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ANATOMIC SOCKET ALIGNMENT GUIDE
AND METHODS OF MAKING AND USING SAME

Cross Reference to Related Applications

This application claims the benefit of U.S. Provisional Patent application Ser.
No. 61/568,345 entitled "Anatomic Socket Alignment Guide and Methods of Making
and Using Same," which was filed December 8, 201 1. The entirety of the
aforementioned application is herein incorporated by reference.

Field of the Invention

[0001] Thisdisclosureisin the field of orthopedic medicine. More specificaly, this
disclosure isrelated to an anatomic socket alignment guide set, for total hip replacement
arthroplasty.

Background

[0002] Correct positioning of the socket in total hip replacement arthroplasty is
difficult to achieve, using currently availablejigs and alignment guides. Such variables
as, for example patient positioning on the operating table, anatomic issues including
patient-to-patient variability, and questions of parallax, al must be considered in the
surgeon's judgment at the time of the arthroplasty procedure. Any resultant
inaccuracies can threaten hip stability and durability. While surgical navigation may
address some of these problems, this approach isnot universally available, and adds
both expense and time to the procedure, which also lengthens the concomitant time a
patient is subject to the risks of anesthesia. Accordingly, there remains aneed in the
surgical arts, for improved alignment guides that can aid a surgeon in atotal hip
replacement arthroplasty procedure, improving the precision of the procedure and

enhancing surgical outcome.
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Brief Description of the Drawings

[0003] FIG. 1lillustrates the positioning guide of the guide set.

[0004] FIG. 2 showsthe positioning guide aligned within the acetabulum of a human
patient. Guide pins extend through the positioning guide &t reference locations on the
pelvis.

[0005] FIG. 3 shows the pelvis with the positioning guide removed and the guide pins
in place.

[0006] FIG. 4illustrates the insertion guide of the guide set.

[0007] FIG. 5 shows the insertion guide affixed to the guide pins in a cut-away view,
illustrating the acetabulum of the patient.

[0008] FIG. 6 shows the insertion guide having an acetabular socket prosthesis,
aligned centrally to the acetabulum.

Detailed Description

[0009] Current patient imaging techniques such as MRI and CT scans, provide high-
definition three-dimensional maps of patient joints and tissues. Anatomical structures
can be resolved to sub-millimeter levels based on MRI imaging technologies in
widespread availability, and high spectral and spatial resolution (HiSS) systems promise
even greater resolution. While current imaging technologies deliver better information
to the surgeon, allowing informed decisions prior to the surgery, these technologies still
do not substitute for the surgeon's skill when performing the total hip replacement
arthroplasty. However, high resolution mapping technologies provide the basis for
creating anatomically matched guides.

[0010] Current commercia efforts have resulted in patient- specific cutting blocks for
knee replacements (see, for example Signature (Biomet); Visionaire (Smith & Nephew);
and Patient Specific Instrument (Zimmer) systems). In knee replacement procedures,
anatomically configured pre-formed cuttingjigs allow for aplanar cut with the
possibility of indicating rotation in the same plane. However, for hip replacement
procedures, the efforts are complicated in that the acetabulum requires the two rotational

axes of abduction and anteversion.
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[0011] The present disclosure provides patient-specific guides, derived from high-
resolution anatomical images of the patient obtained through common imaging
techniques known in the medical arts. Imaging devices appropriate for the present
invention include x-ray devices, MRI or ultrasound equipment, or similar means of
generating patient-specific imaging data. Patient-specific data used to generate such a
virtual model can be obtained from one or more patient data sources. The datais
rendered e.g., by computer using standard computer aided design (CAD) or animation
modeling software, to produce detailed three-dimensional anatomical models of the
patient, for specific surgical sites (e.g., the hipjoint), which are further processed e.g.,
by computer aided manufacturing (CAM) systems. The CAM system accesses the data
specifying the virtual model, as configured and finalized by the operator, then
transforms the model into thin, virtual, horizontal cross-sections, which it uses to create
successive layers to fabricate a physical model, for example using additive
manufacturing techniques, such asrapid prototyping, stereolithography, or other similar
technologies. Such techniques are described in greater detail by M. Robiony el al,
"Cranio-Maxillofacial Bone Surgery,” J. Oral Maxfac. Surg. (2007) 1198-1208; Ono | et
al., "Method for Preparing an Exact-Size Model Using Helical Volume Scan Computed"
Plast. Reconstr. Surg. (1994) 93: 1363; S. Swan, "Integration of MRI and
Stereolithography to Build Medical Models. A Case Study,” Rapid Prototyping Journal ,
(1996) 2:41; H. P.Wolf et al, "High Precision 3-D Model Design Using CT and
Stereolithography,” CAS (1994) 1:46. See also, Schendel, S., Methods, Systems, And

Computer Program Products for Shaping Medical Implants Directly from Virtua
Reality Models, U.S.SN. 12/263,309; aswell asU.S. Pat. No. 7,245,977 to Simkins,
and U.S. Pat. No. 7,076,980 to Butscher et al.

[0012] An exemplary system according to some embodiments, includes & least one
modeling server that is communicatively coupled to one or more clients by a
communications infrastructure. Clients can be represented by avariety of devices, such
as but not limited to, personal computers, personal digital assistants, or smart phones.
Clients can include one or more output mechanisms that output information to the user
(e.g., physician, surgeon, clinician, technician, and other medical professionals). Such
output mechanisms include but are not limited to amonitor, an LCD screen, or aprinter.

One or more input mechanisms can be included to permit auser to input information to



WO 2013/086300 PCT/US2012/068416

the clients. Such input mechanisms include akeyboard, amouse, astylus, etc. Clients
can include client software such asweb browser software. The web browser software
can include abrowser program, such asthe MICROSOFT® INTERNET EXPLORER®
browser application. For example, clients can access the software tools, patient data, or
other information residing on the modeling server or other system components via the
web browser software when the communications infrastructure includes the global-
based Internet. The web browser software can include aplug-in, applet or similar
executable process. A plug-in can be obtained from the modeling server or from athird
party. Alternatively, plug-ins can be pre-installed on clients. Clients include network
interface hardware and software that allows the client to transmit and receive data over
communications infrastructure. Communications infrastructure can be awired and/or
wireless local areanetwork (LAN), virtual LAN (VLAN), wide area network (WAN),
and/or metropolitan area network (MAN), such as an organization's intranet, alocal
internet, the global-based Internet (including the World Wide Web (WWW)), an
extranet, avirtual private network (VPN), licensed wireless telecommunications
gpectrum for digital cell (including CDMA, TDMA, GSM, EDGE, GPRS, CDMA 2000,
WCDMA FDD and/or TDD or TD-SCDMA technologies). Communications
infrastructure can support wired, wireless, or combinations of both transmission media,
including satellite, terrestrial (e.g., fiber optic, copper, UTP, STP, coaxial, hybrid fiber-
coaxia (HFC), or the like), radio, free-space optics, and microwave transmission.
[0013] The modeling server includes a set of computer-executable instructions that
cause a computer to visualize and manipulate avirtual reality model. The instructions
may be executed a the modeling server and interactive images of the virtual model can
be transmitted to the clients, or alternatively, an application program can be distributed
to aclient, so that the interactive visualization operations can be executed on the local
client. The software instructions include a set of functions or routines that cause the
user interface for aclient to display ahigh-resolution, three-dimensiona representation
of apatient's anatomical structures, and provide the medical professional with tools for
visualizing and analyzing the virtual model. Virtual cutting and shaping tools allow the
medical professional to segment the model by showing dlices or sections through the
model at arbitrary, user-defined planes. For example, the visualization tools include

routines and functions for simulating changes in the anatomical position or shape of an
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anatomical structure. The elements of the anatomical structure can be analyzed quickly
in either static format (e.g., no movement of the anatomical structures relative to each
other) or in adynamic format (e.g., during movement of anatomical structures relative
to each other, such as during abduction and anteversion of the leg, etc.).

[0014] The medical professional logsin to adefined web site, accesses afile
containing the patient's imaging data, and then he or she uses the interactive
visualization tools of the modeling server to plan the procedure and simulate the results.
In one embodiment, aweb-based system isprovided to import the patient-specific data
in the standard Digital Imaging and Communications in Medicine (DICOM) format. In
another embodiment, an Active X control program isused to support data acquisition
from medical images, and permit segmentation, visualization, integrated surface and
volume rendering and simulation. Upon configuring and finalizing the virtual model, a
fabrication system accesses the specification data for the virtual model from client or
modeling server depending on which component contains the application for visualizing
and finalizing the design of the guides.

[0015] It will be appreciated that the guides according to the present invention, will
conform only in part to various features of the patient's anatomy. Other surfaces on the
guide provide for features that imbue functionality to the guide but are not in contact
with the patient and do not need to conform to the patient's anatomy. Accordingly, the
guides of the present disclosure contain both patient-conforming and non-conforming
regions. Patient conforming regions are specific to the anatomy of the patient. Non-
conforming regions may take any suitable morphology that does not interfere with their
functionality, i.e., positioning, aligning and inserting of a prosthetic hip socket device.
[0016] In arepresentative embodiment, the invention provides an orthopedic device set
for total hip replacement arthroplasty procedures. The device set includes both a
positioning guide and an insertion guide. The positioning guide, shown in FIG. 1, has a
first surface substantially conforming to apatient's native acetabulum. In practice, the
femur head is dislocated from the acetabulum during atotal hip replacement procedure.
The positioning guide isthen placed within the acetabulum such that the first
(conforming) surface engages the acetabular surface, and the unique morphology and
features of the patient's anatomy secure the guide. Distal to the first surface is a second

surface, which is external to the acetabulum. The second surface substantially conforms
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to aregion on the patient's native pelvis, and it engages the pelvic bone. The
positioning guide "fits" and istherefore removably secured within the patient's
acetabulum and a aregion external to the acetabular notch. The positioning guide has
a least one aperture through the second surface, defining positioning guide reference
locations. There are two through-holes defining reference locations, shown in FIG. 1.
These reference locations provide orientation positions on the patient's pelvis, which in
conjunction with the insertion guide, shown in FIG. 4, facilitate subsequent socket
alignment and insertion, as shown in FIG. 6. For example, the reference locations
define the site of placement for surgical guide pins, which are inserted into the pelvis
prior to removal of the positioning guide as shown in FIG. 2. One will appreciate that
the "apertures’ on the second surface of the positioning guide need not be limited to
through-holes in this surface. It is sufficient that the second surface present enough
material to permit secure placement of the guide pins or other reference markers. For
example, a"U" shaped notch- contained on three sides but open on afourth side, would
permit surgical guide pin placement while facilitating positioning guide removal in a
manner that does not disturb the guide pins. The guide pins can also serve as a
reference for other types of guides, e.g., aleg length caliper may be affixed to one of the
pins for intraoperative leg length determination. One of skill in the art will also
appreciate, that the term "guide pins' exemplifies one potential means of identifying and
securing surgical tools a a site; other means are deemed within the scope of this
invention and will be apparent in view of the teachings provided.

[0017] Following placement of guide pins, the positioning guide isremoved resulting
in a secure reference point from which the surgeon may base further decisions, such as
leg length and axis of rotation for the hipjoint as described herein. Thisis shownin
FIG. 3. Theinsertion guideis applied next. This first surface of the insertion guide
overlaps in-part with the same region on the patient's pelvis asthe positioning guide,
though it does not need to conform to the patient's pelvis. Specificaly, the overlap is
defined by the areaincluding the positioning guide reference locations. The positioning
guide servesto place guide pins, and the guide pins are further used to position the
insertion guide. Accordingly, the first surface of the positioning guide includes one or
more securing features positioned such that the securing features are equidistant relative
to the positioning guide second surface reference locations. Asshown in FIG. 4, the
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insertion guide first surface has securing features as exemplified by two through-holes
positioned in the same relative locations as the positioning guide shown in FIG. 1. The
through-holes permit secure but removable affixation of the insertion guide to the pins.
Other types of structures such as a"U" shaped notch structure, which may further
include features at the distal/open portions of the notch that can engage the guide pins,
will be evident to those of skill inthe art. However, it isuseful if such securing features
permit tight adherence between the insertion guide and pins, and the securing features
"lock™ the insertion guide into position. In one embodiment, the insertion guide has a
first surface which does not conform to the patient's pelvis; the positioning guide
positions the pins; and then the pins position the insertion guide, which therefore does
not need to conform to any pelvic anatomy. In other embodiments, the insertion guide
includes afirst surface that conforms to the patient's pelvic anatomy. In such
embodiments, since one side of the first surface of the insertiona device conforms to the
patient's pelvis, the patient's own anatomical features assist in aligning and securing the
insertion guide.

[0018] The insertion guide has a second surface distal to the first surface, the second
surface having an aperture therethrough, the aperture being offset from the securing
features by a patient-specific distance such that the midpoint of the aperture aligns
centrally with the acetabulum of the patient. Thisisshown in FIG. 5where the insertion
device is affixed to the patient's pelvis. The second surface isnot shown in order to
permit visualization of the device relative to the acetabulum. This distance from the
pins at the reference locations to the center of the patient's acetabulum varies from
individual-to-individual, and is calculated with precision based on the patient's hipjoint
images; and based on such distance, the three-dimensional model and patient-specific
surgical guide set isobtained as described above. The insertional guide aigns the
socket insertional prosthetic device. If the logic determining creation of the guide set is
based on the center of rotation, and the line that isits three-dimensional axis determines
e.g., abduction, anteversion and medialization, then small differences in socket
dimension or depth of reaming (of the acetabulum) will not cause significant problems,
allowing for the surgeon to take into account bone density and reaming choices. The

positioning guide determines cup abduction and anteversion. Asthe center of the cup
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remains the same no matter the outer diameter, the guide set needn't be determinative of
cup size.

[0019] Theinsertion guide may optionally include athird surface located distal to the
aperture of the second surface at a distance defined by the radius of an acetabular socket
prosthesis, the third surface further having an annular depression of sufficient size and
depth to engage removably aportion of the acetabular socket prosthesis. Sincethe
guide set is custom-created for each patient, it is a simple matter to determine the
appropriate socket for use in that patient, and design the insertion guide to accommodate
the exact size of the socket desired.

[0020] Continuing with the above example, where the positioning guide has been used
to set reference guide pins, and the insertion guide has been placed into position based
on these reference guide pins, the socket prosthesis isthen introduced into the reamed
acetabulum as shown in FIG. 6. The socket prosthesis isloaded into the insertional
guide, with the outer circumference of the socket removably engaging the third surface
of the insertional device. The configuration of the guide around the socket determines
the limits of abduction and anteversion in the repaired joint. A push rod isinserted
through the aperture of the second surface. This push rod aligns centrally in the socket,
and when articulated, permits precise deposition of the socket into the reamed
acetabulum. In certain embodiments, the push rod has a depth-stop feature, for example
ageometric feature that engages or is otherwise stopped by the second surface of the
insertion guide.

[0021] While the invention has been described in detail with respect to specific
embodiments thereof, it will be apparent to those skilled in the art that various
alterations, modifications and other changes may be made to the invention without
departing from the spirit and scope of the present invention. It istherefore intended that
the claims cover all such modifications, alterations and other changes encompassed by
the appended claims. All references and patent documents cited herein are hereby

incorporated by reference in their entirety.
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1) An orthopedic device set comprising:

apositioning guide having:

and

afirst surface substantially conforming to apatient's native acetabulum;

a second surface distal to the first surface, the second surface
substantially conforming to aregion of the patient's native pelvis
and comprising one or more apertures therethrough defining

positioning guide reference locations; and

an insertion guide having:

afirst surface comprising one or more securing features positioned
such that the securing features are equidistant relative to the
positioning guide second surface reference locations;

a second surface distal to the first surface, the second surface
having an aperture therethrough, the aperture being offset from the
securing features by apatient-specific distance such that the
aperture aligns centrally with the acetabulum of the patient; and

athird surface located distal to the aperture of the second surface at
adistance defined by the radius of an acetabular socket prosthesis,
the third surface further comprising an annular depression of
sufficient size and depth to engage removably aportion of the
acetabular socket prosthesis.

2) The orthopedic device set of claim 1, wherein the insertion guide aperture is offset a

adistance that isthe center of rotation of the patient's native hipjoint.
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3) The orthopedic device set of claim 1, further comprising one or more guide pins

having athickness no greater than the positioning guide aperture(s).

4) The orthopedic device set of claim 3, further comprising aleg length caliper having a

proxima end with a guide pin attachment means.

5) The orthopedic device set of claim 1, further comprising an acetabular socket

prosthesis insertional device.

6) The orthopedic device set of claim 5, wherein the insertiona device further
comprises afeature larger than the diameter of the insertion guide aperture, the feature
positioned distal to the acetabular socket prosthesis insertional device a apoint defining

the limit of insertion for the acetabular socket prosthesis.

7) A surgical kit comprising: the device set of claim 1or claim 6, which is sterile, and
further comprising appropriate packaging and instructions for use of the device set.
8) A method of manufacturing an orthopedic device set comprising:
obtaining athree-dimensional image of ahipjoint of apatient, and rendering
from the three-dimensional image a device set further comprising:
apositioning guide having:
afirst surface substantially conforming to apatient's native

acetabulum, and

a second surface distal to the first surface, the second
surface substantially conforming to aregion of the patient's
native pelvis and comprising one or more apertures therethrough

defining positioning guide reference locations; and

an insertion guide having:

afirst surface comprising one or more securing features
positioned such that the securing features are equidistant relative to

the positioning guide second surface reference locations;

10
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a second surface distal to the first surface, the second
surface having an aperture therethrough, the aperture being offset
from the securing features by a suitable distance such that the
aperture aligns centrally to the acetabulum of apatient as
determined from the three-dimensional image of the patient with

reference to the positioning guide reference locations; and

athird surface located distal to the aperture of the second
surface a a distance defined by the radius of an acetabular socket
prosthesis, the third surface further comprising an annular
depression of sufficient size and depth to engage removably a
portion of the acetabular socket prosthesis selected for the patient.

9) Themethod of claim 8, comprising obtaining the image through CT or MRI
imaging techniques.

10) The method of claim 8, comprising rendering the positioning and insertion guides
by acomputer using image-based modeling and scul pting software with an automated
sculpting device controlled by the computer.
11) A surgical method, comprising:

identifying apatient in need of hip surgery requiring a hip prosthesis;

imaging the hipjoint of the patient;

obtaining the patient-specific device set of clam 1; and

performing hip replacement surgery on the patient, the surgery comprising:

orienting and placing the positioning guide within the

patient's native acetabulum;

securing one or more guide pins to the pelvic bone of the
patient at locations defined by the one or more positioning guide
reference points,

11
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withdrawing the first guide device from the acetabulum
while leaving the guide pins in position, then reaming the
acetabulum of the patient;

securing the insertion guide to the one or more guide pins,

removably securing to the insertion guide, an acetabular
socket prosthesis, such that the prosthesis, when secured by the
insertion guide, is aligned centrally to the reamed acetabulum of
the patient as determined from the three-dimensional image of the
native acetabulum of the patient with reference to the positioning

guide reference locations; and

inserting the socket prosthesis into the reamed acetabulum
a adepth and orientation such that native abduction and
anteversion of the hipjoint is substantialy preserved.

12) The method of claim 11, comprising affixing aleg length caliper to the guide pins
following removal of the positioning guide.

13) The method of claim 11, comprising obtaining the image through CT or MRI
imaging techniques.

14) The method of claim 11, comprising obtaining the patient-specific device set by
rendering the positioning and insertion guides by a computer using image-based
modeling and sculpting software with an automated scul pting device controlled by the
compulter.

12
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