback to the safety stops.

[0142] Preferably the surgical frames further can be used in association with a
traditional surgical table by placing the surgical frames on top of the surgical table. The
surgical frames preferably could be secured to the surgical table via straps, clamps, or
other fastening device to ensure the surgical frames do not inadvertently move relative
to the surgical table.

[0143] Other embodiments of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed
herein.
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[0144] In one embodiment, external tooling devices can be provided, adapted
either to be hand-held by a surgeon or to be applied from an external frame not
connected to the surgical frames, for the purpose of a combination of surgical frame
position, dual or simultaneous access, and applying controlled forces to specific
aspects of instrumentation or inserted tools during a surgery. The surgical frames can
change the 360° of global body position and can add vectors of forces with the head
support, arm supports, the torso-lift supports, the sagittal adjustment assembly, and the
coronal adjustment assembly. For example, during application of the sagittal
adjustment assembly for performance of an osteotomy on a patient, constraint of
fixation points on one side of the osteotomy by the external frame, or by hand by the
surgeon, results in the vectors of forces acting together to reduce the osteotomy, to
improve the sagittal plane, to reduce risk to the patient, and to maximize corrections.
Through the use of live imaging, such as OKI live imaging, which is well known in the
art, the change of angulation, pelvic parameters, and global alignment can be seen in
real time while the vectors of forces are applied for reduction of the osteotomy.

[0145] In one embodiment, the surgeon can hold tools that modulate
instrumentation in concert with actions of the surgical frames, and in concert with real-
time computer-generated data of sagittal balance. Movement of the surgical frames
can be controlled by robotic arms, combined with computer oversight, rather than being
controlled directly by the surgeon. In this embodiment, the surgical frame movement,
the movement of the robotic arms, and the input by the surgeon, together create a real-
time dynamic sagittal plane correction that is predetermined by preoperative
measurements.

[0146] For example, if it is determined that a 30° correction of lumbar lordosis is
required, after the surgeon has made approaches connecting the robotic arms to a
simultaneous access, a feedback loop between the surgical frames and the robotic
arms gives the surgeon an ability to “dial-in” 30° of lordosis at the L4-L5 lumbar spine
vertebrae, and the computer drives the surgical frames and the robotic arms in
harmony to make this exact change, under the observation and guidance of the
surgeon.

[0147] In one embodiment, the surgical table provides an option for the surgeon to
perform separate surgeries on a single patient at the same time, rather than performing
the surgeries at different times.

[0148] For example, in a case of a patient having a cervical degenerative disc
disease (“DDD”) or deformity, and a lumbar DDD or deformity, such patient often elects

two separate surgeries. The surgical frames enable the surgeon to operate initially, for
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example, on the cervical DDD or deformity, flip the patient, and next operate on the
lumbar DDD or deformity, or else to operate initially on the lumbar DDD or deformity,
flip the patient, and next operate on the cervical DDD or deformity. Alternately, the
surgical frames enable the surgeon to rotate the patient to a single position, and
perform surgery on both the lumbar DDD or deformity, and the cervical DDD or
deformity, via the same point of access.

[0149] It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.

34



WO 2017/031225 PCT/US2016/047394

We claim:
1. A positioning frame for supporting a patient, the positioning frame
comprising:

at least one main beam having a first end, a second end, and a length
extending between the first and second ends, the at least one main beam defining an
axis of rotation relative to at least a first support structure and a second support
structure, the at least one main beam being rotatable about the axis of rotation between
at least a first position and a second position, the axis of rotation substantially
corresponding to a cranial-caudal axis of the patient when the patient is supported on
the positioning frame;

the first and second support structures supporting the at least one main
beam, the first and second support structure spacing the at least one main beam from
the ground,;

a torso-lift support attached to the at least one main beam, the torso-lift
support including a chest support plate being configured to support the chest of the
patient, the torso-lift support being pivotally connected to the at least one main beam,
the torso-lift support being configured to pivot the chest support plate between at least
a first position and a second position to move the torso of the patient between an
unlifted position and a lifted position; and

a pelvic-tilt support attached to the at least one main beam, the pelvic-tilt
support including a thigh cradle and a lower leg cradle, the thigh cradle being
configured to support the thighs of the patient, and the lower leg cradle being
configured to support the lower legs of the patient, the thigh cradle and the lower leg
cradle being pivotal with respect to one another to facilitate adjustment of the hips of
the patient.

2. The positioning frame of claim 1, wherein the at least one main beam
includes a first portion and a second portion, the first and second portions extending
transversely to the axis of rotation thereof, portions of the at least one main beam being
offset from the axis of rotation by the first and second portions.

3. The positioning frame of claim 1, wherein the at least one main beam is
configured to support the patient in a prone position in the first position thereof, and is
configured to support the patient in a lateral position in the second position thereof.

4, The positioning frame of claim 1, wherein the torso-lift support defines a
predetermined center of rotation for the torso of the patient.

5. The positioning frame of claim 4, wherein the predetermined center of

rotation can be one of fixed and variable.
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6. The positioning frame of claim 1, wherein the torso-lift support includes at
least one safety stop configured to prevent at least one of over-extension and
compression of the patient.
7. The positioning frame of claim 6, wherein the torso-lift support includes at
least one sensor adapted to provide feedback to the at least one safety stop.
8. The positioning frame of claim 1, wherein the pelvic-tilt support is configured
to manipulate the patient to open at least one space between adjacent vertebral bodies
of the patient to facilitate placement of an interbody device in the at least one space.
9. The positioning frame of claim 1, further comprising a head support and arm
supports connected to the chest support plate, the head and arm supports being
configured to support the head and arms of the patient during pivotal movement of the
chest support plate.
10. The positioning frame of claim 1, further comprising a coronal adjustment
assembly attached to the at least one main beam, the coronal adjustment assembly
being configured to move at least a portion of the torso of the patient away from a
portion of the at least one main beam.
11. The positioning frame of claim 1, further comprising at least one actuator for
articulating at least one of the at least one main beam, the torso-lift support, and the
pelvic-tilt support.
12. A positioning frame for supporting a patient, the positioning frame
comprising:

at least one main beam having a first end, a second end, and a length
extending between the first and second end, the at least one main beam defining an
axis of rotation relative to at least a first support structure and a second support
structure, the at least one main beam being rotatable about the axis of rotation between
at least a first position and a second position, the axis of rotation substantially
corresponding to a cranial-caudal axis of the patient when the patient is supported on
the positioning frame;

the first and second support structures supporting the at least one main
beam, the first and second support structure spacing the at least one main beam from
the ground,;

a torso-lift support attached to the at least one main beam, the torso-lift
support including a chest support plate being configured to support the chest of the
patient, the torso-lift support being pivotally connected to the at least one main beam,

the torso-lift support being configured to pivot the chest support plate between at least
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a first position and a second position to move the torso of the patient between an
unlifted position and a lifted position;

a pelvic-tilt support attached to the at least one main beam, the pelvic-tilt
support including a thigh cradle and a lower leg cradle, the thigh cradle being
configured to support the thighs of the patient, and the lower leg cradle being
configured to support the lower legs of the patient, the thigh cradle and the lower leg
cradle being pivotal with respect to one another to facilitate adjustment of the hips of
the patient;

a coronal adjustment assembly attached to the at least one main beam, the
coronal adjustment assembly being configured to move at least a portion of the torso of
the patient away from a portion of the at least one main beam; and

at least one actuator for articulating at least one of the at least one main
beam, the torso-lift support, the pelvic-tilt support, and the coronal adjustment
assembly.

13. The positioning frame of claim 12, wherein the at least one main beam
includes a first portion and a second portion, the first and second portions extending
transversely to the axis of rotation thereof, portions of the at least one main beam being
offset from the axis of rotation by the first and second portions.

14, The positioning frame of claim 12, wherein the at least one main beam is
configured to support the patient in a prone position in the first position thereof, and is
configured to support the patient in a lateral position in the second position thereof.

15. The positioning frame of claim 12, wherein the torso-lift support defines a
predetermined center of rotation for the torso of the patient.
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