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an arm angle that is greater than about 90 degrees. In some instances the arm angle is between about 100 and about 120 degrees.
In some instances the arm angle is about 110 degrees. The skull clamp can have rails integrated in the arms for attaching various
accessories to the skull clamp.
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SKULL CLAMP

PRIORITY

This application claims priority to U.S. Provisional Patent Application Serial No.
61/994,708, filed May 16, 2014, entitled “Skull Clamp,” the disclosure of which

is incorporated by reference herein.
BACKGROUND

During surgical operations or other procedures, a portion of the body upon which
surgery is being conducted may be substantially immobilized, such as, for
example, a patient’s head during head or neck surgery. Such immobilization of a
patient's head, for example, may be accomplished with a fixture such as head
fixation device in the form of a skull clamp, halo, or other form. It may be
desirable to have one or more surgical accessories or additional fixtures securely
attached or mounted close at hand during the procedure. In some circumstances,
it may be desirable and convenient to have such accessories or fixtures mounted
directly to the fixture used for immobilization. In addition, it may be desirable to
permit the selective attachment and/or adjustment of such accessories or fixtures.
Of course, such features are not required. Also, it may be desirable and
convenient that the fixture is compatible with certain imaging techniques and
devices both in terms of modality and imaging equipment configurations, e.g.

gantry size, etc.

While a variety of fixtures and accessories for attaching to fixtures have been
made and used, it is believed that no one prior to the inventor(s) has made or used

an invention as described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which particularly point out and
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distinctly claim the invention, it is believed the present invention will be better
understood from the following description of certain embodiments taken in
conjunction with the accompanying drawings, in which like reference numerals

identify the same elements.

FIG. 1 depicts a perspective view of an example skull clamp.

FIG. 2 depicts a front view of the skull clamp of FIG. 1.

FIG. 3 depicts an alternate front view of the skull clamp of FIG. 1.
FIG. 4 depicts a back view of the skull clamp of FIG. 1.

FIG. 5 depicts a side view of the skull clamp of FIG. 1.

FIG. 6 depicts another side view of the skull clamp of FIG. 1, opposite the side
view of FIG. 5.

FIG. 7 depicts a top view of the skull clamp of FIG. 1.
FIG. 8 depicts a bottom view of the skull clamp of FIG. 1.

FIG. 9 depicts a perspective view of another example skull clamp, shown without

a rail portion.
FIG. 10 depicts another example skull clamp.
FIG. 11 depicts another example skull clamp.

The drawings are not intended to be limiting in any way, and it is contemplated
that various embodiments of the invention may be carried out in a variety of other
ways, including those not necessarily depicted in the drawings. The
accompanying drawings incorporated in and forming a part of the specification
illustrate several aspects of the present invention, and together with the

description serve to explain the principles of the invention; it being understood,
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however, that this invention is not limited to the precise arrangements shown.
DETAILED DESCRIPTION

The following description of certain embodiments of the present disclosure should
not be used to limit the scope of the present disclosure. Other examples, features,
aspects, embodiments, and advantages of the invention will become apparent to
those skilled in the art from the following description. As will be realized, various
aspects of the present disclosure may take alternate forms, or have alternate or
additional embodiments, without departing from the scope of the present
disclosure. Accordingly, the drawings and descriptions should be regarded as

illustrative in nature and not restrictive.

FIGS. 1-11 depict examples of a fixture, more specifically various head fixation
devices in the form of skull clamps (10, 100, 200, 300). The difference between
skull clamp (10) and skull clamp (100) is that skull clamp (10) includes
attachment regions or rails (50) as described further below. With the exception of
the attachment regions or rails (50) feature, the description of skull clamp (10)
applies equally to skull clamp (100). Therefore skull clamp (100) is not described
separately, it being understood that the description of skull clamp (10) fully
describes skull clamp (100). The differences between skull clamp (10) and skull
clamps (200, 300) will be explained in further detail below.

FIGS. 1-8 depict skull clamp (10) comprising a first arm (20) and a second arm
(30). First arm (20) comprises an upright portion (21), a lateral portion (22), and
an end or bore (23). Upright portion (21) comprises a first end (21a) and a second
end (21b). First end (21a) connects with end (23), which is configured to receive
a first pin assembly (12). First pin assembly (12) is configured to contact a
patient’s head during stabilization or immobilization. Second end (21b) of upright
portion (21) connects with lateral portion (22). In some instances the connection

between second end (21b) and lateral portion (22) is direct while in other
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instances it can be indirect. For instance, the connection may be indirect where
curved portion (25) is between upright portion (21) and lateral portion (22).
Lateral portion (22) comprises a first end (22a), a second end (22b), and an
adjustable locking feature in the form of a toothed section (24). Toothed section

(24) is received within second arm (30) as described below.

Second arm (30) comprises an upright portion (31), a lateral portion (32), and an
end or bore (33). Upright portion (31) comprises a first end (31a) and a second
end (31b). First end (31a) connects with end (33), which is configured to receive
a second pin assembly (14). Second pin assembly (14) is configured to contact a
patient’s head during stabilization or immobilization. Second end (31b) of upright
portion (31) connects with lateral portion (32). In some instances the connection
between second end (31b) and lateral portion (32) is direct while in other
instances it can be indirect. For instance, the connection may be indirect where
curved portion (35) is between upright portion (31) and lateral portion (32).
Lateral portion (32) comprises a first end (32a), a second end (32b), and an
adjustable locking feature in the form of a slot (34). Slot (34) is configured to
receive at least a portion of lateral portion (22) of first arm (20) having at least a

portion of toothed section (24).

A locking pin (16) is configured with an engaging end that is positioned within
slot (34) of second arm (30). The engaging end of locking pin (16) is configured
to selectively engage or mate with toothed section (24) of first arm (20). Locking
pin (16) is resiliently biased such that the engaging end of locking pin (16) is
disposed in an engaging position relative to toothed section (24) when

undisturbed.

To adjust skull clamp (10), first arm (20) and second arm (30) can be moved
relative to one another, thereby adjusting the width of skull clamp (10) to
accommodate patients of various size. To make such an adjustment, locking pin

(16) i1s moved downward away from lateral portion (32) of second arm (30). This
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pulls the engaging end of locking pin (16) downward and away from toothed
section (24) of first arm (20) thereby disengaging the teeth. First arm (20) and
second arm (30) can now be adjusted widthwise to change the spacing between

first and second pin assemblies (12, 14).

In some other versions, skull clamp (10) can be modified such that locking pin
(16) is repositioned from the bottom of skull clamp (10) to a side of skull clamp
(10). In some such instances all or certain components and features can be
replaced by other selectively locking features. One such example having a side
clamp opening system is disclosed in U.S. Patent Application 2014/0135765,
published May 15, 2014, entitled “Skull Clamp Opening Apparatus and Method,”

the disclosure of which is incorporated by reference herein.

Skull clamp (10) comprises starburst interfaces (40, 42), with one of starburst
interfaces (40) located on a front surface of second arm (30) and one of starburst
interfaces (42) located on a back surface of second arm (30). Starburst interfaces
(40, 42) are configured to connect skull clamp (10) with other structures. For
instance, either of starburst interfaces (40, 42) can be used to connect skull clamp
(10) with an operating table. Such a connection may be made directly or
indirectly through other structures such as a table adapter or other positioning unit
or device. In view of the teachings herein, ways in which to use starburst
interfaces (40, 42) to connect skull clamp (10) with other structures will be

apparent to those of ordinary skill in the art.

Skull clamp (10) also comprises attachment regions or rails (50) along each of
upright portions (21, 31) of first and second arms (20, 30) respectively. Rails (50)
are formed within part of upright portions (21, 31), although in some other
examples rails (50) could be separate structures attached to upright portions (21,
31). In the present example rails (50) define a dovetail-shaped outermost portion
of upright portion (21, 31) and a void space. In other examples rails (50) can have

a T-shape or I-beam shape. These shapes are generally understood to be the
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shapes formed from cross-sectional views taken transversely across attachment
regions or rails (50). With such rails (50) of skull clamp (10) various clamping
accessories can be selectively attached with skull clamp (10). By way of example
only, and not limitation, an example accessory for attachment to rail (50) may be a
retractor arm, instrument positioning device, surgical armrest, etc. In view of the
teachings herein, various ways to configure rails (50) and various accessories for
use with rails (50) will be apparent to those of ordinary skill in the art.

Furthermore, rails (50) are not required in all versions.

Skull clamp (10) is configured such that arms (20, 30) are angled, with upright
portions (21, 31) oriented at an angle relative to lateral portions (22, 32)
respectively where the angle formed is not perpendicular. In other words, upright
portion (21) is not perpendicular with lateral portion (22), and likewise upright
portion (31) is not perpendicular with lateral portion (32). Instead, upright
portions (21, 31) and respective lateral portions (22, 32) form an angle at or about

where they meet that is greater than about 90 degrees.

This is best shown in the front and back views of FIGS. 2-4. For instance, FIG. 2
depicts axes Al and A2 that intersect and represent longitudinal axes defined by
upright portion (21) and lateral portion (22). The angle (B1) formed by
intersecting axes Al and A2 is not 90 degrees, but instead an obtuse angle greater
than 90 degrees. Similarly with respect to arm (30), axes A3 and A4 are shown
and intersect and represent longitudinal axes defined by upright portion (31) and
lateral portion (32). The angle (B2) formed by intersecting axes A3 and A4 is not
90 degrees, but instcad an obtuse angle greater than 90 degrees. More
specifically, the angles (B1, B2) formed by intersecting longitudinal axes defined
by upright portions (21, 31) and respective lateral portions (22, 32) are between
about 100 degrees and 120 degrees. In some examples the angles (B1, B2) are
about 110 degrees.

From the above description, upright portions (21, 31) and their respective lateral
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portions (22, 32) can also be described as forming a V-shape where the angle
about the vertex of the V-shape (which would coincide with angles (B1, B2)) is
obtuse or greater than about 90 degrees. Furthermore, this configuration is
present in the arrangement of both arms (20, 30) of skull clamp (10) such that this
configuration exists on both sides of skull clamp (10). In other words, skull clamp
(10) comprises arm (20) and arm (30) where each of arms (20, 30) comprise a V-

shape forming an obtuse angle.

In the present examples, the V-shape of arm (20) is defined by lateral portion (22)
and the part of upright portion (21) extending all the way to first end (21a) that
connects with end (23), which is configured to receive pin holding assembly (12).
Similarly, arm (30) is defined by lateral portion (32) and the part of upright
portion (31) extending all the way to first end (31a) that connects with end (33),
which is configured to receive pin holding assembly (14). In some other
examples, the V-shape may be defined by lateral portions (22, 32) and part of the
respective upright portions (21, 31) that extends most of the way toward
respective first ends (21a, 31a) but not required to extend all the way to respective
first ends (21a, 31a). In other words, the V-shape may be defined by lateral
portions (22, 32) and about e¢.g. 70% of the length of respective upright portions
(21, 31) beginning from respective second ends (21b, 31b). By way of example
only, FIG. 10 depicts another skull clamp (200) that shows where the V-shape of
the arms is defined by lateral portions and respective parts of upright portions not
extending all the way to the first ends of upright portions, but extending most of

the way toward first ends.

As mentioned above, upright portions (21, 31) of skull clamp (10) define
longitudinal axes (Al, A3). More specifically, longitudinal axes (Al, A3) are
defined by the regions of upright portions (21, 31) that extend all the way to
respective first ends (21a, 31a). In other words, longitudinal axes (Al, A3) of
upright portions (21, 31) extend to and/or through respective first ends (21a, 31a).
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Stated another way, the regions or parts of upright portions (21, 31) that connect
with ends (23, 33) that receive respective pin holding assemblies (12, 14) define
longitudinal axes (A1, A3) of upright portions (21, 31) that ultimately intersect
with longitudinal axes (A2, A4) of lateral portions (22, 32) to define the obtuse

angles mentioned above (B1, B2).

Skull clamp (10) can also be considered to form a V-shape based on the
intersection of longitudinal axes (A1, A3) of upright portions irrespective of their
intersection with longitudinal axes (A2, A4). In this configuration, when
longitudinal axes (Al, A3) are extended they converge beneath lateral portions
(22, 32) of skull clamp (10), until they ultimately intersect as shown in FIG. 3. In
this fashion, longitudinal axes (A1, A3) that extend to and/or through first ends
(21a, 31a) of respective upright portions (21, 31) define a V-shape where the
vertex, or intersection point of longitudinal axes (Al, A3), is beneath lateral

portions (22, 32) of skull clamp (10).

Skull clamp (10) comprises lateral portions (22, 32) and upright portions (21, 31)
as described above. The distance between upright portions (21, 31) can represent
a width dimension, or X-direction, of skull clamp (10). The vertical distance
along upright portions (21, 31) can represent a height dimension, or Y-direction,
of skull clamp (10). X and Y axes are shown if FIG. 2 to depict these directions.
With skull clamp (10), excluding pin assemblies (12, 14), the largest width of
skull clamp (10) occurs at first ends (21a, 31a) of upright portions (21, 31). This
can also be stated that the largest width of skull clamp (10) occurs at ends (23, 33)
since ends (23, 33) connect with first ends (21a, 31a) and extend upward from
there. So the widest point of skull clamp (10) can be regarded as at or just below
where pin assemblies (12, 14) are received within skull clamp (10). Skull clamp
(10) further has a changing width along the height of skull clamp (10). For
instance, the distance between upright portions (21, 31) increases when moving

along upright portions (21, 31). In the present example, but not necessarily
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required in all versions, this increasing distance between upright portions (21, 31)

begins from near lateral portions (22, 32) extending upward toward ends (23, 33).

In the exemplary clamp (10) shown in FIGS. 1-8, arms (20, 30) of skull clamp
(10) maintain an outward angle from the base of skull clamp (10)—e.g. where
lateral portions (22, 32) reside—all the way to first ends (21a, 31a) of upright
portions (21, 31) where they join with respective ends (23, 33) for receiving pin
assemblies (12, 14). Maintaining this outward angle of both arms (20, 30)
provides for the increasing width along the height of skull clamp (10) as
mentioned above. In some other examples, skull clamps can maintain an outward
angle from the base of skull clamp along a substantial length of upright portions,
but is not required to maintain an outward angle all the way to the first ends of the
upright portions. By way of example, in some instances the outward angle exists
from the second end (22b) of lateral portion (22) and continues for at least 30% of
the vertical distance (D1) or height towards the end of upright portions (21, 31)
where upright portion (21, 31) connects with ends (23, 33). FIG. 4 includes an
annotation depicting this vertical distance (D1) mentioned here. In other versions,
this percentage is greater, for instance between or equal to 30% and 90%. Still in
some versions this percentage is about 50% or greater, while in other versions the

percentage is about 70% or greater.

In another example as shown in FIG. 10, skull clamp (200) maintains an outward
angle from the base of skull clamp (200) along a substantial length of upright
portions (221, 231) but not all the way to first ends (221a, 231a) of upright
portions (221, 231). Accordingly, the width of skull clamp (200) increases from
the base of skull clamp (200) (in the region of D2 as shown in FIG. 10) and then
transitions to remain generally constant to first ends (221a, 231a) (in the region of
D3 as shown in FIG. 10). In another example as shown in FIG. 11, skull clamp
(300) includes upright portions (321, 331) that are curved such that skull clamp

(300) forms, not an outward angle formed from the intersection of longitudinal
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axes of upright portions and lateral portions, but instead a radius of curvature of
upright portions (321, 331) that begins at the connection of upright portions (321,
331) with lateral portions (322, 332) and extends to first ends (321a, 331a).

2% ¢

As described herein, the term “outward angle,” “outwardly angled,” and similar
terms, can be understood to mean that upright portions (21, 31) extend from
lateral portions (22, 32) in a direction away from a midline or centerline (C1) of
skull clamp (10) as shown in FIG. 2. Moreover, when both arms (20, 30) have an
outward angle the distance or width between upright portions (21, 31) will
increase as upright portions (21, 31) extend toward ends (23, 33) as described

above.

In the illustrated example, arms (20, 30) of skull clamp (10) are each angled to
generally the same degree or amount such that arm (20) is oriented in a similar
angled fashion to arm (30) and vice versa. In some other examples, this is not
required and arm (20) may have a greater or lesser angle (B1) compared to the
angle (B2) for arm (30). The term or phrase “arm angle” or “angle of the arm” or
similar terms or phrases as used herein can be understood to mean the angle
created by the intersection of longitudinal axes defined by upright portions (21,
31) with respective lateral portions (22, 32) of arms (20, 30). In view of the
teachings herein, other angles and configurations for skull clamp (10) and arms

(20, 30) will be apparent to those of ordinary skill in the art.

As shown and described above, the angular configuration of arms (20, 30) of skull
clamp (10) provide a fixture for stabilizing a portion of a patient, where skull
clamp (10) can have a smaller footprint than other conventional similar fixtures,
especially around regions of skull clamp (10) below the pin holder assemblies (12,
14) and near the base of skull clamp (10). The smaller footprint is largely due to
the arrangement of the upright portions (21, 31) relative to the lateral portions (22,
32) of arms (20, 30). By using an angular arrangement where the arm angle is not

perpendicular, but instead an angle greater than 90 degrees, skull clamp (10) takes
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up less space. This space-saving configuration makes skull clamp (10) better
suited for use in tight spaces like where imaging techniques are used while a
patient is immobilized using skull clamp (10). More specifically, the smaller
footprint and shape characteristics of clamps (10, 100, 200, 300) described above
help prevent collision with scanners or tables in certain intra-operative imaging

procedures where skull clamps are used.

In some versions, a skull clamp as described herein can be used in a medical
procedure to stabilize a patient with the skull clamp having and opening with a
width near the base of the skull clamp that is about 50% to 70% of the opening’s
width at or near the top of the skull clamp. In a more specific example, a skull
clamp includes a first arm comprising a first straight upright portion associated
with a first end configured to hold a first pin assembly, the first arm further
comprising a first straight lateral portion. The skull clamp further includes a
second arm having a second straight upright portion associated with a second end
configured to hold a second pin assembly, the second arm further comprising a
second straight lateral portion. The distance between the first straight upright
portion and the second straight upright portion define an opening of the skull
clamp for receiving a patient’s head. The opening comprises a first width at about
where the first and second straight upright portions connect with the respective
first and second straight lateral portions. The opening further comprises a second
width at about where the first and second straight upright portions connect with
the respective first and second ends configured to hold the respective first and
second pin assemblies. The first width is about 50% to 70% of the distance of the
second width. In some versions the first width is about 55% to 65% of the
distance of the second width. Still in some versions the first width is about 60%

of the distance of the second width.

Arms (20, 30) of skull clamp (10) also comprise curved portions (25, 35)

respectively in the illustrated version. In some other examples curved portions
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(25, 35) may be omitted. In some other examples curved portions (25, 35) may be
extended. In the present example, curved portions (25, 35) are configured to
provide a gradual transition along respective arms (20, 30) between upright

portions (21, 31) and lateral portions (22, 32).

Arms (20, 30) of skull clamp (10) also comprise a generally cuboid shape. With
such a shape, the cross-sections along upright portions (21, 31) and lateral
portions (22, 32), taken perpendicular to the longitudinal axes defined by the
upright portions (21, 31) and lateral portions (22, 32), generally have a rectangular
shape. In other examples, arms (20, 30) may have a cylindrical shape where the
cross-sections described above would have a circular shape. In view of the
teachings herein, other shapes for arms (20, 30) of skull clamp (10) will be
apparent to those of ordinary skill in the art.

Skull clamp (10) can be constructed from radiolucent materials in some examples.
For instance skull clamp (10) may be constructed from PEEK or other suitable
polymeric materials. In other examples, skull clamp (10) can be constructed of
non-magnetic metals, such as aluminum or titanium. In applications where skull
clamp (10) will be used with certain imagining techniques and equipment, skull
clamp (10) can be constructed from either a material that is radiolucent such that
skull clamp (10) does not appear on the imaging output, or skull clamp (10) can
be constructed from a material that is not radiolucent yet is compatible with
known imagining modalities. In view of the teachings herein, various
construction materials for skull clamp (10) will be apparent to those of ordinary

skill in the art.

It should be understood that any one or more of the teachings, expressions,
embodiments, examples, etc. disclosed herein may be combined with any one or
more of the other teachings, expressions, embodiments, examples, etc. that are
disclosed herein. The teachings, expressions, embodiments, examples, etc.

disclosed herein should therefore not be viewed in isolation relative to each other.
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Various suitable ways in which numerous aspects of the present disclosure may be
combined will be readily apparent to those of ordinary skill in the art in view of
the teachings disclosed herein. Such modifications and variations are intended to

be included within the scope of both the present disclosure and the claims.

Having shown and described various embodiments of the present disclosure,
further adaptations of the methods and systems described herein may be
accomplished by appropriate modifications by one of ordinary skill in the art
without departing from the scope of the present disclosure. Several of such
potential modifications have been mentioned, and others will be apparent to those
skilled in the art. For instance, examples, embodiments, geometrics, materials,
dimensions, ratios, steps, and the like discussed above are illustrative and are not
required. Accordingly, the scope of the present disclosure should be considered in
terms of the following claims and is understood not to be limited to the details of

structure and operation shown and described in the specification and drawings.
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I/We Claim:

1. A skull clamp for use in a medical procedure to stabilize a patient, the skull clamp

comprising a pair of arms, wherein each arm of the pair of arms comprises:
a. an end configured to receive a pin assembly;

b. an upright portion comprising a first end and a second end, wherein the
upright portion defines a first longitudinal axis extending from the first end to the second
end, wherein the first end of the upright portion connects with the end of the arm

configured to receive the pin assembly; and

C. a lateral portion defining a second longitudinal axis, wherein the

intersection of the first and second longitudinal axes define an angle greater than about 90

degrees.

2. The skull clamp of claim 1, wherein the angle is between about 100 and about 120
degrees.

3. The skull clamp of claim 1, wherein the angle is about 110 degrees.

4. A skull clamp for use in a medical procedure to stabilize a patient, comprising a

first arm having a first end configured to receive a first pin assembly, and a second arm having a
second end configured to receive a second pin assembly, wherein the first and second arms are

both outwardly angled.

5. The skull clamp of claim 4, wherein a width of the skull clamp increases from a

base of the skull clamp to an upper portion of the skull clamp.

6. The skull clamp of claim 4, wherein a widest portion of the skull clamp is at the

first and second ends.

7. The skull clamp of claim 4, wherein the first and second arms extend from a base

of the skull clamp in an outwardly angled manner for a majority of a vertical distance of the first
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and second arms.

8. The skull clamp of claim 4, wherein the distance between the first arm and the
second arm increases as the first and second arms extend toward the respective first and second

ends.

9. The skull clamp of claim 8, wherein each of the first arm and the second arm
comprises an upright portion associated with the respective first and second ends configured to
receive the respective first and second pin assemblies, wherein the distance increases between
the respective upright portions as the upright portions extend toward the respective first and

second ends.

10.  The skull clamp of claim 4, wherein each of the first arm and the second arm
comprises a lateral portion and an upright portion, wherein the upright portions extend from the

lateral portions in a direction away from a midline of the skull clamp.

11. A skull clamp for use in a medical procedure to stabilize a patient, comprising;:

a. a first arm, wherein the first arm comprises a first upright portion, wherein
the first upright portion comprises a first end, wherein the first upright portion defines a
first longitudinal axis extending through the first end;

b. a second arm, wherein the second arm comprises a second upright portion,
wherein the second upright portion comprises a second end, wherein the second upright
portion defines a second longitudinal axis extending through the second end; and

C. wherein the first and second longitudinal axes intersect below a base of the

skull clamp and form a V-shape.

12.  The skull clamp of claim 11, wherein the first end connects with an end of the

first arm configured to hold a pin assembly.

13.  The skull clamp of claim 11 further comprising an integrated rail portion on each

of the first upright portion and the second upright portion of the respective first and second arms.
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14.  The skull clamp of claim 11, wherein the first arm comprises a first lateral portion
defining a third longitudinal axis, wherein the second arm comprises a second lateral portion

defining a fourth longitudinal axis.

15.  The skull clamp of claim 14, wherein the first longitudinal axis and the third

longitudinal axis intersect to form an obtuse angle.

16.  The skull clamp of claim 15, wherein the second longitudinal axis and the fourth

longitudinal axis intersect to from an obtuse angle.
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