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(57) Abstract

A method of manufacture of a prosthetic device e.g. a hip joint
prosthesis to be implanted in a particular bone cavity (11) comprises:
preparing an image of the bone cavity, usually an x-ray image: provid-
ing a template which defines the required shape of an implant. In one
embodiment one of a supply of template sheets having reference lines
thereon can be lined-up with corresponding references on the image,
and the required implant outline is marked on the sheet by any suitable
manual marking means. In an alternative a template is selected from a
range of templates of a general shape appropriate to the implant to be
fitted in the bone cavity (11), and is compared with the image in order to
determine whether it constitutes a suitable match. Then, the required
shape of implant is manufactured, or selected from a preformed range
of already manufactured implants corresponding with the range of tem-
plates.
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PROSTHETIC IMPLANT MANUFACTURE

This invention relates to a method of manufacture of a
prosthetic implant of a form to suit the particular
requirements of a patient.

The invention has been developed primarily in

- connection with the manufacture of hip implants for human
use, but it should be understood that the invention has
general application to the manufacture of prosthetic implants
for human or animal use and including, inter alia, knee
implants.

Conventionally, hip implants are made and supplied in
either one of two ways. In a first technique., which is a
pre-operative technique., a range of standard forms of
implants e.g. different shapes and/or sizes, are manufactured
and made available to surgeons. and it is then necessary to
carry out necessary surgery to form a cavity of a suitable
form to receive the selected form of implant. Thus, the
femoral cavity will be prepared with approximately matching
geometry to the implant., using a variety of different tools,
including femoral rasps or broaches. One particularly
advantageous recent improvement to a femoral rasp is
disclosed in more detail in WO 90/03764.

In a second technique, pre-formed standard shapes/sizes
of implants can be machined down to size to suit a
pre-prepared femoral cavity in the manner disclosed in more
detail in Stewal EP 0129531.

A disadvantage of the first technique is that it is
limited in its ability to match ideally a limited range of
pre-manufactured implants to the infinite range of anatomical
geometry. A disadvantage of the second technique is that it
is limited by the expense and inconvenience of providing the
necessary plant and equipment close to the operating theatre
as well as the evident risks associated with the short time
available in which to carry out the manufacture, and also
quality assurance problems. Thus, the implant has to be

machined down to size following formation of a model from the
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cavity formed in the patient. _

The present invention therefore seeks to provide an
improved method of manufacture of a prosthetic implant., the
design of which can be derived accurately from patient
parameters and without the necessity for pre-operative
surgery to be carried out to set such parameters.

According to one aspect of the invention there is
provided a method of manufacture of a prosthetic device of a
form to be implanted in a particular bone cavity of a patient
and which comprises:

preparing an image of the bone cavity:

providing a template which defines the required shape
of an implant which is appropriate to the particular bone
cavity:

visually comparing the image with the implant shape
defined by the template to determine whether the implant
shape constitutes a suitable match to the profile of the bone
cavity, and if necessary providing an alternative implant
shape for comparison with the image; and.

manufacturing an implant of a form corresponding with
the implant shape defined by the template after an approved
implant shape has been determined.

Preferably, the visual comparison takes place by
arranging the image and the template one upon the other and
conveniently the template is transparent., so that it can be
positioned over the image. However, this is not essential to
the invention, as evidently a transparent image sheet could
be placed over a template (which may or may not be
transparent) so that visual comparison can be made between
the outline of the image and the outline of the preferred
implant shape defined by the template.

The template may have the required shape of an implant
applied thereon by the surgeon who will be carrying out the
implantation of the prosthetic device, and this may be
carried out by supplying template sheets having reference
lines thereon, and which can be lined-up with corresponding

references on the image, and the surgeon may then draw, or
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use any other suitable means e.g. an electronic.pen. to mark
his own selection of the appropriate outliﬁe for the implant.

The surgeon may then compare his own selected outline
closely with the image. and make any corfection which he
thinks advisable e.g. by erasing part of the previous
outline, or by applying a fresh template with a new outline
marked on it. The surgeon then passes the template to the
manufacturer / supplier of implants, who then preferably
converts the information into digital form, from which is
derived outline elevational views of the implant. and
preferably also a three dimensional illustration, all of
which are then supplied to the surgeon for final approval
before the required implant is taken from stock, or
manufactured to order.

In the case of a hip prosthesis manufacture., the images
of the bone cavity will usually be A / P (anterior /
posterior) and lateral views., and the template will have
reference lines corresponding with each view. so that the
surgeon can mark out his preferred outline shape of the
required implant for both vievs.

The particular advantage of the above described
techniques used in the manufacture of a prosthetic implant to
suit a particular form of bone cavity of a patient is that
design freedom is given to the surgeon who will be carrying
out the implantation, and from his own experience he can
select what appears to him to be the optimum profile.

The manufacturer then converts the data which is
inputted by the surgeon into visual representations of the
implant e.g. two elevational views and a three dimensional
view, for return to the surgeon for final approval, before
any supply or new manufacture takes place. This places the
responsibility for the design shape on the person best
qualified to make a suitable judgement for a particular
patient, and yet provides a simple system which is easily
carried out by the surgeon without any need to have special

drawing skills. or special knowIedge of drawing office

techniques.
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Finally. the responsibility for the design.is entirely
in the hands of the surgeon, and there can be no argument at
a later date that the surgeon’'s design instructions have not
been faithfully carried out as he intended.

The use of templates of the above described type
comprise one preferred example for use in the invention.
However. there are other ways in which a template can be
provided which defines the required shape of an implant and
which still relies upon input judgement made by the surgeon.
but which involves exercise only of simple skills in order to
build-up the required outline.

Therefore. in a further preferred example in accordance
with the invention. a range of templates may be provided of a
general shape appropriate to the implant to be fitted in the
bone cavity. and then a selection is made from this range and
the selected template is compared with the image outline to
see whether it constitutes a suitable match to the profile of
the bone cavity., and if necessary an alternative seleétion is
made.

This is then followed by manufacture of an implant of a
form corresponding with the selected template, or selection
of an implant from a preformed range of implants
corresponding with the range of templates and of a form
corresponding with the selected template.

According to a second aspect of the invention there is
provided a method of manufacture of a prosthetic device of a
form to be implanted in a particular bone cavity of a patient
and which comprises:

preparing an image of the bone cavity:

providing at least one range of templates of a general
shape appropriate to the implant to be fitted in the bone
cavity:

making a selection from said range of templates and
making a comparison between the selected template and the
image to determine whether it constitutes a suitable match to-
the profile of the bone cavity. and if necessary making an

alternative selection(s): and
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manufacturing an implant of a form corresponding with
the selected template. or making a selectién of an implant
from a pre-formed range of implant corresponding with the
range of templates and of a form corresponding with the
selected template.

The comparison may be carried out by placing the image
and the selected template one upon the other, with the upper
one being transparent so that the underlying one can be
viewed.

Therefore, by carrying out a method according to either
aspect of the invention, an implant can be supplied which can
correspond with the judgement of the surgeon as to the most
suitable shape and/or size of template used with the image of
the bone cavity, and without any preoperative surgery being
required as is the case in the second known technique
referred to earlier.

Preferably. a number of different sets of template may
be provided, with each set being composed of a range of
progressively varying shapes and/or sizes, and the selected
templates from each set can then be assembled over the image
so as to form a model of the required form of 1mplant

In the preferred application of the invention to the
supply of hip prostheses, the sets of templates may form a
two dimensional model built up from a central core, a
proximo-medial segment, a proximo-lateral segment and a
proximo-anterior segment. The central core may be built up
from two portions., comprising a distal shaft to be located
over the main tubular portion of the cavity, and a proximal
portion to be located in the mouth or proximal end of the
cavity.

The template in each set can be supplied in any
required variation from one to another e.g. length, diameter,
cross-section, and therefore the surgeon. using his skill and
judgement and also knowledge of the needs of a particular
patient, can then make a selection of the templates which he
fits over the image. This information is conveyed to the

supplier. who can then readily manufacture a matching
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implant, or else supply from stock.

The surgeon then can carry out necesséry surgery and
pre-formation of the bone cavity, once the implant has been
delivered. and then can carry out implanfation. &

To facilitate accurate pre-preparation of the cavity to _'
receive the selected form of implant. the supplier may also 7 R
provide a range of forming tools of a form to suit the
templates. or be able readily to manufacture forming tools to
suit the selected model built up from the templates. This
enables a suitable tool profile to be selected, which can
ad just the shape of the bone cavity during necessary
pre-preparation work. in order to receive the particular form
of implant.

A forming tool may be built up from an assembly of rasp
components, comprising a core component and one or more
additional components slideably mounted on the core and
selected to suit the model form. This rasp may be built up in
the same way as the femoral rasp can be built up as disclosed
in more detail in WO 90/03764.

Conveniently. the image of the bone cavity is formed by
X-ray scanning, and in the case of a hip implant. the images
will usually be the anterior/posterior (A/P) view and the
lateral view. The surgeon will then usually place the two
selected core components over the bone cavity of the A/P
view, and then transfer this selection to the lateral view
and make any necessary different selection (which may on
occasions be a smaller size). The proximo-anterior segment
will then be selected from its range and placed over the
lateral view, and then the three components will be returned
to the A/P view for selection and placement of the medial and

proximo-lateral segments.

~
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In the application of the invention to hip implants,
preferably the proximal core portion has reference lines
which will correspond to the lesser trochanter and the
greater trochanter on the patient image.

The invention will now be described in more detail by

way of example only, with reference to the accompanying
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drawings. in which:

Figure | is an X-ray image of an anferior/posterior
view of a femoral component of a patient requiring a hip
implant. and with one example of a two dimensional model of
a required form of implant placed over the image:

Figure 2 is a lateral view of the femoral component
with the model transferred thereto:

Figure 3 is a schematic view of a range of templates
to form a distal core portion of the model:

Figures 4a and 4b are A/P and lateral viewvs
respectively of a proximal core portion of a range which
can be used to build up the selected model form:

Figure 5 is a schematic illustration of one of a range
of proximal inserts to be used in order to build-up the
required model form:

Figure 6 shows schematically three proximal insert
components to be used in building-up the required model
form;

Figure 7 is a horizontal section illustrating the
proximal end of the model built up from three selected
components of the three separate insert components shown in
figure 6, and fitted around the upper end of the proximal
core portion shown in figures 4a and 4b;

Figures 8a and 8b are schematic illustrations of an
instruction to the supplier from a surgeon for an implant to
be supplied in a form matching that of the selected two
dimensional model form built-up by the surgeon and fitting
over the X-ray images of the bone cavity;

Figures 9a and Sb are respectively anterior / posterior
and lateral views of an image of a femoral bone cavity of a
patient into which a prosthetic device is to be implanted;

Figure 10 is a plan vievw of a further example of
template for use with the views of Figures 9a and 9b;

Figure 11 is a plan view of the template of Figure 10
with an applied outline marking of a suggested profile of an
implant to be used in the femoral bone cavity of the patient;

Figure 12 shows elevational views of an implant derived
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from data extracted from the marked template of Figure 11,
and after suitable magnification to cbrrespohd with the s
magnification of the X-ray images:

Figure 13 is a three dimensional illustration of the e
implant corresponding with Figure 12 and obtained from
computer generated graphics derived from the data extracted 7‘ *
from Figure 12;

Figure 14 shows a first stage of converting a two
dimensional image to three dimensional form:

Figure 15 shows a further stage:

Figure 16 is a section taken on A-A in Figure 15; and,

Figure 17 is a flow diagram showing the successive
stages involved in the supply of a prosthetic implant of a
design derived from data supplied by the surgeon involved in
the implantation.

Referring first to Figures 1| to 8 of the drawings.
there will be disclosed in detail one example of a method of
manufacturing a prosthetic implant of a form to suit the

particular requirements of a patient. This example will be

"‘ﬁ
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described in connection with the manufacture of a replacement
hip joint for a human patient, but it should be understood
that this is by way of example only, and that the features of
the invention may be applied generally in the manufacture and
supply of prosthetic implants of other types, such as knee
implants and for human or animal use,

Figures 1 and 2 are A / P and lateral views of X-ray
images of a proximal femur 10 having a natural bone cavity
11, which is intended to receive a prosthetic implant. The
two X-ray images prepared of the bone cavity appear on a
transparent film, which can be placed on a suitable support
surface, so that templates can be placed thereon in order to

build up a two dimensional model of a required implant form.

Py oa

Figures 1 and 2 are A/P and lateral views of a left _
femur, and show how a set of templates can be laid thereon to - .
build up the required model form. -

In the illustrated arrangement, five different template

components are provided, and comprising first and second core
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portions 12 and 13, with the portion 12 comprising the model
form of the distal portion of the implant; and which usually
is in the form of a circular cross-section rod. The portion
13 forms a model of the proximal or head portion of the
implant.

The portion 12 will be supplied in a range of sizes
e.g. in varying length and/or diameter. as shown in figure 3,
and the portion 13 also will be provided in a range of sizes
and of varying cross section, and which is shown in figures
4a and 4b. The lateral extension of the simulated head 14
from the portion 13 also may be varied within a range of
sizes. Also, reference lines 15 and 16 may be provided to
enable the portion 13 to be lined up with the lesser
trochanter and the greater trochanter respectively on the
X-ray images of the bone cavity profile.

The further components of the sets of template comprise
medial component 17 and lateral component 18 shown in figure
1. and anterior component 19 shown in figure 2.

Usually. the surgeon will place suitably selected core
portions 12 and 13 initially over the A/P view, and then
transfer this selection to the lateral view and if necessary
make an alternative selection., (if required usually a smaller
size). The surgeon would then apply a selected anterior
component 19 to fit over the lateral view, and then return
these three components to the A/P view for application of
selected medial component 17 and lateral component 18. The
surgeon will use his skill and judgement as well as his
knowledge of the needs of the patient, in determining the
appropriate profile of each model segment from the ranges
which will be made available to him. Once the surgeon is
satisfied with his selection he will then complete an
instruction to the manufacturer/supplier, in the form of a
pro-forma order instruction as shown in figures Ba and 8b,
giving his selection of the five components of the model,
with suitable identifying characters. Upon receipt, a
matching form of implant can be supplied from stock or élse

manufactured from data derived previously from the model
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segments. _

Accordingly in its most general sense the invention
provides a method of manufacture of a prosthetic implant of a
form to fit a particular bone cavity of a patient and which
comprises preparing an image of the bone cavity. providing at
least one range of templates of a general shape appropriéte
to the implant to be fitted in the bone cavity., making a
selection from this range of template and placing the
selected template on the image to determine whether it
constitutes a suitable match to the profile of the bone
cavity, and if necessary making an alternative selection(s),
and manufacturing an implant of a form corresponding with the
selected template, or making a selection of an implant from a
pre-formed range of implants corresponding with the range of
templates and of a form corresponding with the selected
template.

However, in the illustrated embodiment, five sets of
templates are provided, with each set having a suitable range
of components, and the image provided is a pair of X-ray
images in the A/P view and the lateral view.

In addition, to facilitate accurate pre-preparation of
the cavity to receive the selected implant form. the supplier
may provide a range of forming tools of a form to suit the
built-up model., or has stored data corresponding to the
selected model to enable a forming tool to be built up to
match this model, whereby a suitable tool profile can be
selected which can adjust the shape of the bone cavity where
necessary in order to receive the implant.

The forming tool may be built-up from an assembly of
rasp components, comprising a core component. and one or more
additional component slideably mounted thereon., in a manner
disclosed in more detail in WO 90/03764. Alternatively, the
tool may be constructed as a one-off construction.

Conveniently, the images of the bone cavity are formed
by X-ray scanning. but the invention is not restricted to
such means for providing the images.

Thus, in the practical application of the invention, an

,)t"“
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analysis of data‘will be obtained from CT scans.and
intra-operative moulds of femoral cavities., so that
acceptable shape and size characteristics of prepared
cavities and implants can be determined. These cavities are
then divided into parts comprising the central core
(corresponding to portions 12 and 13). a proximo—mediaf
segment (17) a proximo-lateral segment (18) and a proximo-
anterior segment (19). A range of different shapes and sizes
of the segments will be determined.

Radiographic templates of all the templates of the
segments, with appropriate magnification, will be provided to
the surgeon who can assemble them in an "Identikit Fashion”
to produce anterio-posterio and medio-lateral profiles
considered best suited to the individual case. A forming tool
in a form of a broach can be assembled from individual
pre-manufactures modules which are slideably mounted thereon.
The composite geometry is suitably processed and fed to a CNC
machine to manufacture a matching implant from a range of
suitable blanks and precuts. The assembled broach and
matching implant are supplied to the surgeon who uses them in
a traditional manner to carry out total hip replacement. If
it should be decided that cement should be used in the
implantation, a smaller size implant would be manufactured,
to allow for subsequent application of a uniform cement

mantle.
The disclosed embodiment of the invention enables the

supply of an assembled modular broach for surgical
preparation of the femoral cavity to surgeon specified design
determined by X-ray or CT scan templating, combined with
pre-operative manufacture of a matching hip prosthesis.
Referring now to Figures 9a and 9b to Figures 13, there
will be described a further preferred example of method of
manufacture of a prosthetic device in accordance with the
invention, in which an alternative type of template is used.
Figures 9a and Sb show anterior / posterior and lateral
views of an x-ray image of a femoral bone cavity. and Figure

10 shows a template which can have the required outline shape
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of an implant marked thereon which is appropriate to the bone
cavity, whereby to provide a template which defines the
required shape of the implant which can be compared with the
x-ray image views of the bone cavity. usually by superposing
the template over the views shown in Figures 9a and 9b.

The reference lines a and b in Figure 10 correspond
with the centre lines of the x-ray views 9a and 9b
respectively. and once the reference lines shown in Figure 10
are lined-up with appropriate references on the x-ray images,
the surgeon who will be carrying out the implant surgery can
then apply a suggested outline profile for the implant as
shown in Figure 11, again with references a and b
corresponding with views 9a and 9b. This outline can be
marked easily by the surgeon by making small crosses on the
respective reference lines. and this is then compared with
the respective x-ray images. The surgeon will use his
expertise and experience, in his interpretation of the

required outline in relation to the particular X-ray image of

the bone cavity, to arrive at an optimum outline.

After the surgeon is satisfied with the visual
comparison which he makes. or if necessary after providing an
alternative implant shape for comparison with the image. then
this information is passed back to the supplier /
manufacturer of implants. The information on the template is
then extracted and converted into digital form, from which is
derived outline elevational views of the particular design of

implant. as shown in Figure 12, in which references a and b

X
S

designate the elevational views of the implant to suit the
anterior / posterior and lateral views of Figures 9a and 9b
respectively.

The views created for Figures 12a and 12b are derived
from Figure 9a and 9b, and to a magnification which
corresponds with the magnification factor of the originally
formed X-ray images. The magnification factor will be
presented on the X-ray images., and also on Figures 10 and 11.
The views of Figures 12a and 12b will be on transparent sheet

which can then be compared with the X-ray images.
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In addition, a computer generated graphics system is
operated. with data derived from the template, to form a
three dimensional representation of the required implant as
shown in Figure 13. '

The views of Figures 12 and 13 and X-ray templates are
then conveyed to the surgeon for final approval., before the
required implant is taken from stock. or manufactured to
order.

Figures 14 to 16 shows successive stages in the
conversion of a two dimensional image to a suitable three
dimensional implant form. To achieve this. the following
preferred objectives should be borne in mind:

1. generate smooth points to give a shape that can be
produced in the bone cavity:

2. determine the optimal distal diameter for circular
cross-sections;

3. project the radius of the distal cross-section
along the medial. lateral, anterior and posterior profiles;

4. tangentially join these with straight lines: or
curved arcs could be used as an alternative.

Figure 17 shows a flow diagram of successive stages
which will be involved in the supply of custom designed

implants to suit the requirements of the surgeon.
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CLAIMS

1. A method of manufacture of a prosthetic device of
a form to be implanted in a particular bone cavity of a
patient and which comprises:
preparing an image of the bone cavity: | ’
providing a template which defines the required shape :
of an implant which is appropriate to the particular bone
cavity:
visually comparing the image and the implant shape
defined by the template to determine whether the implant
shape constitutes a suitable match to the profile of the bone
cavity, and if necessary providing an alternative implant
shape for comparison with the image: and.
manufacturing an implant of a form corresponding with
the implant shape defined by the template after an approved
implant shape has been determined.
2. A method according to Claim 1. in which the visual

comparison takes place by arranging the image and the

template one over the other.

3. A method according to Claim 2, in which the template
is transparent. and is positioned over the image.

4. A method according to any one of Claims 1 to 3, in
which the template has the required shape of an implant
applied thereon by supplying a template sheet having
reference lines thereon which are lined-up with corresponding
references on the image. and then marking out by manual means
the selection of an appropriate outline for the implant on
the template.

5. A method according to Claim 4. in which the template
with the marked outline has the data thereon converted into
digital form, and from which is derived outline elevational g ; 
views of the required implant, and also a three dimensional
illustration for review and approval prior to supply of the R v
required design of implant.

6. A method according to any one of Claims ! to 5, in
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which the imagés of the bone cavity comprise anterior /
posterior and lateral views of a femoral-bone cavity. and the
template has reference lines corresponding with each view, so
that marked outlines can be applied to the template of the
required outline of the implant for both views.

7. A method according to Claim 1, in which a range of
templates is provided of a general shape appropriate to the
implant to be fitted in the bone cavity. and a selection is
made from this range and the selected template is compared
with the image outline to see whether it constitutes a
suitable match to the profile of the bone cavity., and if
necessary an alternative selection is made. which is then
followed by manufacture of an implant of a form corresponding
with the selected template, or selection of an implant from a
pre-formed range of implant corresponding with the range of
templates and of a form corresponding with the selected
templates.

8. A method of manufacture of a prosthetic device of a
form to be implanted in a particular bone cavity of a patient
and which comprises:

preparing an image of the bone cavity:

providing at least one range of templates of a general
shape appropriate to the implant to be fitted in the bone
cavity:

making a selection from said range of templates and
making a comparison between the selected template and the
image to determine whether it constitutes a suitable match to
the profile of the bone cavity, and if necessary making an
alternative selection(s); and,

manufacturing an implant of a form corresponding with
the selected template, or making a selection of an implant
from a preformed range of implant corresponding with the
range of templates and of a form corresponding with the

selected template.
9. A method according to Claim 8, in which the
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comparison is carried out by placing the image and the
selected template one upon the other. with the upper one
being transparent so that the underlying one can be viewed.

10. A method according to Claim 8 or 9, in which a
number of different sets of template are provided, with each
set being composed of a range of progressively varying sﬁapes
and / or sizes, and the selected templates from each set then
being assembled over the image so as to form a model of the
required form of implant.

11. A method according to Claim 10 and carried out to
manufacture a hip joint prosthesis. in which the sets of
templates form a two dimensional model built-up from a
central core, a proximo-medial segment. a proximo-lateral
segment and a proximo-anterior segment.

12. A method according to Claim 11, in which the
central core is built-up from two portions. comprising a
distal shaft to be located over the main tubular portion of
the cavity., and a proximal portion to be located in the mouth

or proximal end of the cavity.
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