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and/or position with respect to said subject when installed for facilitating
alignment of an acetabular component.
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Device for use in facilitating alignment of an acetabular component

The invention relates to a device for use in facilitating alignment of an acetabular
component relative to the pelvis of a subject. The invention also relates to a kit for

such a device and methods of installing such a device in a subject.

Acetabular cups form the socket part of the ‘ball and socket’ hip replacement or hip
resurfacing. An acetabular cup is a hemi-spherically shaped, or near hemi-spherical
shaped, shell implant which is implanted into the pelvis and into which a spherical
femoral head implant can articulate. There is much recent literature discussion on
the importance of acetabular cup orientation, positioning and sizing, with clinical

analyses showing that poor cup position correlates with failure.

Implant retrieval studies from multiple centres have demonstrated significant
correlations between acetabular cup positioning and accelerated wear leading to
early failure. A direct link has therefore been made between the orientation,
positioning and/or sizing of the acetabular cup and early failure; this has been
substantiated by experimental research. Cemented acetabular cup implants do not
appear to be as sensitive to cup positioning as cementless implants. The same

methods for cup orientation, positioning and sizing are used for both implant types.

Cup orientation and position is defined in terms of inclination angle (angle from the
transverse plane) and version angle (angle from coronal plane) and cup centre
position. Research shows that there is a consistent level of cup inclination over
which potential for accelerated wear is substantially increased, but below which
impingement (unintended clashing of bone and implant during movement) may
occur. The optimal level of inclination depends upon the shape of the prosthetic
cup. Those cups which are close to hemispherical should optimally be inclined at
45°, while cups which are substantially less than hemispherical (such as large
diameter cups suitable for hip resurfacing) need to be less inclined, at closer to 40°
(this is to ensure that the wear patch does not reach the edge of the cup,
precipitating edge loading). For each type of device, there is an accepted zone of
safety for inclination and version, but the optimal position varies from patient to

patient to ensure that neither edge loading nor impingement occurs.
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Cup position is defined in relation to the hip centre. The hip centre is rarely entirely
normal prior to surgery. Commonly it is either too deep or too superficial in the
horizontal or axial plane. The hip centre may also be too anterior and too high, in
hips with shallow sockets, or too posterior and too high in hips with sockets that are
too deep. The prosthetic cup should be inserted at an optimal position, most
importantly in terms of depth, to prevent problems such as the cup rim rubbing on

soft tissues and/or impingement.

There is a current NHS initiative for ‘Enhanced Recovery’. This programme is aimed
at speeding up patient recovery post-operatively. Minimally invasive surgery
describes surgery conducted through a small incision with minimal disruption to
surrounding soft tissues. The reduced trauma and blood loss aid faster patient
recovery and result in smaller wound size: a concern for the patient. This type of
surgery is a growing trend. In the vast majority of hip replacements, acetabular cups
implants are oriented by eye. The small incision associated with minimally invasive
surgery obscures the visual location of the acetabular cup, increasing the potential

for mal-position.

Current methods of cup positioning range from low-tech to high-tech, and are
discussed below. The low-tech methods (visual alignment, simple mechanical
alignment guides) are those currently used in the majority of surgeries and cannot
currently avoid cup mal-position. The high-tech methods are computer-guided
navigation and patient-matched templates. These methods are accurate but are

costly and require CT-data, which is not routinely obtained in most hospitals.

VISUAL ALIGNMENT / BASIC MECHANICAL ALIGNMENT GUIDE

By far the most prevalent technique of cup positioning is visual alignment.
Orthopaedic companies do provide simple guides which connect to the impaction
and reaming instruments, but as these guides rely on global frames of reference
such as the horizontal plane of the room and the length of the bed, they can only
offer a loose, non-specific indication of cup orientation, and no information on cup

centre location.

COMPUTER-GUIDED NAVIGATION
1% of the hip replacement procedures undertaken in 2010, reported in the National

Joint Registry of England and Wales, used computer-guided navigation; this
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indicates the low level of take up. Two types of computer-guided navigation exist:
that which relies on CT-based imaging, and that which does not (subject bone
anatomy is referenced intra-operatively). Both systems require substantial capital
investment, and the CT-based system requires long-term increased costs owing to
the required CT-scan. Such investment is only ever likely to occur in high-volume
centres. CT-scanning the abdomen also exposes the patient to undesirable levels of

radiation.

PATIENT-MATCHED ALIGNMENT GUIDES

Patient-matched alignment guides use patient CT-data to design a subject-specific
alignment guide which can ideally place the cup for each specific patient. The
process requires CT-data (with associated costs and radiation risk) and also
requires the service of an engineer to design and make (e.g. by 3D printing) the
patient-matched guide; this adds considerable lead time to the surgery in terms of

delay between proposed plan and finalised guide.

There is therefore a need for a device which is inexpensive and not CT-reliant, yet

which is more accurate than existing low-tech techniques.

According to a first aspect of the invention there is provided a device for use in
facilitating alignment of an acetabular component relative to the pelvis of a subject,
the device having a device body and at least a first locator for placement on a first
predetermined mounting location on the acetabular rim of a subject, the device
defining an orientation and/or position with respect to said subject when installed for

facilitating alignment of an acetabular component.

The acetabular rim is the prominent border that forms a boundary to the
acetabulum, the acetabular rim being uneven and having a series of prominences
and depressions. The device provides a hip navigation system that locates to at
least one mounting location on the acetabular rim of the subject, unlike some prior
art navigation systems that define a reference plane by locating to landmarks that
can easily be identified by the surgeon visually or by palpation, but which are remote
from the acetabulum. An acetabular component can be aligned to the orientation
and/or position defined by the device directly (e.g. by aligning the acetabular

component with at least part of the device when installed in the subject), or indirectly
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(e.g. by using the device to install a guide to which the acetabular component can

be aligned).

The device body can be any part of the device that couples the at least a first locator

with the rest of the device, and the device body can be any suitable shape.

Preferably the device further comprises a second locator for placement on a second

predetermined mounting location on the acetabular rim of the subject.

Preferably the device further comprises a third locator for placement on a third
predetermined mounting location on the acetabular rim of the subject, the device

defining an acetabular rim plane when installed in the subject.

Preferably said locator or one of said locators is a superior locator for placement on

a predetermined mounting location on the superior acetabular rim.

Preferably said locator or one of said locators is an anterior locator for placement on

a predetermined mounting location on the anterior acetabular rim.

Preferably said locator or one of said locators is a posterior locator for placement on

a predetermined mounting location on the posterior acetabular rim.

By means of the device having an anterior locator that locates to a point on the
anterior rim and a posterior locator that locates to a point on the posterior rim, the
device offers a subject-specific guide in terms of acetabular component version
angle that can be aligned to. Prior art basic guides assume an ideal version of 15°,
whereas the present device can automatically locate to a subject-specific version

based on the subject’'s anatomical version.

Suitably, the superior, anterior and posterior locators are arranged relative to one
another about an axis such that each locator can locate to its respective mounting

location on the acetabular rim when the device installed in the subject.

Preferably the device defines at least a reference line relative to the subject when
installed, said reference line including the first mounting location, the device further

comprising an alignment reference element for aligning with a predetermined natural
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landmark of the subject in use, the natural landmark being identifiable by the user,
the first locator being situated relative to the alignment reference element such that
upon alignment of the alignment reference element with the natural landmark, the
first locator locates to the first mounting location. Suitably the natural landmark is
outside the reference line defined by the device when installed. Where the device
defines a reference plane when installed, said reference plane includes the first
mounting location, the natural landmark being outside the reference plane defined

by the device when installed.

The device is installable at an implant site in a subject’s pelvis and is capable of
autolocating to find at least one reference point on the acetabular rim from which
optimal cup position can be defined. The natural landmark is a bony landmark that
can easily be identified by the user (visually or by palpation). The natural landmark
serves only to locate the device to the mounting location, not to define a reference

line or reference plane from which optimal cup position can be defined.

The device is a universal device rather than a subject-specific device that is
configured for use with a single, specific subject. In other words, the device can be
used as an acetabular component alignment guide for a plurality of subjects. Prior
art universal alignment guides locate to points distant from the acetabulum, as it is
necessary to locate to landmarks that can be identified by the user visually or by
palpation, whereas specific points on the acetabular rim cannot be identified visually
or by palpation. However, the device of the present invention can locate to specific
reference points on the acetabular rim, accurately and repeatably. By means of the
arrangement of the alignment reference element and the first locator, the device can
be aligned to a predetermined identifiable natural landmark other than on the
acetabular rim to locate the first locator to a predetermined reference point on the
rim. The acetabular component to be positioned in the subject using the device can
be a trial cup, reamer or acetabular cup implant. The device provides a low cost

navigation system for use in hip replacement procedures.

The device does not contain any surface portions that have been designed to
conform exactly to the shape and contours of a corresponding portion of a particular
subject’s pelvic anatomy, unlike prior art patient-matched devices. As such, the
device of the present invention can be placed in a plurality of spatial orientations

relative to a subject’s pelvis. The alignment reference element allows the device to
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be aligned such that the at least a first locator locates to the corresponding
predetermined mounting location, whereby the device can be installed in an
orientation and/or position relative to the subject from which optimal cup orientation

and/or position can be defined.

The device can be used in traditional surgery and minimally invasive surgery where
the visual location of the acetabular cup is obscured. The device does not require a
CT-scan of the subject in order to locate the locator to the corresponding mounting

location, unlike expensive prior art patient-matched systems.

Preferably the alignment reference element comprises a pin placement guide for
guiding placement of a pin in the subject’s pelvis at the natural landmark. Suitably
the device is pivotable relative to the pin when a pin is installed in the pin placement

guide.

Alternatively the alignment reference element comprises an alignment marker that
can be aligned with the natural landmark in use. For example, the alignment
marker may be a pointer or reference mark of some sort, and the device can be
rotated in the acetabulum in use until the alignment marker points towards and

aligns with the natural landmark.

Preferably the device is configured such that the alignment reference element is to
be aligned with a bony prominence in the obturator externus tendon groove of a

subject. This is a natural landmark that can easily be identified by the user.

Preferably the device further comprises a second locator for placement on a second
predetermined mounting location on the acetabular rim of the subject, the second
locator being situated relative to the alignment reference element in use such that
upon alignment of the alignment reference element with the natural landmark, the

second locator locates to the second mounting location.

Preferably the device further comprises a third locator for placement on a third
predetermined mounting location on the acetabular rim of the subject in use, the
third locator being situated relative to the alignment reference element such that
upon alignment of the alignment reference element with the natural landmark, the

third locator locates to the third mounting location on the acetabular rim.
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The first, second and third locators locate in use to predetermined first, second and
third mounting locations respectively, which can be particular landmarks from which
optimal cup placement can be referenced, and which are repeatable between

people (i.e. that display low dispersion between people).

Suitably the device is configured such that upon alignment of the alignment
reference element with the natural landmark, the superior locator locates to a
predetermined mounting location on the superior acetabular rim of a subject, the
anterior locator locates to a predetermined mounting location on the anterior
acetabular rim of a subject and the posterior locator locates to a predetermined

mounting location on the posterior acetabular rim of a subject.

Preferably the alignment reference element is to be aligned with a natural landmark
comprising a bony prominence in the obturator externus tendon groove of a subject
and wherein an angle A between a first vector between the subject's acetabular
centre and the superior locator and a second vector between the subject's
acetabular centre and the natural landmark, when the first and second vectors are
projected on the sagittal plane, is about 112 to 132°, preferably about 120 to 124°,

more preferably about 122°, as measured when the device is installed.

Preferably the spacing between the anterior and posterior locators is adjustable by
the user. In this way, the device can be adjusted for differing acetabulum sizes.
The spacing can be adjusted based on the femoral head size measured from X-ray
or other imaging methods, or from measuring the diameter of the femoral head

resected from the subject.

Preferably the device body has first and second portions, the superior locator being
on or coupled to the first portion of the device body in use and the anterior and
posterior locators being on or coupled to the second portion in use, the second
portion being slidably mounted to the first portion in use. Preferably the second
portion of the device is keyed to the first portion in use such that the first and second

portions are fixed rotatably relative to one another in use about an axial direction.

Preferably the device is configured such that the alignment reference element is to

be aligned with a natural landmark comprising a bony prominence in the obturator
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externus tendon groove of a subject and wherein an angle B between a first vector
between the subject's acetabular centre and the posterior locator and a second
vector between the subject’s acetabular centre and the natural landmark, when the
first and second vectors are projected on the sagittal plane, is about 36 to 56°,
preferably about 44 to 48° more preferably about 46° as measured when the

device is installed.

Preferably the anterior locator is situated substantially diametrically opposite the

posterior locator.

Preferably the device, when installed, defines an acetabular centre position that the
acetabular component centre can be referenced from, being the mid-point between
the anterior locator and posterior locator when the device is installed. In other
words, the prescribed acetabular centre position defined by the device is defined in
relation to the mid-point of the line between the anterior and posterior mounting
locations on the acetabular rim. The term locator as used herein may refer to the
point of the device that rests on the acetabular rim when the device is installed. The
device suitably optimises the positioning of the acetabular component relative to the
acetabulum of a subject. The device is configured to enable positioning of the
acetabular component relative to the subject to be controlled based on an
acetabular rim plane of the subject. Suitably the device is pre-calibrated to enable
positioning of an acetabular component to be controlled based on the native rim
plane of the subject. The device takes the rim plane of the acetabulum in which an
acetabular component is to be installed to as an input and allows the acetabular
component to be positioned with the prosthetic rim matched to the native rim plane.
The device does not aim to restore the natural acetabular centre position of the
subject, as depending on the shallowness of the acetabulum, the acetabular cup
centre may not be coincident with the natural acetabular centre. The device aims to
provide a final cup centre position at a depth in the acetabulum whereby the rim of
the acetabular cup implant is not proud and will therefore not impinge on any soft

tissue.

Preferably the device is configured to enable orientation of the acetabular
component relative to the subject to be controlled based on an acetabular centre

edge angle measured from the subject.
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According to a second aspect of the invention there is provided a device for use in
facilitating alignment of an acetabular component relative to the acetabulum of a
subject, the device being configured to enable orientation of the acetabular
component relative to the subject to be controlled based on an acetabular centre
edge angle measured from the subject. Suitably the device is pre-calibrated to
enable orientation of an acetabular component to be controlled based on centre
edge angle value measured from the subject. The device takes the centre edge
angle value of the acetabulum in which an acetabular component is to be installed to
as an input and allows the acetabular component to be aligned to a prescribed
inclination, being an inclination within an optimal ‘safe zone’ range. The ‘safe zone’
range of inclination may be defined as 30 to 50° or more preferably 35 to 45°.
Some patients may have acetabular morphology which prevents the present device
from being usable to facilitate alignment of an acetabular component to an
inclination within a predetermined range, however the device should guide

placement accurately for the majority of subjects.

Preferably the device is installable at a subject’s pelvis in use, the device defining at
least a reference line with respect to the subject when installed, the device further
comprising at least one guide portion to define an orientation relative to the subject
when the device is installed for facilitating alignment of an acetabular component,
the guide portion providing an orientation relative to the subject when installed
based on the centre edge angle measured from the subject. Suitably the reference
line may be a line between the superior locator mounted to the superior mounting
location on the acetabular rim in use and a point substantially at the centre of the
subject’'s acetabulum, as defined using the device. The point substantially at the
centre of the subject’'s acetabulum may be a point inferred to be substantially at the
centre of the subject’s acetabulum, as defined as a mid-point between the anterior

and posterior mounting locations on the acetabular rim that the device locates to.

It will be understood that this means for orienting an acetabular component to be
oriented to within a predetermined inclination range can be put into effect with or
without posterior and anterior locators that mount to mounting locations on the
posterior and anterior acetabular rim respectively to define a subject-specific
version, as other means for orienting the acetabular component to a prescribed
version can be employed. For example, the transverse acetabular ligament can be

used as a patient specific reference to align an acetabular component for controlling
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version (see for example the methods explained by Beverland in ORTHOPEDICS
September 2010;33(9):631). Therefore, a device that uses centre edge angle value
as an input to control inclination to within a safe zone as described above can be
used in combination with a method or device feature that uses the transverse
acetabular ligament to control version, or some other suitable version control

feature.

Preferably the device is configurable such that the guide portion can be set to a
predetermined tilt angle relative to the reference line or plane depending on the
measured centre edge angle value. In a preferred embodiment the device provides
superior, anterior and posterior locators that locate to predetermined mounting
locations on the superior, anterior and posterior acetabular rim respectively and a
guide portion, the device defining an acetabular rim plane when installed, the guide
portion orienting to a prescribed orientation relative to the rim plane when installed in
order to define an orientation relative to the subject, the tilt of the guide portion
relative to the superior mounting location when installed being adjustable by the

user.

Preferably the device further comprises at least one guide portion to define an
orientation relative to the subject when the device is installed to which an acetabular

component can be installed to.

Preferably the guide portion comprises at least one pin placement guide. The pin
placement guide can suitably be used to place a pin in a subject at an orientation
and/or position, defined by the pin placement guide. Alternatively the guide portion

may comprise an elongate rod, such as an elongate handle.

Preferably the centre edge angle measured from the subject is obtained from an X-

ray of the subject.

Preferably the position of the superior locator is adjustable by the user relative to the
device body. The device preferably includes means for releasably locking the first

locator in a selected position relative to the device body.

Rather than having a superior locator adjustable by the user, the device body may

have a graduated scale, the values on the scale being pre-calibrated to correspond
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to centre edge angle values, to which a pin or other guide may be aligned, in order

to align the pin or guide substantially to the predetermined angle of inclination.

Preferably the position of the superior locator relative to the device body can be

selected by the user based on the centre edge angle measured from the subject.

Preferably the superior locator is pivotably adjustable relative to the device.
Alternatively, the superior locator may be slidably adjustable relative to the device.
Suitably, the distance between the superior locator and an alignment axis of the
device that orients to the prescribed orientation when the device is installed (e.g. the
guide portion) is adjustable such that the orientation of the acetabular alignment axis
of the device relative to a subject when the device is in a seated position in the
subject can be adjusted by means of adjusting the position of the superior locator
relative to the device body. When the device is in its seated position in the subject,
at least the first locator is resting on its corresponding predetermined mounting

location.

Preferably the device has an orientation indicator to allow a user to orient an
acetabular component to a selected tilt relative to a reference line or plane defined
by the device, the indicator being pre-calibrated to allow a predetermined tilt to be

selected using the centre edge angle value measured from the subject.

Preferably the device and/or orientation indicator has a plurality of visual markings
corresponding to centre edge angle values. The calibrated visual markings enable
the superior locator to be adjusted by the user based on the measured centre edge

angle value.

Preferably the device further comprises means for substantially defining the centre
of a subject's acetabulum. The means for defining the centre of a subject's
acetabulum could be by means of a posterior locator and an anterior locator that
locate to opposite points on the posterior acetabular rim and anterior acetabular rim
respectively, the inferred centre point being related to the mid-point between the

posterior and anterior locators when the device is installed.

Preferably the device further comprises an acetabulum centering component in use,

substantially defining the centre of a subject’s acetabulum. Suitably this may be any
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device appropriately shaped to locate in an acetabulum to define the centre of the
acetabulum, e.g. a cup-shaped component (i.e. a substantially hemi-spherical

shaped component) or tripod-like component.

Preferably the device body has means for attaching to the acetabulum centering
component. Preferably the acetabulum centering component comprises a cup-
shaped component, reamer or acetabular cup prosthesis which is attachable to the
device body. A kit may be provided comprising a device as previously described,
wherein at least two acetabulum centering components are provided, each being of
differing size. The acetabulum centering component may be interchangeable so
that the user can select a suitable acetabulum centering component based on the
subject’'s femoral head diameter, for example as measured from an X-ray or other

imaging process.

Preferably the first locator and/or second locator and/or third locator are each
configured to substantially make point-contact or line-contact with their respective
mounting location when the device is installed. Each of said locators is configured
to rest on their respective mounting location, making point-contact or line-contact

with the acetabular rim when installed.

Preferably the device defines a reference plane relative to the subject when

installed. This plane provides both orientation and positioning information.

According to a further aspect of the invention there is provided a device for use in
facilitating alignment of an acetabular component relative to the pelvis of a subject,
the device having a device body, a superior locator for placement on a first
predetermined mounting location on the superior acetabular rim of a subject, an
anterior locator for placement on a second predetermined mounting location on the
anterior acetabular rim, and a posterior locator for placement on a third
predetermined mounting location on the posterior acetabular rim, the device having
an acetabular alignment axis that orients when installed to at least an orientation to
which the acetabular component is to be aligned to when the acetabular component
is installed, an angle C between the superior locator and posterior locator as
measured about the acetabular alignment axis in a plane perpendicular to the
acetabular alignment axis being about 66 to 86°, preferably about 74 to 78°, more

preferably about 76°. The anterior locator is suitably situated substantially
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diametrically opposite the posterior locator. The device has been developed by
analysing patient bone morphologies and extracting landmarks from which optimal
cup position can be defined. The superior, anterior and posterior locators are
arranged to locate to bony landmarks on the acetabular rim from which optimal

acetabular component position can be referenced.

The invention also provides a kit of parts that, when assembled, provides a device

as described above in accordance with any aspect of the invention.

According to a further aspect of the invention there is provided a method of installing
a device according to any aspect of the invention at a subject’s hip joint, the method
comprising the steps of aligning the alignment reference element with the natural

landmark, such that at least the first locator locates to the first mounting location.

According to a further aspect of the invention there is provided a method of installing
a device according to any aspect of the invention at a subject’s hip joint, the method
comprising the steps of measuring the centre edge angle for a subject’'s acetabulum
at which the device is to be installed, adjusting the position of the superior locator
relative to the device body based on the centre edge angle measured from the
subject, and placing the device in the subject such that the first locator contacts the
subject’'s acetabular rim. Preferably the method further includes the step of
measuring the femoral head diameter for the femoral head of the hip joint at which
the device is to be installed and attaching an acetabular centering component to the
device before installing the device, the acetabular centering component being
selected such that it is sized to match the size of the subject’s acetabulum based on
the measured femoral head diameter. Alternatively the size of the acetabular
component can be selected based on the spacing between the anterior and
posterior locators, as have been set by the user based on the diameter of the

subject’s acetabular rim.

The term patient as used herein may refer to any human or animal subject.

The term proximal as used herein may mean located near or toward the centre of

the subject’'s body when the device is installed and/or situated toward the point of

attachment. The term distal as used herein may mean located away from the centre
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of the body when the device is installed and/or situated away from the point of

attachment.

Preferred embodiments of the present invention will now be more particularly
described by way of example only with reference to the accompanying drawings,

wherein;

Figures 1A and 1B show differing views of an acetabular cup implanted in a pelvis;
Figure 1C is a diagrammatic view of an acetabular cup installed in a pelvis indicating
how orientation of the cup is defined by inclination angle | and version angle V,
Figure 1D is a diagrammatic view of a hip joint indicating the centre edge angle of
the acetabulum, Vce;

Figure 1E is a view of a pelvic bone indicating the obturator externus tendon groove
natural landmark;

Figure 2 is a graph showing the correlation between Vce angle and inferred
inclination; Figures 3A to 15 show a device according to a first embodiment of the
invention;

Figures 3A and 3B show perspective views of the first portion of the device, showing
adjustment of the superior locator between;

Figure 4 shows the first portion of the device attached to an introducer with cup-
shaped component attached,;

Figure 5 shows the second portion of the device being assembled to the device of
Figure 4;

Figure 6 shows the second portion of the device being further slidably mounted onto
the first portion;

Figure 7 shows the assembly of Figure 6 initially introduced to a subject’s left
acetabulum;

Figure 8 shows the assembly of Figure 7 with a device alignment pin installed,;
Figure 9 shows the assembly of Figure 8 having been tilted such that the locators
rest on the acetabular rim;

Figure 10 shows a further view of the assembly of Figure 9;

Figure 11 shows the assembly of Figure 9, the device alignment pin having been
removed and a pair of acetabular component alignment pins having been installed;
Figure 12 shows the acetabulum, the device assembly having been removed,
leaving the acetabular component alignment pins installed in the subject;

Figure 13 shows a cup guide installed on the acetabular component alignment pins;
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Figure 14 shows a further view of the cup guide of Figure 13;

Figure 15 shows an acetabular cup implant installed in the subject beneath the cup
guide, with the cup guide being used as a post-impaction orientation and positioning
check;

Figure 16 shows an axial underside view of the device of Figure 6, without the cup-
shaped component or introducer assembled to the device;

Figure 17 shows a graph of radiographic version and inclination achieved for
theoretical positioning in 65 sample subjects;

Figures 18 to 23 show a second embodiment of the invention;

Figure 18 shows a front view of the device of the second embodiment;

Figure 19 shows a view of the device of Figure 18 from another side, hidden
features being shown in dotted lines;

Figure 20 shows a back view of the device of Figure 18;

Figure 21 shows a perspective view of the device of the device of Figure 18;

Figure 22 shows a top view of the device of Figure 18;

Figure 23 shows a bottom view of the device of Figure 18;

Figures 24 to 28 show a third embodiment of the invention;

Figure 24 shows a left side view of a device of the third embodiment;

Figure 25 shows a front view of the device of Figure 24,

Figure 26 shows a right side view of the device of Figure 24;

Figure 27 shows a perspective view of the device of Figure 24;

Figure 28 shows a bottom view of the device of Figure 24.

The present embodiments represent currently the best ways known to the applicant
of putting the invention into practice. But they are not the only ways in which this
can be achieved. They are illustrated, and they will now be described, by way of

example only.

Referring to Figures 1A and 1B, an acetabular component is illustrated in the form of
an acetabular cup 10 shown implanted in place in an acetabulum 12 in a natural
pelvis 14 in connection with the implantation of a hip prosthesis at an implant site
16. The acetabulum has an acetabular centre 18 through which passes an
acetabular axis 20, and the acetabular cup 10 has a polar axis 30 passing through
the centre of rotation 32 of the acetabular cup, which in the case shown in Figure 1A

is coincident with the centre of rotation 18 of the acetabulum when the cup is
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installed (however the cup centre need not necessarily be coincident with the

acetabular centre). The acetabular cup has a face 34.

Cup orientation and position are defined in terms of inclination angle (angle from the
transverse plane) and version angle (angle from the coronal plane),and cup centre.
Figure 1C is a diagrammatic view of an acetabular cup installed in a pelvis indicating
how orientation of the cup is defined by inclination angle | and version angle V.
There are three distinct definitions of inclination and version, depending on the
assessment used to determine the angle: operative, anatomical and radiographic,
as explained by Murray (J Bone Joint Surg Br. 1993 Mar;75(2):228-32). Conversion
of inclination or version angle from one definition to another is well understood can
be done mathematically. Throughout the specification the terms inclination and
version may be used to refer to angles according to any definition, with the
knowledge that conversion between the various definitions is well known in the art.
Throughout the specification the terms inclination and version may be used to refer
to inclination and version of acetabular components or any other component of a

device, e.g. a pin or cup guide etc.

Embodiments of devices according to the present inventions were devised by
studying the relationship between local acetabular landmarks and optimal
acetabular cup placement. Bone morphology analysis was carried out using
specially developed scripts to analyse the repeatability of landmark relationships

between people. The basic process of initial investigation was as follows:

a) segment patient data from CT (computed tomography) scans for a plurality of
patients

b) convert segmented scan into cloud of points

) use a script to locate the acetabulum and acetabular rim profile

d) use a script to define with geometrical shapes such as spheres, a range of local
acetabular bony landmarks

e) use a script to relate the landmark locations and rim profiles between patients

f) use a script to measure a range of standard surgical acetabular morphological
measurements, such as centre edge angle, which can be measured from 2D
radiographs

g) look at repeatability and correlations within this data
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h) use a script to assess locating techniques onto the acetabulum which could be

replicated mechanically

Centre edge angle (Vce, also known as ‘coverage angle’) is a standard surgical
acetabular morphological measurement that can be measured from 2D radiographs.
Figure 1D shows a hip joint with the centre edge angle, Vce, of the acetabulum

indicated.

Analysis was carried out on data from 72 patients to investigate the correlation
between Vce angle and inclination by measuring standard two-dimensional Vce
angle from the 72 patients and comparing it to the inferred inclination measured as
the angle between a vector, defined between a point on the superior rim and the
acetabular centre, and the transverse plane. The correlation between Vce angle
and inferred inclination is shown in Figure 2. The correlation coefficient is 0.968.
The data analysis demonstrated a strong correlation between 2D measured centre

edge angle and cup inclination angle.

Next, the locations of repeatable bony landmarks from which the optimal cup
position could be defined were determined using the steps set out below. In this
process, the repeatable bony landmarks were referenced from the bony prominence
in the obturator externus tendon groove, which is a useful landmark that can be

easily visually identified by the surgeon during hip replacement.

1. Collect sample of pelvic CT data, selecting either the left or right hemi pelvis to
focus on. Segment CT data, taking care to remove osteophytes. .

2. Locate the rim of the acetabulum (not including the fovea) with at least 60 points.
This can be done manually or with an automated script.

3. Fit a sphere to the acetabulum and locate the acetabular centre. This can be
done manually or with an automated script.

4. Orientate the pelvis in the coronal plane by aligning the two anterior superior iliac
spines (ASISs) along an axis.

4. Measure the coverage angle by projecting the acetabular rim profile into a 2D
image in the coronal plane. Generate two vectors. Vector 1 is between the most
overhanging superior point on the acetabulum and the acetabular centre. Vector 2 is
perpendicular to the axis between the two ASISs. The coverage angle is the acute

angle between these two vectors.
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5. Orientate all pelvises into the anterior pelvic plane (APP) (plane through the right
and left ASISs and the mid-point of the pubic tubercles). Define XY as the
transverse plane, XZ as the coronal plane and YZ as the sagittal plane.

6. Extract all of the acetabular rim profiles with their acetabular centres, in the APP.
Exclude acetabular rim profiles with severe dysplasia (defined as a coverage angle
less than 25 degrees) or severe pincer impingement (defined as a coverage angle
over 50 degrees).

7. Define an axis through the centre of the acetabulum, parallel to the X axis.

8. Project the rim profile into the sagittal plane. This should look like a distorted
incomplete circle.

9. Locate the bony prominence in the obturator externus tendon groove. Also project
this point into the 2D plane.

10. Moving clockwise from the bony prominence pick a rim profile point every 5
degrees (excluding points where the circle is broken, at the fovea) around the
acetabular rim.

11. For each of the points in 5 degree intervals, calculate the angle subtended
between a vector between the point and the acetabular centre, and a vector
between the centre and the bony prominence. Project this angle into a plane
perpendicular to a best fit plane through the rim points, and the transverse plane.
This angle is related to inclination, and can be referred to as inferred inclination.

12. For each of the points in 5 degree intervals, also calculate the angle related to
version. Couple the points with their diametrically opposite point (e.g. 25 and 205
degrees). Calculate the angle between a vector between the two points, and the Y
axis. This angle is related to version, and can be referred to as inferred version.

13. First focussing on inclination. For each of the 5 degree interval rim points, define
the correlation between the centre edge angle and the inferred inclination across all
of the acetabulums.

14. Select the rim point angular position with the highest correlation to coverage
angle. An angular definition for a point on the rim which is highly correlated to the
coverage angle has now been obtained.

15. Second, focussing on version. For each of the 5 degree interval rim points,
define the correlation between the vector between each rim point and its
diametrically opposite couple, projected into the transverse plane, and the patient
natural version. Also record the overall range of version across each subject at the

defined 5 degree interval rim point.
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16. Select three rim points. The superior rim point is the point, defined by its angular
relationship with the bony prominence, which correlated highest with centre edge
angle. The anterior point is chosen as the rim point which correlated highest with
natural version, and also has an acceptably low range of version across all subjects.
The posterior point is defined 180 degrees from the anterior point. Define a vector
between the superior rim point and the acetabular centre. Rotate this vector about
the Y axis by an amount calculated from the coverage angle. This amount is found
by defining a best fit relationship between coverage angle and inferred inclination,
and using this to rotate the vector to a target position 40 degrees from vertical. The
cup normal is the cross product of this vector and a vector between the anterior and
posterior rim points. The final cup centre sits at the midpoint of the anterior and

posterior rim points.

This demonstrates a way of finding the rim points, which generate a cup plane from
which the global orientation of the pelvis and therefore the optimal cup orientation
and/or positioning can be referenced. Devices that use these rim points identified

by the above method are described below.

Referring to Figure 6, an assembled device 100 for facilitating alignment of an
acetabular component relative to the pelvis of a subject, according to an
embodiment of the present invention, is shown. The device 100 comprises a first
portion 110 as shown in Figure 3B and a second portion 120 attachable to the first
portion 110. The assembly further comprises a cup-shaped component 130 and

introducer 150 attached to the device.

Referring to Figure 3B, the first portion 110 of the device 100 is shown. The first
portion comprises a device body 111 having a distal shaft portion 113 and a
proximal shaft portion 114, the distal and proximal shaft portions 113,114 being
elongate, having longitudinal axes that are collinear along a longitudinal axis 113a.
The first portion 110 also comprises a locator 112 for locating to a mounting location
on the superior acetabular rim of a subject in use (the locator may be referred to as
a superior locator 112). The superior locator 112 comprises a fork having fork ends
112b which attach to the device body 111 in use and a fork stem 112a for contacting
a subject’s acetabular rim when installed. The fork ends 112b attach to the device
body 111 such that the superior locator 112 can pivot relative to the device body

111, about an axis perpendicular to the longitudinal axis 113a of the device body.
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The superior locator 112 can be adjusted pivotally relative to the device body 111 to
a position relative to the device body 111 selected by the user and locked in the
selected configuration via locking means (not shown) such as a screw locking

means.

The superior locator 112 is an inclination locator, in that adjustment of the superior
locator 112 to a selected position allows the user to configure the device 100 such
that an acetabular component can be aligned substantially to within a prescribed
inclination angle range, as will be described in more detail later. As such, the first
portion 110 of the device is the inclination reference portion of the device. There are
preferably markings (not shown) on the device body 111 of the first portion 110 to
indicate the angles, relative to the longitudinal axis 113a, that the superior locator

112 can be aligned to during adjustment.

Referring to Figure 4, a first portion 110 of the device is shown attached to an
introducer 150, for inserting an acetabular component into a subject’s acetabulum.
The introducer 150 has a handle 151, to be grasped by the user, and cup-shaped
component 130 attached at its proximal end. For the introducer 150 shown in the
present embodiment, the proximal shaft 114 of the first portion 110 of the device
inserts in a corresponding bore (not visible in the figures) of the introducer 150,
however the device 100 can have suitable attachment means for attaching to other
pre-existing introducers. The device 100 has suitable means for rigidly securing the
first portion 110 relative to the introducer 150; for example, the proximal shaft 114
may be externally threaded, the corresponding bore of the introducer 150 being
correspondingly internally threaded to secure the first portion 110 to the introducer
150.

The cup-shaped component 130 at the proximal end of the introducer may be
interchanged with cup-shaped components of different diameters. The assembly
can be provided as a kit, in which a range of cup-shaped components of differing

diameters are provided.

Referring to Figure 5, the second portion 120 of the device is shown being
assembled to the first portion 110. The second portion 120 comprises a body

portion 121 having a central bore 121a adapted to receive the distal shaft portion
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113 of the first portion 110, such that the second portion 120 may slide over and can
be received on the distal shaft portion 113 of the first portion 110. The first portion
110 and second portion 120 each include corresponding means for keying the first
and second portions 110, 120, by locking them together in an axial plane when
assembled, such that the second portion cannot rotate relative to the first portion
about the longitudinal axis 113a. When the first portion 110 and second portion 120
of the device are assembled, the respective device bodies 111, 121 together form a

device body of the assembled device, having a longitudinal axis 113a.

Extending from the body 121 of the second portion 120 are a first locator 122 for
locating to a mounting location on the anterior acetabular rim of a subject in use
(referred to hereafter as the anterior locator 122) and a second locator 123 for
locating to a mounting location on the posterior acetabular rim of a subject in use
(referred to hereafter as the posterior locator 123). The anterior and posterior
locators 122, 123 are arms that extend away in opposite directions from the body
portion 121 of the second portion 120. The anterior and posterior locators 122, 123
are curved arms, each curving away from its attachment point with the body portion
121, such that the pair of locators 122, 123 substantially form a C-shape. The distal
end 122a of the anterior locator is adapted to locate to a mounting location on the
acetabular rim when installed and the distal end 123a of the posterior locator is

adapted to locate to a mounting location on the posterior rim when installed.

The second portion 120 of the device 100 is a version reference portion, allowing
alignment of an acetabular component to a prescribed version, as will be described

in more detail later.

Referring to Figure 6, in the present embodiment, the anterior and posterior locators
122, 123 are resilient and the distal end 122a, 123b of each of the anterior and
posterior locators 122, 123 can be adjustably secured to the cup-shaped component
130 in such a way to selectively adjust the spacing between the distal ends 122a,
123a of the anterior and posterior locators. Each of the distal ends 122a, 123a has
an aperture for receiving an externally threaded screw 124. Each screw is
receivable in a corresponding internally threaded bore (not visible in the figures) in
the cup-shaped component 130. As each screw 124 is screwed into or out of the
cup-shaped component 130, this allows the user to adjust the spacing between the

distal ends 122a, 123a of the anterior and posterior locators 122, 123 to
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substantially match the diameter of a subject’s acetabular rim that the device is to be
installed in. In this way, the device 100 can be adjusted to suit subjects of differing

acetabular rim diameter.

Referring to Figure 8, the second portion 120 further comprises an alignment
reference element 140, being an alignment pin placement guide. The alignment
reference element can be aligned with an identifiable natural landmark of the
subject, in order to orient the device 100 to the subject in the plane of the acetabular
rim for installation and therefore locate the locators 112, 122, 123 to their respective
mounting locations on the acetabular rim, as will be described in more detail later.
The alignment pin placement guide 140 is rigidly attached to the distal end 123a of
the posterior locator by an extension portion 141 which extends from the distal end
123a of the posterior locator, in a plane substantially perpendicular to the
longitudinal axis 113a of the device 100. The alignment pin placement guide 140
has a bore for receiving a device alignment pin 142 therethrough, for attachment to
a subject’s pelvis, as shown in Figure 8. The device alignment pin 142 can be a

standard bone pin.

Referring to Figure 11, the second portion 120 further comprises a further pair of pin
placement guides 144, 145. One of the pin placement guides 144, is rigidly
attached to the extension portion 141 of the posterior locator 123. The other of the
pin placement guides 145 is rigidly attached to an extension portion 146 extending
from near the central bore 121a of the device body 121 of the second portion. Each
of the pin placement guides 144, 145 has a bore for receiving an acetabular
component alignment pin 144a, 145a therethrough, for attachment to a subject’s
pelvis, as shown in Figure 11. The pins 144a, 145a, can be standard bone pins.
Unlike the alignment pin placement guide 140, the pin placement guides 144, 145
comprise cable glands or other suitable collets that can be tightened onto the
respective pins 144a, 145a such that once the cable glands are tightened, the cable
glands cannot pivot relative to the respective bone pin therein. Referring to Figure
12, the cable glands 144, 145 are releasably secureable to the device 100, such that
the device can be removed from the cable glands 144, 145, leaving pins 144a, 145a
secured in place in a subject's pelvis at a prescribed orientation, and each of the
cable glands 144, 145 at a prescribed spacing away from the subject’s pelvis. Once

installed using the device, the pins 144a, 145a are oriented parallel with an axis P,
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which is parallel with a prescribed orientation for the acetabular component polar

axis once installed.

The installed acetabular component alignment pins 144a, 145a can be used for
supporting a secondary guide, such as a cup guide 160 as shown installed on the
pins in Figures 13 and 14, for assisting alignment of an acetabular component. The
cup guide 160 has an arcuate flange portion 161. Extending from the arcuate flange
portion 161 are first and second extender elements 162, 163. At the distal end of
each extender element 162, 163 is a hood 162a, 163a, each having a bore sized to
receive a respective pin 144a, 145a. The first hood 162a can be placed over the
first pin 144a and the second hood 163a can be placed over the second pin 145a
until the hoods 162a, 163a bottom out on the corresponding cable glands 144, 145.
The cup guide 160 is designed such that when the hoods 162a, 163a are installed
over the corresponding cable glands 144, 145, the arcuate flange portion 161 of the
cup guide is oriented and positioned to be parallel and adjacent with the rim of the
acetabular component when the acetabular component is installed in the prescribed
orientation and position. In this way, the user can easily orient and position an
acetabular component in the acetabulum at the prescribed orientation and position.

The cup guide 160 can be provided with the device 100 as part of a kit.

Referring to figure 16, when the first and second portions 110, 120 are assembled,
the angle A between the alignment pin placement guide 140 and the superior locator
112, as measured about the longitudinal axis 113a of the device is 122°. The angle
B between the alignment pin placement guide 140 and the posterior locator 123, as
measured about the longitudinal axis 113a of the device is 46°. The anterior locator
122 is arranged at 180° from the posterior locator 123, as measured about the
longitudinal axis 113a of the device is 122°. By means of the specific angular
arrangement of the superior, anterior, and posterior locators 112, 122, 123, the
locators will locate to respective mounting locations from which optimal cup
orientation and/or position can be defined when the alignment pin placement guide
140 is aligned with the chosen natural landmark. The angles A and B may each be
increased / decreased by 10° or so and still allow for cup placement within a safe
zone of inclination and to an anatomical version. In other words, the angular
arrangement of each of the locators 112, 122, 123 relative to the alignment

reference element 140 may be varied by + 10° from that shown in Figure 16, and
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still allow for cup placement within a safe zone of inclination and to an anatomical

version.

In operation, in order to install the device such that an acetabular component can be
oriented and positioned to a prescribed orientation and position relative to a subject,
firstly the subject’'s centre edge angle and femoral head diameter for the hip joint at
which the device is to be installed are measured from a planar radiograph (this
information could of course be measured directly from the subject’s implant site, or
from CT data). The device 100 is configured to orient and position the pin
placement guides 144, 145 to a prescribed orientation and position relative to the
subject when the device 100 is in a seated position in the subject’s acetabulum, so
that the prescribed orientation and position can be used as a reference for aligning
an acetabular component (i.e. the acetabular component’s polar axis can be aligned
to be parallel with the axis that the pin placement guides 144, 145 are oriented to by
the device 100 when in its seated position, by means of aligning the acetabular
component to pins or a cup guide installed using the pin placement guides 144, 145;
the acetabular component can be aligned to a particular position based on the

position that pins or a cup guide are installed at using the device 100).

Referring to Figures 3A and 3B, the superior locator 112 is adjusted relative to the
device body 111 to control the inclination that the longitudinal axis 113a of the
device will be oriented to when in a fully seated position in the subject. The
markings (not shown) on the device body 111 are each assigned a centre edge
angle value, such that when the superior locator 112 is aligned with the marking
corresponding to the centre edge angle value for the subject’'s acetabulum at which
the device is to be installed, the superior locator 112 will be positioned relative to the
device body 111 such that the resulting orientation of the pin placement guides 144,
145 when the device is in its seated position in the subject should be within a
predetermined safe zone of inclination angle relative to the subject (i.e. the
acetabular component, when aligned to the orientation output by the pin placement
guides 144, 145, should have an inclination angle within a predetermined safe
zone). The device is preferably designed such that the prescribed safe zone of
inclination is 35 to 45° however it will be understood that the device can be

manufactured to align to other target inclination angle ranges.



WO 2013/153401 PCT/GB2013/050951

10

15

20

25

30

35

25

The user does not have to carry out any calculations using the centre edge angle
value measured from the subject to install the device to within the prescribed
inclination angle range, instead the device is calibrated such that when the superior
locator 112 is adjusted such that there is alignment with the marking corresponding
to the measured centre edge angle value, the superior locator 112 is tilted by the
appropriate amount relative to the device body in order to orient the device to within

the prescribed inclination range when installed.

A cup-shaped component 130 of appropriate size is selected from a range of cup-
shaped components of differing diameters. The cup-shaped component 130 is
selected to have a diameter that matches, or most closely matches out of the range
of cup-shaped components available, the subject's femoral head diameter, as
measured from the subject’s radiograph for example. In this way, the cup-shaped
component can be seated in the subject’'s acetabulum during installation of the
device 100, to define the acetabular centre of the subject. The selected cup-shaped
component 130 is attached to the proximal end of the introducer 150 and the first
portion 110 is inserted in the introducer 150 to assemble the first portion 110 to the
introducer 150, as shown in Figure 4. The cup-shaped component 130 defines the
acetabular centre of the subject when the cup-shaped component 130 is seated to
rest in the acetabulum. The superior locator and acetabular centre as defined by
the cup-shaped component 130 define a reference line relative to the subject when

the device is installed.

Referring to Figures 5 and 6, the second portion 120 of the device is assembled to
the first portion 110 by sliding the second portion 120 over the distal shaft portion
113. If needed, the spacing between the distal ends 122a, 123a of the anterior and
posterior locators 122, 123 can be adjusted depending on the subject’'s acetabular

rim diameter / femoral head diameter.

Referring to Figure 7, the introducer 150 is used to approach the assembled device
100 to the unreamed acetabulum of the subject medially (vertically in space). The
device 100 is designed for installing in a subject when the subject is in a lateral
decubitus position. The device 100 shown in Figures 3A to 16 is for guiding
alignment of an acetabular component in a left hip, however it will be understood
that a suitable device can be manufactured for guiding alignment of an acetabular

component in a right hip, the device for right hips being a mirror image of the device
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for left hips. In other words, the superior locator will be located anticlockwise from
the anterior locator in a device for the left hip whereas the superior locator will be
located clockwise from the anterior locator in a device for the right hip, as viewed
from the underside of the device. For installing the device 100 at the left hip of a

subject, the subject should be lying in the right lateral decubitus position.

Referring to Figure 8, a device alignment pin 142 is inserted through the alignment
pin placement guide 140. The surgeon should identify the subject's obturator
externus tendon groove, a bony prominence that is easily identifiable as a natural
landmark of any subject. This landmark could also be defined as the ridge in the
ischial bone, but will be referred to hereinafter as the obturator externus tendon
groove or ‘the natural landmark’. Referring to Figure 1E, this natural landmark is
identified by the mark labelled L. The device 100 is rotated within the acetabulum
until the alignment pin placement guide 140 aligns with this predetermined natural
landmark. When the alignment pin placement guide 140 is lying over the natural
landmark, the device alignment pin 142 is located to rest on the natural landmark or

is inserted into the subject’s bone at that point.

Referring to Figures 8 and 9, with the device alignment pin 142 resting on the
natural landmark, the introducer 150 is then tilted until the superior 112, anterior 122
and posterior 123 locators rest on the subject's acetabular rim. In embodiments
where the device alignment pin 142 is intended to be inserted in the subject’s bone,
the alignment pin placement guide 140 is designed such that when a device
alignment pin 142 has been inserted in the subject’s pelvis, the alignment pin
placement guide 140 and therefore the device 100 can pivot relative to the device
alignment pin 142. The second portion 120 can slide relative to the first portion 110
to allow the superior, anterior and posterior locators 112, 122, 123 to each rest on
the acetabular rim. By aligning the alignment pin placement guide 140 to the natural
landmark, the superior locator 112 can automatically be located to rest on a
predetermined mounting location on the superior acetabular rim of a subject in use,
due to the fixed angular arrangement of the alignment pin placement guide 140 and
superior locator 112 in the assembled device. The mounting location on the
superior acetabular rim is the point which was found to correlate highest with centre
edge angle, as determined from the data analysis for sample patients discussed
above. Similarly, the anterior locator 122 locates to a mounting location on the

anterior rim which, when combined with the posterior rim point, produces a vector
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which correlated highest with natural version, and also had an acceptably low range
of version across all subjects. The posterior locator 123 locates to a mounting

location on the posterior rim which is 180° from the anterior mounting location.

The superior, anterior and posterior mounting locations on the acetabular rim would
be hard for the surgeon to identify reliably either visually or by palpation, however
the device 100 allows the user to locate the superior, anterior and posterior locators
112, 122, 123 to their respective mounting locations via alignment of the alignment

pin placement guide 140 with the natural landmark.

Once the superior, anterior and posterior locators 112, 122, 123 are each resting on
the acetabular rim, and the cup-shaped component 130 is seated in the acetabulum,
the device 100 is in its fully seated position. The first and second acetabular
component alignment pins 144a, 145a are then inserted through the corresponding
cable glands 144, 145. One of the pins 144a is drilled into the subject’s ischium and
the other of the pins 145a is drilled into the subject’s ilium. It will be understood that
the location that the cable glands 144, 145 could be arranged relative to the device
body to locate the acetabular component alignment pins 144a, 145a to other
suitable locations than as shown in Figure 11. The cable glands 144, 145 are
tightened around the corresponding pins inserted therethrough. The device
alignment pin 142 can be removed before or after the acetabular component

alignment pins 144a, 145a are installed in the subject.

Referring to Figure 12, the device 100 is twisted and removed from the cable glands
144, 145, leaving the acetabular component alignment pins 144a, 145a, with cable
glands 144, 145 attached thereto, installed in the subject. The acetabular
component alignment pins 144a, 145a that have been installed using the device 100
are aligned at a prescribed orientation and position relative to the subject, as defined
by the superior, anterior and posterior locators having been placed on the superior,
anterior and posterior mounting locations. The superior, anterior and posterior
locators define a plane relative to the subject when the device installed, which is
then used to define a prescribed plane that a cup face of an acetabular component
should be aligned to. The prescribed orientation that the pins 144a, 145a are
aligned to by the device 100 is an orientation that the acetabular component to be
installed is to be aligned to, and this prescribed orientation has a prescribed version

and inclination. The prescribed orientation comprises a subject-specific version
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angle, based on the anterior and posterior mounting locations, so that the acetabular
component can be aligned to an anatomical version for the particular subject. The
prescribed orientation comprises (for the majority of subjects) an inclination angle
within the range 35 to 45°. This prescribed orientation is controlled by the tilt angle
of the superior locator 112 relative to the device body, which controls the amount at
which the longitudinal axis 113a of the device tilts relative to the superior mounting
location in a plane containing the superior mounting location and the acetabular

centre (as defined by the cup-shaped component 130).

The prescribed position that the pins 144a, 145a are positioned to by the device 100
is governed by the mid-point between the anterior and posterior locators 122, 123
(i.e. the points of the device which contact the anterior and posterior acetabular rim
respectively). Because the second portion 120 slides relative to the first portion 110
of the device, the second portion 120 also governs the depth that the cable glands
144, 145 are positioned at relative to the pelvis when installed. In this way, the
second portion, including the anterior and posterior locators 122, 123, governs
positioning of the pins 144a, 145a, such that the notional centre of the arcuate
flange portion 161 of the cup guide 160 will be positioned at the prescribed point to
which the centre of the acetabular component should be aligned when aligning the
acetabular component in the prescribed position. The device does not aim to
restore the natural acetabular centre position of the subject, as depending on the
shallowness of the acetabulum, the acetabular cup centre may not be coincident
with the natural acetabular centre. The device aims to provide a final cup centre
position at a depth in the acetabulum whereby the rim of the acetabular cup implant
is not proud and will therefore not impinge on any soft tissue. The three points that
define this hip centre are then used to define the plane of the cup face, such that the
cable glands 144, 145 are positioned at a prescribed height relative to the subject’s
native acetabulum. By means of the cup guide 160 positioned over the pins 144a,
145a with cable glands 144, 145 thereon, this allows an acetabular component to be
positioned to a prescribed position relative to the subject’'s acetabulum, as well as to

a prescribed orientation.

Referring to Figure 13, the hoods 162a, 163a of a cup guide 160 are slid over the
acetabular component alignment pins 144a, 145a until the hoods bottom out on the
cable glands 144, 145. When in this position, the arcuate flange portion 161 of the

cup guide is oriented and positioned at a prescribed orientation and position, so that
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an acetabular component, such as a cup or reamer can be aligned to the arcuate
flange portion 161 to orient and position it in the prescribed orientation and position
relative to the subject. The cup guide 160 is designed such that when the hoods
162a, 163a are installed over the corresponding cable glands 144, 145, the arcuate
flange portion 161 of the cup guide is oriented and positioned to be parallel and
adjacent with the rim of the acetabular component when the acetabular component
is installed in the prescribed orientation and position. |n this way, the user can
easily orient and position an acetabular component in the acetabulum at the
prescribed orientation and position. The cup guide 160 can be provided with the

device 100 as part of a kit.

In operation, in order to install an acetabular cup to the prescribed orientation and
position, the acetabulum is then reamed. The cup guide 160 and/or acetabular
component alignment pins 144a, 145a can be used to orient and/or position the

reamers during sequential reaming to the necessary size and depth.

Once the acetabulum has been reamed, referring to Figure 15, an acetabular cup 10
is installed and impacted into the acetabulum. Any suitable cup introducer may be
used to introduce the acetabular cup into the acetabulum. The cup guide 160
and/or acetabular component alignment pins 144a, 145a can be used to orient
and/or position the acetabular cup during installation and/or impaction such that the
acetabular cup is located at a prescribed orientation and position relative to the
subject. Reaming, trialling cup size, and impacting can all be carried out beneath
the installed cup guide 160 or alternatively, the cup guide 160 can be moved up the
pins 144a, 145a or completely removed. If the cup guide 160 is removed during
impaction, it can be replaced for use as a mid-/post-impaction check. The device
100 therefore facilitates alignment of an acetabular component, such as a reamer,
trial cup or acetabular cup implant by defining a reference orientation and position to

which the acetabular component can be aligned.

It will be understood that a natural landmark other than the obturator externus
tendon groove may be used as the reference to align the alignment reference
element 140 to. If the device is designed to use a natural landmark other than the
obturator externus tendon groove, then the angles between each of the superior,
anterior and posterior locators 112, 122, 123 and the alignment reference element,

as measured about the longitudinal axis 113a of the device will differ from those
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described for device 100; however, the angles between each of the superior,
anterior and posterior locators 112, 122, 123 will be as described above, so that the
superior, anterior and posterior locators can each locate to their corresponding

mounting location on a subject’s acetabulum.

Theoretical analysis on CT-data from 65 subjects was carried out to determine
theoretically at what orientation the device 100 would locate an acetabular cup to for
each subject, and the results are shown in Figure 17. The data shows that for each
subject, the device would position the cup to have radiographic inclination angle
within the target range of 35 to 45°. The spread of radiographic version angle
achieved for the subjects was greater, since the device orients a cup to align with

anatomical version for each particular subject.

Referring to Figures 18 to 23, a further embodiment according to the invention is
shown. Referring to Figure 20, an assembled device 200 is shown for facilitating
alignment of an acetabular component relative to the pelvis of a subject. Device 200
is for use at the left hemipelvis; a device 200 for the right side would be a mirror
image of the device in Figures 18 to 23. The device 200 is very similar to device
100 of Figures 3A to 16, however the device 200 has an alignment marker 240 for
aligning with a predetermined identifiable landmark on the subject, rather than a pin
placement guide 140 as on device 100. Similar elements of device 200 are denoted

by similar reference numerals.

The device 200 comprises a first portion 210 and a second portion 220 mountable to
the first portion 210, which are shown assembled together in Figures 18 to 23.
Referring to Figure 19, the first portion 210 comprises a substantially cylindrical
device body 211 having a distal shaft portion 213 and a proximal shaft portion 214,
the distal and proximal shaft portions 213, 214, having longitudinal axes that are
collinear along a longitudinal axis 213a. The first portion comprises a superior
locator 212 movably attached to the device body 211, for locating to a mounting
location on the superior acetabular rim of a subject. The superior locator 212
comprises a pivotable arm 212b that is pivotably movable relative to the device body
211 about an axis 212c¢ perpendicular to the longitudinal axis of the device body
211. The superior locator 212 has a foot portion 212a at its distal end (remote from
the pivotal connection 212¢ with the device body 211), for contacting a subject’s

acetabular rim when installed. The superior locator 212 is located within a hollow
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portion of the device body 211, with the foot portion 212a protruding through an
aperture 215 in the device body 211 so that the foot portion 212a can contact a

subject’s acetabular rim.

The superior locator 212 can be adjusted pivotally relative to the device body 211 to
a position relative to the device body 211 selected by the user and locked in the
selected configuration via locking means (not shown) such as a screw locking
means. There are preferably markings (not shown) on the superior locator 212
and/or the device body to indicate the angles relative to the longitudinal axis 213a

that the superior locator 212 can be aligned to during adjustment.

Referring to Figures 19, 21 and 22, the second portion 220 of the device comprises
a body portion 221 having a central bore 221a adapted to receive the distal shaft
portion 112 of the first portion 110, such that the second portion 120 is slidable over
and can be received on the distal shaft portion 213 of the first portion 210. The
second portion 220 has a keyway 225 running longitudinally along the inner surface
of the central bore 221a, adapted to receive a corresponding keying part 216 of the
first portion 210, such that the second portion 220 cannot rotate relative to the first

portion 210 about the longitudinal axis 213a.

Like device 100, the second portion 220 of the device 200 has an anterior locator
222 and a posterior locator 223, for locating to mounting locations on the anterior
acetabular rim and posterior acetabular rim respectively. Unlike device 100, the
anterior and posterior locators 222, 223 are not adjustable relative to the longitudinal
axis 213a, but are rigid arms. Device 200 may be provided as a kit having a
selection of second portions 220, each having a differing spacing between the distal
ends 222a, 223a of the anterior and posterior locators 222, 223, to suit subjects of

differing acetabular rim diameter.

Referring to Figure 21, instead of the pin placement guide of device 100, device 200
has an alignment marker 240 extending from the device body. The alignment
marker 240 may extend from the first portion 210 or the second portion 220 of the
device. The alignment marker 240 is rotationally fixed relative to the superior,
anterior and posterior locators 212, 222, 223 in use, such that each locator is
located at a fixed angle relative to the alignment marker 240 about the longitudinal

axis 213a. As can be seen from Figure 21, the alignment marker 240 comprises an
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arrow shaped pointer that can be used to align with the identifiable natural landmark
of the subject, in order to orient the device 200 to the subject, to locate distal ends of
the locators 112, 122, 123 to rest on their respective mounting locations on the

acetabular rim.

Referring to Figure 23, like device 100, device 200 has a pair of pin placement
guides 244, 245, for receiving acetabular component alignment pins (not shown), for

attachment to the subject’s pelvis.

Referring to Figure 23, the angular arrangement of the superior locator 212, anterior
locator 222, posterior locator 223, and alignment marker 240 of device 200 are the
same as for device 100. As such, angle A between the alignment marker 240 and
the superior locator 212 is 122°. The angle B between the alignment marker 240
and the posterior locator 223 is 46°. The anterior locator 222 is arranged at 180°
from the posterior locator 223. These angles are measured about the longitudinal
axis 213a of the device. The angles A and B may each be increased / decreased by
10° or so and still allow for cup placement within a safe zone of inclination and to an
anatomical version. In other words, the angular arrangement of each of the locators
212, 222, 223 relative to the alignment reference element 240 may be varied by +
10° from that shown in Figure 23, and still allow for cup placement within a safe

zone of inclination.

In operation, installation of the device 200 to a subject’s acetabulum is very similar
to that for device 100. Firstly the subject’s centre edge angle and femoral head
diameter for the hip joint at which the device is to be installed are measured from a
planar radiograph. The superior locator 212 is then adjusted relative to the device
200 to control the inclination that the longitudinal axis 213a of the device will be
oriented to when in a fully seated position in the subject. The markings (not shown)
on the device are each assigned a centre edge angle value, so that the superior
locator 212 can be adjusted until there is alignment with the marking assigned the
centre edge angle value of the subject's acetabulum at which the device is to be
installed. The user locks the superior locator 212 at the selected position. The tilt
angle of the superior locator 212 relative to the device 200 controls the amount at
which the longitudinal axis 213a of the device tilts relative to the superior mounting
location that the superior locator 212 locates to. The device 200 is pre-calibrated to

enable the longitudinal axis 213a of the device to be oriented to an inclination within
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a safe zone of 35 to 45° based on the centre edge angle measured from the subject,
by aligning the superior locator 212 until there is alignment with the marking

corresponding to the measured centre edge angle value.

Similarly with device 100, a cup-shaped component (not shown) of appropriate size
is selected from a range of cup-shaped components of differing diameters based on
the femoral head diameter measured from the subject. Alternatively a cup-shaped
component having an diameter that can be varied in size can be used, the diameter
being adjusted based on the femoral head diameter measured from the subject.
The selected cup-shaped component is attached to the proximal shaft portion 214 of
the device. The proximal shaft portion 214 is externally threaded (not shown), such
that it can couple with corresponding internal threading of a cup-shaped component.
Other means for attaching the cup-shaped component to the device may of course

be used, such as press-fit attachment.

The device 200 with cup-shaped component assembled to it is then introduced to
the unreamed acetabulum and the device 200 rotated within the acetabulum until
the alignment indictor 240 aligns with the obturator externus tendon groove. When
the alignment indictor 240 is aligned with the obturator externus tendon groove, the
device 200 is then tilted until the superior, anterior and posterior locators 212, 222,
223 rest on the subject’s acetabular rim. The second portion 120 can slide relative
to the first portion 110 to allow the superior, anterior and posterior locators 212, 222,
223 to all rest on the acetabular rim. By aligning the alignment indictor 240 with the
natural landmark, the locators can be automatically located to rest on predetermined
mounting locations on the acetabular rim, which would otherwise be hard to identify

reliably.

Once the superior, anterior and posterior locators 212, 222, 223 are resting on their
corresponding mounting locations on the acetabular rim, first and second pins are
inserted through the pin placement guides 244, 245 respectively. The pins are
drilled into the subject's pelvis. The pin placement guides 244, 245 have elongate
bores that align the pins parallel with the longitudinal axis 213a of the device when
the pins are within the pin placement guides, such that the pins will be installed in

the subject parallel with the longitudinal axis of the device.
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The device 200 may then be removed from the pins, leaving the pins 200 installed in
the subject. The pins are thus installed in the subject at an orientation that can be
used as a reference orientation for aligning an acetabular component to, to align the
acetabular component to the prescribed orientation defined by the reference plane
defined by the superior, anterior and posterior mounting locations and the tilt of the

superior locator 212 relative to the device 200.

Cable glands or collets (not shown) can be installed on each of the pins at a location
defined using the location of the pin placement guides 244, 245 relative to the pins
when the pins are installed in the pin placement guides. In this way, the cable
glands can be positioned at a prescribed height relative to the subject’s acetabular
centre as defined by the cup-shaped component. The pins and cable glands can be
used for supporting a cup guide, to be used as a reference for aligning an
acetabular component such as a reamer, trial cup or acetabular cup implant to the

prescribed orientation and position previously defined using device 200.

It will be understood that for both devices 100 and 200, the cup-shaped component
to be attached to the proximal end of the device need not be cup shaped. Instead,
any component that can be used to substantially define the subject’'s acetabular
centre could be used, such as a tripod component, having three legs that seat within

the acetabulum, to define the acetabular centre.

It will also be understood that instead of a cup-shaped component, the devices 100,
200, could be attachable to other acetabular components. For example, device 100
or 200 could be assembled directly to an acetabular reamer component, such that
the device could be used to orient the reamer to a prescribed orientation and
position relative to the acetabulum. In such a design, where the device is being
used to orient and position an acetabular component directly within the acetabulum,
there would be no need for alignment pins, such as pins 144a, 145a of the first
embodiment, to act as reference guides for aligning the acetabular component after

the device has been removed from the acetabulum.

Referring to Figures 24 to 28, a further embodiment according to the invention is
shown. Figures 24 to 28 show a further device 300 for facilitating alignment of an
acetabular component relative to the pelvis of a subject. Device 300 is for use at the

left hemipelvis; a device for the right side would be a mirror image of the device in
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Figures 24 to 28. Device 300 is similar to device 200 in that device 300 has an
alignment marker 340 for aligning with a predetermined identifiable landmark on the
subject and has superior, anterior and posterior locators 312, 322, 323 for mounting
on an acetabular rim, the locators each being arranged at a fixed angle relative to
the alignment marker 340 as measured about an axis of the device 313a. However,
unlike devices 100, 200, the device 300 does not attach to an acetabular centering
component such as a cup-shaped component 130, 230. Also, unlike devices 100,
200, the device 300 is not configured to orient reference pins to a prescribed
orientation and position, which are then used as a reference for aligning an
acetabular component after device 100, 200 has been removed; instead, device 300
has an elongate handle 318 which can be used as a reference for aligning an
acetabular component, whilst the device 300 remains installed at the subject’s
acetabulum. Similar elements of device 300 are denoted by similar reference

numerals to those used for devices 100, 200.

Unlike devices 100, 200, the device 300 is not comprised of first and second
portions which are slidable relative to one another in use. Device 300 has a device
body 311 and a superior locator 312 for locating to a mounting location on the
superior acetabular rim. The superior locator 312 is a curved arm 312b that is
slidably mounted to the device body 311. Referring to Figure 24, the superior
locator arm 312b has a curved elongate slot (not shown) running along the arm. A
pin 312¢ mounted in the device body 311 passes through the slot on the superior
locator arm 312b, so that the arm 312b can slide relative to the device body 311.
The superior locator 312 has a foot portion 312a at one end, for contacting a
subject’s acetabular rim when installed. As the superior locator 312 is adjusted by
sliding relative to the device body 311, it effectively pivots about an imaginary pivot

axis.

Like devices 100, 200, superior locator 312 of device 300 can be position adjusted
relative to the device body 311 by the user and locked in a selected configuration via
suitable locking means (not shown), such as a screw locking means. There are
preferably markings (not shown) on the superior locator 312 and/or device body
311, each marking corresponding with a centre edge angle value, so that the
superior locator 312 can be adjusted to align with the centre edge angle value

measured for the subject’s acetabulum at which the device is to be installed.
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Referring to Figure 27, device 300 has an anterior locator 322 and a posterior
locator 323, for locating to a mounting location on the anterior acetabular rim and
posterior acetabular rim respectively. Unlike device 100, the spacing between
anterior and posterior locators 322, 323 is not adjustable. A kit may be provided,
comprising a plurality of devices 300, each having differing spacing between the
anterior and posterior locators 322, 323, to suit subject's of differing acetabular
diameter. The device 300 has first and second curved arms 322b, 322b that extend
from the device body 311, forming a C-shape. The anterior and posterior locators
322, 323 are protrusions that extend inwardly from the distal ends 322a, 323a of
each of the arms 322b, 323b respectively. The protrusions 322, 323 are configured

to rest on a subject’s acetabular rim when the device is installed.

Referring to Figure 27, the device 300 also comprises an alignment marker 340.
The alignment marker 340 is the distal, pointed end of an extension of arm 322b,
extending beyond the anterior locator 322. The alignment marker 340 can be used
to align with the identifiable natural landmark of the subject, in order to orient the
device 300 to the subject, to locate the locators 312, 322, 323 to rest on their

respective mounting locations on the acetabular rim.

Referring to Figure 27, the device 300 comprises an elongate handle 318, extending
from the device body 311. The elongate handle 318 can be grasped by the user to
orient the device 300 to its seated position wherein each locator 312, 322, 323 rests
on its corresponding mounting location. The elongate handle 318 also acts as a
guide portion that an acetabular component can be aligned to, as the device 300
orients the elongate handle 318 to a prescribed orientation relative to the subject
when the device 300 is installed in a seated position; therefore, at least part of the
elongate handle can be used as a reference axis to which the polar axis of an
acetabular component can be aligned parallel with, in order to align the acetabular

component.

Referring to Figure 28, the angular arrangement of the superior locator 312, anterior
locator 322, posterior locator 323, and alignment marker 340 of device 300 are the
same as for devices 100 and 200. As such, angle A between the alignment marker
340 and the superior locator 312 is 122°. The angle B between the alignment
marker 340 and the posterior locator 323 is 46°. The anterior locator 322 is

arranged at 180° from the posterior locator 323. These angles are measured about



WO 2013/153401 PCT/GB2013/050951

10

15

20

25

30

35

37

an imaginary longitudinal axis 313a of the device, which passes through the mid
point of the line between the anterior locator 322 and the posterior locator 323, and
the vectors between the longitudinal axis 313a and each of the superior locator 312,
anterior locator 322, posterior locator 323, and alignment marker 340, to define the
angles having been projected on a plane perpendicular to the handle 318. The
angles A and B may each be increased / decreased by 10° or so and still allow for
cup placement within a safe zone of inclination. In other words, the angular
arrangement of each of the locators 312, 322, 323 relative to the alignment
reference element 340 may be varied by + 10° from that shown in Figure 28, and

still allow for cup placement within a safe zone of inclination.

In operation, in order to install the device 300 to a subject's acetabulum such that an
acetabular component can be oriented to a prescribed orientation relative to the
subject, firstly the subject’s centre edge angle and femoral head diameter for the hip
joint at which the device is to be installed are measured from a planar radiograph.
The superior locator 312 is adjusted relative to the device body 311 to control the
inclination that the handle 318 will be oriented to when in a fully seated position in
the subject. The markings (not shown) on the device are each assigned a centre
edge angle value, so that the superior locator 312 can be adjusted until aligned with
the marking assigned the centre edge angle value of the subject’'s acetabulum at
which the device is to be installed. The user locks the superior locator 212 at the
selected position. The tilt angle of the foot portion 312a of the superior locator 312
relative to the handle 318 controls the amount at which the handle 318 tilts relative
to the superior mounting location that the superior locators 212 locates to when
installed. The device 300 is pre-calibrated such that when the superior locator 312
is aligned with the marking that corresponds with the centre edge angle of the
subject’s acetabulum, the handle 318 will be tilted by an appropriate amount relative
to the acetabulum when installed to orient the handle to within a prescribed

inclination range.

The device is introduced to the implant site and the device is rotated relative to the
acetabulum until the alignment marker 340 is aligned with the obturator externus
tendon groove. When the alignment marker 340 is aligned with the obturator
externus tendon groove, the device 300 is then tilted until the superior, anterior, and
posterior locators 312, 322, 323 rest on the subject’'s acetabular rim. By aligning the

alignment marker 340 with the predetermined natural landmark, the locators can be
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automatically located to rest on the corresponding predetermined mounting
locations on the acetabular rim. When the device 300 is in its fully seated position,
with each of the superior, anterior, and posterior locators 312, 322, 323 resting on
the corresponding mounting locations, the handle 318 is thus aligned at a prescribed
orientation relative to the subject that can be used as a reference orientation for
aligning an acetabular component. For example, a reamer can be introduced to the
acetabulum, the handle of the reamer being aligned parallel with at least part of the
handle 318 of the device 300, in order to orient the reamer in the prescribed
orientation. The C-shaped configuration formed by arms 322b, 323b of the device
300 partially encircles the acetabular rim, allowing an acetabular component to be
introduced to the acetabulum whilst the device 300 remains in place in its seated
position, so that the handle 318 can be used as a reference axis for orienting an

acetabular component.

For device 300, the centre of the subject’'s acetabulum is inferred as the mid-point
between the anterior and posterior locators 322, 323 when installed in the seated
position. As device 300 is not used in combination with a cup-shaped component
that attaches to the device, the device 300 only allows for alignment of an
acetabular component to a prescribed orientation, not to a prescribed depth relative

to the acetabulum.

The devices illustrated herein has many advantages, including the following:

- The devices take two pieces of patient specific information as inputs (centre edge
angle and femoral head diameter) and auto-locate to find predetermined reference
points on the rim when the device is placed in the acetabulum. The surgeon must
make only one alignment to finalise the guide position. The two pieces of input
information can be measured from a planar radiograph which is taken in all hip
replacement procedures. The measured data are standard measurements which
the surgeons will be well versed in taking.

- The devices offer a subject-specific guide in terms of cup version angle. Prior art
basic guides assume an ideal version of 15°, whereas there is in fact much wider
anatomical variation in version than inclination. The device aims for assisting
alignment of an acetabular component to anatomical version and an optimal

inclination.
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- The devices can be used in situations of reduced visibility, such as during
minimally invasive surgery, where it is not possible to adequately see all the cues
required for visual alignment.

- The devices require no capital investment. It is therefore available to high and low-
volume surgeons (one may argue that low-volume surgeons are those with a
particular need for a guidance device owing to their reduce amount of experience).

- The devices can be designed to be disposable and the cost would be comparable
to that of other surgical consumables.

- The devices do not have any lead time, such as waiting for analysis of CT data and
manufacture of a patient matched device

- The invention can be used to assist in aligning an acetabular component to not
only a prescribed orientation, but also a prescribed position. Devices according to
the present invention can be used to indicate an acetabular component centre

position to align to.
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Claims

1. A device for use in facilitating alignment of an acetabular component relative
to the pelvis of a subject, the device having a device body and at least a first locator
for placement on a first predetermined mounting location on the acetabular rim of a
subject, the device defining an orientation and/or position with respect to said

subject when installed for facilitating alignment of an acetabular component.

2. A device according to claim 1, wherein the device further comprises a
second locator for placement on a second predetermined mounting location on the

acetabular rim of the subject.

3. A device according to any preceding claim, wherein the device further
comprises a third locator for placement on a third predetermined mounting location
on the acetabular rim of the subject, the device defining an acetabular rim plane

when installed in the subject.

4. A device according to any preceding claim, wherein said locator or one of
said locators is a superior locator for placement on a predetermined mounting

location on the superior acetabular rim.

5. A device according to any preceding claim, wherein said locator or one of
said locators is an anterior locator for placement on a predetermined mounting

location on the anterior acetabular rim.

6. A device according to any preceding claim, wherein said locator or one of
said locators is a posterior locator for placement on a predetermined mounting

location on the posterior acetabular rim.

7. A device according to any preceding claim, wherein the device defines at
least a reference line relative to the subject when installed, said reference line
including the first mounting location, the device further comprising an alignment
reference element for aligning with a predetermined natural landmark of the subject
in use, the natural landmark being identifiable by the user, the first locator being
situated relative to the alignment reference element such that upon alignment of the

alignment reference element with the natural landmark, the first locator locates to
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the first mounting location, the natural landmark falling outside the reference line

defined by the device when installed.

8. A device according to claim 7, wherein the alignment reference element
comprises a pin placement guide for guiding placement of a pin in the subject’s

pelvis at the natural landmark.

9. A device according to claim 7, wherein the alignment reference element

comprises an alignment marker that can be aligned with the natural landmark in use.

10. A device according to any of claims 7 to 9, wherein the device is configured
such that the alignment reference element is to be aligned with a bony prominence

in the obturator externus tendon groove of a subject.

11. A device according to any of claims 7 to 10, wherein the device further
comprises a second locator for placement on a second predetermined mounting
location on the acetabular rim of the subject, the second locator being situated
relative to the alignment reference element in use such that upon alignment of the
alignment reference element with the natural landmark, the second locator locates

to the second mounting location.

12. A device according to any of claims 7 to 11, wherein the device further
comprises a third locator for placement on a third predetermined mounting location
on the acetabular rim of the subject in use, the third locator being situated relative to
the alignment reference element such that upon alignment of the alignment
reference element with the natural landmark, the third locator locates to the third

mounting location on the acetabular rim.

13. A device according to any of claims 7 to 12, wherein the device is configured
such that the alignment reference element is to be aligned with a natural landmark
comprising a bony prominence in the obturator externus tendon groove of a subject
and wherein an angle A between a first vector between the subject's acetabular
centre and the superior locator and a second vector between the subject's
acetabular centre and the natural landmark, when the first and second vectors are
projected on the sagittal plane, is about 112 to 132°, preferably about 120 to 124°,

more preferably about 122°, as measured when the device is installed.
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14. A device according to any of claims 6 to 13, wherein the spacing between

the anterior and posterior locators is adjustable by the user.

15. A device according to any of claims 6 to 14, wherein the device body has
first and second portions, the superior locator being on or coupled to the first portion
of the device body in use and the anterior and posterior locators being on or coupled
to the second portion in use, the second portion being slidably mounted to the first

portion in use.

16. A device according to claim 15, wherein the second portion of the device is
keyed to the first portion in use, such that the first and second portions are fixed

rotatably relative to one another in use about an axial direction.

17. A device according to any of claims 7 to 16, wherein the device is configured
such that the alignment reference element is to be aligned with a natural landmark
comprising a bony prominence in the obturator externus tendon groove of a subject
and wherein an angle B between a first vector between the subject’s acetabular
centre and the posterior locator and a second vector between the subject's
acetabular centre and the natural landmark, when the first and second vectors are
projected on the sagittal plane, is about 36 to 56°, preferably about 44 to 48°, more

preferably about 46°, as measured when the device is installed.

18. A device according to any of claims 6 to 17, wherein the anterior locator is

situated substantially diametrically opposite the posterior locator.

19. A device according to claim 18, wherein the device, when installed, defines
an acetabular centre position that the acetabular component centre can be
referenced from, being the mid-point between the anterior locator and posterior

locator when the device is installed.

20. A device according to any preceding claim, wherein the device is configured
to enable orientation of the acetabular component relative to the subject to be

controlled based on an acetabular centre edge angle measured from the subject.
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21. A device for use in facilitating alignment of an acetabular component relative
to the acetabulum of a subject, the device being configured to enable orientation of
the acetabular component relative to the subject to be controlled based on an

acetabular centre edge angle measured from the subject.

22. A device according to claim 20 or 21, wherein the device is installable at a
subject’s pelvis in use, the device defining at least a reference line with respect to
the subject when installed, the device further comprising at least one guide portion
to define an orientation relative to the subject when the device is installed for
facilitating alignment of an acetabular component, the guide portion orienting to an
orientation relative to the subject when installed based on the centre edge angle

measured from the subject.

23. A device according to any of claims 1 to 19, wherein the device further
comprises at least one guide portion to define at least an orientation relative to the
subject when the device is installed to which an acetabular component can be

installed to.

24. A device according to claim 22 or 23, wherein the device is configurable
such that the guide portion can be set to a predetermined tilt angle relative to the

reference line depending on the measured centre edge angle value.

25. A device according to any of claims 22 to 24, wherein the guide portion

comprises at least one pin placement guide.

26. A device according to any of claims 22 to 24, wherein the guide portion

comprises an elongate rod.

27. A device according to any of claims 20 to 26, wherein the centre edge angle

measured from the subject is obtained from an X-ray of the subject.

28. A device according to any of claims 4 to 21 or 23 to 27, wherein the position

of the superior locator is adjustable by the user relative to the device body.
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29. A device according to claim 28, wherein the position of the superior locator
relative to the device body can be selected by the user based on the centre edge

angle measured from the subject.

30. A device according to claim 28 or 29, wherein the superior locator is

pivotably adjustable relative to the device.

31. A device according to claim 28 or 29, wherein the superior locator is slidably

adjustable relative to the device.

32. A device according to any of claims 20 to 31, wherein the device has an
orientation indicator to allow a user to orient an acetabular component to a selected
tilt relative to a reference line defined by the device, the indicator being pre-
calibrated to allow a predetermined tilt to be selected using the centre edge angle

value measured from the subject.

33. A device according to any of claims 20 to 32, wherein the device and/or
orientation indicator has a plurality of visual markings corresponding to centre edge

angle values.

34. A device according to any preceding claim, wherein the device further

comprises means for substantially defining the centre of a subject’s acetabulum.

35. A device according to any preceding claim, wherein the device further
comprises an acetabulum centering component in use, substantially defining the

centre of a subject’s acetabulum.

36. A device according to claim 35, wherein the device body has means for

attaching to the acetabulum centering component.

37. A device according to claim 35 or 36, wherein the acetabulum centering
component comprises a cup-shaped component, reamer or acetabular cup

prosthesis which is attachable to the device body.
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38. A kit comprising a device according to any of claims 35 to 37, wherein at
least two acetabulum centering components are provided, each being of differing

size.

39. A device according to any preceding claim, wherein the first locator and/or
second locator and/or third locator are each configured to substantially make point-

contact with their respective mounting location when the device is installed.

40. A device according to any preceding claim, wherein the device defines a

reference plane relative to the subject when installed.

41. A device for use in facilitating alignment of an acetabular component relative
to the pelvis of a subject, the device having a device body, a superior locator for
placement on a first predetermined mounting location on the superior acetabular rim
of a subject, an anterior locator for placement on a second predetermined mounting
location on the anterior acetabular rim, and a posterior locator for placement on a
third predetermined mounting location on the posterior acetabular rim, the device
having an acetabular alignment axis that orients when installed to at least an
orientation to which the acetabular component is to be aligned when the acetabular
component is installed, an angle C between the superior locator and posterior
locator, as measured about the acetabular alignment axis in a plane perpendicular

to the acetabular alignment axis, being about 66 to 86°, preferably about 74 to 78°,

more preferably about 76°.

42. A kit of parts for providing, when assembled, a device according to any

preceding claim.

43. A method of installing a device at a subject’s hip joint, the method comprising
the steps of providing a device according to any of claims 7 to 41, and aligning the
alignment reference element with the natural landmark, such that at least the first

locator locates to the first mounting location.

44. A method of installing a device at a subject’s hip joint, the method comprising
the steps of providing a device according to any of claims 28 to 41, measuring the
centre edge angle for a subject’s acetabulum at which the device is to be installed,

adjusting the position of the superior locator relative to the device body based on the

SUBSTITUTE SHEET (RULE 26)
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centre edge angle measured from the subject, and placing the device in the subject

such that the superior locator contacts the subject’s acetabular rim.

45. A method of installing a device according to claim 44, the method further
including the step of measuring the femoral head diameter for the femoral head of
the hip joint at which the device is to be installed and attaching an acetabular
centering component to the device before installing the device, the acetabular
centering component being selected such that it is sized to match the size of the

subject’s acetabulum based on the measured femoral head diameter.

46. A device, kit and/or method substantially as herein described with reference

to and as shown in any combination of the accompanying drawings.
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