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PROSTHESIS INSTALLATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit from U.S. Patent
Application No. 62/373,515 filed 11 Aug. 2016, and is a
continuation-in-part of U.S. patent application Ser. No.
15/362,675 filed 28 Nov. 2016, a continuation-in-part of
U.S. patent application Ser. No. 15/396,785 filed 2 Jan.
2017, and a continuation-in-part in part of U.S. patent
application Ser. No. 15/398,996 filed 5 Jan. 2017, the
contents of which are all hereby expressly incorporated by
reference thereto in their entireties for all purposes This
application is also related to U.S. patent application Ser. No.
14/584,656 (now U.S. Pat. No. 9,168,154), the contents of
which are hereby expressly incorporated by reference
thereto in its entirety for all purposes.

FIELD OF THE INVENTION

[0002] The present invention relates generally to installa-
tion of a prosthesis, and more specifically, but not exclu-
sively, to non-impactful installation of an acetabular cup into
an acetabulum during total hip replacement procedures as
well as to improvements in prosthesis placement and posi-
tioning.

BACKGROUND OF THE INVENTION

[0003] The subject matter discussed in the background
section should not be assumed to be prior art merely as a
result of its mention in the background section. Similarly, a
problem mentioned in the background section or associated
with the subject matter of the background section should not
be assumed to have been previously recognized in the prior
art. The subject matter in the background section merely
represents different approaches, which in and of themselves
may also be inventions.

[0004] Earlier patents issued to the present applicant have
described problems associated with prosthesis installation,
for example acetabular cup placement in total hip replace-
ment surgery. See U.S. Pat. Nos. 9,168,154 and 9,220,612,
which are hereby expressly incorporated by reference
thereto in their entireties for all purposes. Even though hip
replacement surgery has been one of the most successful
operations, it continues to be plagued with a problem of
inconsistent acetabular cup placement. Cup mal-positioning
is the single greatest cause of hip instability, a major factor
in polyethylene wear, osteolysis, impingement, component
loosening and the need for hip revision surgery.

[0005] The incorporated U.S. Pat. No. 9,168,154, and
several of its child application, details a concern with
conventional installation of a prosthesis in which a surgeon
employs a mallet to strike a rod mechanically coupled to the
prosthesis. Through a series of discrete, relatively high force
strikes, the surgeon drives the prosthesis into the living bone.
There are several problems with this solution including
non-quantified forces that may fracture the bone at the
installation site and/or may not properly seat the prosthesis
within the bone.

[0006] There are several applications in the family of the
incorporated US patent application that detail various
Behzadi Medical Devices for decreasing or minimizing
impactful strikes and for improving installation of a pros-
thesis, particularly an acetabular cup.
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[0007] Earlier patents issued to the present applicant have
described problems associated with prosthesis installation,
for example acetabular cup placement in total hip replace-
ment surgery. See U.S. Pat. Nos. 9,168,154 and 9,220,612,
which are hereby expressly incorporated by reference
thereto in their entireties for all purposes. Even though hip
replacement surgery has been one of the most successful
operations, it continues to be plagued with a problem of
inconsistent acetabular cup placement. Cup mal-positioning
is the single greatest cause of hip instability, a major factor
in polyethylene wear, osteolysis, impingement, component
loosening and the need for hip revision surgery.

[0008] These incorporated patents explain that the process
of cup implantation with a mallet is highly unreliable and a
significant cause of this inconsistency. The patents note two
specific problems associated with the use of the mallet. First
is the fact that the surgeon is unable to consistently hit on the
center point of the impaction plate, which causes undesir-
able torques and moment arms, leading to mal-alignment of
the cup. Second, is the fact that the amount of force utilized
in this process is non-standardized.

[0009] In these patents there is presented a new apparatus
and method of cup insertion which uses an oscillatory
motion to insert the prosthesis. Prototypes have been devel-
oped and continue to be refined, and illustrate that vibratory
force may allow insertion of the prosthesis with less force,
as well, in some embodiments, of allowing simultaneous
positioning and alignment of the implant.

[0010] There are other ways of breaking down of the large
undesirable, torque-producing forces associated with the
discrete blows of the mallet into a series of smaller, axially
aligned controlled taps, which may achieve the same result
incrementally, and in a stepwise fashion to those set forth in
the incorporated patents, (with regard to, for example, cup
insertion without unintended divergence).

[0011] There are two problems that may be considered
independently, though some solutions may address bothin a
single solution. These problems include i) undesirable and
unpredictable torques and moment arms that are related to
the primitive method currently used by surgeons, which
involves manually banging the mallet on an impaction plate
mated to the prosthesis and ii) non-standardized and essen-
tially uncontrolled and unquantized amounts of force uti-
lized in these processes. These unpredictable torquing forces
may also be present in assembly of modular prosthetic
systems, especially those that employ a mallet to strike one
component onto another component during assembly.
[0012] Whatis needed is a system and method for improv-
ing installation of a prosthesis, particularly an acetabular
cup.

BRIEF SUMMARY OF THE INVENTION

[0013] Disclosed is a system and method for improving
installation of a prosthesis, particularly an acetabular cup.
The following summary of the invention is provided to
facilitate an understanding of some of the technical features
related to installation of a prosthesis into living bone,
particularly an acetabular cup into an acetabulum, and is not
intended to be a full description of the present invention. A
full appreciation of the various aspects of the invention can
be gained by taking the entire specification, claims, draw-
ings, and abstract as a whole. The present invention is
applicable to other prosthesis and to assembly of modular
prosthesis.
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[0014] Further disclosed is a system and method for
improving assembly, preparation, and installation of a pros-
thesis. The following summary of the invention is provided
to facilitate an understanding of some of the technical
features related to prosthesis assembly and installation, and
is not intended to be a full description of the present
invention. A full appreciation of the various aspects of the
invention can be gained by taking the entire specification,
claims, drawings, and abstract as a whole. The present
invention is applicable to other prosthesis in addition to
acetabular cups, other modular prosthesis in addition to
assembly of modular femoral and humeral prosthesis, and to
other alignment and navigation systems in addition to ref-
erenced light guides.

[0015] An embodiment of the present invention may
include implementation of a constant velocity relative
motion between a prosthesis and an installation site. For
example, an installation system may be fixed relative to the
installation site, with the prosthesis fixed into an initial
position. The prosthesis is moved at constant speed (i.e.,
with minimal if any acceleration or applied impulses) rela-
tive to the installation site. That is, one or both of the
prosthesis or the installation site may be in motion. For
example, a hip may be fixed in place on an operating
platform and the installation tool secured to the platform
and/or to the hip. The tool is advanced toward the hip to
insert the prosthesis into the installation site. Alternatively,
or in addition, the hip may be moved toward the installation
tool, such as by fixing the installation tool above the
operating platform and then elevating the platform at a
constant speed. In some applications, the installation tool
may be part of a robotic tool to help provide accurate
orientation during installation.

[0016] In an embodiment, it may be desirable to reduce
forces that are resistive to the constant speed/velocity inser-
tion. For example, as detailed in U.S. Patent Application No.
62/319,377 filed 7 Apr. 2016 and its non-provisional con-
version U.S. patent application Ser. No. 15/234,927 filed 11
Aug. 2016 and a continuation-in-part thereof, U.S. patent
application Ser. No. 15/406,752 filed 15 Jan. 2017, the
contents of these applications are hereby expressly incorpo-
rated by reference thereto in their entireties for all purposes,
a surface modification or a surface treatment of the surface
of the prosthesis engaging the installation site may further
reduce the resistive forces. The surface treatment may vary,
for example, and include unidirectional surface elements for
biasing the installation or use of a paste, cream, slurry,
and/or ice to provide a low resistive film.

[0017] An embodiment of the present invention may
include axial alignment of force transference, such as, for
example, an axially sliding hammer moving between stops
to impart a non-torquing installation force. There are various
ways of motivating and controlling the sliding hammer,
including a magnitude of transferred force. Optional
enhancements may include pressure and/or sound sensors
for gauging when a desired depth of implantation has
occurred.

[0018] Other embodiments include adaptation of various
devices for accurate assembly of modular prostheses, such
as those that include a head accurately impacted onto a
trunnion taper that is part of a stem or other element of the
prosthesis.

[0019] Still other embodiments include an alignment sys-
tem to improve site preparation, such as, for example,
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including a projected visual reference of a desired orienta-
tion of a tool and then having that reference marked and
available for use during operation of the tool to ensure that
the alignment remains proper throughout its use, such as
during a reaming operation.

[0020] Further embodiments include enhancement of vari-
ous tools, such as those used for cutting, trimming, drilling,
and the like, with ultrasonic enhancement to make the device
a better cutting, trimming, drilling, etc. device to enable its
use with less strength and with improved accuracy.

[0021] An embodiment of the present invention may
include a grip structure on a body of modular assembly that
may provide an anchor for defining an alignment axis for a
trunnion of the body and a head to be installed onto the
trunnion.

[0022] An embodiment of the present invention may
include a head grasper that secures the head into an opti-
mized assembly position relative to the alignment axis/
trunnion. The optimized assembly position may include
non-relative canting and alignment with the alignment axis.
[0023] An embodiment of the present invention may
include a holder that engages a grip structure and is coupled
to a head grasper. The holder may aid in reducing waste of
energy used in assembly of the head onto the trunnion and
it may aid in the optimized positioning of the head relative
to the alignment axis/trunnion before and/or during instal-
lation of the head onto the trunnion.

[0024] An embodiment of the present invention may
include use of force source coupled to a head grasper/tool to
generate assembly forces to install the head onto the trun-
nion. The force source may deliver one or more of a dynamic
assembly force, a vibratory assembly force, a set of discrete
assembly impacts, other assembly forces, and combinations
thereof. The assembly force(s) may be applied the head
grasper/tool to install the head onto the trunnion. The
assembly force(s) may be constrained to operate along the
alignment axis, and may be reduced by securing/anchoring
the body of the modular prosthesis, such as by using a grip
structure.

[0025] An embodiment of the present invention may
include use of a force sensing mechanism coupled to a head
grasper/tool to measure, possibly in true realtime (e.g.,
during dynamic operation of the tool to apply the assembly
force(s)), the assembly force(s).

[0026] An embodiment of the present invention may
include development and production of standards, guide-
lines, recommendations for an optimum force, or force range
for the assembly force(s) to achieve a desired cold weld.
[0027] An apparatus for acting on a portion of bone,
including a force transfer anchor fixed to the portion of bone,
the force transfer anchor including a tool mount; and a tool,
coupled to the tool mount, including an operational end
configured to interface with the portion of bone using an
interface force; wherein a portion of the interface force is
transferred between the portion of bone and the tool through
the force transfer anchor.

[0028] A method for acting on a portion of bone, including
a) fixing a force transfer anchor to the portion of bone, the
force transfer anchor including a tool mount; b) interfacing
a tool, coupled to the tool mount and with the tool including
an operational end, with the portion of bone using an
interface force; c) transferring a portion of the interface force
between the portion of bone and the tool through the force
transfer anchor.
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[0029] An embodiment of the present invention may
include a system having a portion of a living bone of a
patient or other foundation, a tool for acting upon that
portion of bone or foundation, and a force transfer anchor
that secures, constrains, and/or fixes a known relative rela-
tionship between the tool and the portion of bone or foun-
dation. A wide range of tools may be used for acting directly
or indirectly on the portion of bone (e.g., milling, subtract-
ing, or removing or adding bone, bone material, and/or
foundation material, installing an implant, repositioning an
implant, and the like). The tools may operate with many
different force modes relative to the portion of bone/foun-
dation (e.g., constant force, vibratory force, and/or a series
of discrete impacts). The anchor, a controller, and/or the tool
may be provided with a set of sensors for collecting and/or
assessing a set of parameters. In some implementations, the
anchor helps to reduce wasting energy applied at an interface
between the tool and the portion of bone. The anchor may
aid in force transfer in some cases. An implementation of the
anchor may include essentially a passive static structure. In
other instances, the anchor may include dynamic adjustable
elements. An embodiment of the present invention may
include a substitute for a surgical robot or other robotic
system by providing a smart three-dimensional processing
tool that may include relativistic navigational and force
sensing elements to reference processings to the patient and
become relatively free of an absolute reference system
calibrated to a space or environment, such as a particular
operating room. For example, use of inertial measurement
units and force sensors may allow for an embodiment that is
simple and efficient.

[0030] Any of the embodiments described herein may be
used alone or together with one another in any combination.
Inventions encompassed within this specification may also
include embodiments that are only partially mentioned or
alluded to or are not mentioned or alluded to at all in this
brief summary or in the abstract. Although various embodi-
ments of the invention may have been motivated by various
deficiencies with the prior art, which may be discussed or
alluded to in one or more places in the specification, the
embodiments of the invention do not necessarily address any
of these deficiencies. In other words, different embodiments
of the invention may address different deficiencies that may
be discussed in the specification. Some embodiments may
only partially address some deficiencies or just one defi-
ciency that may be discussed in the specification, and some
embodiments may not address any of these deficiencies.
[0031] Other features, benefits, and advantages of the
present invention will be apparent upon a review of the
present disclosure, including the specification, drawings,
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying figures, in which like reference
numerals refer to identical or functionally-similar elements
throughout the separate views and which are incorporated in
and form a part of the specification, further illustrate the
present invention and, together with the detailed description
of the invention, serve to explain the principles of the
present invention.

[0033] FIG. 1-FIG. 4 illustrate a time-lapse series of
constant velocity relative motion between a prosthesis
engaged by an installation system and an installation site for
the prosthesis.
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[0034] FIG. 1 illustrates an initial orientation of the instal-
lation system and the installation site;

[0035] FIG. 2 illustrates a first period after an initiation of
a constant velocity installation process;

[0036] FIG. 3 illustrates a second period after the initiation
of the constant velocity installation process;

[0037] FIG. 4 illustrates a third period after Initiation of
the constant velocity installation process in which the pros-
thesis has been installed without meaningful acceleration or
impacts;

[0038] FIG. 5-FIG. 10 illustrate embodiments including
installation of a prosthesis, including installation into living
bone;

[0039] FIG. 5 illustrates an embodiment of the present
invention for a sliding impact device;

[0040] FIG. 6 illustrates a lengthwise cross-section of the
embodiment illustrated in FIG. 5 including an attachment of
a navigation device;

[0041] FIG. 7 illustrates a cockup mechanical gun
embodiment, an alternative embodiment to the sliding
impact device illustrated in FIG. 5 and FIG. 6;

[0042] FIG. 8 illustrates an alternative embodiment to the
devices of FIG. 5-7 including a robotic structure;

[0043] FIG. 9 illustrates an alternative embodiment to the
devices of FIG. 5-8 including a pressure sensor to provide
feedback;

[0044] FIG. 10 illustrates an alternative embodiment to the
feedback system of FIG. 9 including a sound sensor to
provide feedback for the embodiments of FIG. 5-9;

[0045] FIG. 11-FIG. 14 illustrate prosthesis assembly
embodiments including use of variations of the prosthesis
installation embodiments of FIG. 5-FIG. 10, such as may be
used to reduce a risk of trunnionosis;

[0046] FIG. 11 illustrates a modular prosthesis and assem-
bly tools;
[0047] FIG. 12 illustrates a femoral head to be assembled

onto a trunnion attached to a femoral stem;

[0048] FIG. 13 illustrates alignment of an installation
device with the femoral head for properly aligned impaction
onto the trunnion, such as an embodiment of FIG. 1-FIG. 6
adapted for this application;

[0049] FIG. 14 illustrates use of a modified vibratory
system for assembly of the modular prosthesis;

[0050] FIG. 15-FIG. 16 illustrate an improvement to site
preparation for an installation of a prosthesis;

[0051] FIG. 15 illustrates an environment in which a
prosthesis is installed highlighting problem with site prepa-
ration;

[0052] FIG. 16 illustrates an alignment system for prepa-
ration and installation of a prosthesis;

[0053] FIG. 17 illustrates modified surgical devices incor-
porating vibratory energy as at least an aid to mechanical
preparation;

[0054] FIG. 18 illustrates a first embodiment for a BMD5
tool;

[0055] FIG. 19 illustrates a second embodiment for a
BMDS tool;

[0056] FIG. 20 illustrates a third embodiment for a BMD5
tool;

[0057] FIG. 21 through FIG. 37 illustrate a particular

implementation of a mechanical alignment system for use
with an embodiment of a BMDS5 tool;

[0058] FIG. 21 illustrates a side view of a prosthetic body
to be mechanically joined to an installable prosthetic head;
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[0059] FIG. 22 and FIG. 23 illustrate a set of views of a
prosthetic head to be installed on the prosthetic body of FIG.
21;

[0060] FIG. 22 illustrates a top view of the prosthetic
head;
[0061] FIG. 23 illustrates a side view of the prosthetic
head;
[0062] FIG. 24 through FIG. 27 illustrate a set of views for

an anvil for imparting an assembly force to the prosthetic
head;

[0063] FIG. 24 illustrates a side view of the anvil;
[0064] FIG. 25 illustrates a top view of the anvil;

[0065] FIG. 26 illustrates a bottom view of the anvil; and
[0066] FIG. 27 illustrates a sectional view through the
anvil;

[0067] FIG. 28 through FIG. 32 illustrate a set of views of

a two-part clamp for securing the anvil to the prosthetic
head;

[0068] FIG. 28 illustrates a side view of the two-part
clamp;
[0069] FIG. 29 illustrates a top view of the two-part
clamp;
[0070] FIG. 30 illustrates a bottom view of the two-part
clamp;
[0071] FIG. 31 illustrates a sectional view through the

two-part clamp; and

[0072] FIG. 32 illustrates an enlarged view of FIG. 31;
[0073] FIG. 33 through FIG. 35 illustrate a set of views of
a clamp for attachment to the prosthetic body and apply an
aligned assembly force to the prosthetic head by use of the
two-part clamp;

[0074] FIG. 33 illustrates a top view of the clamp;
[0075] FIG. 34 illustrates an end view of the clamp; and
[0076] FIG. 35 illustrates a side view of the clamp;
[0077] FIG. 36 illustrates a stackup view for the mechani-

cal alignment system shown securing, aligning, and apply-
ing an assembly force to the prosthetic head to install it onto
the prosthetic body;

[0078] FIG. 37 illustrates a representative manual torque
wrench which may be used with the system illustrated in
FIG. 36 to apply a predetermined assembly force to produce
a desired mechanical join of the prosthetic head onto the
prosthetic body;

[0079] FIG. 38 illustrates a side view of an alternative
prosthetic body to be mechanically joined to an installable
prosthetic head;

[0080] FIG. 39-FIG. 42 illustrate a set of standard ortho-
pedic bone preparation tools;

[0081] FIG. 39 illustrates a perspective view of a powered
bone saw;
[0082] FIG. 40 illustrates a broach attachment for a pow-

ered reciprocating bone preparation tool;

[0083] FIG. 41 illustrates a hand-operated reamer; and
[0084] FIG. 42 illustrates a set of bone preparation burrs;
[0085] FIG. 43 illustrates a side view of a first set of

components for a conventional bone preparation process;
[0086] FIG. 44 illustrates a side view of a second set of
components for a three-dimensional bone sculpting process
that may be enabled by some embodiments of the present
invention; and

[0087] FIG. 45 illustrates a plan diagram of a smart tool
robot.
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DETAILED DESCRIPTION OF THE
INVENTION

[0088] Embodiments of the present invention provide a
system and method for improving installation of a prosthe-
sis, particularly an acetabular cup. The following description
is presented to enable one of ordinary skill in the art to make
and use the invention and is provided in the context of a
patent application and its requirements.

[0089] Various modifications to the preferred embodiment
and the generic principles and features described herein will
be readily apparent to those skilled in the art. Thus, the
present invention is not intended to be limited to the embodi-
ment shown but is to be accorded the widest scope consistent
with the principles and features described herein.

Definitions

[0090] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this general inventive concept belongs. It will
be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and
will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0091] The following definitions apply to some of the
aspects described with respect to some embodiments of the
invention. These definitions may likewise be expanded upon
herein.

[0092] As used herein, the term “or” includes “and/or” and
the term “and/or” includes any and all combinations of one
or more of the associated listed items. Expressions such as
“at least one of,” when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list.

[0093] As used herein, the singular terms “a,” “an,” and
“the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to an object
can include multiple objects unless the context clearly
dictates otherwise.

[0094] Also, as used in the description herein and through-
out the claims that follow, the meaning of “in” includes “in”
and “on” unless the context clearly dictates otherwise. It will
be understood that when an element is referred to as being
“on” another element, it can be directly on the other element
or intervening elements may be present therebetween. In
contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0095] As used herein, the term “set” refers to a collection
of one or more objects. Thus, for example, a set of objects
can include a single object or multiple objects. Objects of a
set also can be referred to as members of the set. Objects of
a set can be the same or different. In some instances, objects
of a set can share one or more common properties.

[0096] As used herein, the term “adjacent” refers to being
near or adjoining. Adjacent objects can be spaced apart from
one another or can be in actual or direct contact with one
another. In some instances, adjacent objects can be coupled
to one another or can be formed integrally with one another.
[0097] As used herein, the terms “connect,” “connected,”
and “connecting” refer to a direct attachment or link. Con-
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