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HIP IMPLANT

TECHNICAL FIELD

[0001] This document relates to hip implant devices and related surgical
methods.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of U.S. Patent Application No.
61/322,750 filed on April 9, 2010, which is incorporated herein by reference in its
entirety.

BACKGROUND

[0003] Total hip replacement (THR) is a surgical procedure in which various
components of a patient’s hip joint are replaced with artificial components in order to
restore functionality of the patient’s hip.

[0004] In one common THR procedure, an artificial acetabular cup is
implanted in place of the patient’s natural acetabulum, and a femoral prosthesis is
implanted into the patient’s femur. The femoral prosthesis has a head that engages the
artificial acetabular cup to allow the femoral prosthesis/acetabular cup combination to
function much like the natural hip joint. However, the ability of an artificial hip joint
to function like the patient’s natural hip joint depends on how well the components of

the artificial hip fit when implanted into a particular patient.

SUMMARY

[0005] Provided are femoral components for hip implant devices and related
surgical methods. One example femoral component comprises a neck having a
central axis and a body distal to the neck. The body has a tapered portion and a
largest cross section perpendicular to the neck central axis. The largest cross section
perpendicular to the neck central axis has a maximum height dimension and a
maximum width dimension, wherein the maximum height dimension is about 23.9
mm or less and can optionally be between about 20.3 mm and 23.9 mm. The
maximum width dimension can be about 18.5 mm or less, and is optionally between
about 15.7 mm and 18.5 mm.

[0006] In some aspects, the tapered portion is tapered from proximal to distal
in the sagittal and coronal planes. The tapered portion can be further tapered in the

lateral to medial in cross section.
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[0007] Optionally, the body has an exterior surface and a porous surface
coating is applied circumferentially to the surface of the body. The porous surface
coating can be applied by plasma spray. The porous surface coating can optionally
comprise metal such as, for example, titanium.

[0008] Another example femoral component of a hip implant device
comprises a neck and a body distal to the neck. The body has a tapered portion and a
stem portion having a distal tip and a central axis. The length of the body as
measured from the medial junction of the neck and body along an axis parallel to the
central axis of the stem portion can be about 125 mm or less. For example, the length
of the body can be, or can be less than, about 125, 120, 115, 110, 105, 100, 95, 90, 85
or 80 mm, or any value there between.

[0009] The body can further comprise a lateral humped portion. The device
can have a triple taper geometry. In this triple taper geometry, the tapered portion is
tapered proximal to distal in the sagittal and coronal planes and in the lateral to medial
in cross section. The stem portion can be optionally positioned in the diaphysis of a
femur and does not contact the cortex of the intramedullary canal.

[0010] In some aspects, the body has an exterior surface and the femoral
component further comprises a porous surface coating applied circumferentially to the
surface of the body. The porous surface coating can be located proximal to the stem
portion and can optionally coat the humped portion. The porous surface coating can
be applied by plasma spray.

[0011] In yet another example, a femoral component of a hip implant device
comprises a neck and a body distal to the neck. The body has a tapered portion and a
stem portion having a distal tip. The stem portion is proportioned such that the stem
portion has no substantial contact with the intramedullary canal cortex when the
femoral component is implanted in a femur. The body can optionally comprise a
lateral humped portion.

[0012] Optionally, the stem portion has no contact with the intramedullary
canal cortex when the femoral component is implanted in a femur. Optionally, the
stem portion has only tangential contact with the intramedullary canal cortex when the
femoral component is implanted in a femur. In some examples, the stem portion has a
central axis and the length of the body as measured from the medial junction of the

neck and body along a axis parallel to the central axis of the stem portion is about 125
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mm or less. For example, the length of the body can be, or can be less than, about
125, 120, 115, 110, 105, 100, 95, 90, 85 or 80 mm, or any value there between.

[0013] The tapered portion can be tapered proximal to distal in the sagittal and
coronal planes and can be further tapered in the lateral to medial in cross section. The
tapered portion can thereby have a triple tapered geometry.

[0014] Optionally, the body has an exterior surface and the femoral
component further comprises a porous surface coating applied circumferentially to the
surface of the body. The porous surface coating can be applied by plasma spray. The
porous surface coating can optionally comprise metal such as, for example, titanium.

[0015] An example method of implanting a femoral component during hip
surgery comprises providing a femoral component comprising a body and implanting
the femoral component into the femur of a patient. In the example method, a portion
of the body of the femoral component enters the intramedullary canal of the patient
and the portion that enters the intramedullary canal does not substantially contact the
cortex of the intramedullary canal when implanted in the subject’s femur. Optionally,
the portion of the body that enters the intramedullary canal has no contact with the
cortex of the intramedullary canal. Optionally, the portion of the body that enters the
intramedullary canal has only tangential contact with the cortex of the intramedullary
canal. The femoral component is optionally substantially fixed in the patient’s femur
in the metaphysis of the femur. The patient is optionally of Asian descent.

[0016] Another example method comprises providing a femoral component
comprising a body, wherein the body comprises a distal stem portion and implanting
the femoral component into the femur of a patient during a surgical procedure. In the
example method, a portion of the body, including the distal stem portion, of the
femoral component enters the intramedullary canal of the patient and the distal stem
portion does not substantially contact the cortex of the intramedullary canal when the
femoral component is implanted in the subject’s femur. Optionally, the portion of the
body that enters the intramedullary canal has no contact with the cortex of the
intramedullary canal. Optionally, the portion of the body that enters the
intramedullary canal has only tangential contact with the cortex of the intramedullary
canal. The femoral component is optionally substantially fixed in the patient’s femur

in the metaphysis of the femur. The patient is optionally of Asian descent.
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[0017] The details of one or more embodiments of the invention are set forth
in the accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a side view of a stemless hip implant, in accordance with
some embodiments.

[0019] FIG. 2 is a cross-section view of the stemless hip implant of FIG. 1.

[0020] FIG. 3 is a side view of a stemless hip implant, in accordance with
some embodiments.

[0021] FIG. 4 is a cross-section view of the stemless hip implant of FIG. 3.

[0022] FIG. 5 1s a side view of a stemless hip implant, in accordance with
some embodiments.

[0023] FIGS. 6A-6C are side, back, and cross-section views of the stemless
hip implant of FIG. 5.

[0024] FIG. 7 is a side view of a stemmed hip implant, in accordance with
some embodiments.

[0025] FIG. 8 is a cross-section view of the stemmed hip implant of FIG. 7.

[0026] FIG. 9 is a side view of a stemmed hip implant implanted in a femur, in
accordance with some embodiments.

[0027] FIG. 10 is a cross-section view of the hip implant and femur of FIG. 9.

[0028] FIG. 11 is a cross-section view of a stemmed hip implant implanted in
a femur where the implant stem does not contact the femur cortex, in accordance with
some embodiments.

[0029] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0030] The design of an artificial hip (e.g. the acetabular cup, and the femoral
prosthesis) is complicated by significant variation in hip and femur anatomy. The
anatomy of the hip and femur are known to vary based on race and on disease type.
For example, the femur of an individual of Asian descent with developmental
dysplasia of the hip (DDH) may have a larger femoral neck anteversion (FNA) angle

and/or a narrower intramedullary canal than that of an individual without a hip discase
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or of an individual with another type of hip disease, such as osteoarthritis. Patients,
such as those of Asian decent, can also have characteristics such as bowed and small
femurs.

[0031] As a consequence, the components of an artificial hip designed for
Caucasian osteoarthritis patients do not function optimally when implanted in an
individual with another disease type or in an individual of another race. In addition,
the anatomical abnormalities of a patient with DDH (e.g. larger FNA angle or
narrower intramedullary canal) increase the technical difficulty of performing a THR
procedure in a patient with DDH. Poor functioning of an artificial hip implant may
include an increased risk of intra-operative fracture, increased pain, imbalanced gait,
micromotion and loosening between implant components and the surrounding bone,
insufficient support for the implant components, poor initial press fit, increased rate of
implant failure, decreased patient mobility, and poor artificial hip stability.

[0032] Provided herein are hip implant devices and related surgical methods.
The devices and methods can optionally be used in patients of Asian descent. For
example, the devices and methods can be used in Asian patients having DDH or other
conditions of the hip, such as osteoarthritis, for which hip surgery is indicated.

[0033] Referring now to FIG. 1-2, some embodiments of a hip implant system
include a femoral implant 100 configured to be implanted in a femur. The femoral
implant 100 can include a neck portion 110 located proximally on the femoral implant
100 and a distally located body 120. The femoral implant 100 can be configured such
that at least a portion of the distally located body 120 can be implanted inside a cavity
that is surgically formed in a femur and the neck portion 110 can receive a ball such
that the ball and attached neck portion 110 can be positioned inside an acetabular cup.
In this configuration, the femoral implant 100 can be used to restore hip function to an
individual whose hip has been damaged or is not functioning properly such that hip
surgery is indicated (e.g., due to mechanical damage, disease, congenital conditions,
developmental conditions, old age, and the like). The neck portion 110 can include a
shaft 112 for receiving a replacement ball and a transition portion 114 that serves to
transition between the shaft 112 and the body 120. In some embodiments, the shaft
112 defines a central axis 113. In one example, the shaft 112 is a tapered, cylindrical

shaft with the central axis 113.
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[0034] In some embodiments, the femoral implant 100 can be configured such
that use of the femoral implant in an individual is not limited based on physiologic
factors of the individual such as small stature, a bowed femur, and the like. For
example, devices described herein can be used in Asian subjects. In some examples,
Asian subjects may have DDH, decreased femoral head offset, increased anteversion
angle, increased femoral bowing, and the like. In some examples, the femoral implant
100 can include the body 120 with a cross-section 130 that is small enough to be
implanted in individuals with femurs that have a smaller cross-sectional area. In
another example, the body 120 can have an overall length (described in greater detail
in connection with FIG. 5) that is short enough, such that when the implant 100 is
placed within a surgically prepared space within a femur, the body 120 is located at
least partially within a surgically formed cavity in the metaphysis, but does not
substantially enter the intramedullary canal of the femoral diaphysis. In this so called
stem-less design, since the body 120 may not substantially enter the femoral
diaphysis, the implant 100 is not dependent on the morphology of the femoral
diaphysis and can be used in conjunction with a wide range of femur morphologies.
In these cases, the metaphysis it the primary site of fixation of the device and the
diaphysis can be optionally ignored for purposes of surgical planning and fitting of the
device in a patient. Moreover, the implant 100 can advantageously be used in
individuals of smaller stature, individuals with unusual morphologies such as bowed
femurs, and the like.

[0035] Referring now to TABLE 1, differences exist between the Caucasian
and Asian populations that influence the fit of femoral implants. TABLE 2 shows that
there are significant differences in parameters that differentiate Asian DDH and Asian
non-DDH patients. Pathology leads to different femur geometry between DDH and
non-DDH, in particular to different anteversion angle, that influence the fit of
implants. Furthermore, computer simulation indicates that current western hip
implants, including the implants of top global brands, do not fit appropriately into the
femur of 20% Asian patients. In some embodiments, a stemless implant 100 (e.g., an
implant 100 where the body 120 does not substantially enter the intramedullary cavity
or canal of the femoral diaphysis) may be more appropriate than traditional femoral

implants.
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TABLE 1

Exemplary Anatomical Features of Asian and Caucasian Populations

Parameter Asian Caucasian
(CT Measurement)
Femoral head offset 34.9+ 8.3 (n=67) 43 £ 6.8 (n=200)
Neck shaft angle 131.5+7.1 (n=67) 127 +£5.5 (n=8074)
Anteversion angle 17.3 £9.3 (n=67) 13.3 £ 7.4 (n=30)
Bowing angle 6.0 £2.2 (n=58) 4.9+£2.7 (n=145)
TABLE 2

Exemplary Anatomical Features of Asian DDH and non-DDH

Populations
Parameter Asian Caucasian
(CT Measurement) U
Femoral Head Offset 32.6 £7.5 (n=37) 37.7 £ 8.6 (n=30)

Neck Anteversion Angle 19.2 +10.6 (n=37) 15.0+ 6.9 (n=30)

[0036] The femoral implant 100 can include a proximal portion 122 of the
body 120, as will be described in greater detail below, is tapered in three directions to
allow for changes in dimension of the femur. In some embodiments, a region 123 can
include a surface preparation to encourage a strengthened interface between the
implant 100 and the femur it is to be implanted in. For example, the region 123
located in the proximal portion 122 can include a porous coating applied
circumferentially to the surface of the region 123. In some embodiments, the porous
region can be applied via a plasma coating process. This process advantageously can
add a porous surface (to encourage bone ingrowth and attachment) without
substantially modifying or weakening the implant 100. In some embodiments, the
plasma coating can include any biocompatible material having characteristics that
allow the applied coating to serve its function. For example, the coating can include
titanium alloys, alloys of cobalt and chromium, and the like. The body 120 can
include a distal region 124 that exists at an angle relative to the proximal portion 122.
The body 120 can include a distal tip portion 126. In some embodiments, the tip

portion 126 can be configured in a blunt configuration, such as having a width of 5
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mm with edges that have a radius of 2 mm. In some embodiments, a blunt distal tip
portion 126 can advantageously affect manufacturing.

[0037] Referring now to FIG. 2, the implant 100 can contain a planar cross-
section 130 in the body 120 that is perpendicular to the axis 113 (FIG. 1). As
depicted, the cross-section 130 represents substantially the largest cross-sectional area
within the body that is perpendicular to the axis 113. Portions of the body 120 (e.g.,
the cross-section 130, the region 123, portions of the proximal portion 122, and the
like) can be configured to provide a friction fit between the implant 100 and at least a
portion of the metaphysis of a femur. The cross-section 130 can include a width 132
and a height 134 that can define the cross-section 130. In some embodiments, the
height 134 and width 132 are small enough such that the implant 100 can be
advantageously implanted in individuals of smaller stature (e.g., members of the
Asian populations, younger individuals, individuals with smaller femurs, and the
like). For example, the implant 100 can be available in multiple sizes to
accommodate differently sized femurs. TABLE 3 lists some example, or exemplary

combinations of height 134 and width 132 of the cross-section 130.

TABLE 3

EXEMPLARY STEMLESS HIP IMPLANT DEVICE
CROSS SECTION DIMENSIONS

Device # Height (mm) Width (mm)
1 203 15.7
) 21.9 172
3 234 19.3
4 26 21.5

[0038] In some examples, the cross-section 130 can include a height 134 that
is about 23.9 millimeters (mm) or less and a width 132 that is about 18.5 millimeters
(mm) or less. In some examples, the height 134 can be any value between 20.3 mm
and 23.9 mm. For example, the height can be 20.3, 20.4, 20.5, 20.6, 20.7, 20.8, 20.9,
21.0,21.1,21.2,21.3,21.4,21.5,21.6,21.7,21.8,21.9,22.022.1,22.2,22.3,22 4,
22.5,22.6,22.7,22.8, or 22.9 mm. In some examples, the width 132 can be any value

8
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between 15.7 mm and 18.5 mm. For example, the width can be 15.7, 15.8, 15.9, 16.0,
16.1,16.2,16.3,16.4, 16.5, 16.6, 16.7, 16.8, 16.9, 17.0 17.1,17.2,17.3, 17.4, 17.5,
17.6,17.7,17.8,17.9, 18.0 18.1, 18.2, 18.3, 18 4, or 18.5mm. It should be
appreciated that other combinations of height 134 and width 132 can be used. For
example, an implant 100 can be chosen by a surgeon depending on pre-surgical
inspections (e.g., X-rays, MRIs, and the like), information obtained during the
surgical procedure (e.g., the size of the cavity created in the femur during resection),
and the like.

[0039] The various components of the implant 100 as described above may be
constructed out of any biocompatible material having characteristics that allow the
implant 100 to serve its function. Various biocompatible metals, plastics, and
ceramics may be used to make the components of the implant 100. For example, the
neck 110, body 120, and the like, may be made out of any high strength
biocompatible material. Examples include alloys of cobalt and chromium, titanium
alloys, and stainless steel alloys. In an exemplary embodiment, the acetabular cup
may be a metal backed acetabular cup with an interior surface made of a
biocompatible wear-resistant material, such as ultrahigh molecular weight
polyethylene.

[0040] The implant 100 according to one of the exemplary embodiments
described above may be implanted using a number of surgical techniques. Examples
of acceptable surgical techniques include the posterior, lateral, antero-lateral and
anterior approaches, and trochanter osteotomy. In addition, double incision,
minimally invasive, and computer guided surgical techniques may be employed.
Various surgical techniques and surgical instruments that may be used in the
implantation of the components of an artificial hip are taught in U.S. Patent No.
5,342,366 to Whiteside et al. and U.S. Patent No. 5,507,833 to Bohn, both of which
are incorporated herein by reference in their entireties.

[0041] Referring now to FIGS. 3-4, the implant 100 can include a cross-
section 140 substantially at an interface between the neck portion 110 and the body
120. Briefly, in use, when the implant 100 is implanted within a surgically prepared
cavity within a femur, the cross-section 140 represents the cross-section that can be
substantially flush with the remaining proximal portion of the femur. In these

embodiments, the cross-section 140 can be smaller than the cross-section 130 and the
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cross-section 140 may not provide a friction fit between the implant 100 and the
cortex of a femur, thus advantageously minimizing stress on the proximal edge of the
surgically altered femur.

[0042] In some embodiments, the implant 100 can include orifices 102 located
near the interface between the neck portion 110 and the body 120. In use, surgical
tools can be inserted into the orifices 102 and used to assist in placement of the
implant 100 within a femur (e.g., to supply additional leverage, to assist in alignment
of the implant 100 within a femur, and the like).

[0043] Referring now to FIG. 5, the implant 100 can include features that
allow the implant 100 to be implanted in femurs exhibiting a wide array of
morphologies. For example, a shorter body 120 that does not substantially enter the
femoral diaphysis can allow the implant 100 to be used in individuals with differently
shaped femurs (e.g., femurs that are shorter in length, have smaller femoral head
offsets, have larger bowing angles, have large anteversion angles, and the like). As
described previously in connection with FIG. 4, the implant 100 can include a cross-
section 140 that, when implanted in a surgically altered femur, is substantially flush
with the outside edge of the femur. The implant 100 can include a neck offset 116
defined between the plane defined by the cross-section 140 and a proximal face 118 of
the shaft 112. The implant 100 can be configured such that when the implant 100 is
implanted in a surgically altered femur, particular dimensions can be measured from a
central axis 104 defined by the femur (e.g., the central shaft of the femur). For
example, a body offset 105 can exist between the axis 104 and a point 119 on the
proximal face 118 of the shaft 112. The point 119 can be defined as the point where
the axis 113 intersects the proximal face 118. In another example, the cross-section
140 can include a point 142 (see FIG. 4), on the lower portion of the cross-section
140. As such, a body length 121 can be defined as a length along a vector that is
parallel to the central axis 104 and is bounded by the point 142 and a plane 125 that is
perpendicular to the central axis 104 (and thus the body length 121) and contacts an
outer tip 127 of the tip portion 126. Exemplary body lengths 121, neck offsets 116,
and body offsets 105 can be found in TABLE 4. In some embodiments, an angle 106

of 132° can exist between the axes 104 and 113.
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TABLE 4

EXEMPLARY STEMLESS HIP IMPLANT DEVICE

DIMENSIONS
Device # Body Length  Neck Offset Body Offset
(mm) (mm) (mm)
1 59.2 28.8 322
2 67.4 303 37.8
3 76.9 329 42.9
4 87 34 453

[0044] Referring now to FIGS. 6A-6C, the implant 100 can be configured
with a triple taper design that can advantageously maximize the cross-sectional area
of the body 120, while not substantially limiting the use of the implant 100 in femurs
with differing morphologies. The triple taper design is configured such that the at
least a portion of the body 120 is tapered in three planes. In some embodiments, the
triple taper shaped body 120 is a dissimilar shape from the proximal femur, hence this
triple taper shape can become stabilized into the irregular canal of the femur in a
predictable manner, but with little depth of penctration. The femur canal is known to
be tapered in these planes as well so incorporating tapers in the implant design can
help increase filling of the metaphysis. In some embodiments, this triple taper design
helps the implant 100 mate with femur morphologies that might not otherwise be
possible with a non-tapered design. In some cases, implants without the advantageous
tapering could require smaller cross-sectional areas to properly fit inside a femur, thus
weakening the implant. These implants could also be limited by certain femur
morphologies (e.g., bowing of the femur). FIGS. 6A-6C each depict one of the three
tapers. FIG. 6A depicts the implant 100 in the coronal plane (when implanted in a
femur) such that a lateral surface 160 and a medial surface 162 are visible. A taper
angle 161 is defined between the lateral surface 160 and the medial surface 162 in the
coronal plane. In some embodiments, the taper angle 161 is about 5.0°. FIG. 6B
depicts the implant 100 in the sagittal plane (when implanted in a femur) such that an
anterior surface 164 and a posterior surface 166 are visible. A taper angle 165 is

defined between the anterior surface 164 and the posterior surface 166 in the sagittal
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plane. In some embodiments, the taper angle 165 is about 12.0°. FIG. 6C depicts a
cross-section of the implant 100 in the transverse plane (when implanted in a femur)
such that the anterior surface 164 and the posterior surface 166 are visible. A taper
angle 167 is defined between the anterior surface 164 and the posterior surface 166 in
the transverse plane. In some embodiments, the taper angle 167 is about 8.5°.

[0045] Referring now to FIG. 7, in some embodiments, a hip implant system
can include a stemmed femoral implant 200 configured to be implanted in a femur.
As with the implant 100, the femoral implant 200 can include a neck portion 210
located proximally on the femoral implant 200 and the distally located body 220 such
that at least a portion of the distally located body 220 can be implanted inside a cavity
that is surgically formed in a femur and the neck portion 210 can receive a ball such
that the ball and attached neck portion 210 can be positioned inside the socket joint of
a hip. The stemmed femoral implant 200 includes a distal stem portion 224 that is
positioned within the intramedullary canal when the implant 200 is implanted in a
femur.

[0046] In some embodiments, the femoral implant 200 can be configured such
that use of the femoral implant in an individual is not limited based on physiologic
factors of the individual such as small stature, a bowed femur, and the like. For
example, the femoral implant 200 can include the body 220 with a cross-section 230
(see FIG. 8) that is small enough to be implanted in individuals with femurs that have
an intramedullary canal having a smaller cross-sectional area.

[0047] TABLE 5 lists some exemplary combinations of height 234 and width
232 of the cross-section 230. It should be appreciated that other combinations of
height 234 and width 232 can be used in femurs having different dimensions. In
another example, the body 220 can have an overall length (described in greater detail
below) that is short enough, such that when the implant 100 is placed within a
surgically prepared space within a femur and/or within the intramedullary canal, the
length of the body 220 does not preclude the use of the implant 200 in individuals
with short femurs, bowed femurs, and the like.

[0048] In this design, an outside stem diameter 225 of a stem portion 224 is
small enough such that the stem portion 224 may not substantially contact the cortex
of the intramedullary canal of the femur. In some cases, the diameter 225 can be

significantly smaller than the diameter of the intramedullary canal and/or the length of
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the body 220 can be short enough such that the stem portion 224 can be positioned
inside a bowed femur without significantly contacting the intramedullary canal cortex.
Optionally, the body of the device does not substantially contact the cortex of the
intramedullary canal along the full length of the body portion that is located therein
the intramedullary canal. In these cases, the circumference of the body is less than the
circumference of the intramedullary canal at each corresponding position from
proximal to distal along the length of the body portion that is located in the
intrameduallary canal. Optionally, a portion of the body contacts the cortex of the
intramedullary canal, but the stem portion does not substantially contact the cortex of
the intramedullary canal. Insubstantial contact includes tangential contact as depicted
in FIGS. 9-11.

[0049] Since the stem portion 224, or in some cases the full body portion 220,
may not come into substantial contact with the cortex of the intramedullary canal, the
implant’s fit in the subject is less dependent on the morphology of the femoral
diaphysis and can be used in conjunction with a wide range of femur morphologies.

In these cases, the primary fixation of the device is provided in the metaphysis region
of the patient’s femur. The implant 200 can optionally be used in individuals of
smaller stature, individuals with unusual morphologies, such as bowed femurs, and

the like. Optionally, the device is used in patient of Asian descent.

TABLE 5

EXEMPLARY STEMMED HIP IMPLANT DEVICE
CROSS SECTION DIMENSIONS

Device # Height (mm) Width (mm)
1 26.51 16.96
2 28.28 18.34
3 30.63 20.42

[0050] The femoral implant 200 can include a proximal portion 222 of the
body 220 that is tapered to allow for changes in dimension of the femur. In some
embodiments, a region 223 can include a surface preparation to encourage a
strengthened interface between the implant 200 and the femur it is to be implanted in.

For example, the region 223 can include a porous surface substantially continuously
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around the outer circumference of a portion of the proximal portion 222. In some
embodiments, the porous region can be applied via a plasma coating process. This
process advantageously can add a porous surface (to encourage bone ingrowth and
attachment) without substantially modifying or weakening the implant 200.

[0051] Referring now to FIGS. 7-8, the implant 200 can include features that
allow the implant 200 to be implanted in femurs exhibiting a wide array of
morphologies. For example, a shorter body 220 can allow the implant 200 to be used
in individuals with differently shaped femurs (e.g., shorter in length, different
curvature, and the like). The implant 200 can include a lateral humped region 240
configured to accommodate implantation in femurs where more conservative
resection techniques are not performed. For example, some femur resection
techniques (e.g., such as those used when implanting a femur implant with a stem)
involve the removal of more material than conservative techniques. For example,
stems of appreciable length and bulk may not negotiate the curves of the femoral
canal if inserted through a surgical resection of the femoral neck. In these cases, a
portion of the superior neck and greater trochanter may be removed to allow a linear
insertion that aligns the distal axis of the implant with the diaphysis of the femur. In
these examples, the implant 200 can advantageously include the lateral humped
region 240 that can at least partially fill the void in the superior neck and greater
trochanter left during the resection. This at least partial filling of the void can lessen
the likelihood of complications, such as an adverse reaction to wear debris that could
otherwise migrate to the void. The implant 200 can include a neck offset 216 defined
between the plane defined by the cross-section 230 and a proximal face 218 of the
shaft 212. The implant 200 can be configured such that when the implant 200 is
implanted in a surgically altered femur, particular dimensions can be measured from a
central axis 204 defined by the stem portion 224. For example, a body offset 205 can
exist between the axis 204 and a point 219 on the proximal face 218 of the shaft 212.
The point 219 can be defined as the point where the axis 213 intersects the proximal
face 218. In another example, the cross-section 230 can include a point 232 (see FIG.
8), on the lower portion of the cross-section 230. As such, a body length 221 can be
defined as a length along a vector that is parallel to the central axis 304 and is
bounded by the point 242 and a plane 229 that is perpendicular to the central axis 204
(and thus the body length 221) and contacts an outer tip 227 of the tip portion 226.

14



WO 2011/126757 PCT/US2011/029809

Exemplary body lengths 221, neck offsets 216, and body offsets 205 can be found in
TABLE 6. In some embodiments, an angle 206 of 132° can exist between the axes

204 and 213.

TABLE 6

EXEMPLARY STEMMED HIP IMPLANT DEVICE DIMENSIONS

Body Length  Neck Offset Body Offset Stem Dia

Device # (mm) (mm) (mm) (mm)
1 80.8 28.9 339 8
2 91.9 32 38.2 8.5
3 979 32.3 39.6 9

[0052] Referring now to FIGS. 9-11, when the implant 200 1s implanted in a
femur 10, at least a portion of the body, for example a portion of the stem portion 224
may be positioned within the intramedullary canal 12 of the femoral diaphysis. In
some embodiments, this portion of the stem 224 does not create a friction fit with the
surrounding cortex. In these embodiments, the stem 224 may not contact the cortex
14, as depicted in FIG. 11, or may only tangentially contact the cortex, as depicted in
FIG. 10. In some optional cases, the portions of the body that are present in the
intramedullary canal do not contact the cortex to provide a friction fit.

[0053] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims. As used throughout the term exemplary
means example. Thus, for example, and exemplary dimension is and example, or

optional dimension and other examples or optional dimensions can also be used.
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WHAT IS CLAIMED IS:

1. A femoral component of a hip implant device, comprising:

(a) a neck having a central axis; and

(b) a body distal to the neck, the body having a tapered portion, wherein the
body has a largest cross section perpendicular to the neck central axis, the largest
cross section perpendicular to the neck central axis having a maximum height
dimension and a maximum width dimension, wherein the maximum height dimension

s about 23.9 mm or less.

2. The femoral component of claim 1, wherein the maximum height dimension is

between about 20.3 mm and 23.9 mm.

3. The femoral component of claim 1, wherein the maximum width dimension is

about 18.5 mm or less.

4. The femoral component of claim 3, wherein the maximum width dimension is

between about 15.7 mm and 18.5 mm.

S. The femoral component of claim 1, wherein the tapered portion is tapered from

proximal to distal in the sagittal and coronal planes.

6. The femoral component of claim 5, wherein the tapered portion is further tapered in

the lateral to medial in cross section.

7. The femoral component of claim 1, wherein the body has an exterior surface and
wherein the femoral component further comprises a porous surface coating applied

circumferentially to the surface of the body.

8. The femoral component of claim 7, wherein the porous surface coating is applied

by plasma spray.

9. The femoral component of claim 7, wherein the porous surface coating comprises

metal.

10. The femoral component of claim 9, wherein the porous surface coating comprises

titanium.

11. The femoral component of claim 7, wherein the body is titanium and wherein the

porous surface coating is titanium.
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12. A femoral component of a hip implant device, comprising:

(a) a neck having a central axis;

(b) a body distal to the neck and having a tapered portion, wherein the body
has a largest cross section perpendicular to the neck central axis, the largest cross
section perpendicular to the neck central axis having a maximum height dimension
and a maximum width dimension, wherein the maximum width dimension is about

18.5 mm or less.

13. The femoral component of claim 12, wherein the maximum width dimension is

between about 15.7 mm and 18.5 mm.

14. The femoral component of claim 12, wherein the maximum height dimension is

about 23.9 mm or less.

15. The femoral component of claim 14, wherein the maximum height dimension is

between about 20.3 mm and 23.9 mm.

16. The femoral component of claim 12, wherein the tapered portion is tapered from

proximal to distal in the sagittal and coronal planes.

17. The femoral component of claim 16, wherein the tapered portion is further tapered

in the lateral to medial in cross section.

18. The femoral component of claim 12, wherein the body has an exterior surface and
wherein the femoral component further comprises a porous surface coating applied

circumferentially to the surface of the body.

19. The femoral component of claim 18, wherein the porous surface coating is applied

by plasma spray.

20. The femoral component of claim 19, wherein the porous surface coating

comprises metal.

21. The femoral component of claim 20, wherein the porous surface coating

comprises titanium.

22. The femoral component of claim 18, wherein the body is titanium and wherein the

porous surface coating is titanium.
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23. A femoral component of a hip implant device, comprising:

(a) a neck; and

(b) a body distal to the neck, the body having a tapered portion and a stem
portion having a distal tip, wherein the stem portion has a central axis and wherein the
length of the body as measured from the medial junction of the neck and body along a

axis parallel to the central axis of the stem portion is about 125 mm or less.

24. The femoral component of claim 23, wherein the body has a lateral humped

portion.

25. The femoral component of claim 23, wherein the tapered portion is tapered

proximal to distal in the sagittal and coronal planes.

26. The femoral component of claim 24, wherein the tapered portion 1s further tapered

in the lateral to medial in cross section.

27. The femoral component of claim 23, wherein the length of the body is less than

about 120, 115, 110, 105, 100, 95, 90, 85 or 80 mm.

28. The femoral component of claim 23, wherein the length of the body is between

about 125 mm and 80 mm.

29. The femoral component of claim of claim 23, wherein the stem portion is

positioned in the diaphysis of a femur and does not contact the cortex of the femur.

30. The femoral component of claim 23, wherein the body has an exterior surface and
wherein the femoral component further comprises a porous surface coating applied

circumferentially to the surface of the body.

31. The femoral component of claim 30, wherein the porous surface coating in located

proximal to the stem portion.

32. The femoral component of claim 30, wherein the body has a lateral humped

portion and the porous surface coating coats the humped portion.

33. The femoral component of claim 30, wherein the porous surface coating is applied

by plasma spray.

34. The femoral component of claim 33, wherein the porous surface coating

comprises metal.
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35. The femoral component of claim 34, wherein the porous surface coating

comprises titanium.

36. The femoral component of claim 30, wherein the body is titanium and wherein the

porous surface coating is titanium.

37. A femoral component of a hip implant device, comprising:

(a) a neck; and

(b) a body distal to the neck, the body having a tapered portion and a stem
portion having a distal tip, wherein the stem portion is proportioned such that the stem
portion has no substantial contact with the intramedullary canal cortex when the

femoral component is implanted in a femur.

38. The femoral component of claim 37, wherein the body has a lateral humped

portion.

39. The femoral component of claim 37, wherein the stem portion has no contact with

the intramedullary canal cortex when the femoral component is implanted in a femur.

40. The femoral component of claim 37, wherein the stem portion has only tangential
contact with the intramedullary canal cortex when the femoral component is

implanted in a femur.

41. The femoral component of claim 37, wherein the stem portion has a central axis
and wherein the length of the body as measured from the medial junction of the neck
and body along a axis parallel to the central axis of the stem portion is about 125 mm

or less.

42. The femoral component of claim 37, wherein the tapered portion is tapered

proximal to distal in the sagittal and coronal planes.

43. The femoral component of claim 37, wherein the tapered portion is further tapered

in the lateral to medial in cross section.

44. The femoral component of claim 41, wherein the length of the body is less than

about 120, 115, 110, 105, 100, 95, 90, 85 or 80 mm.

45. The femoral component of claim 41, wherein the length of the body is between

about 125 mm and 80 mm.
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46. The femoral component of claim 37, wherein the body has an exterior surface and
wherein the femoral component further comprises a porous surface coating applied

circumferentially to the surface of the body.

47. The femoral component of claim 46, wherein the porous surface coating in

located proximal to the stem portion.

48. The femoral component of claim 46, wherein the body has a lateral humped

portion and the porous surface coating coats the humped portion.

49. The femoral component of claim 46, wherein the porous surface coating 1s applied

by plasma spray.

50. The femoral component of claim 49, wherein the porous surface coating

comprises metal.

51. The femoral component of claim 50, wherein the porous surface coating

comprises titanium.

52. The femoral component of claim 46, wherein the body is titanium and wherein the

porous surface coating is titanium.

53. A method of implanting a femoral component during hip surgery, comprising:
(a) providing a femoral component comprising a body; and
(b)implanting the femoral component into a femur of a patient, wherein a
portion of the body of the femoral component enters the intramedullary canal of the
femur and wherein the portion that enters the intramedullary canal does not
substantially contact the cortex of the intramedullary canal when implanted in the

patient’s femur.

54. The method of claim 53, wherein the portion of the body that enters the

intramedullary canal has no contact with the cortex of the intramedullary canal.

55. The method of claim 53, wherein the portion of the body that enters the
intramedullary canal has only tangential contact with the cortex of the intramedullary

canal.
56. The method of claim 53, wherein the patient is of Asian descent.

57. The method of claim 53, wherein the femoral component 1s substantially fixed in

the patients femur in the metaphysis of the femur.
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58. A method of implanting a femoral component during hip surgery, comprising:
(a) providing a femoral component comprising a body, wherein the body
comprises a distal stem portion; and
(b)implanting the femoral component into a femur of a patient, wherein a
portion of the body, including the distal stem portion, of the femoral component
enters the intramedullary canal of the femur and wherein the distal stem portion does
not substantially contact the cortex of the intramedullary canal when the femoral

component is implanted in the patient’s femur.

59. The method of claim 58, wherein the portion of the body that enters the

intramedullary canal has no contact with the cortex of the intramedullary canal.

60. The method of claim 58, wherein the portion of the body that enters the
intramedullary canal has only tangential contact with the cortex of the intramedullary

canal.
61. The method of claim 58, wherein the patient is of Asian descent.

62. The method of claim 58, wherein the femoral component is substantially fixed in

the patients femur in the metaphysis of the femur.
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