9 JUN 2005 -1 MASSI VE MODULAR SYSTEM This invention relates to prostheses
for partial or total replacenent of a |ong bone in human or ani mal bodi es.
In the case where |inbs are badly damaged or | arge anounts ef bgeﬁq 5be
surgically renoved, e.g., in the case of treatnent of bone cancer, there is
a need for prostheses which replace a large part of the natural bone and
whi ch can be assenbled by the surgeon to neet a w de range of conditions.
A nmodul ar system for constructing effectively custom sed prostheses to
nmeet a range of such surgical requirenents may be provided. Typica

requi renents nmay be, for exanple, to'ﬂéplace the proximal or distal fenur

or perhqpﬁ¥£agmbgb§AR%gﬁtﬁ@enent of the femur. According to one aspect of

the pre is provided a prosthesis for partial or total

repl acement of - arh R RORfeidhdd 10 HRBRAS:RTor BAMATR) Sl ARl RLLSHIGR] SorE QP! | ST NG
ormng o onent o

a proximal or distal end conpohent ne co prosthetic
joint, ausBrRblanssesddsed W th the distal or proximal end and a stem for
engagenent in a resected bone, the shaft, stemand the distal or proxinal
end conponents beaithgcpomnestieds iy baal eamdydd beamkarbaneboneaait baal e  t aper
including a projection which extends |ongitudinally of the prosthesis but

i s of f setrgi¢alipramoved, axi, 8 thacabe ehigestyesnt biboae cocerethperisla nepdfeqessheses t he
femal e taper, a cross-hole being provided for access transversely to the
regi on hich igalaearilatge per ef thawnatureldigae ansiwhichdiag he geaehibied by dle suwgaen wher ei n sai d
proj ection maintai ns adj acent conponents in the desired angul ar

rel at i oMERi3HvIderRRIeS aﬁ’Pﬁ’lI"'én% fhBequRE systemyfos epnplectingieifestvslycusteraget es i ncl udi ng
a collar the s ext t hereof, the

I %’W%eis%htonaé{e be agt‘fsegbl Ef\qcatl B uire Eaf { b%r rovi gnlsl iggl requirements
col | ar BETAG RICHETRSR BHET L ABYed FOVResE sy be provided. Typical req
may be, for example, to replace the proximal or distal femur or perhaps the total replacement of
the femur.

According to one aspect of the present invention there is provided a prosthesis for
partial or total replacement of a long bone in humans or animals, said prosthesis comprising a
proximal or distal end component forming one component of a prosthetic joint, a shaft assembled
with the distal or proximal end and a stem for engagement in a resected bone, the shaft, stem and
the distal or proximal end components being connected by male and female tapers, each male
taper including a projection which extends longitudinally of the prosthesis but is offset from its axis
and engages in a corresponding recess in the female taper, a cross-hole being provided for access
transversely to the region of the end of the male taper by a disassembly tool, and wherein said
praojection maintains adjacent components in the desired angular relationship.

The example embodiments also include other features including a collar which may
be assembled to the shaft or extension thereof, the collar being dimensioned to abut the resected
face of bone into which the prosthesis is to be fitted, the collar having a portion adapted to taper
towards the resected face and having a surface treatment designed to encourage bone growth

over the tapered surface of the collar.



face of bone into which the prosthesis is to be fitted, the collar having a
portion adapted to taper towards the resected face and having gﬁﬁﬂge
treat ment designed to encourage bone growmh over the taperéb.éﬁ“i f
the collar. -9 JUN 2005 -2 In the case of proximl fenoral replacenent
prostheses, the prosthesis may preferably include a trochanter repl acenent
conponent assenbled with a shaft and stem the trochanter repl acenent
conponent bei ng shaped to correspond approximately with an anatom cal
trochanter and including a fenoral neck for receiving a fenoral ball and a
generally flat face opposite the fenmo?al neck for connection to residual

bone or soft tissue. Detailed features of prostheses in accordance with the
i nvention will bEJBHEASE Qhy¥ER ey feriatemed PEFHSsRP g POFRRIHYS in whi ch:
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Figure 5 shows various views 0 enoral stemfor use in the preéesent

I nvent i Bt fadel dpHbSte TreTRAYYBI NEBI JoPsbRNLLEVS rédidudl KoRk bidoftltisdueUse i n the
prosthesis in

Detailed features of prostheses in accordance with the invention will become
apparent from the accompanying drawings, in which: .

Figure 1 is a side elevation of assembled components of a proximal femoral

prosthesis; |

Figure 2 is a side elevation of a distal femoral prosthesis in accordance with the

invention;

Figure 3 shows various views of a trochanter replacement component in

accordance with the invention;

Figure 4 shows various views of a modular shaft for use in the present

invention;

Figure 5 shows various views of a femoral stem for use in the present

invention;

Figure 6 shows various views of a collar for use in the prosthesis in

accordance with the invention and

Figure 7 shows several views of a modular extension shaft for use in the present

invention.

Referring first to Figure 1, this drawing shows diagrammatically an assembled,
proximal femoral prosthesis comprising a trochanter component 1 having a femoral neck 2, which is
tapered to receive a femoral ball in a conventional fashion. The trochanter component is shown in
more detail in the views shown in Figure 3 and it may be seen that it corresponds roughly to the

anatornical shape and has a generally flat face



accordance with the invention and Figure 7 shows several views of a nodul ar
extensi on shaft f.or use in the present invention. Referring first to
Figure 1, this drawi ng shows diagrammtically an assenbl ed,g ,dUNlZ’&ﬂﬁ '
fenmoral prosthesis conprising a trochanter conponent 1 having a fenoral
neck 2, which is tapered to receive a fenoral ball in a conventional

fashi on. Th¥OREERANt er conponent is shown in nore detai PEUFRHE*A ews
shown in Figure 3 and it nay be seen that it3corresponds roughly to the
anat om cal shape and has a generally flat face -9 JUN 2005 WO 02/ 47585
PCT/ GBOL/ 054563 for 8tachrient toany residuehione or Wrapittissiegy dhe Beghanter cerapangnt 1

ti ssues. The trochanter conponent 1 has an internal female taper, best
seen in Fi gur ehd andnigmiekfemaledansr.dgsbined imFigued, aaghieassemhied egio gymale @Rat ¢ 5.

.The detailed construction of shaft 5 are apparent fromthe vie in Figure
4 and it will Gmedhyp shellS. Jhafdetaliedgansiucigh ef @@%é@%@%’%ﬁ@"@ﬂ‘"ﬁw n
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stipples or a bone grow I mul ati ng

detail in Figure 8. Coilar 10 has a distal lower end 11 which abuts cancellous bone
10 forming the face of resected bone 9. The dimensions of collar 10 are selected so that
the end face of collar 10 terminates in board of the external dimension of the bone 9.
Collar 10 is formed on its external surface with stipples or a bone growth stimulating
material such as hydroxyapatite. These measures encourage cancellous bone to grow
over the surface of collar 10 and help fo more firmly lock the prosthesis into the residual
15  resected bone 9.

It is often possible when removing damaged bone or fumour to retain the
residual portion 12 of the trochanter. This residual piece of bone may have ligaments or
other soft tissue attached to it and 1t is useful to use this to assist in stabilising the
-trochanter replacement component. The residual bone 12 can be attached fo the

20 trochanter component by clamping a piate 13 to the face 3 of the trochanter component.
A " Figure 2 sdeQ::é view of an éssembl:ed distal prosthesis comprising a
condylar head componenf 21 forming one part of the knee joint which is connected to a
shaft 5 in an analogous way fo the way in which the trochanter component 1 is
connected to the shaft 5 in Figure 1. Similarly, shaft 5 is connected fo stern 8 in & similar
25  way lo that previously described in connection with Figure 1 and collar 10 is slid over the

tapered lower portion of shaft member 5 just as described above in connection with



mat eri al such as hydroxyapatite. These neasures encourage cancell ous bone
to grow over the surface of collar 10 and help to nore firmy |ock the
prosthesis into the residual 15 resected bone 9. It is of_.tgnb]&jﬁ;zwﬁz when
removi ng damaged bone or tunour to retain the residual porti t he
trochanter. This residual piece of bone may have |liganents or other soft
tissue att J¥QOMME it and it is useful to use this to assPSFEBH/EIRD | i sing
the trochanter replacenent conponent. The-rgsi dual bone 12 can be attached
to the 20 trochanter conponent by clanping a plate 13 to the face 3 of the
trochanter corfgurentand has gdistal &psfed\perian 11 emichfabats teseeadiédiice bbthafemur
prosthesis conprising a condylar head conponent 21 form ng one part of the
knee j oi nt whi%&Hnasinianwey.tthid ehmumgesbamegrﬁwﬁxmvamhamaﬁmm@amya!t@ t he way
in which the trochanter conponent | is connected to the shaft 5 in Figure
1. Sinmilarly, shaft HSétgilsodfimelricbantercosponerd liame shawmin the viess eldyoures.t hat
previ ously described in connection with Figure 1 and collar 10 is slid over

the tapered [vwistbepsrenithat thefflad frge 8 ofihetieehantsrgamparert d g fopard IRIFRAtte
connection with -9 JUN 2005 WD 02/ 47585 PCT/ GB01/ 05456 4- Flo?lure 1 and has
a di stal téperoéépi'ﬁﬁﬁ:iq oS RatiR of sPkeTE Pravided teensuied iy eenngetionydih@Biyr - 9.
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- male taper 33 of the shaft 5. {See Figure 4). The trochanier component is provided with
10 atransverse hole 34 into which a disassembly tool can be inserted {o force the
frochanter component and the shaft apart where disassembly is required. As can be
seen in Figure 4, the shaft 5 also has a female taper 7 and is formed with a similar
recess 35 to the recess 31 in the trochanter component. Shaft 5 also includes a
trénsverse hole 36 into which a disassembly tool can be inserted to force apart the shaft
15 and the stem component which is designed to fit info the taper 7.

Referring further to Figure 3, it would be seen that the irochanter component
also incorporates holes 36. These are intended for suturing the trochanter componenti to
soft tissue such as tendons in the évent that there is no residual bone, to which tendons
are attached, which could be clamped to the stippled face 3.

20 The trochanter component is mtended to be provided as a standard
component ofa modular system a{though there would be right and left handed versions.
There may also be aitemnative trochanter components in which the degree of offset of the
femoral neck differs to suit a particular patient.

As can be seen from Figure 4, the femoral shaft, although standardised so far

25 as the tapers are concerned, is supplied in lengths of 15 mm intervals. The femoral
shaft is also provided with notches 37 designed to engage with commesponding ears 38

which are integral with the collar 10. As can be seen from Figure 6, collar 10 has an



be seen that the trochanter conponent has a female taper term nating
i'nternally with an offset recess 31. Recess 31 is shaped to be engaged
with a projection 32 formed on the male taper 33 of the sh@f J{$N ﬂ[ﬁﬁ
Figure 4). The trochanter conponent is provided with 10 a transverse hole
34 into which a disassenbly tool can be inserted to force the trochanter
conmponent awe wewsshaft apart where disassenbly is requir #I/GRILAHAD be
seen in Figure 4, the.shaft 5 also has a fengl.e taper 7 and is formed with
a simlar recess 35 to the recess 31 in the trochanter conponent Shaft 5

al so i ncl udes iferrial BPSMVET Siphsl 16 il d dtinespuntiing taped 46 aterendsidyf heahatt an  be
inserted to force apart the shaft 15 and the stem conponent which is

desi gned t o fitheisnbagdrient ofipercoifar oRtHecsheft Bgnd aist tex earo3Fingbe rotéhesi® woul d:
be seen that the trochanter conponent also incorporates holes 36. These

are intended famablesither doilgr tolve fitted sdvaratyen the shedin éistcande seer fromiFigswes.doeh as
tendons in the event that there is no residual bone, to which tendons are
attached, whi olelfarésibupplied il angeer pidiameterst Phprdd2f ace 3. 20 The trochanter
conponent is intended to be provided as a standard conponent of a nodul ar
syst em al t Hough t her eFigigl Sishews vpiaws viewa of e stanheriarrneal & 4N berssep fomgy
- also be alternative trochanter conponents in whjch t ree of offset of

the fenoral rBerogs-Fedipgalivisvs thestem isdormee wity ﬂ_"’tﬁatf‘?fégsagggq@éﬂ‘ﬂﬁ%l ROBR AN r om
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seen from Fi gupe 8y CRldREnt! Snb 2farfllso ifoikdl AR08 43R PR B (B 56
10  recess 35 in the shafi component. The shaft component 5 includes a transverse hole 36
for disassembly purposes whereby a tool inserted through the hole will press apart the
“stem and the shaft by bearing on the corresponding end faces of the stem and shaft. As
can be seen from Figure 5, the stem is available in a number of diameters and lengths
and may be curved or straight to accommodate the various surgical problems which
15  might be encountered in fitting such a prosthesis. |
Figure 7 shows a moduiar extension shaft which enables the total assembiies
as shown in Figures 1 and 2 to be extended. Modular exiension shaft 50 has male and
female tapers at opposite ends whi;:h correspond respectively with taper 7 of the
“moduiar shaft and taper 42 of the modular stem. Of course, modular extension shaft 50
20  may be used in conjunction with a standard shaft or alone to connect the trochanter
component 1 or conduiar friember 21 with the stems 8.
Although not shown in detail, the prosthesis shown in Figures 1 and 2 can be
combined by omitting the shafts 8 and collars 10 to form a complete femoral
replacement prosthesis. Also, analogously formed components could be employed to

25 replace another long bone such as the humerus.



5 internal taper 39 adapted to fit on a corresponding taper 40 at one end
of the shaft 5. The engagenent of the collar on the shaft 5 and al so the
ears. 38 in the notches 37, enables the collar to be fitted) S@ULNQ fpn
the shaft As can be seen fromFigure 6, the <collar is supplied in a nunber
of dianeters, D1 and D2. 5 Figure 5 shows various views of the stem
conponent &VAHZERH be seen from the cross-sectional vi ewPCHRBIEYEN i s
formed with flutes for engaging in cortical ghone and may be strai ght or
curved to accommpdat e any curvature in the bone canal. The proximl end of

the shaft has a tapehg4siiBed Bodval the SHRPSHENA of thet fresthedsccandde reagiigr 7 of
the shaft conponent The shaft al so includes a projection 43 which

corresponds Wykfakied by Qsing eaficassimibiyiobliasesied irt the trapsweesetwallh & tkaf t :
conponent 5 includes a transverse hole 36 for disassenbly purposes whereby
a tool insert gshpdneadab cddhaafurdjoini dithemafiess trizpassemblyer insa evisiaRdPPEREoR haf t
by bearing on the corresponding end faces of the stemand shaft As can be
seen from Figure 5, trhe matesial prefesablyiusatise ftaniammiipibleroughowiexeapt for H1eand

l engths and may be curved or straight to accommpdate the various surgical
probl ens Wi crenidalticads wiere cokatichtosnien of geramictiends agPrefarehY d8tthesi s. Figure
7 shows a nodul ar extension shaft which enables the total assenblies as
shown in Figures 1 and 2 to be extended. Mdul ar extension shaft 50 has

mal e and fenale tapers at opposite ends which correspond respectively with
taper 7 of the nodular shaft and taper 42 of the nodular stem O course,
nodul ar extensi on shaft 50 20 nay be used in conjunction with a standard
shaft or alone to connect the trochanter conponent | or condul ar nmenber 21
w;th the stenms 8. Al though not shown in detail, the prosthesis shown in
Figures 1 and 2 can be ‘



conbined by omtting the shafts 8 and collars 10 to forma conpl ete fenoral
repl atement prosthesis. Al so, anal ogously forned conponents could be

enpl oyed to 25 replace another | ong bone such as the humarusg J[H\]JZ@@]&OOS
WO 02/ 47585 PCTI GB01/ 05456 6- As described above, the conponents of the
prost hesi s sz}a%sgeadi |y dismantled by using a disassenbly tool inserted
in the transverseé Walls in the conponents at each taper e®@Cisinoi/eddsher
after a trial assenbly or in a revision opermtion. The material preferably
used is a titaniumalloy throughout except for the 5 fenoral heads where
cobalt chrom um or ceram c heads are preferably-used. -9 JUN 2005 WO

02/ 47585 PCT/ &B01/05456 7 Cdains 1. A prosthesis for partial or total
repl acenent ofc'%{mFong bone in humans or aninals, said prosthesis ;
conprising a proximal or distal end conponent form ng one 5 conponent of a
prosthetic.joiint, a éhpsthesistonpartel ontota replaeenioaticiih lang boneXi namargied and a
stem for engagenent i.n a resected bone, the shaft, stemand the distal or
proxi mal end "L fRi%POshess sompriFngca rieximl aralistal endicéreparient fompiag sne each

mal e taper i n¢l udi n rojecti.on which extends |ongitudinally of the
pr ost hesi s butE orngon(?ﬁ? %@tdor?%ﬂcﬂ?'%fr a3 haft agpemblechyiibe d?afﬂf@r proximab@ahalidng
recess in thesife a cross-hol e bein rovided for 10 access

transversely toﬁ";Fﬁ'le&tgégﬁprﬁr B2 fa58Ctes, r@F”‘PﬁBafgﬁE‘@ anghibe disial er proxmskab| v

tool, and compenents being connected by male and female tapers, each male taper inclﬁding a
projection which extends longitudinaly of the prosthesis but is offset from its aXIs and |
engages in a comresponding recess in the female taper, a cross-hole being provided for

10 access transversely fo the region of the end of the male taper by a disassembly tool, and

wherein said projection maintains adjacent components in the desired angular

relationship.

2. A prosthesis as claimed in claim 1, which includes a collar assembled to the
15 shaft or extension thereof, the coliar being dimensioned to abut the resected face of the

bone into which the prosthesis is to be fitted, the collar having a portion adapted to taper

towards the resected face and having a surface treatment designed to encourage bone

growth aver the tapered surface of the colfar.

20 3. A prosthesis as claimed in claim 2 in which the collar is formed with an
externally stippled surface oris coated with hydroxyapatite or other bone growth

promoting material,

4. A prosthesis as claimed in any one of the preceding claims which is a
25  proximal femoral replacement prosthesis, the prosthesis including a trochanter

replacement component, assembled with a shaft or a stem,



wherein said projection maintains adjacent conponents in the desired
angular relationship. 2. A prosthesis as clainmed in claim1, which
_includes a collar assenbled to the 15 shaft or extension thgieglj t

col | ar being dinensioned to abut the resected face of the bone into mhlch
the prosthesis is to be fitted, the collar having a portion adapted to
taper toward¥WQRe7Besected face and having a surface treat RSTYGRI@E34G0ed t O
encourage bone growth over the tapered surfapg of the coll.ar. 20 3. A
-prosthesis as clained in claim2 in which the collar is formed with an
external |y stippked sur fﬁ@é?@stt%ss'a% SARE@fh ddirh B iMYHIcA DeaRRharter i8plaginitet bone

growth promoting material. 4. A prosthesis as clainmed in any one of the
precedi ng cl ai MscifidchBnil i sitaped o dUrRSboR apbrimAdly WRIP RGeS HicalifoRRdriaing, -
~the prosthesis including a trochanter replacenent conmponent, assenbl ed
with a shaft or mcietiesa ferfdral WBEIOORCHENG 3 fbiaBihalPend Sgeddrailysatiac8epinsité\the
- prosthesis as clainmed in claim4 in which the trochanter replacenent
conmponent i s shajesthal ceckoior ppesiidn &pesivikéeliabebysofitistuean anat omi cal
_trochanter and - includes a.fenoral neck for receiving a fenoral ball and a
generally fl & face opposite the fenoral neck for connection to residua
bone or soft tissue. 5 6. A prosthesis as claimed in claim5 in which said
general ly flat f@ce car pirsasthesisiassiainged ipclaim §aywhish gaidoenerallydiatiigas cadere.

stipples for engagement with residual bone.



