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CUSTOMIZED PATIENT-SPECIFIC ACETABULAR ORTHOPAEDIC SURGICAL
INSTRUMENT AND METHOD OF USE AND FABRICATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 12/855,363,
which was filed August 12, 2010 and is hereby incorporated by reference in its entirety.

[0002] Cross-reference is also made to U.S. Patent Application No. 12/543,156, which
was filed on August 18, 2009 and is expressly incorporated herein by reference.

TECHNICAL FIELD

[0003] The present disclosure relates generally to customized patient-specific
orthopaedic surgical instruments and more particularly to customized patient-specific acetabular
orthopaedic surgical instruments.

BACKGROUND

[0004] Joint arthroplasty is a well-known surgical procedure by which a diseased and/or
damaged natural joint is replaced by a prosthetic joint. For example, in a hip arthroplasty
surgical procedure, a prosthetic hip replaces a patient’s natural hip. A typical prosthetic hip
includes an acetabular orthopaedic prosthesis and/or femoral head orthopaedic prosthesis. A
typical acetabular orthopaedic prosthesis includes an acetabular cup, which is secured to the
patient’s natural acetabulum, and an associated polymer/ceramic/metal bearing or ring.

[0005] To facilitate the replacement of the natural joint with an acetabular orthopaedic
prosthesis, orthopaedic surgeons may use a variety of orthopaedic surgical instruments such as,
for example, reamers, drill guides, drills, and/or other surgical instruments. Typically, such
orthopaedic surgical instruments are generic with respect to the patient such that the same
orthopaedic surgical instrument may be used on a number of different patients during similar
orthopaedic surgical procedures.

SUMMARY

[0006] According to one aspect of the disclosure, a customized patient-specific
orthopaedic instrument for facilitating implantation of an acetabular cup prosthesis in a coxal
bone of a patient is disclosed. The customized patient-specific orthopaedic instrument includes
a customized patient-specific acetabular reaming guide including a ring-shaped body having an

inner surface defining a cylindrical passageway, and a plurality of arms extending from the
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ring-shaped body. Each of the ring-shaped body and the plurality of arms includes a bone-
facing surface having a customized patient-specific negative contour that receives a
corresponding positive contour of the patient’s coxal bone. The cylindrical passageway defines
a longitudinal axis that is oriented relative to the bone-facing surface of the ring-shaped body
based on a predetermined version angle and a predetermined inclination angle of the acetabular
cup prosthesis when the prosthesis is implanted in the patient’s coxal bone.

[0007] In some embodiments, the customized patient-specific acetabular reaming guide
may further include a guide housing configured to be secured to the ring-shaped body, and the
guide housing may have a second inner surface defining a longitudinal passageway sized to
receive an acetabular reamer surgical tool. Additionally, in some embodiments, the guide
housing may include a depth stop to limit movement of the acetabular reamer surgical tool
along the longitudinal axis. In some embodiments, the ring-shaped body may have a slot
defined therein, and the guide housing may have a flange extending from a lower end thereof.
The flange may be sized to be received in the slot of the ring-shaped body to secure the guide
housing to the ring-shaped body.

[0008] In some embodiments, an angle may be defined between each arm of the
plurality of arms with respect to another adjacent arm of the plurality of arms when viewed in
the top plan view and each of the angles may have a magnitude different from any other angle.
Additionally, in some embodiments, the plurality of arms may include at least three arms
extending from the ring-shaped body. In some embodiments, the customized patient-specific
negative contour of the bone-facing surface of at least one of the plurality of arms may receive
the corresponding positive contour of the ilium of the patient’s coxal bone. In some
embodiments, cach arm of the plurality of arms may include a surface defining a hole extending
therethrough sized to receive a bone pin.

[0009] In some embodiments, the customized patient-specific negative contour of the
bone-facing surface of the ring-shaped body may receive the corresponding positive contour of
the acetabular margin of the patient’s coxal bone. In some embodiments, the cylindrical
passageway of the ring-shaped body may be sized to receive an acetabular reamer surgical tool.

[0010] According to another aspect, a customized patient-specific orthopaedic
instrument includes a customized patient-specific acetabular reaming guide including a guide
body and a guide housing securable the guide body. The guide body includes a bone-facing
surface having a customized patient-specific negative contour that receives a corresponding

positive contour of the patient’s coxal bone, and an inner surface defining a cylindrical



WO 2012/021264 PCT/US2011/044466

3

passageway extending therethrough, the cylindrical passageway defining a longitudinal axis
oriented relative to the bone-facing surface based on a predetermined version angle and a
predetermined inclination angle of the acetabular cup prosthesis when implanted in the patient’s
coxal bone. The guide housing includes a depth stop to limit movement of an acetabular reamer
surgical tool along the longitudinal axis.

[0011] In some embodiments, the guide body may include a plurality of arms, and each
arm of the plurality of arms may include a bone-facing surface having a customized patient-
specific negative contour to receive a corresponding positive contour of the patient’s coxal
bone. In some embodiments, the guide body may have a slot defined therein extending
orthogonally to the longitudinal axis, and the guide housing may have a flange extending from
an end securable to the guide body. The flange may be sized to be received in the slot of the
guide body to secure the guide housing to the guide body.

[0012] In some embodiments, the customized patient-specific orthopaedic instrument
may further include the acetabular reamer surgical tool, which may include at least one reamer
head to be separately secured to a reamer shank of the acetabular reamer surgical tool.
Additionally, in some embodiments, the reamer shank may include a shaft having a flange
extending outwardly therefrom. The flange may be positioned to contact the depth stop when
the reamer head has advanced to a predetermined positioned relative to the bone-facing surface
of the guide body. In some embodiments, the flange may be a depressible button. In some
embodiments, the customized patient-specific acetabular reaming guide may be formed from a
transparent material.

[0013] According to another aspect, a method of using a customized patient-specific
acetabular reaming guide to perform an orthopaedic bone reaming procedure on a patient’s
acetabulum to facilitate implantation of an acetabular cup prosthesis in a coxal bone of the
patient is disclosed. The method includes positioning a guide body of the customized patient-
specific acetabular reaming guide such that a customized patient-specific negative contour
defined in a bone-facing surface of the guide body receives a corresponding positive contour of
the patient’s coxal bone. The guide body has a cylindrical passageway that defines a
longitudinal axis oriented relative to the bone-facing surface based on a predetermined version
angle and a predetermined inclination angle of the acetabular cup prosthesis when implanted in
the patient’s coxal bone. The method also includes securing a guide housing of the customized
patient-specific acetabular reaming guide to the guide body, advancing an acetabular reamer

surgical tool along the longitudinal axis into the patient’s acetabulum, and reaming the patient’s
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acetabulum using the cylindrical passageway of the guide body and the guide housing as guides
for the acetabular reamer surgical tool.

[0014] In some embodiments, the method may further include coupling a reamer shank
to a reamer head of the acetabular reamer surgical tool, and positioning the acetabular reamer
surgical tool within the guide housing prior to securing the guide housing to the guide body.
Additionally, in some embodiments, reaming the patient’s acetabulum may include advancing
the reamer head to a predetermined depth into the acetabulum, wherein a flange of the reamer
shank contacts with an upper end of the guide housing at the predetermined depth. In some
embodiments, positioning the guide body may include positioning the guide body such that the
customized patient-specific negative contour of the bone-facing surface receives a
corresponding positive contour of the acetabular margin of the patient’s coxal bone.

[0015] In some embodiments, the guide body may include at least one arm including a
bone-facing surface having a customized patient-specific negative contour, and positioning the
guide body may include positioning the at least one arm on the patient’s coxal bone such that
the customized patient-specific negative contour of the at least one arm receives a
corresponding positive contour of the patient’s coxal bone. In some embodiments, positioning
the guide body may include positioning the at least one arm such that the customized patient-
specific negative contour of the bone-facing surface receives the corresponding positive contour
of the ilium of the patient’s coxal bone. In some embodiments, the method may further include
drilling a plurality of pilot holes into the patient’s coxal bone using holes defined in the guide
body as drill guides, and inserting a bone pin through each of the plurality of pilot holes and
into each of the corresponding pilot holes formed in the patient’s coxal bone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The detailed description particularly refers to the following figures, in which:
[0017] FIG. 1 is a simplified flow diagram of a method for designing and fabricating a
customized patient-specific orthopaedic surgical instrument;

[0018] FIG. 2 is an exploded perspective view of one embodiment of a customized
patient-specific orthopaedic surgical instrument;

[0019] FIG. 3 is a perspective view of the customized patient-specific orthopaedic
surgical instrument of FIG. 2 in an assembled configuration;

[0020] FIG. 4 is a perspective view of the guide body of the customized patient-specific

orthopaedic surgical instrument of FIG. 2;
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[0021] FIG. 5 is a top plan view of the guide body of the customized patient-specific
orthopaedic surgical instrument of FIG. 2;

[0022] FIG. 6 is a cross-sectional view of the customized patient-specific orthopaedic

surgical instrument of FIG. 3 taken along the line 6-6; and
[0023] FIG. 7 is a simplified flow diagram of a method of performing an acetabular
orthopaedic surgical procedure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0024] While the concepts of the present disclosure are susceptible to wvarious
modifications and alternative forms, specific exemplary embodiments thereof have been shown
by way of example in the drawings and will herein be described in detail. It should be
understood, however, that there is no intent to limit the concepts of the present disclosure to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by
the appended claims.

[0025] References in the specification to "one embodiment”, "an embodiment", "an
example embodiment”, etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[0026] Referring to FIG. 1, an algorithm 10 for fabricating a customized patient-specific
orthopaedic surgical instrument is illustrated. What is meant herein by the term “customized
patient-specific orthopaedic surgical instrument” is a surgical tool for use by a surgeon in
performing an orthopaedic surgical procedure that is intended, and configured, for use on a
particular patient. As such, it should be appreciated that, as used herein, the term “customized
patient-specific orthopaedic surgical instrument” is distinct from standard, non-patient specific
orthopaedic surgical instruments that are intended for use on a variety of different patients.
Additionally, it should be appreciated that, as used herein, the term “customized patient-specific
orthopaedic surgical instrument” is distinct from orthopaedic prostheses, whether patient-

specific or generic, which are surgically implanted in the body of the patient. Rather,
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customized patient-specific orthopaedic surgical instruments are used by an orthopaedic
surgeon to assist in the implantation of orthopaedic prostheses.

[0027] In some embodiments, the customized patient-specific orthopaedic surgical
instrument may be customized to the particular patient based on the location at which the
instrument is to be coupled to one or more bones of the patient, such as in an arca of the
patient’s coxal bone proximate to the acetabulum. For example, in some embodiments, the
customized patient-specific orthopaedic surgical instrument may include one or more bone-
contacting or facing surfaces having a negative contour that matches the contour of a portion of
the relevant bone of the patient, which is discussed in more detail below in regard to FIG. 2. As
such, the customized patient-specific orthopaedic surgical instrument is configured to be
coupled to the patient’s coxal bone in a unique location and position with respect to the
patient’s bony anatomy. That is, the negative contours of the bone-contacting surfaces are
configured to receive a matching contour surface of the portion of the patient’s coxal bone. As
such, the orthopaedic surgeon’s guesswork and/or intra-operative decision-making with respect
to the placement of the patient-specific acetabular orthopaedic surgical instrument are reduced.
For example, the orthopaedic surgeon may not be required to locate landmarks of the patient’s
bone to facilitate the placement of the patient-specific orthopaedic surgical instrument, which
typically requires some amount of estimation on part of the surgeon. Rather, the orthopaedic
surgeon may simply couple the customized patient-specific orthopaedic surgical instrument to
the patient’s coxal bone in the unique location. When so coupled, the patient-specific
orthopaedic surgical instrument defines a particular degree of version and inclination angles
relative to the acetabulum and the intended acetabular orthopaedic prosthesis.

[0028] As shown in FIG. 1, the method 10 includes steps 12 and 14, in which an
orthopaedic surgeon performs pre-operative planning of the acetabular orthopaedic surgical
procedure to be performed on a patient. The steps 12 and 14 may be performed in any order or
contemporancously with each other. In step 12, a number of medical images of the patient’s
acetabulum and the surrounding bony anatomy are generated. To do so, the orthopaedic
surgeon or other healthcare provider may operate an imaging system to generate the medical
images. The medical images may be embodied as any number and type of medical images
capable of being used to generate a three-dimensional rendered model of the patient’s
acetabulum and surrounding bony anatomy. For example, the medical images may be
embodied as any number of computed tomography (CT) images, magnetic resonance imaging

(MRI) images, or other three-dimensional medical images. Additionally, or alternatively, as
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discussed in more detail below in regard to step 18, the medical images may be embodied as a
number of X-ray images or other two-dimensional images from which a three-dimensional
rendered model of the area of the patient’s coxal bone proximate to the acetabulum and the
surrounding bony anatomy may be generated.

[0029] In step 14, the orthopaedic surgeon may determine any additional pre-operative
constraint data. The constraint data may be based on the orthopaedic surgeon’s preferences,
preferences of the patient, anatomical aspects of the patient, guidelines established by the
healthcare facility, or the like. For example, the constraint data may include the orthopaedic
surgeon’s preference for the amount of inclination and version for the acetabular prosthesis, the
implant depth of the acetabular prosthesis, the amount of the bone to ream, the size range of the
orthopaedic implant, and/or the like. In some embodiments, the orthopaedic surgeon’s
preferences are saved as a surgeon’s profile, which may be used as a default constraint values
for further surgical plans.

[0030] In step 16, the medical images and the constraint data, if any, are transmitted or
otherwise provided to an orthopaedic surgical instrument vendor or manufacturer. The medical
images and the constraint data may be transmitted to the vendor via electronic means such as a
network or the like. After the vendor has received the medical images and the constraint data,
the vendor processes the images in step 18. The orthopaedic surgical instrument vendor or
manufacturer processes the medical images to facilitate the determination of the proper planes
of inclination and version, implant depth, implant sizing, and fabrication of the customized
patient-specific orthopaedic surgical instrument, as discussed in more detail below.

[0031] In step 20, the vendor may convert or otherwise generate three-dimensional
images from the medical images. For example, in embodiments wherein the medical images
are embodied as a number of two-dimensional images, the vendor may use a suitable computer
algorithm to generate one or more three-dimensional images form the number of two-
dimensional images. Additionally, in some embodiments, the medical images may be
generated based on an established standard such as the Digital Imaging and Communications in
Medicine (DICOM) standard. In such embodiments, an edge-detection, thresholding,
watershed, or shape-matching algorithm may be used to convert or reconstruct images to a
format acceptable in a computer aided design application or other image processing application.
[0032] In step 22, the vendor may process the medical images, and/or the
converted/reconstructed images from step 20, to determine a number of aspects related to the

bony anatomy of the patient such as the anatomical axis of the patient’s bones, the mechanical
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axis of the patient’s bone, other axes and various landmarks, and/or other aspects of the
patient’s bony anatomy. To do so, the vendor may use any suitable algorithm to process the
images.

[0033] In step 24, the desired inclination plane, the desire version plane, and the desired
reaming depth for implantation of the acetabular orthopaedic prosthesis are determined. Each
of those variables may be determined based on the type, size, and/or position of the acetabular
orthopaedic prosthesis to be used during the orthopaedic surgical procedure; the process
images, such as specific landmarks identified in the images; and the constraint data supplied by
the orthopaedic surgeon in steps 14 and 16. The type and/or size of the acetabular orthopaedic
prosthesis may be determined based on the patient’s anatomy and the constraint data. For
example, the constraint data may dictate the type, make, model, size, or other characteristic of
the acetabular orthopaedic prosthesis. The selection of the acetabular orthopaedic prosthesis
may also be modified based on the medical images such that an acetabular orthopaedic
prosthesis that is usable with the acetabulum of the patient and that matches the constraint data
or preferences of the orthopaedic surgeon is selected.

[0034] In addition to the type and size of the acetabular orthopaedic prosthesis, the
planned location and position of the acetabular orthopaedic prosthesis relative to the patient’s
bony anatomy is determined. To do so, a digital template of the acetabular orthopaedic
prosthesis may be overlaid onto one or more of the processed medical images. The vendor may
use any suitable algorithm to determine a recommended location and orientation of the
acetabular orthopaedic prosthesis (i.c., the digital template) with respect to the patient’s bone
based on the processed medical images (e.g., landmarks of the patient’s acetabulum defined in
the images) and/or the constraint data. Additionally, any one or more other aspects of the
patient’s bony anatomy may be used to determine the proper positioning of the digital template.

[0035] In some embodiments, the digital template along with surgical alignment
parameters may be presented to the orthopaedic surgeon for approval. The approval document
may include the implant’s planned inclination and version planes, the planned depth to which
the surgeon plans to ream, the orientation of the transverse acetabular ligament and labrum, and
other relevant landmarks of the patient’s bony anatomy.

[0036] The proper inclination and version planes for the acetabular orthopaedic
prosthesis may then be determined based on the determined size, location, and orientation of the
acetabular orthopaedic prosthesis. In addition, other aspects of the patient’s bony anatomy, as

determined in step 22, may be used to determine or adjust the planned inclination and version
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planes. For example, the determined mechanical axis, landmarks, and/or other determined
aspects of the relevant bones of the patient may be used to determine the planned inclination
and version planes.

[0037] In step 26, a model of the customized patient-specific orthopaedic surgical
instrument, which in the illustrative embodiment is a customized patient-specific acetabular
orthopaedic surgical instrument, is generated. In some embodiments, the model is embodied as
a three-dimensional rendering of the customized patient-specific acetabular orthopaedic surgical
instrument. In other embodiments, the model may be embodied as a mock-up or fast prototype
of the customized patient-specific acetabular orthopaedic surgical instrument. The patient-
specific acetabular orthopaedic surgical instrument to be modeled and fabricated may be
determined based on the acetabular orthopaedic surgical procedure to be performed, the
constraint data, and/or the type of orthopaedic prosthesis to be implanted in the patient.

[0038] The particular shape of the customized patient-specific acetabular orthopaedic
surgical instrument is determined based on the planned location and implantation angles of the
acetabular orthopaedic prosthesis relative to the patient’s acetabulum. The planned location of
the customized patient-specific acetabular orthopaedic surgical instrument relative to the
patient’s acetabulum may be selected based on, in part, the planned inclination and version
planes of the patient’s acetabulum as determined in step 24. For example, in some
embodiments, the customized patient-specific acetabular orthopaedic surgical instrument is
embodied as an acetabular reaming guide. In such embodiments, the location of the acetabular
reaming guide is selected such that the acetabular reaming guide is usable to position the
acetabular orthopaedic prosthesis at the planned inclination and version planes determined in
step 24. Additionally, the planned location of the orthopaedic surgical instrument may be based
on the identified landmarks of the patient’s acetabulum identified in step 22.

[0039] In some embodiments, the particular shape or configuration of the customized
patient-specific acetabular orthopaedic surgical instrument may be determined based on the
planned location of the instrument relative to the patient’s bony anatomy. That is, the
customized patient-specific acetabular orthopaedic surgical instrument may include a bone-
contacting surface having a negative contour that matches the corresponding contour of a
portion of the bony anatomy of the patient such that the orthopaedic surgical instrument may be
coupled to the bony anatomy of the patient in a unique location, which corresponds to the pre-
planned location for the instrument. When the orthopaedic surgical instrument is coupled to the

patient’s bony anatomy in the unique location, one or more guides (e.g., cutting or drilling
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guide) of the orthopaedic surgical instrument may be aligned to the inclination and version
planes, as discussed above.

[0040] After the model of the customized patient-specific acetabular orthopaedic
surgical instrument has been generated in step 26, the model is validated in step 28. The model
may be validated by, for example, analyzing the rendered model while coupled to the three-
dimensional model of the patient’s anatomy to verify the correlation of reaming guides,
inclination and version planes, and/or the like. Additionally, the model may be validated by
transmitting or otherwise providing the model generated in step 26 to the orthopaedic surgeon
for review. For example, in embodiments wherein the model is a three-dimensional rendered
model, the model along with the three-dimensional images of the patient’s acetabulum and area
of the coxal bone proximate to the acetabulum may be transmitted to the surgeon for review. In
embodiments wherein the model is a physical prototype, the model may be shipped to the
orthopaedic surgeon for validation.

[0041] After the model has been validated in step 28, the customized patient-specific
acetabular orthopaedic surgical instrument is fabricated in step 30. The customized patient-
specific acetabular orthopaedic surgical instrument may be fabricated using any suitable
fabrication device and method. Additionally, the customized patient-specific acetabular
orthopaedic instrument may be formed from any suitable material such as a metallic material, a
plastic material, or combination thercof depending on, for example, the intended use of the
instrument. The fabricated customized patient-specific acetabular orthopaedic instrument is
subsequently shipped or otherwise provided to the orthopaedic surgeon. The surgeon performs
the orthopaedic surgical procedure in step 32 using the customized patient-specific acetabular
orthopaedic surgical instrument. As discussed above, because the orthopaedic surgeon does not
need to determine the proper location of the orthopaedic surgical instrument intra-operatively,
which typically requires some amount of estimation on part of the surgeon, the guesswork
and/or intra-operative decision-making on part of the orthopaedic surgeon is reduced.

[0042] It should also be appreciated that variations in the bony anatomy of the patient
may require more than one customized patient-specific acetabular orthopaedic surgical
instrument to be fabricated according to the method described herein. For example, the patient
may require the implantation of two acetabular orthopaedic prostheses to replace both natural
hips. As such, the surgeon may follow the method 10 of FIG. 1 to fabricate a different
customized patient-specific acetabular orthopaedic surgical instrument for use in replacing each

natural hip. [Each customized patient-specific acetabular orthopaedic surgical instrument
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defines a particular degree of version angle and a particular degree of inclination angle relative
to each particular acetabulum that is different due to the variation in the bony anatomy of each
hip.

[0043] Referring now to FIGS. 2 and 3, the customized patient-specific acetabular
orthopaedic surgical instrument is illustratively embodied as a customized patient-specific
acetabular reaming guide 50 (hereinafter reaming guide 50). The reaming guide 50 includes a
locating base 52 and a sheath or housing 54 configured to be secured to the base 52, as will be
described in greater detail below. The base 52 and the housing 54 may be formed from any
suitable material such as, for example, a resilient plastic or metallic material. In one particular
embodiment, the reaming guide 50 is formed from injection-molded, clear polypropylene or
other transparent material such that the interior of the reaming guide 50 is visible when the
guide 50 is secured to the patient’s bony anatomy. In other embodiments, the reaming guide 50
may be formed from implant-grade metallic material such as titanium or cobalt chromium.
Additionally, the reaming guide 50 may include image intensifiers such as, for example,
stainless steel, tantalum, or other dense material to aid in positioning and to check the accuracy
of alignment.

[0044] The base 52 includes a guide body 56 configured to contact a portion of the
patient’s coxal bone during use. In the illustrative embodiment, the guide body 56 has a
generally ring shape but in other embodiments the guide body 56 could have a generally square
shape, rectangular shape, or any other suitable form. As best seen in FIG. 4, the body 56
includes a bottom surface 60, which is configured to contact a portion of the arca of the
patient’s coxal bone proximate to the acetabulum. In the illustrative embodiment, the bottom
surface 60 includes a customized patient-specific negative contour 62 configured to receive the
corresponding positive contour of the acetabular margin 64 of the patient’s coxal bone (see FIG.
6). It should be appreciated that in other embodiments the bottom surface 60 may include other
customized patient-specific negative contours that are configured to receive other
corresponding contours of the patient’s coxal bone proximate to the acetabulum.

[0045] The base 52 also includes a plurality of arms 70 extending outwardly from the
body 56. In the illustrative embodiment of FIGS. 2-6, the body 56 and the arms 70 are formed
as a single monolithic component. However, it should be appreciated that in other
embodiments the body 56 and the arms 70 could each be formed from separate pieces. For
example, the arms 70 may be separately secured to the body 56 via suitable fasteners such as

screws, bolts, adhesive, or the like.
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[0046] In the illustrative embodiment, the base 52 includes three arms 70 extending
from the body 56. It should be appreciated that in other embodiments the base 52 may include
additional or fewer arms depending on the patient’s bony anatomy and the preference of the
surgeon. When viewed from the top plan view of FIG. 5, the arms 70 extend from the body 56
in a configuration that defines an angle between each arm 70. For example, as illustrated in
FIG. 5, an arm 72 and an arm 74 define an angle 76 therebetween, the arm 74 and an arm 78
define an angle 80 therebetween, and the arm 72 and the arm 78 define an angle 82
therebetween. The magnitude of each of the angles 76, 80, 82 is equal to approximately 120
degrees. In one particular embodiment, the arms 70 may extend from the body 56 such that the
cach of the angles 76, 80, 82 has a magnitude different from any other angle. Like many other
dimensional characteristics described herein, the magnitude of the angles 76, 80, 82 may be
customized to as required for the particular patient.

[0047] Each arm 70 is configured to contact a portion of the patient’s coxal bone during
use. Each arm 70 includes a bottom surface 84 that is configured to contact a portion of the
arca of the patient’s coxal bone proximate to the acetabulum. Each bottom surface 84 includes
a customized patient-specific negative contour 86 configured to receive a portion of the
corresponding contour of the patient’s coxal bone proximate to the acetabulum. In the
illustrative embodiment, one arm 72 has a customized patient-specific negative contour 88
configured to receive the corresponding positive contour of the ilium 90 of the patient’s coxal
bone (see FIG. 2). It should be appreciated that in other embodiments bottom surfaces 84 may
include other customized patient-specific negative contours that are configured to receive other
corresponding contours of the patient’s coxal bone proximate to the acetabulum. For example,
the bottom surface 84 of another arm 70 may include a customized patient-specific negative
contour configured to receive a corresponding contour of the pubis or the ischium of the
patient’s coxal bone. The contours 62, 86 of the base 52 cooperate to ensure the reaming guide
50 is placed on the patient’s coxal bone in a desired position and orientation, which is based on
the predetermined inclination plane and the predetermined version plane of the acetabular
orthopaedic prosthesis.

[0048] Each arm 70 includes a top surface 96 positioned opposite the bottom surface 84.
Each arm 70 also includes an inner surface 98 that defines a passageway 100 extending through
cach arm 70. The passageways 100 are sized to receive a corresponding bone pin 102 to be
secured to the patient’s coxal bone (see FIG. 2). The bone pins 102 cooperate to lock the base

52 in the unique position and orientation. It should be appreciated that in other embodiments
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the passageway 100 may be sized to receive wire or other retaining devices suitable for locking
the base 52 into place on the coxal bone.

[0049] As shown in FIG. 4, each passageway 100 is angled relative to the top surface 96
and the bottom surface 84. Each passageway 100 has a diameter 104 that is slightly larger than
the outer diameter of the pin 102, and the passageway 100 of ecach arm 70 has a substantially
circular cross-section. It should be appreciated that in other embodiments each arm 70 may
include a passageway 100 configured to receive a bone pin with a different cross-sectional
shape. It will also be appreciated that the passageway 100 may have any cross-sectional shape
suitable for receiving a drill bit of a bone drill and passing a bone pin therethrough.

[0050] The guide body 56 includes a top surface 110 positioned opposite the bottom
surface 60. An inner surface 112 connects the top surface 110 to the bottom surface 60 and
defines an illustratively cylindrical passageway 114 extending therebetween. As shown in FIG.
6, the passageway 114 is sized such that an acetabular reamer surgical tool 116 may be moved
through the passageway 114 and placed into contact with the patient’s acetabulum. The
acetabular reamer surgical tool 116 includes a reamer head 120 removably secured to a reamer
shank 122 via a set screw 124. One example of an illustrative acetabular reamer surgical tool
useable with the reaming guide 50 is the DePuy Quickset® Acetabular Grater System, which is
commercially available from DePuy Orthopaedics, Inc. of Warsaw, IN U.S.A.

[0051] In the illustrative embodiment, the cylindrical passageway 114 of the base 52
includes a diameter 126 that is larger than the outer diameter 127 of the reamer head 120 to
allow the reamer head 120 to advance therethrough. The passageway 114 of the body 56
defines a longitudinal axis 128 that is oriented relative to the bottom surface 60 of the body 56
based on the predetermined version angle and the predetermined inclination angle of the
acetabular cup prosthesis. As shown in FIGS. 2-6, the axis 128 extends generally perpendicular
to the bottom surface 60. In other embodiments, the axis 128 may be angled in one or more
directions relative to the bottom surface 60 depending on the predetermined inclination and
version angles for the particular patient. As will be discussed in greater detail below, the
acctabular reamer surgical tool 116 is limited to movement along the axis 128 while being used
to shape the patient’s acetabulum. In that way, the reaming guide 50 ensures that the patient’s
acetabulum is shaped to receive the acetabular prosthesis according to the predetermined
inclination and version angles.

[0052] Returning to FIG. 2, the reaming guide 50 also includes the housing 54 that is
securable to the locating base 52. The housing 54 has a cylindrical main body 130 extending
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from an upper end 132 to a lower end 134. A sleeve 136 extends outwardly from the lower end
134 and includes an outer surface 138. The outer surface 138 has a diameter 140 that is less
than the diameter 118 of the passageway 114 of the guide body 56. When the housing 54 is
secured to the base 52, the sleeve 136 is positioned in the passageway 114 (see FIG. 6).

[0053] The sleeve 136 also illustratively includes a pair of flanges 142 projecting
outwardly from the outer surface 138 of the sleeve 136. The flanges 142 are spaced apart from
the lower end 134 of the main body 130 and extend in an arc about the circumference of the
sleeve 136. In the illustrative embodiment, the flanges 142 have substantially the same length
but in other embodiments the flanges 142 may have different lengths such that the housing 54 is
keyed to the base 52.

[0054] The guide body 56 includes a pair of corresponding slots 148 defined therein that
are configured to receive the flanges 142. Each slot 148 includes a notch 150 extending from
an upper end 152 defined in the top surface 110 of the body 56 to a lower end 154 defined in
the inner surface 112 of the body 56. Each slot 148 also includes a channel 156 defined in the
inner surface 112 that extends from the lower end 154 of the notch 150 to a distal end 158. The
length of the channel 156 substantially corresponds to the length of the flange 142. As best
seen in FIG. 4, the channel 156 extends orthogonally to the longitudinal axis 128. It should be
appreciated that in other embodiments the channel 156 may be tilted relative to the longitudinal
axis 128 depending the desired position and orientation of the reaming guide 50 to further
secure the housing 54 to the base 52.

[0055] The slots 148 and the flanges 142 cooperate to secure the housing 54 to the base
52. After the housing 54 is properly aligned with the base 52, the housing 54 may be placed in
contact with the base 52 such that ecach flange 142 is received in the notch 150 of a
corresponding slot 148. When the housing 54 is seated on the base 52, a bottom 160 of each
flange 142 located in the lower end 154 of the notch 150. The housing 54 is then rotated about
the longitudinal axis 128 to advance each flange 142 into the channel 156 of the corresponding
slot 148 until an end 146 of the flange 142 is placed in contact with the end 158 of the channel
156 to secure the housing 54 to the base 52.

[0056] It should be appreciated that in other embodiments the reaming guide 50 may
include additional or fewer flanges 142 and slots 148. Additionally, it should be appreciated
that in other embodiments the housing 54 may be securable to the base 52 by other methods.
For example, the sleeve 136 may have an external thread and the body 56 may have a

corresponding internal thread. In such embodiments, the sleeve 136 may be threaded onto the
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body 56. In other embodiments, the housing 54 may include a latching mechanism secured to
the main body 130 that engages with the base 52. Similarly, the housing 54 may be secured to
the base 52 via suitable fasteners such as screws, bolts, or the like.

[0057] As best seen in FIG. 6, the sleeve 136 includes an inner surface 170 that defines
a lower passageway 172. The lower passageway 172 has a diameter 174 that is slightly larger
than the outer diameter 176 of the reamer head 120 of the acetabular reamer surgical tool 116.
As such, the lower passageway 172 is sized such that the acetabular reamer surgical tool 116
may be moved along the longitudinal axis 128 and placed into contact with the patient’s
acetabulum. The main body 130 also includes an inner surface 178 that defines a central
passageway 180 connected with the lower passageway 172. The central passageway 180 has a
diameter 182 that is larger than the diameter 174 of the passageway 172. However, in other
embodiments, the diameter 182 of the central passageway 180 may be substantially equal to the
diameter 174 of the lower passageway 172.

[0058] A hollow shaft 184 extends upwardly from the upper end 132 of the main body
130. The shaft 184 includes an inner surface 188 that defines a cylindrical passageway 190
extending from a top end 186 of the shaft 184 to the upper end 132 of the main body 130. As
shown in FIG. 6, the passageway 190 is fluidly connected with the central passageway 180 of
the main body 130. The passageway 190 has an inner diameter 192 that is smaller than the
diameters 174, 182 of the passageways 172, 180 and that is only slightly larger than the outer
diameter 176 of the reamer shank 122 of the acetabular reamer surgical tool 116.

[0059] The passageway 190 of the shaft 184 defines another longitudinal axis 194 that
is aligned or collinear with the axis 128 defined by the passageway 114 of the body 56. When
the acetabular reamer surgical tool 116 is positioned as shown in FIG. 6, the close pairing of the
diameters 176, 192 inhibits relative motion of the acetabular reamer surgical tool 116, thereby
substantially limiting the acetabular reamer surgical tool 116 to movement along the axes 128,
194.

[0060] In the illustrative embodiment, the reamer shank 122 includes a user-depressible
button 196 positioned proximate to a shank end 198, which is located external to the housing
54. The button 196 is moveable between an extended position, which is shown in FIG. 6, and a
depressed position. When the button 196 is in the extended position, the button 196 extends
outwardly from the shank 122 and includes an outer surface 200. When pressure is applied to
the outer surface 200 of the button 196, the button 196 may be moved to the depressed position

where the outer surface 200 is flush with the outer surface of the shank 122. A biasing member
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such as a spring (not shown) urges the button 196 to move from the depressed position to the
extended position when pressure is removed from the outer surface 200.

[0061] The button 196 also has a lower surface 202, and, when the button 196 is the
extended position, the reamer shank 122 is permitted to advance down the shaft 184 until the
lower surface 202 contacts the top end 186 of the shaft 184. In that way, the longitudinal
movement of the acetabular reamer surgical tool 116 along the axes 128, 194 relative to the
bottom surface 60 of the body 56, and, by extension, the patient’s acetabulum, is limited by the
housing 54.

[0062] As shown in FIG. 6, the main body 130 and the shaft 184 define a total length
204. The magnitude of the length 204 is set based on the predetermined depth to which the
orthopaedic surgeon plans to ream the patient’s acetabulum. For example, when the surgeon
desires to remove a greater amount of material from the patient’s acetabulum, the length 204
may be of smaller magnitude so that the button 196 is placed in contact with the top end 186 of
the shaft 184 after the reamer head 120 has advanced beyond the bottom surface 60 of the body
56 to a greater depth within the patient’s acetabulum. In that way, the top end 186 of the shaft
184 acts a depth stop 206 for the acetabular reamer surgical tool 116, ensuring that the reamer
head 120 is permitted to advance no further than a predetermined position relative to the bottom
surface 60 of the body 56. In other words, reaming guide 50 permits the acetabular reamer
surgical tool 116 to ream the patient’s acetabulum to only a predetermined depth.

[0063] It should be appreciated that in other embodiments the shaft 184 may be a
telescopic tube such that the surgeon may adjust the length 204 intra-operatively or pre-
operatively according to surgical conditions. It will also be appreciated that in other
embodiments the shank 122 may include a moveable collar rather than the button 196. In such
embodiments, the surgeon could adjust the position of the collar along the shank 122 intra-
operatively or pre-operatively in order to adjust the reaming depth.

[0064] Referring to FIG. 7, an orthopaedic surgical procedure 300 using the reaming
guide 50 is illustrated. The surgeon may perform the procedure 300 in step 32 of method 10,
which is illustrated in FIG. 1 and described above. In step 302, the surgeon positions the
locating base 52 of the reaming guide 50 on the patient’s coxal bone. Because the locating base
52 is customized to the particular patient, the base 52 is positioned on the patient’s coxal bone
in a substantially unique, predetermined location and orientation.

[0065] Because the bottom surfaces 60, 84 of the base 52 include customized patient-

specific contours 62, 86, the base 52 is positioned on the patient’s coxal bone such that the
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corresponding contours of the surface of the patient’s coxal bone are received in the negative
contours 62, 86 of the base 52. For example, when the base 52 is properly positioned, the
contour 62 of the body 56 receives the corresponding positive contour of the acetabular margin
64 of the patient’s coxal bone. The customized patient-specific negative contour 88 of the arm
72 also receives the corresponding positive contour of the ilium 90 of the patient’s coxal bone
when the base 52 is properly positioned. The customized patient-specific negative contours 86
of the remaining arms 74, 78 similarly receive the corresponding positive contours of the
surface of the patient’s coxal bone. Once located in the unique position and orientation, the
locating base 52 is aligned with the predetermined inclination and version angles relative to the
patient’s acetabulum intended for the acetabular orthopaedic prosthesis as determined in step 24
of the method 10. The longitudinal axis 128 further defines the path to be followed by the
acetabular reamer surgical tool 116 during the reaming operation.

[0066] In step 304, the surgeon secures the base 52 to the coxal bone. The surgeon
drills a pilot hole in the patient’s coxal bone proximate to the acetabulum using ecach of the
passageways 100 as drilling guides. The surgeon may then insert a bone pin 102 through each
of the passageways 100 of the arms 70 and into the corresponding pilot hole defined in the
patient’s coxal bone.

[0067] In step 306, the surgeon inserts the acetabular reamer surgical tool 116 into the
housing 54. In the illustratively embodiment, the surgeon selects the reamer head 120 and
secures the head 120 to the reamer shank 122 using the set screw 124. The end 198 of the
shank 122 may be inserted into the lower passageway 172 of the sleeve 136 of the housing 54,
and the shank 122 may be advanced through the central passageway 180 to the upper end 132
of the main body 130. As the end 198 of the shank 122 passes into the passageway 190 of the
shaft 184 through a lower end 208 thereof, a sloped or ramped end 210 of the button 196 may
be advanced into contact with the inner surface 188 of the shaft 184 at the lower end 208. The
contact between the inner surface 188 and the sloped end 210 as the shank 122 is advanced
along passageway 190 causes the button 196 to move to the depressed position.

[0068] The button 196 remains in the depressed position as the shank 122 is advanced
along the passageway 190. When the button 196 exits the top end 186 of the shaft 184, the
biasing member urges the button 196 to move from the depressed position to the extended
position. In that way, the button 196 ensures that the acetabular reamer surgical tool 116 is not
inadvertently decoupled from the housing 54. Should the surgeon desire to remove the

acetabular reamer surgical tool 116 from the housing 54, the surgeon may simply press the
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button 196 to move the button 196 to the depressed position before sliding the shank 122 back
down the passageway 190.

[0069] In step 308, the housing 54 is secured to the locating base 52. To do so, the
housing 54 is first aligned with the base 52 as shown in FIG. 2. The housing 54 is placed in
contact with the base 52 such that ecach flange 142 is received in the notch 150 of a
corresponding slot 148. The bottom 160 of each flange 142 is placed in contact with the lower
end 154 of the notch 150. The housing 54 may then be rotated about the longitudinal axis 128
to advance each flange 142 into the channel 156 of the corresponding slot 148 until the end 146
of the flange 142 is placed in contact with the end 158 of the channel 156.

[0070] In step 310, the surgeon attaches a surgical drill to the end 198 of the shank 122
and begins to ream the patient’s acetabulum. Because the locating base 52 was secured to the
patient’s acetabulum in a desired location and orientation based on the predetermined version
and inclination angles of the acetabular prosthesis, the reaming of the patient’s acetabulum is
guided so as to size the patient’s acetabulum to receive the acetabular prosthesis according to
those predetermined angles. The surgeon advances the reamer head 120 into the patient’s
acetabulum until the button 196 is placed in contact with the depth stop 206. At that point, the
reamer head 120 is located at a predetermined position relative to the bottom surface 60 of the
body 56, and the surgeon has reamed the patient’s acetabulum to the predetermined depth.
[0071] It should be appreciated that the surgeon may repeat any and all of the steps set
forth above depending on the nature of the surgical procedure. For example, the surgeon may
use more than one reamer head 120 to size the patient’s acetabulum, beginning with a smaller
head and progressively increasing the size of the head until the predetermined amount of
material is removed. Similarly, the reaming guide 50 may include more than one housing 54,
and each housing 54 may have a different length 204 to progressively adjust the reaming depth
to permit the surgeon to remove greater amounts of material.

[0072] It should also be appreciated that the locating base 52 and the housing 54 may be
used as a platform for other surgical instruments to assist with cup and liner placement. For
example, the impacter used to seat the acetabular cup and liner may be provided with a shaft of
the same diameter as the reamer shank 122. The locating base 52 and the housing 54 may then
be used to guide the motion of the impacter to properly seat the acetabular cup and liner.
Additionally, the locating base 52 may be used to provide visual confirmation of the placement
of the acetabular cup and liner. The locating base 52 and/or the housing 54 may also include

markings or graduations to provide information to the surgeon when performing inter-operative
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changes or when making adjustments to the size and/or alignment of the acetabular cup and
liner.

[0073] While the disclosure has been illustrated and described in detail in the drawings
and foregoing description, such an illustration and description is to be considered as exemplary
and not restrictive in character, it being understood that only illustrative embodiments have
been shown and described and that all changes and modifications that come within the spirit of
the disclosure are desired to be protected.

[0074] There are a plurality of advantages of the present disclosure arising from the
various features of the method, apparatus, and system described herein. It should be noted that
alternative embodiments of the method, apparatus, and system of the present disclosure may not
include all of the features described yet still benefit from at least some of the advantages of such
features. Those of ordinary skill in the art may readily devise their own implementations of the
method, apparatus, and system that incorporate one or more of the features of the present
invention and fall within the spirit and scope of the present disclosure as defined by the

appended claims.
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WHAT IS CLAIMED IS:

1. A customized patient-specific orthopaedic instrument for facilitating
implantation of an acetabular cup prosthesis in a coxal bone of a patient, the customized
patient-specific orthopaedic instrument comprising:

a customized patient-specific acetabular reaming guide comprising (i) a ring-
shaped body having an inner surface defining a cylindrical passageway, and (ii) a plurality of
arms extending from the ring-shaped body,

wherein (i) each of the ring-shaped body and the plurality of arms includes a
bone-facing surface having a customized patient-specific negative contour that receives a
corresponding positive contour of the patient’s coxal bone, and (ii) the cylindrical passageway
defines a longitudinal axis that is oriented relative to the bone-facing surface of the ring-shaped
body based on a predetermined version angle and a predetermined inclination angle of the
acetabular cup prosthesis when implanted in the patient’s coxal bone.

2. The customized patient-specific orthopaedic instrument of claim 1,
wherein the customized patient-specific acetabular reaming guide further comprises a guide
housing configured to be secured to the ring-shaped body, the guide housing having a second
inner surface defining a longitudinal passageway sized to receive an acetabular reamer surgical
tool.

3. The customized patient-specific orthopaedic instrument of claim 2,
wherein the guide housing includes a depth stop to limit movement of the acetabular reamer
surgical tool along the longitudinal axis.

4. The customized patient-specific orthopaedic instrument of claim 2,
wherein the ring-shaped body has a slot defined therein, and the guide housing has a flange
extending from a lower end thereof, the flange being sized to be received in the slot of the ring-
shaped body to secure the guide housing to the ring-shaped body.

5. The customized patient-specific orthopaedic instrument of claim 1,
wherein an angle is defined between each arm of the plurality of arms with respect to another
adjacent arm of the plurality of arms when viewed in the top plan view and each of the angles

has a magnitude different from any other angle.
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6. The customized patient-specific orthopaedic instrument of claim 1,
wherein the plurality of arms comprises at least three arms extending from the ring-shaped
body.

7. The customized patient-specific orthopaedic instrument of claim 1,
wherein the customized patient-specific negative contour of the bone-facing surface of at least
one of the plurality of arms receives the corresponding positive contour of the ilium of the
patient’s coxal bone.

8. The customized patient-specific orthopaedic instrument of claim 1,
wherein each arm of the plurality of arms includes a surface defining a hole extending
therethrough sized to receive a bone pin.

9. The customized patient-specific orthopaedic instrument of claim 1,
wherein the customized patient-specific negative contour of the bone-facing surface of the ring-
shaped body receives the corresponding positive contour of the acetabular margin of the
patient’s coxal bone.

10.  The customized patient-specific orthopaedic instrument of claim 1,
wherein the cylindrical passageway of the ring-shaped body is sized to receive an acetabular
reamer surgical tool.

11. A customized patient-specific orthopaedic instrument for facilitating
implantation of an acetabular cup prosthesis in a coxal bone of a patient, the customized
patient-specific orthopaedic instrument comprising:

a customized patient-specific acetabular reaming guide comprising:

a guide body including (i) a bone-facing surface having a customized patient-
specific negative contour that receives a corresponding positive contour of the patient’s coxal
bone, and (ii) an inner surface defining a cylindrical passageway extending therethrough, the
cylindrical passageway defining a longitudinal axis oriented relative to the bone-facing surface
based on a predetermined version angle and a predetermined inclination angle of the acetabular
cup prosthesis when implanted in the patient’s coxal bone, and

a guide housing securable the guide body, the housing having a depth stop to
limit movement of an acetabular reamer surgical tool along the longitudinal axis.

12.  The customized patient-specific orthopaedic instrument of claim 11,
wherein the guide body includes a plurality of arms, each arm of the plurality of arms including
a bone-facing surface having a customized patient-specific negative contour to receive a

corresponding positive contour of the patient’s coxal bone.
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13.  The customized patient-specific orthopaedic instrument of claim 12,
wherein each arm of the plurality of arms includes a surface defining hole extending
therethrough sized to receive a bone pin.

14.  The customized patient-specific orthopaedic instrument of claim 11,
wherein the guide body has a slot defined therein extending orthogonally to the longitudinal
axis, and the housing has a flange extending from an end securable to the guide body, the flange
being sized to be received in the slot of the guide body to secure the guide housing to the guide
body.

15.  The customized patient-specific orthopaedic instrument of claim 11,
further comprising the acetabular reamer surgical tool including at least one reamer head to be
separately secured to a reamer shank of the acetabular reamer surgical tool.

16.  The customized patient-specific orthopaedic instrument of claim 15,
wherein the reamer shank includes a shaft having a flange extending outwardly therefrom, and
the flange being positioned to contact the depth stop when the reamer head has advanced to a
predetermined positioned relative to the bone-facing surface of the guide body.

17.  The customized patient-specific orthopaedic instrument of claim 16,
wherein the flange is a depressible button.

18.  The customized patient-specific orthopaedic instrument of claim 11,
wherein the customized patient-specific acetabular reaming guide is formed from a transparent
material.

19. A method of using a customized patient-specific acetabular reaming
guide to perform an orthopaedic bone reaming procedure on a patient’s acetabulum to facilitate
implantation of an acetabular cup prosthesis in a coxal bone of the patient, the method
comprising:

positioning a guide body of the customized patient-specific acetabular reaming
guide such that a customized patient-specific negative contour defined in a bone-facing surface
of the guide body receives a corresponding positive contour of the patient’s coxal bone, the
guide body having a cylindrical passageway that defines a longitudinal axis oriented relative to
the bone-facing surface based on a predetermined version angle and a predetermined inclination
angle of the acetabular cup prosthesis when implanted in the patient’s coxal bone,

securing a guide housing of the customized patient-specific acetabular reaming

guide to the guide body,
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advancing an acetabular reamer surgical tool along the longitudinal axis into the
patient’s acetabulum, and

reaming the patient’s acetabulum using the cylindrical passageway of the guide
body and the guide housing as guides for the acetabular reamer surgical tool.

20. The method of claim 19, further comprising:

coupling a reamer shank to a reamer head of the acetabular reamer surgical tool,
and

positioning the acetabular reamer surgical tool within the guide housing prior to
securing the guide housing to the guide body.

21.  The method of claim 19, wherein reaming the patient’s acetabulum
includes advancing a reamer head of the acetabular reamer surgical tool to a predetermined
depth into the acetabulum, wherein a flange of the acetabular reamer surgical tool contacts with
an upper end of the guide housing at the predetermined depth.

22.  The method of claim 19, wherein positioning the guide body includes
positioning the guide body such that the customized patient-specific negative contour of the
bone-facing surface receives a corresponding positive contour of the acetabular margin of the
patient’s coxal bone.

23. The method of claim 19, wherein:

the guide body comprises at least one arm including a bone-facing surface
having a customized patient-specific negative contour, and

positioning the guide body includes positioning the at least one arm on the
patient’s coxal bone such that the customized patient-specific negative contour of the at least
one arm receives a corresponding positive contour of the patient’s coxal bone.

24.  The method of claim 23, wherein positioning the guide body includes
positioning the at least one arm such that the customized patient-specific negative contour of
the bone-facing surface receives the corresponding positive contour of the ilium of the patient’s
coxal bone.

25. The method of claim 19, further comprising:

drilling a plurality of pilot holes into the patient’s coxal bone using holes defined
in the guide body as drill guides, and

inserting a bone pin through each of the plurality of pilot holes and into each of

the corresponding pilot holes formed in the patient’s coxal bone.
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