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| mpl ants and Model s;" U.S. Ser. No. 61/280, 493, filed Novenber 4, 2009,
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Rel ated Tools;" U S. Ser. No. 61/284,458, filed Decenber 18, 2009, entitled
"Patient Adapted and I nproved Othopedic |Inplants, Designs and Rel ated

Tool s;" U S. Ser. No. 61/339,766, filed March 9, 2010, entitled "Patient
Adapted and I nproved Othopedic Inplants, Designs and Rel ated Tool s;"
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TECHNICAL FIELD
[0003] The invention relates to the creation of patient-specific orthopedic
implants and devices, as well as designs for and mathematical models of joints,
especially human joints, based on data, such as imaging data, representing an existing
joint.
BACKGROUND

[0004] Generally, a diseased, injured or defective joint, such as, for example, a
joint exhibiting osteoarthritis, has been repaired using standard off-the-wall implants and
other surgical devices. Only recently has the concept of patient-specific implants
tailored to an individual patient’s joint become available. Such patient-specific
implants, such as the iForma®, iUni® and iDuo® , offer advantages over the traditional
“several-size-fits-all” approach such as a better fit, more natural movement, reduction in

the amount of bone removed during surgery and a less invasive procedure. Such



nodel of a joint or of portions or surfaces of a joint based on data
derived fromthe existing joint. Data fromthe existing joint, for exanple,
dat a geneweated/®28@m an i mage of the joint such as an MRPCOMUSTNODHEIEHS | S
processed to generate a varied or corrected version of the joint or of
portions of the joint or of surfaces within the joint. For exanple, the
data can al so be used to create a nodel that can be used to anal yze the

patient's joint and.to devise and eval uate_.a course corrective action.
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of enbodi nesycsifini dspedde cacheasmuefaappacenitu@nd may be better understood by
referring to the foll owi ng description, taken in conjunction with the
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di agram of aCEXSIPRALY, SIROSIENLY J AOOKLELBRen 2AondSirAlE! ool 9N of
embodiments, an outer joint-facing surface of a first implant component is designed to
and/or does, at least in a portion of the component, negatively-match an opposing outer
joint-facing surface of a second implant component. By creating negatively-matching
component surfaces at a joint interface, the opposing surfaces may not have an anatomic
or near-anatomic shape, but instead may be negatively-matching or near-negatively
matching to each other. This can have various advantages, such as reducing implant and
joint wear and providing more predictable joint movement.
[0007] In another aspect, some embodiments provide implant components having
one or more patient-specific curvatures or radii in one dimension, and one or more
standard or engineered curvatures or radii in a second dimension.

[0008] In another aspect, methods of designing, selecting, manufacturing, and
implanting the patient-specific implant components are provided.
[0009] It is to be understood that the features of the various embodiments

described herein are not mutually exclusive and may exist in various combinations and

permutations.



cuts (FIG 2A), seven bone cuts (FIG 2B), and three bone cuts with one
being a curvilinear bone cut (FIG 2C); [00013]FIG 3A is a photograph
show ng awmoexarmB@ny knee repl acenment using a patient - speTiUuS2e10/046868

bi conpart nental device and a patient-specific uniconpartnental device;
FIGS. 3B and 3C are x-ray imges showi ng the device of FIG 3A in the
coronal plane and in the sagittal plane, respectively; [00014] FI GS. 4A-4E
show an exenpl ary design of a two-piece inplant conponent; [00015]FI G 5A
is a drawing of a cross-sectional view of an end of a fenmur with an
osteophyte; FIG 5B is a drawing of the end of the femur of FIG 5A with

t he osteophyte virtually renoved; FIG 5Cis a drawing of the end of the
femur of FIG 5B with the osteophyte virtually renoved and showi ng a
cross-sectional view of an inplant designed to the shape of the fenur with
t he osteophyte renoveBRIEFDESCRIPRIANOF IHBDRAWINGS of the fenur of FIG
5A and shows a cross-sectional view of an inplant designed to the shape of

the femur Wt0§10he osthedpisgeiagiand ather obioge repetcicappes. and adianttigayobf a
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with the voi g irtually removed and showing a cross-sectional view of an
i npl ant  de¥™Yfled to the shape of the fenur with the void renoved; FIG 6D

is a drawn t he t [ of . 6 LN

Cross-secti g]r@ﬁllvi ew%gg; sgfrllAi'{r\rG};leécﬁlt%a‘évsﬁ Sgcﬁ']‘é'%ttlco&? %&S%}é%\gxgrgp@% femur with
the voi d i nt@bédine@QO17]FIGS. 6-1 - 6-7Gillustrate steps in a virtual linb
alignment; [00018]FIG 7 is an exenplary inplant conponent show ng the

i ntersect of008d2le cutldGHn2an3Ci denist dedigmef firmplangcogpohante tioft havessix hpheant ;
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curvilinear bone cut (FIG. 2C);

[00013] FIG. 3A is a photograph showing an exemplary knee replacement using a
patient-specific bicompartmental device and a patient-specific unicompartmental device;
FIGS. 3B and 3C are x-ray images showing the device of FIG. 3A in the coronal plane
and in the sagittal plane, respectively;

[00014] FIGS. 4A-4E show an exemplary design of a two-piece implant

component;

[00015] FIG. 5A is a drawing of a cross-sectional view of an end of a femur with
an osteophyte; FIG. 5B is a drawing of the end of the femur of FIG. SA with the
osteophyte virtually removed; FIG. 5C is a drawing of the end of the femur of FIG. 5B
with the osteophyte virtually removed and showing a cross-sectional view of an implant
designed to the shape of the femur with the osteophyte removed; FIG.5D is a drawing of
the end of the femur of FIG. 5A and shows a cross-sectional view of an implant
designed to the shape of the femur with the osteophyte intact;

[00016] FIG. 6A is a drawing of a cross-sectional view of an end of a femur with a
subchondral void in the bone; FIG. 6B is a drawing of the end of the femur of FIG. 6A
with the void virtually removed; FIG. 6C is a drawing of the end of the femur of FIG.

6B with the void virtually removed and showing a cross-sectional view of an implant



bone cuts for a pre-primary inplant overlaid with a traditional primry

I mpl ant (shown in outline); [00020] FIGS. 7-2A and 7-2B schematically show a
traditi orsD 20mmpi2862r conponent that di sl ocates the joint PCIrns2010006384 ] FI G
7-3 schematically shows a patient-specific inplant conponent in which the
exi sting or natural joint-line is retained; [00022]FIG 7-4 depicts an

i mpl ant or inplant design that includes a straight distal cut, a straight

anterior tr t po i 0 t curv cha ;
[00003] F1 catesichsd Ty BnsEO S he BivdinEih g YERGR R T EABD D A ErTie PhF ant
conponent dggd &ﬂ%ﬁgfén%r%‘flﬁt}aih'a%kﬂsb[oxpﬁl Iatdra@,ts%ctﬁaiapaew&aa%p@m d&ignslisting
or natural joint gap; [00024]FI GS. 7-6 -6K show i npl ant conponents with

exenpl ary agﬁées@%ﬁhéﬂkt@ﬁmb@ﬁhﬁbiuuédﬁﬁﬁ,a library. [00025]FIG 8 shows a
shed.lines, standard

bone. cut & SWE?&S abalﬁ%t 17 Gl e pispain el i AP o0026] Fi 5.
o 14 and & RgRi 19, 990,500, HLAERy S LD PR PO
[ 00027] FI GScut8oR fheaifficrSbatB-Rbiaw seifasofsieciniptas; from a coronal view of two
[00019] FIG. 7-1 illustrates a computer model of a distal femur having optimized
bone cuts for a pre-primary implant overlaid with a traditional primary implant (shown
in outline);
[00020] FIGS. 7-2A and 7-2B schematically show a traditional implant component
that dislocates the joint-line;
[00021] FIG. 7-3 schematically shows a patient-specific implant component in
which the existing or natural joint-line is retained;
[00022] FIG. 7-4 depicts an implant or implant design that includes a straight
distal cut, a straight anterior cut, a straight posterior cut, and curvilinear chamfer cuts;
[00023] FIGS. 7-5A and 7-5B schematically show a patient-specific implant
component designed to substantially positively-match the patient’s existing or natural
joint gap;
[00024] FIGS. 7-6A - 7-6K show implant components with exemplary aspects
that can be included in a library.
[00025] FIG. 8 shows a coronal view of a patient’s femoral bone and, in dashed
lines, standard bone cuts performed with a traditional total knee implant;
[00026] FIGS. 8-1A and 8-1B show the load bearing surfaces of a femoral implant
component in a coronal view (FIG. 8-1A) and in a sagittal view (FIG. 8-1B);
[00027] FIGS. 8-2A and 8-2B show cross-sections from a coronal view of two
femoral condyle sections of a femoral component; FIG. 8-2C shows thicker material on
a tibial implant component that is associated with designing the sagittal or j-curve of the
femoral component to be tilted;
[00028] FIG. 8-3A — 8-3E show various aspects of femoral component design
approach;



fenmoral condyle sections of a fenoral conmponent; FIG 8-2C shows thicker
material on a tibial inplant conponent that is associated wi th designing
t he sagi twal2oaro2ge2eur ve of the fenoral conponent to be PCrtUsA10/003628] FI G
8-3A - 8-3E show various aspects of fenoral conponent design approach; WO
2011/ 028624PCT/ US2010/ 046868 [ 00029] FIG 9A and FIG 9B are schematic axi al
views of a femur and patella; FIG 9-1A - 9-1C show three different bone

cut for a f | co t: FIG, 10 .is a,schematic sagittal, view of
o e i ¢ TV, COTAEN SR ind PG UH Gis ettt RIS - fSme eftp Bt
cement pockefg. 9142099000 Bffcraft HorBlanfor ¢ HROREMmidnks; 11A) and in a
traditional conponent (FIG 11B); [00032] FIGS. 11-1A and 11-iB show

exenpl ary pHi08B0la i npFHRLt10die aisgitmaticGONR3] Fékcof A TerRurshvkvacat qad mbicatednpl ant

conmponent havi gg] a prol ate shape; [00034] FIGS. 12A and 12B show tibial cuts
and uni conpHi00&Ent al FHexh A1 Agnd 11 BisbewIbobd agaeié oekop nipngathodingn of am

pol yet hyl en er ' KT ent, .hei s relati | bi al pl at eau;
D oy oYL (Gl 0BGy Pr ey e
designs; [Offad32f! G FiéR. $09usSarRi 1- BB SRRL %P 19 patdIRSmPRE: desRBksyet hyl ene
Insert in cross-section in the coronal view, the tool tips being used to

generate a W03t hyl 6. il heshbwhapatedja amplasi comthonontdnalngauprehtashepe;Fl G 13B

shows a sagittal view of two exerrgl ary tools sweeping fromdifferent
di st ances i H0834] pol Gyl 2Aanil A2Bshow dibeal euts endipnicempartmental medipl and

curvatures ia?erglhc%n%%lngftg QXt k| V\}l{lll%ﬁ{ i I')olyethylene layer having different heights
relative to the tibial plateau; FIGS. 12C — 12E describe additional considerations of
tibial implant designs;
[00035] FIG. 13A shows six exemplary tool tips and a polyethylene insert in
cross-section in the coronal view, the tool tips being used to generate a polyethylene
insert having a desired coronal curvature; FIG. 13B shows a sagittal view of two
exemplary tools sweeping from different distances into a polyethylene insert to create
different sagittal curvatures in the polyethylene insert;
[00036] FIGS. 14A and 14B show a tibial implant design with a groove or scallop
surface extending through the entire component;
[00037] FIG. Ex 1-1 is a flow chart depicting an exemplary process for designing
a patient-specific implant, specifically a total knee implant;
[00038] FIGS. Ex 2-1A — Ex 2-9B show various aspects of two bone cut design
methods;
[00039] FIG. Ex 3-1 shows an exemplary design of an embodiment of an implant
component having seven cuts on the inner, bone-facing surface;
[00040] FIG. Ex 3-2A and FIG. 3-2B are sagittal views of exemplary designs of
anterior and posterior femoral bone cuts, respectively, which correspond to the inner,
bone facing surfaces of the virtual model shown in FIG. Ex 3-1;
[00041] FIG. Ex 3-3 shows an exemplary design of an implant component having
seven cuts on the inner, bone-facing surface and having cement cut-outs and pegs with

particular dimensions;



[ 00036] FI GS. 14A and 14B show a tibial inplant design with a groove or

scal l op surface extending through the entire conponent; [00037]FIG Ex 1-1
is a fl owohariro28@pi cti ng an exenpl ary process for desi @OITA$2@0/046868
patient-specific inplant, specifically a total knee inplant; [00038]FIGS.
Ex 2-1A - Ex 2-9B show various aspects of two bone cut design nethods;

[ 00039] FI G Ex 3 1 shows an exerrpl ary design of an enbodi nent of an inplant
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and posteri girrdsBORIIAL bARNR 1EHE For S BSREGLVIMEKYe LYY Ghs HARE mmchrﬁan&he
I nner, bone facing surfaces of the virtual nodel shown in FIG

[ 00041] FI G sufacg (RIGHBW-4an aast &rpl medel dewing nevsh bane putptathe f@rombm@nulahavu ng
seven cuts on thﬁﬂa(?r]g{ _4%§,ne facing surface and having cenent cut-outs and
pegs with piffacg %% ons; WO 2011/ 028624PCT/ US2010/ 046868

[ 00042] FI G |dp943r 4A e, lFxG- sEAndFi8. EQ%V‘SB’kH&W@MuHP%has 8f bdRNGsCHES and

correspondi ng bone vol une for a nodel having five bone cuts to the fenoral
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e ool el S 30 (5 B, 8Pl RO L o 556 A 7
femoral articular surface (FIG. Ex 3-5B);
[00044] FIGS. Ex 3-6A — Ex 3-6D show exemplary virtual models of bone cuts

overlaid (in hatched lines) with the shape of a traditional implant;

[00045] FIG. Ex 4-1A — Ex 4-1F show various aspects of a knee implant,
including a femoral component and a patella component, with a material cutaway region
highlighted in red in certain figures;

[00046] FIGS. Ex 5-1A - Ex 5-7B show various aspects of a set of jigs for
guiding patient-specific bone cuts in a femur-first technique;

[00047] FIGS. Ex 6-1 — Ex 6-4 show various aspects of a set of jigs for guiding
patient-specific bone cuts in a tibia-first technique;

[00048] FIGS. Ex 7-1A - Ex 7-5 show various aspects of a tibial implant design
and cut technique;

[00049] FIGS. Ex 8-1A — Ex 8-3E show various aspects of tibial tray and insert
designs;

[00050] FIGS. Ex 9-1A — Ex 9-11 show various aspects of a finite element
analysis (“FEA”) conducted on three variations of a femoral implant component;
[00051] FIG. Ex 10-1A is a front schematic view of a knee implant;

[00052] FIG. Ex 10-1B is a cross-sectional schematic view in the coronal plane of
a femoral component of the implant of FIG. Ex 10-1A;

[00053] FIGS. Ex 11-1 — Ex 11-7C illustrate various aspects of a design for a
tibial implant component;

[00054] FIGS. Ex 12-1A and 12-1B illustrate a computer model of a distal femur

with posterior and anterior cut lines;



correspondi ng bone volune for a nodel having five, not flexed bone cuts to
the fenoral articular surface (FIG Ex 3-5A) and for a nodel having five,

fl exed bowe 20ut@sé2e the fenoral articular surface (FlI G PEX/UB2EBN46868

[ 00044] FI GS. Ex 3-6A - Ex 3-6D show exenplary virtual nodels of bone cuts

overlaid (in hatched lines) with the shape of a traditional inplant;

[ 00045]FIG Ex 4-1A - Ex 4-1F show various aspects of a knee inplant,

i ncluding a ral one d l.] a conponent, wth r.ial
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- EX 5-7B shawiREigAYsr ASRTHSarQht ﬁll&%tth@ﬁieﬁﬂﬁccftﬂryle%;' ding patient-specific
bone cuts in a femur-first techni que; [00047] FI GS. 6-1 - Ex 6-4 show
vari ous aspfisejof a KHES. &fkjli2elA Fdix 4B AIiNgstpat 4 @mpus@eneddl of hdival g i N a

tibia-fi Tt hni | ; 000481 FIGS,. Ex 7-1A - Ex 7-5 sh i t
of & 1ibial % Cl(gﬁ@gg%%g %‘Vl&ﬁ%ﬂw% h@ﬁ‘e@ﬁﬁ? é&r‘éﬁl ©H8YL9] E1CS Ex 8 1A - Ex
8- 3E sh j f.Atj bi . I i : GS.
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Ex 10-1A is a front schematic view of a knee inplant;
component;

[00058] FIGS. Ex 12-5A — Ex 12-5C illustrate models of a distal femur and jigs
for making curvilinear cuts;
[00059] FIGS. Ex 12-6A and Ex 12-6B illustrate models of a distal femur and an
implant having curvilinear cuts;
[00060] FIGS. Ex 13-1A and Ex 13-1B illustrate a design of a femoral implant
including a single, posterior cut on its inner, bone-facing surface;
[00061] FIGS. Ex 13-2A and Ex 13-2B illustrate a design of a femoral implant
including no cuts on its inner, bone-facing surface; and
[00062] FIG. Ex 13-2C illustrates a model of a femur and a femoral implant
designed to include no cuts on its inner, bone-facing surface.

DETAILED DESCRIPTION

[00063] When a surgeon uses a traditional off-the-shelf implant to replace a
patient’s joint, for example, a knee joint, hip joint, or shoulder joint, certain spatial
aspects of the implant typically do not match certain spatial aspects of the particular
patient’s biological structures at the joint. These mismatches cause various
complications during and after surgery. For example, surgeons may need to extend the
surgery time and apply best guesses and rules of thumb during surgery to address the
mismatches. Moreover, to improve the match between a traditional implant and a
patient’s biological structures, surgeons typically remove substantial portions of the
patient’s articular bones so that the patient’s articular surfaces fit the standard shape of
the bone-facing surface of the traditional implant.

[00064] For the individual patient, complications associated with mismatches can

include pain, discomfort, and an unnatural feeling of the joint, as well as an altered range



[ 00052] FIG Ex 10-1B is a cross-sectional schematic view in the coronal

pl ane of a fenoral conponent of the inplant of FIG Ex 10-1A; [00053] FI GS.
Ex 11-1 -wBxol2028424i | | ustrate vari ous aspects of a desi gaTfuseoi@/044shs al

i mpl ant conponent; [00054] FI GS. Ex 12-1A and 12-1B illustrate a conputer
nodel of a distal fenmur with posterior and anterior cut |lines; WO

2011/ 028624PCT/ US2010/ 046868 [ 00055] FI GS. Ex 12-2A - Ex 12-2C illustrate a
conputer nodel of a distal femur .wth esi gn f.or urvilinear cut line
o The: med: 8 megsigitahd ket ksiged obERIR rifika Syt P i
conput er m%staﬁfialgaogﬂi&kfﬂf bb B0 Atk wathdBDIBatfoflof @ thdltohhl freRdrycut |ine
to the |ateral condyle; [00057] FIGS. Ex 12-4A - Ex 13-4C illustrate a
conput er nodeplagitypicallyshimits therpatientite Anky cge silbpaqiiant revisiorcimpliitnes and with a

desi f di 1 nmpl ant t, [00088] FI GS. Ex 12-5A - Ex
15750 111 us IS roadhie Pofsost T Gean i Oé&ﬁﬁnﬁ-%n{fggﬁdﬁpgm 419 reﬁﬁ?ﬁ% Phear
cuts; [ 00058}l fiy, nfakink? aRfudhdlieXarhe: SBmblchibdlindlnts ARAEloSrQeuld ifpRin

femur and an
components having one or more patient-specific aspects adapted to a feature of the

patient’s biology, such as biological structure, alignment, kinematics, and/or soft tissue
impingements. The one or more patient-specific aspects can include, but are not limited
to, implant component surfaces, such as surface contours, angles or bone cuts, and
implant component dimensions, such as thickness, width, or length. The patient-specific
aspect(s) of the implant component can be designed from patient-specific data to match
an existing feature of the patient’s biology. Alternatively, the patient-specific aspect(s)
of the implant component can be patient-engineered from patient-specific data to

improve an existing feature of the patient’s biology.

[00066] The implants and methods of certain embodiments can be applied to any
joint including, without limitation, a spine, spinal articulations, an intervertebral disk, a
facet joint, a shoulder joint, an elbow, a wrist, a hand, a finger joint, a hip, a knee, an
ankle, a foot, or a toe joint. Furthermore, various embodiments can be adapted and
applied to implant instrumentation used during surgical or other procedures, and to

methods of using various patient-specific implants, instruments, and other devices.

[00067] In certain aspects, the implants and methods include a patient-specific
inner surface for attaching to a patient’s resectioned bone. In particular, patient-specific
data collected preoperatively is used to determine one or more patient-specific bone cuts
to a patient’s bone and to the inner, bone-facing surface of an implant component. The
bone cuts are optimized (i.e., patient-engineered) to maximize one or more parameters,
such as: (1) deformity correction and limb alignment (2) maximum preservation of bone,
cartilage, or ligaments, (3) preservation and/or optimization of other features of the
patient’s biology, such as trochlea and trochlear shape, (4) restoration and/or
optimization of joint kinematics, and/or (5) restoration or optimization of joint-line
location and/or joint gap width. Based on the optimized bone cuts, the implant’s inner,

bone-facing surface is designed to, at least in part, negatively-match the shape of the cut
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i npl ant having curvilinear cuts; [00060] FIGS. Ex 13-1A and Ex 13-1B
illustrate a design of a fenoral inplant including a single, posterior cut
on its imwerpiimase4f aci ng surface; [00061] FI GS. Ex 13- 2RCani$2Er/016362B
illustrate a design of a fenoral inplant including no cuts on its inner,
bone-facing surface; and [00062]FIG Ex 13-2C illustrates a nodel of a
femur and a fenoral inplant designed to include no cuts on its inner,

bone-f aci ng, surface.. DETAI LED DESCRI PTI. 00063] When, a ,surgeon uses a
traditional PYF -I_Pﬁg@%lﬂ%l t_ﬁe i‘fﬁgf“étrﬁ oty Péﬁ?%@@g a}uﬁ_ icanbe deyigietilo %*_i?ﬁst in
exanpl e, a knegub@hiifally RbPativelytatcRihSEpBLiEE SudfRick theGEht ddvkyspat i al
aspects of the inplant typically do not match certain spatial aspects of
t he parti culgeorgugiyenertain pinbbdigicotslars dirested oamphints and Masheds thatraddesss
m smat ches cause.yarigys conpl. cati.ons dur i nd aft.er surgerny..Eor
exanpl o sulgao oty HERa AR e B e P AP G B pEgen
guesses andaii h§sntGind tafpatibntio Bgics NibRfure(b ) add slieestid IR nErEHRC LIRS .
Moreover, to inprove the match between a traditional inplant and a
patient's bliputsgiksaquast Fydsensdellowiig gdmddiongbprampnyymplagbve subst anti al
portions of patient's articular bopes that the.patient's articul ar
o faces 11 (9DREP S, Lfhed ShiadEneRt ealbedly adfhy el futgs it
traditional désipisapplicd RA0KEIpTREary BEplaicticvicd Ustich Bk b 80bscq&TRLpHIESDRS
associated with m smatches can include pain, disconfort, and an unnatur al
feeling of tmplaptsiapbe peoredd witlsa sgroad (andeaptianalis aghirfbpasieaispeaiitg raer
i ncreased Iikelihooq ?f Lqplant f%ilgre. Mor eover., tﬂg 0SS Qf.substantial
) primary implant .dgyic orwtkrlla. rad} ional primary 11¥1plantt. ertaill ¢m ?dlrnents are
portions of boRe ‘agstei st edwi't inprantatron’ofa tradi'tional primary
i mpl ant t ypikeediddtol patithtsspedific papliagidtand dmplahtydcoip@s spilddy @ printa@y irfiplomt
i npl ant. [00065] The present invention relates to patient-specific inplants
and met hodsd¢waec, gedy tgﬁﬁ hiybsGaRtn P lagpracRiMplanE Frn Reappsformgdas @ HadHPMENt s

relate to afticg W . i ] i -specific
napoct s adant st ccortAE AR FIRARERE S AR oRGerrcdfc PR p ahd RRE T L
structure, dtsignrpplicd dsiavemaiondsplaandéace, sodht thiti saibsequonti magisioemiay. beThe one

or nore patient-specific aspects can. i.nclude, .but are not linmted.to,

i mpl ant conﬁ%ﬁ%@#ﬁ Wgﬁ rafSS‘LOé‘gz aéﬁeﬁsraeg{}wwi?&ﬁ%% B & MRSt PCHBRe cut s,
and i npl ant ;gagRonent di mensi ons, such as thickness, width, or length. The
pati ent-specific aspect(s) of the inplant conponent can be designed from
pati ent - spepi0db®| dat dntertdimbgiec@ntheXxiplahi’i@ni @athude cad inchele pat beflors

bi ol ogy. Alternatively, the patient-specific aspect(s) of the inplant
conmponent cBHIBESRRSH TP Ehid RIS W dngTE Sianeel jpensetss FOE Fraep gt @Y i nprove

an exi stinggf8ak WFen l%ﬁlecoﬂﬁbtohgtﬂtc'aﬁ iR Q@Y 9 ERPOBRAEEnd SPadf it 320

nmet hods of certain enbodi nents can be applied to any
patient-specific, and one or more dimensions or radii that are standard. For example, in
certain embodiments, a condyle portion of a femoral implant component and/or a
corresponding groove in the bearing surface of a tibial implant component can include a
patient-specific sagittal curvature or radii and a standard coronal curvature or radii. The
patient-specific curvature or radii can be designed from patient-specific data to adapt to
an existing feature of the patient’s biology or it can be patient-engineered from patient-

specific data to improve an existing feature of the patient’s biology. Standard curvature

or radii include curvatures or radii used in implants for all, or a collection of, patients.

1. Exemplary implant systems and patient-specific features



joint including, without limtation, a spine, spinal articulations, an
intervertebral disk, a facet joint, a shoulder joint, an elbow, a wist, a
hand, a fwogeri/j2ed2at, a hip, a knee, an ankle, a foot, @®CTAS2@E/OjESHNt .

Furt hernore, various enbodi nents can be adapted and applied to inplant

i nstrunmentation used during surgical or other procedures, and to nethods of
using various patient-specific inplants, instrunents, and other devices.

00067] | ' ts, the..i t d neth i ncl ud
batt ot - ope bR, 2o REFGH paBS R A e R G Rabr G A Fotarrsled
bone. | n pap¢bmuiRiudiRabherd: 1isReaitd, ncsiia EPldres hedioteRBRnAL kel Y i1s used

to determ ne one or nore patient-specific bone cuts to a patient's bone and
t o the i nneshouldsigoifbicipiants ulnfegtfeingimbedimenss, antimplbnpeniemiant syseerbeme cut s

are optimzed, (ji.e., paLient-engineered) to Xi.m ze qne or r

par anst er s. TS 1ok oRg B P R O RS GRS RS AT GO RPPGANE *% 2)

maxi mum pr eg&igtt a8l o0 mah@feturddab tindl@deonc®r nhdre pamst-Spectfd) fepfuesanatat i on
and/or optim zation of other features of the patient's biology, such as
trochl ea anthbstagtinileaatchioaper mong ofrthe paficat s biplegien! strugptcsriughes BNcof j oi nt

ki nemati cs, r tq ! I LWLt -] | ion
andior | o nfoase tcdith, bERLALE IR Rlon Sl el an hp P L diinl AERL! O

i nner, bonedésagicdgndor fratefatisiradies iigiedt dne,oratort eatsint-specifér features that
negativel y-mat ch .t he shﬁpe of the@gut, \(\O 2011/ 028624P§J/.U82010/ ?46868
bone. 1In adifbstagHally mate PHf QhiO° YateP *}%FWP?%F%Q}H,@} g ndapiagh
designed to | ; sihsh 1 I = t.he .apposi ng
surface at %%@?dgiﬁﬂ%cﬂae\%e?%&%%cor di %g%&ﬁ%gﬁg@%ﬁgﬁg%gﬁ %ﬁeﬁgna%egt?r ected
t o i npl ant ssEmdicnfeathoed $hat lvalbstantidd e swtaramg oo imaréiethpr wiplasompsooitat ed wit h
traditional | n‘gl ants, such as m smatches between an inplant and a patient's
bi ol ogi cal HOOGEL ur ey teran dmplans campenent sect Berppds chAsipngd; taipdude (1)
subsequent | Sl liow it i Yorl: --
[00068] Gor ¢ SR QBT s ASVERN, AR IARER o i TRcer P Astem. ox D o, g

i mpl ant dest@nple@ppiplaad oasndarp foe ipp lantesyygtemfdrambmg ey incenbaeiuabnts awhzh
subsequent, replacenent 'Irrpl.ant can b,? perforned with second (and,

opt i onal |y, BRI & SRelce Hpitary deyies. cThr P Wﬁ?@@ AHSICAREr R LESECMR h a
traditional i RIJERNY of BBthdTh neSRIVeahitcle TR ALLARA SratLidia BatAA shiace, and
patient-specific inplants and i nplant designs applied as a primary inplant
devi ce, suchpbsiare-maghbseaueentaca isplcatierreoundthplsarfocccan be perforned as a
traditional revision. Certain enbodi nents a%r,e directed to patient-specific
i npl ants anf?O0%Bl ant Tdess GREPishFMBadigent of dppnsprimpleahtoRAPFRE ¥ S uch

t hat a subs . .Sl ; Si i i -specific
i npl ant hav?ﬂlgﬁ%{r%%ﬂ@%b%%t@%iiﬁggs?géecllwf"?gmagsl%ggt% Eﬁ&%%}%gﬁ%&gir tain
aspects, t hepresphtant sxamolarygoino tise. cBHG.I X bhudes anrexeoplany ireplpait doemtonsgeci f i ¢
aspects and e _or nore standard, aspects.. For.exanpl.e, curved sur.face of
an i mplant A0 BRcsAmRonRR HI0 GRS AE oo Rane- o Re NG4SR 03 Ang ARPHCE AR ar o
pat i ent - spegicirioGour@8d] CNErY inAR B nelmNsiefRee 902 Eddbés 4 hAt adicflasbandar d.
For exanple, in certain enbodiments, a condyle portron of a fenoral inplant
conponent aht) ofa frst biofageqad stdiatgre dd deve fifsh interéacodddi dle suichilac surdfeed10i bi al
i npl ant conponent can include a patient:specifi.c saqgitt cHrvature or
o and. algt Sl B b S S SR o b Bk fe Rk e R 0
curvat ure ogechadlhiticGRAsiI1ce @20 GNE dedon @ Biokstit# Riru & RRCI2RIAE a flhw@inicBfaaclipf. to
an existing feature of the patient's biology or it can be

pat i ent - englmesstaggernbashmprts. ator siae if@fafl’éeﬁj@%/the treplppfoBPeng, ©x% cxamme an
feature of {he patienty ' Y, yr dids | e
curvat ures I(§/fr]E? g‘g%’i&gsle(gn?{ﬁa!l)% fﬁ%ﬁ }seat;}g?é gﬂ@r?ﬂér?et %c%gl% g%:(fael %dnz ’ %@bﬁgti ents.
1. Exenpl ar yfeatypt ahthe Syt goit-fvthgoair faen 1 04 pecpdticat-idptadr(es., ind¥de one or

2011/ 028624PCT/ US2010/ 046868 [ 00070] Vari ous _.enbodi nents of inplants and

i npl ant sy sMeRsPHICBL-HRSATIEAIAQE @At FEcBERCCPh &atPHg, but not limited to,
knee-joi nt | nts, Qi p-j.pint il ant and owhder-joint .iopplants. In
corta n enblBRENL < srhGimbaBmeRond s IOk ARl b T o
three, fourc@npsiehe 1007PEDIEEash infilarit FPhpohcrt Q0RABONInciABs heindesbgaed and/ or
manuf actured to include one or nore patient-specific features that
substantially nmatch one or nore of th?opati ent's biol ogical structures,
such as bone, cartilage, tendon, or nuScle. In addition or alternatively,
an i nplant conponent can be designed and/ or manufactured to include one or
nore patient-specific features that substantially match one or nore ot her
i npl ant conponents. In addition, an inplant conmponent can be designed

and/ or manufactured to include one or nore non-patientspecific features

t hat substantially match one or nore other inplant conponents.



[ 00071] The term "i npl ant conponent” as used herein is envisioned to include
(i) one of two or nore devices that work together in an inplant or inplant
system owoO(bifyo28e2¢onpl ete i nplant or inplant or inplanPCISLEnio4dsos
exanple, in enbodinments in which an inplant is a single, unitary device.
The term "match" as used herein is envisioned to include one or both of a
negative-natch as a convex surface fits a concave surface, and a

positive-nma c as. on |s identical. to another surface.. .

P00 72] Ty b e ey s e g ahut o ircing SrBROME dH TESEstioners ar e
schenati cal baneta@ﬁlg%em&dwz e@agﬁ a fidt artibar ;Etiacelameﬂa kit 8iASIiQgs the
flgures represents an exenp [ a joint line. A shows an exenpl ary

i mpl ant conploursyre llzaotamrsenttofﬁmdéﬁt TheOrst noicu@esuréa@erlrlﬂean bpanetiveaci ng
surface 102 _and an _qu nner

sur face 10-°BRGs g A Frmed LN eeBRLMhH R SR g Yup Gk PO YepPa B 851 "
structure l3gfRt 120 bf i sécon@bRId@AeH sthldurcTig a8k béoull teFatel1aae THDsccaml be a
native surface or a _cut surface. The outer, joint-facing surface 104
opposes a sadisnlgr srface d2&eanshn # Ry sadagstor @b swiechilp pdliomian SpichdPili-e 122
at a joint rs ures of
the i mpl ant "oBsaacs 1on 6 K68 cb BB eI OPRESe o0 M PR RER )

feature of turécenf4ron ﬂhenecohacomgom ﬂa@’eltﬂ&apmndéx@rceazﬂem wraairof t he
outer, joint g i ng surface 104, are ati ent - adapt ed %E i ncl ude one or
nor e patrenFHlﬁéEFPchEHHFHFe etisnpt AYPAEBL QEogskty §¥mﬁP@O@W§]

i mpl ant enbggjnaeie, %amadlrg i fices ol 163 URA%LAO of BR AR ihc RIROBER! Beir

100' . Each I npl ant conponen i ncl udes an 1 nner, one- Ci
surface 102$Hﬁ@2slwhdﬂahamumecm:ybpmd(fecmn@dsunéQnmmnrqmnmﬁembmﬁaheo%rrst

i nner, bone- fac surface 10 engages a first articular surface 110 of a
first biol oB‘fi‘@éﬁ gﬁl?ﬁc?‘ﬁ&gtui% at a first interface 114. The first

articular surface 110 can be a native surface or_a cut surface. The second
bone-f aci ng[‘lﬂﬂﬂﬂace e imp lagherabodimseicigprgsented wilér 16unelades thONofmlala@tecond
bi ol ogi cal AT %{selﬂﬁzf()(ﬁtthgtsegl%ﬁ]od cal%t?uc]:ct e?lil%uhz tﬂh?wos ce?iﬂ cul ar
surface 120 ca I've 'SUrf ace oF a cut surfacs. 1°6n,

outer, joinitfagid@e ?‘dﬁlﬁtflﬁféefa&@m@ As Wi af tﬁeﬁonemaﬁ@rshrﬂé& d@mib‘e‘@sbrahe
second outer_joint- acrgg surface 104' on the second conponent 100' at the

j oi nt i nt er pAbedimeat repieseried B IH G ibo diltesites Flbnd Coplsarpeladeeytugres 189, ¢ he
| ant
| mpl an Coggm{%%p bggg }rﬁ?ﬁﬂpéo%rop ﬁgﬂtﬁ #T?aﬁh RrBb it d}'ae&?ro 89&1&%&@%063

surfaces 1 one the outer, jJoin acli ng sur
104, 104', areipanhbedimeadapicedrd{riglye the presinace fonmcﬂ)stnrmrrel mtsmeﬁace mpbkei fic

and/ or patrent engi neer ed, f eat ur 000 ng enbo I en
repr esent ed/9H Cﬁ?%s alséc?lrijdpﬂ’ﬂé‘ger%‘% ltzg\o % ﬂ%e[y EM 1onlt8®®mt t he

two biol ogi Gal Rt nygt Wit%ﬁla‘rlmlay ot ZPaddithf (bR pdticRl mgﬁ'e%r fé&f}pes 3d&ripe@nd the
joint interface 124, as well as the correspondi ng surfaces described fo

t he enbodi nebrtverfelpcroemmtmd ID& afd @0’ 1B¢ chiomenants I(IGI ®&0’10@n ancdwdei arel o dese
structure 150, which can be i mpl ant npagnen ce npodl nts or
2 biof 0t cal PSS PRI 2o B A PERE 4o LS T 12he B 8Tdice o
f athird Sbﬂﬂéﬁalﬁ{eﬁkmﬂ@@ %Lﬁeﬁgﬂfﬁ ewidEh Tdt%%thj &ndurs 8d baRr Bink@GRAS) thet né

interface 124', and possi , in addition to joint interface
124. Alter nartierlea«}apoﬁrd iuhwaoloror iubmart oMprrengaﬁﬁr@wmaléapwm if sanimedndescri bed
above for coMRRIRRL S AL 9% md U3 EATRGNRNE £ad8: S kRQ 062G, R ude one
or nore fea g5 surt ace ures a dﬁi%ronap oIt

i nt erface(s))atﬂcﬁﬂ-adalkﬁéﬁ surﬁSesV@WdHﬁSnsﬁﬁﬂ’ser di mensions (e.g., hel ght, width,
dept h, contours and other dinensions) that are patient-adapted, in whole
O Paha L LOYRTEOver ASEHERLE SodROna gl birhe, sl b AT E pRARENt . Al SO
can have on nore patient- a eatures, suc S one or nore
patient-adapMeﬁn&umkaneswamdmdbomn&mogSuﬁ@ﬁﬁﬂﬁ5hksunmnhwomadaqhﬁuahr
traditional off-the-shelf | ant s, and i Ian onents can have inner,
bone faci ngP&ift SBEC e bR &%%ﬁ%ﬁf& C g laowlgfqdearsarn NG PR s

bi ol ogi cal &fifUGEHE ShiFdces VAL BONEF madch ﬂaﬁ%ﬁla}?% sRERBHCISICR b iR Vg coUt er,
joint-facing surfaces that poorl’y match a particular patient's healthy or
ideal joint. The patient-specific inplants and nmethods of sone enbodi nents
that i nprove upon these deficiencies a!e described in nore detail in the
next two subsections, with respect to the bone-facing surface and the
joint-facing surface of an inplant conponent; however, the principles

descri bed herein are applicable to any surface of an inplant or inplant
conponent. 1.1Bone-facing surface of an inplant conponent



[00076] In certain enbodi ments, the bone-facing surface of an inplant
conponent can be designed to substantially negativel y-match one nore bone
surfaces.wbap1ierserpl e, in certain enbodi nents at | east &Cparstéion4eshtst he
bone-facing surface of a patient-specific inplant conponent can be designed
to substantially negatively-match the shape of subchondral bone, corti cal
bone, endosteal bone, or bone marrow. A portion of the inplant also can be

desi gned for urfacin for ex | e ne ive tchin ortions of a
bonet aci ngP Ul S 61 TR fHh oL Ao RS Qb ERbRG: SIOBRE. or
cartil age. B&Q@Jnﬂés%r&&‘és&ﬁbé&l B mRREUBRN S thelldQt RRINRLERELAY Witk b dfest Bfth@
patient-specific inplant conﬁprent i ncl udes bone cuts. For exanple, the

bone- f aci ngb@wff‘aame saffaqetradithpiodmtfacing suréicd of piy ﬁeplantcﬁoembgclanhquey the
negativel y- nat ¢ one es de erd fr.o one or re cuts to
The bone. | TGRSR edhoRE G AEE TR B R S FRLRE B HpiiR b o

bone cuts, tenp&xanple, two, three, four, less than f|ve, five, nore than
five, six, seven, eight, nine or nore bone cuts. FIG 2A depicts a design
of a ﬂehnrdhnmﬂbmagmudbquhmnhnnmﬁthanpmgmsix bone cuts. FIG 2B depicts a
design of a fenoral inplant conponent 100 havi ng seven bone cuts. [00078]1n
t he figuresﬂnmme]sixImbmaﬁnemmo@ﬂmﬁmtﬂmémbeﬁ&nquﬂﬁﬁweefhdﬁmﬂhﬁkedmbmnmrroms

on the inner, bone-facing surf ce 102 f |nplan conpggent 100. As
shown by t hedn bRyfesigncdiesiugpiant 1Yt1}?§atFY QélgchPTS opfEirEste iits on the

bone- f aci ng. s IAGE c&G&In Qﬁbé&h%h%natt Ikt &/p d%‘ué’i'i‘@f the'EJQH\@Ya%E ing duPraGE £ Al N

enbodi nents, one or nobre bone cuts can be curvilinear. certaln
enbodi nent s pattdl&s;mctﬁcr ieapiborh eofpeiang camba‘ @s@ncdm) h]é)stsuth!myawghtzk‘l’dlymatch

ili Fl G C ict d t t 100
P ng © e cietine BT pohd o g daliF TR Phat, TR BAR EaT R Mg
2011/ 028624 K610 92 QB HRSHI80 EAPEY ¥sldhes &drtrddurfa8 MO RRAMhSle by ti‘l%gatlvely-

t hi cknesses, surfaces and/or bone cuts on correspondlng sections of

i mpl ant corrp@ﬁélmg neaionse f@ionefaomg susfaee pf the amplant emepasentriortiee @foclacnéiral

t hi cknesses ectlﬁq volunes bone cut angles, bone cut surface areas, bone
borie ot Sardla

cut curvatures, % of bone cuts, peg placenents, peg angles, and other

features ma (M@?V beﬁﬂ%&@nﬁ@Hm@&mﬁﬁﬁeﬂEQbh@ Qﬁﬁﬁhﬁﬂcégpébﬁﬂﬁpg&mﬁﬁ i mpl ant
conponent. For exanple, the correspondi ng ned and | ateral sections

i dentified asplntaodprnemfindlistesbenoes. Fmﬂxanmledém@mmfapnfg @rfg@oathe shown
to include different thi.ck tion.vol unes, bone cut, an s, and
bonecut - Suibeli G N AR SRR a Ry af M Rh SRR AP PR b oy o
surface of HaecdTRINABhe SOMBRNGR toGRNbdRC T %oﬁé’l@acﬂfg JiPfge POLE ipand@si gned
to engage resurfaced bone, for exanple, by having a surface that

negat i vel y- iatugh@sy oneber of Hoap ewiar far cxsmmnic.dwoctires foagdessahan b five, meice
portions degi, ﬁ’%‘%@ &2 s%@%agf‘%?%ne d);%ﬁ'ﬁmgfb%e EXETPIE: 204 1AY L Gsi8n §H4 f ace that

negativel y-ma hes™4 %61
femoral implant component 100 having six bone cuts. FIG. 2B depicts a design of a

femoral implant component 100 having seven bone cuts.

[00078] In the figures, the six or seven respective bone cuts are identified by
arrows on the inner, bone-facing surface 102 of the implant component 100. As shown
by the implant designs in the figures, each of the bone cuts on the bone-facing surface
can be substantially planar. However, in certain embodiments, one or more bone cuts
can be curvilinear. In certain embodiments, the entire bone-facing surface can be
substantially curvilinear. FIG. 2C depicts a design of a femoral implant component 100

having three bone cuts, one of which is a curvilinear bone cut.
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1. 2Joint-facing surface of an inplant conponent [00081] The outer
joint-facing surface of a patient-specific inplant conponent can be

desi gned wo 2nateB6s2the shape of the patient's articul ar eartish@g®46ssor
exanple, it can substantially positively-mtch the shape of nornmal or

heal thy cartilage on the articulation that the conponent replaces; or it
can substantially-negatively match the shape of cartilage on the opposing

articular syrface in the j.oint. Corrections can be.perfarnmed to the shape
of di seased 7P | agdh FdEeREPARTn S RIS o HES st hane 4 11 age
shape that gafeshbRIInd&ctibrOs A ARG bothforchBchRRBHBent. 'hecichlly, las bRY
surface of the conponent. These corrections can be inplenented and,

opt i onal | y, moeseldtic inckncpsesaectionovadimesn $pamet apglds, hneeutdurfegrsiroasabonendel s.

The correctigns _and testin n_include kinematic analysis, .as.described
bel ow [ 00089 FHeREFy SRiERSE PR Rlis PoE Rl T Ry s dals 2 PUEE [t he
pati ent-SDeﬁiaEiv@r i bRl @it twoUTRASIE Bbrr€PpOndifg 8 SiogNEeLarl et icbmyehant MBsICh t he
shape of subchondral bone. It can include the shape of nornal and/or
di seased subeEgHerthe coyEponding medial Yislater S%:élow(gmlﬁ%ba@é aph & 9htse of
subchondr al - - | dreh | ar - - Leul ar. shape
t hat can beﬁ?ﬁﬁﬁf%%#%?gﬁﬁéﬁﬁghﬁhéggﬁg%gﬁg¥8ﬁﬁ§5%%%@§%%ﬁ?n§&%%%%ﬁ%?g@ing
surface. A sélandarbdnt butcdogessanddionbeutasidfece droad he j oi nt-faci ng surface.
Alternatively, a variable thickness of the can be applied to the conponent.
The vari abl 0Bk kneds cerigin pmbodigicatst g boac-fasingewirfage phihe émplast eoanneakntor
heal thy cart] g6t BLEKNGSR o QI CHATRLLY A5, IEASHESE: b B Lndiyd dual
patient or Selected 75 O & S dlandard Feterenc e dat anase. ItO §§TIPP1 teftain
enbodi ment shavifi€a p@ifdttthaeggiveyrmaekesafncih@bpidnden bospectdriilagd, apd ané or
conponent can be designed to positively-nmatch a standard shape. For
exanpl e, t hB0L RRiHaRGIcsigapd toegaguc bang.i foerampds. by hﬁﬁméﬁéuﬁgc e
di rections &5ah@d§§ﬂm %%x%?&hﬁﬁ&&hQQQkh in one or nore directions. The

e [

i mpl ant conp nt “can have a constant thickness in select areas or it can
have g.yar ijpllicfatiikGliP@ESof 4h ARPIAAE ciihpétfent The standard shape of the
joint-facing surface of the conponent can include, at least in part, the
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articular shape that can then be incorporated into the shape of the joint-facing surface of
the component. A standard thickness can be added to the joint facing surface of the
component or, alternatively, a variable thickness can be applied to the implant
component. The variable thickness can be selected to reflect cartilage thickness, in at
least a portion of the component, for example, as measured in the individual patient or
selected from a standard reference database.

[00084] Certain embodiments, such as those represented schematically in FIG. 1B
and FIG. 1C, include, in addition to a first implant component, a second implant
component having an opposing joint-facing surface. In such embodiments, the joint-
facing surface on the second component can be designed, at least for a portion of its
surface, to negatively-match the joint-facing surface of the first component. Designing
the joint-facing surface of the second component as a negative-match of the joint-facing
surface of the first component can help reduce implant wear. Thus, in some
embodiments, the joint-facing surfaces are not anatomic or near-anatomic in shape, but
instead negatively-match or nearly negatively-match the joint facing surface of an
opposing component at the joint.

[00085] Thus, when the joint-facing surface of the first component is designed to
positively-match at least a portion of the shape of the patient’s cartilage, the opposing
joint-facing surface of the second component is, at least in part, a negative-match to the
cartilage shape. When the joint-facing surface of the first component is designed to

positively-match at least a portion of the shape of a patient’s subchondral bone, the
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opposing joint-facing surface of the second component is, at least in part, a negative-
match to the subchondral bone shape. When the joint-facing surface of the first
component is designed to positively-match at least a portion of the shape of a patient’s
cortical bone, the joint-facing surface of the second component is, at least in part, a
negative-match to the cortical bone shape. When the joint-facing surface of the first
component is designed to positively-match at least a portion of the shape of the
endosteal bone, the opposing joint-facing surface of the second component is, at least in
part, a negative-match to the endosteal bone shape. When the joint-facing surface of the
first component is designed to positively-match at least a portion of the shape of bone
marrow, the opposing joint-facing surface of the second component is, at least in part, a

negative-match to the bone marrow shape.

[00086] The opposing joint-facing surface of the second component can be
substantially negatively-matching to the joint-facing surface of the first component in
one plane or dimension, in two planes or dimensions, in three planes or dimensions, or
in several planes or dimensions. For example, the opposing joint-facing surface of the
second component can be substantially negatively-matching to the joint-facing surface
of the first component in the coronal plane only, in the sagittal plane only, or in both the

coronal and sagittal planes.

[00087] In creating the negatively-matching contour on the opposing joint-facing
surface of the second component, geometric considerations can improve wear between
the first and second components. For example, the radii on the opposing joint-facing
surface on the second component can be selected to be slightly larger in one or more
dimensions than the radii on the joint-facing surface of the first component.

[00088] The opposing bone-facing surface of the second component itself can be
designed to negatively-match, at least in part, the shape of articular cartilage,
subchondral bone, cortical bone, endosteal bone or bone marrow. It can have any of the
features described above for the bone-facing surface of the first component, such as
having one or more patient-specific bone cuts.

[00089] Many combinations of bone and joint-facing surfaces of the components
on first and second articular surfaces are possible. Table 1 provides illustrative

combinations that may be employed.
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one bone cut Yes At
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| east one bone cut Cartilage Yes Negative-match of 1st conponent
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TABLE 1: Illustrative Combinations of Implant Components
lst lst lst 2[1(1 2[1(1 2[1(1
component component |component |component joint component component
bone-facing |joint-facing |bone cut(s) | facing surface bone facing |bone cuts
surface surface surface
Example: Example: Example: |Example: Tibia Example: Example:
Femur Femur Femur Tibia Tibia
At least one |Cartilage Yes Negative-match of 1 At least one Yes
bone cut component joint-facing  [bone cut

(opposing cartilage)
Atleast one |Cartilage Yes Negative-match of 1% Subchondral | Optional
bone cut component joint-facing  [bone

(opposing cartilage)
At least one |Cartilage Yes Negative-match of 1 Cartilage Optional
bone cut component joint-facing | (same side,

(opposing cartilage) ¢.g. tibia)
Atleastone [Subchondral |Yes Negative-match of 1% At least one Yes
bone cut bone component joint-facing  [bone cut

(opposing subchondral

bone)
At least one |Subchondral |Yes Negative-match of 1 Subchondral | Optional
bone cut bone component joint-facing | bone

(opposing subchondral

bone)
At least one |Subchondral |Yes Negative-match of 1 Cartilage Optional
bone cut bone component joint-facing | (same side,

(opposing subchondral ¢.g. tibia)

bone)
Subchondral |Cartilage Optional Negative-match of 1% At least one Yes
bone component joint-facing  [bone cut

(opposing cartilage)
Subchondral |Cartilage Optional Negative-match of 1% Subchondral | Optional
bone component joint-facing  [bone

(opposing cartilage)
Subchondral |Cartilage Optional Negative-match of 1 Cartilage Optional
bone component joint-facing | (same side,

(opposing cartilage) ¢.g. tibia)
Subchondral |Subchondral |Optional Negative-match of 1 At least one Yes
bone bone component joint-facing  [bone cut

(opposing subchondral
bone)
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Subchondr al
subchondr al

subchondr al
Subchondr al

bone) At

bone Yes Negative-nmatch of
| east one bone cut Yes At
SubchondralD 2besédes Negati ve- mat ch of 1st conponent
bone) Subchondr al
bone Yes Negative-match of 1st conponent

bone Optional At

| st conponent
| east

| east

joint-facing (opposing
one bone cut
| oiPaTAfSaeioNges6®OpPposi ng
one bone cut
joint-facing (opposing

subchondral bone) Cartilage (sane side, e.g. tibia)

lst lst lst 2[1(1 2[1(1 2[1(1
component component |component |component joint component component
bone-facing |joint-facing |bone cut(s) | facing surface bone facing |bone cuts
surface surface surface
Subchondral |Subchondral |Optional Negative-match of 1% Subchondral | Optional
bone bone component joint-facing | bone

(opposing subchondral

bone)
Subchondral |Subchondral |Optional Negative-match of 1 Cartilage Optional
bone bone component joint-facing | (same side,

(opposing subchondral ¢.g. tibia)

bone)
Subchondral |Standard / Optional Negative-match of 1 At least one Yes
bone Model component joint-facing | bone cut

standard
Subchondral |Standard / Optional Negative-match of 1% Subchondral | Optional
bone Model component joint-facing | bone

standard
Subchondral |Standard / Optional Negative-match of 1 Cartilage Optional
bone Model component joint-facing | (same side,

standard e.g. tibia)
Subchondral |Subchondral |Optional Non-matching standard [ At least one Yes
bone bone surface bone cut
Subchondral |Cartilage Optional Non-matching standard [ At least one Yes
bone surface bone cut
1.3 Multi-component implants and implant systems

[00090]

patient-specific implant components and any number of non-patient-specific implant

The disclosed implants and implant systems can include any number of

components. An exemplary implant or implant system is depicted in FIGS. 3A - 3C.
Specifically, FIG. 3A shows a photograph of a patient-specific total knee replacement
implant system that includes a patient-specific bicompartmental implant component 300
and patient-specific unicompartmental implant component 310. Both components are
patient specific on both their bone-facing surfaces and on their joint-facing surfaces.
FIGS. 3B and 3C are x-ray images showing the implant of FIG. 3A in the coronal plane
(FIG. 3B) and the sagittal plane (FIG. 3C).
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[00091] In certain embodiments, the implants and implant systems can include a
combination of implant components, such as a traditional unicompartmental device with
a patient-specific bicompartmental device or a combination of a patient-specific
unicompartmental device with standard bicompartmental device. Such implant
combinations allow for a flexible design of an implant or implant system that includes
both standard and patient-specific features and components. This flexibility and level of
patient-specificity allows for various optimizations, such as retention of all ligaments

and/or restoration of normal or near-normal patient kinematics.

[00092] In certain embodiments, an implant component is designed and installed
as one or more pieces. For example, FIGS. 4A-4E show an exemplary design of a

femoral implant component that can be installed in two pieces.

[00093] Embodiments described herein can be applied to partial or total joint
replacement systems. Bone cuts or changes to an articular surface described herein can
be applied to a portion of an articular surface, to an entire articular surface, or to
multiple articular surfaces. Thus, for example, certain embodiments include partial knee
replacement, such as patellofemoral knee replacements, unicompartmental knee
replacements, bicompartmental knee replacements and total knee replacements.
Moreover, embodiments described herein can be applied to hemiarthroplasty systems,
for example, femoral hemiarthroplasty in a hip joint, cup arthroplasty in hip joint, or
tibial hemiarthroplasty.

2. Collecting and using patient data to design and make a patient-specific implant
[00094] As mentioned above, in some embodiments the implants are designed and
made using patient-specific data that is collected preoperatively. The patient-specific
data can include points, surfaces, and/or landmarks, collectively referred to herein as
“reference points.” In certain embodiments, the reference points are selected and used to
derive a varied or altered surface, such as, without limitation, an ideal surface or
structure. For example, the reference points can be used to create patient-specific
implants having at least one patient-specific surface, dimension, or aspect.

Alternatively, or in addition, the reference points can be used to create at least one

patient-optimized surface, dimension, or aspect of an implant.
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[00095] Sets of reference points can be grouped to form reference structures used
to create a model of a joint and/or an implant design. Designed implant surfaces can be
derived from single reference points, triangles, polygons, or more complex surfaces or
models of joint material, such as, for example, articular cartilage, subchondral bone,
cortical bone, endosteal bone or bone marrow. Various reference points and reference
structures can be selected and manipulated to derive a varied or altered surface, such as,

without limitation, an ideal surface or structure.

[00096] The reference points can be located on or in the joint that will receive the
patient-specific implant. For example, the reference points can include weight-bearing
surfaces or locations in or on the joint, a cortex in the joint, or an endosteal surface of
the joint. The reference points also can include surfaces or locations outside of but
related to the joint. Specifically, reference points can include surfaces or locations
functionally related to the joint. For example, in embodiments directed to the knee joint,
reference points can include one or more locations ranging from the hip down to the
ankle or foot. The reference points also can include surfaces or locations homologous to
the joint receiving the implant. For example, in embodiments directed to a knee, a hip,
or a shoulder joint, reference points can include one or more surfaces or locations from
the corresponding knee, hip, or shoulder joint.

2.1 Variations to biological surfaces at the joint
[00097] In certain embodiments, the reference points can be processed using
mathematical functions to derive virtual, corrected surfaces, which may represent an
ideal or desired surface from which a patient-specific implant can be designed. For
example, one or more surfaces or dimensions of a biological structure can be modeled,
altered, added to, changed, deformed, eliminated, corrected and/or otherwise
manipulated (collectively referred to herein as “variation” of an existing surface or
structure within the joint).
[00098] Variation of the joint or portions of the joint can include, without
limitation, variation of one or more of external surfaces, internal surfaces, joint facing
surfaces, uncut surfaces, cut surfaces, altered surfaces, and/or partial surfaces as well as
osteophytes, subchondral cysts, geodes or areas of eburnation, joint flattening, contour

irregularity, and loss of normal shape. The surface or structure can be or reflect any
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surface or structure in the joint, including, without limitation, bone surfaces, ridges,
plateaus, cartilage surfaces, ligament surfaces, or other surfaces or structures. The
surface or structure derived can be an approximation of a healthy joint surface or
structure or can be another variation. The surface or structure can be made to include
pathological alterations of the joint. The surface or structure also can be made whereby
the pathological joint changes are virtually removed in whole or in part.
[00099] Once one or more reference points, structures, surfaces, models, or
combinations thereof have been selected or derived, the resultant shape can be varied,
deformed or corrected. In some embodiments, the variation can be designed to derive an
ideal implant shape. In one application of this embodiment, the preferred implant shape
is similar to the joint of the patient before he or she developed the arthritis.
[000100] The variation can include additional alterations to the joint, such as the
virtual removal of osteophytes or the virtual building of structural support deemed
beneficial to a final outcome for a patient.

2.1.1 Variations to address osteophytes
[000101] In the case of removing the osteophytes, the bone-facing surface of the
implant then is derived after the osteophyte has been virtually removed. Alternatively,
the osteophyte can be integrated in the shape of the bone facing surface of the implant.
For example, FIGS. SA-5D are drawings of an end of a femur 10 having an osteophyte
20. During development of an implant, the image can be transformed such that the
osteophyte 20 is virtually removed as shown in FIG. 5B at removed osteophyte 30 to
produce, as shown in FIG. 5C, an implant 40 based on a smooth surface at the end of
femur 10. Alternatively, as shown in FIG. 5D, an implant 50 can be developed to
conform to the shape of osteophyte 20. In the case of building additional or improved
structure, the bone-facing surface of the implant then is derived after the additional
structure is modeled.

2.1.2  Variations to address subchondral voids
[000102] A subchondral void can be integrated in the shape of the bone-facing
surface of the implant. For example, FIGS. 6A-6D are drawings of an end of a femur
60 having a subchondral void 70. During development of an implant, the image can be

transformed such that the void 70 is virtually removed as shown in FIG. 6B at removed
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void 80 to produce, as shown in FIG. 6C, an implant 90 based on a smooth surface at
the end of femur 60. Alternatively, implant 100 can be developed to conform to the
shape of void 70, as shown in FIG. 6D. Note that, while virtually conforming to void
70, implant 100 may not practically be able to be inserted into the void. Therefore, in an
alternate embodiment, the implant may only partially protrude into a void in the bone.
2.1.3 Variations to address other patient-specific defects or phenomena
[000103] In another embodiment, a correction can include the virtual removal of
subchondral cysts. The bone-facing surface of the implant is then derived after the
subchondral cyst has been virtually removed.
[000104] In another embodiment, a correction can include the virtual removal of
articular defects. The bone facing surface of the implant is then derived after the
articular defect has been virtually removed. In this embodiment, the defect may then be
filled intraoperatively with bone cement, bone graft or other bone fillers. Alternatively,
the articular defect can be integrated in the shape of the bone facing surface of the
implant.
[000105] The variation can include the virtual removal of flattening of a rounded
articular surface. The joint facing and/or the bone facing surface of the implant then can
be derived after the flattening has been virtually corrected. This correction can, for
example, be designed to re-establish a near normal shape. Alternatively, the correction
can be designed to establish a standardized shape or surface. Alternatively, the
flattening can be integrated in the shape of the bone facing surface of the implant. In
this case, the joint-facing surface of the articular implant can be designed to re-establish
a near normal anatomic shape reflecting, for example, at least in part the shape of normal
cartilage or subchondral bone. Alternatively, it can be designed to establish a

standardized shape.

2.2 Determining articular dimensions

[000106] In certain embodiments, an imaging test, for example, x-ray imaging,
digital tomosynthesis, cone beam CT, non-spiral or spiral CT, non-isotropic or isotropic
MRI, SPECT, PET, ultrasound, laser imaging, photo-acoustic imaging, is used to

determine articular dimensions and/or shape in two or three dimensions. Determining

21



Subchondral bone Standard / Mddel Optional Negative-match of 1st conponent
joint-facing standard At | east one bone cut Yes Subchondral bone Standard /
Model Optworrali/dlegrat i ve- mat ch of 1st component j oi nt - f aeCmgSst1a0ds68l
Subchondral bone Optional Subchondral bone Standard / Model Opti onal

Negati ve-match of | st conponent joint-facing standard

articular dimensions and/or shape can include determining articular dimensions and/or
shape for one or more of normal cartilage, diseased cartilage, a cartilage defect, an arca
of denuded cartilage, subchondral bone, cortical bone, endosteal bone, bone marrow, a
ligament, a ligament attachment or origin, menisci, labrum, a joint capsule, or articular
structures. Determining dimensions can include determining shape, curvature, size,
arca, thickness, and/or volume.

2.2.1 Blanks, sizing, and library options
[000107] Using these articular dimensions and, optionally, other data, a patient-
specific implant component can be designed and manufactured to have matching,
patient-specific articular dimensions. Alternatively, these patient-specific articular
dimensions can be used to select an implant from a selection, for example, small,
medium, or large, of blank implants, or from a library of implants. The selected blank
implant or the selected library implant then can be tailored to include patient-specific

features.

2.3 Determining limb alignment

[000108] Proper joint and limb function depend on correct limb alignment. For
example, in repairing a knee joint with one or more knee implant components, optimal
functioning of the new knee depends on the correct alignment of the anatomical and/or
mechanical axes of the lower extremity. Accordingly, an important consideration in
designing and/or replacing a natural joint with one or more implant components is
proper limb alignment or, when the malfunctioning joint contributes to a misalignment,
proper realignment of the limb.

[000109] Some embodiments include collecting and using data from imaging tests
to virtually determine in one or more planes one or more of an anatomic axis and a
mechanical axis and the related misalignment of a patient’s limb. The misalignment of a
limb joint relative to the axis can identify the degree of deformity, for example, varus or
valgus deformity in the coronal plane or genu antecurvatum or recurvatum deformity in

the sagittal plane. Then, one or more of the patient-specific implant components and/or
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the implant procedure steps, such as bone resection, can be designed to help correct the
misalignment.

[000110] The imaging tests that can be used to virtually determine a patient’s axis
and misalignment can include one or more of such as x-ray imaging, digital
tomosynthesis, cone beam CT, non-spiral or spiral CT, non-isotropic or isotropic MRI,
SPECT, PET, ultrasound, laser imaging, and photoacoustic imaging, including studies
utilizing contrast agents. Data from these tests can be used to determine anatomic
reference points or limb alignment, including alignment angles within the same and
between different joints or to simulate normal limb alignment. Any anatomic features
related to the misalignment can be selected and imaged. For example, in certain
embodiments, such as for a knee or hip implant, the imaging test can include data from
at least one of, or several of, a hip joint, knee joint and ankle joint. The imaging test can
be obtained in lying, prone, supine or standing position. The imaging test can include
only the target joint, or both the target joint and also selected data through one or more
adjoining joints.

[000111] Using the image data, one or more mechanical or anatomical axes, angles,
planes or combinations thereof can be determined. In certain embodiments, such axes,
angles, and/or planes can include, or be derived from, one or more of a Whiteside’s line,
Blumensaat’s line, transepicondylar line, femoral shaft axis, femoral neck axis,
acetabular angle, lines tangent to the superior and inferior acetabular margin, lines
tangent to the anterior or posterior acetabular margin, femoral shaft axis, tibial shaft
axis, transmalleolar axis, posterior condylar line, tangent(s) to the trochlea of the knee
joint, tangents to the medial or lateral patellar facet, lines tangent or perpendicular to the
medial and lateral posterior condyles, lines tangent or perpendicular to a central weight-
bearing zone of the medial and lateral femoral condyles, lines transecting the medial and
lateral posterior condyles, for example through their respective centerpoints, lines
tangent or perpendicular to the tibial tuberosity, lines vertical or at an angle to any of the
aforementioned lines, and/or lines tangent to or intersecting the cortical bone of any
bone adjacent to or enclosed in a joint. Moreover, estimating a mechanical axis, an

angle, or plane also can be performed using image data obtained through two or more
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Optional Non-matching standard surface At | east one bone cut Yes

1.3Mul ti-conponent inplants and i nplant systens [ 00090] The di scl osed

i npl ant s wodoivmB@at systens can include any nunber of paTitS2ASWES6S i C

i npl ant conponents and any nunber of non-patient-specific inplant
conponents. An exenplary inplant or inplant systemis depicted in FIGS. 3A
- 3C. Specifically, FIG 3A shows a photograph of a patient-specific total

knee repl acenent inplant syste hat incl ude patient-specifi .

b1 compar t oMU B RaE KESPUERS 136 ne panr- Ao LB I EhebHa tent al
i mpl ant  conpeaRBiho il Br ofBet fbiSAARPRNGRIS s@dheasRgidiftHetwRaGhd Ma1I&Q). both their
bone-facing surfaces and on their joint-facing surfaces. FIGS. 3B and 3C

are x-ray i ffges2]showisanctehempleplfantgeof offh&kn&Arihip tshentearpdaed, tid aeging-l G
3B) and the sagittal plane. (F] G  3C 2011/ 028624PCT/ .US2010/ 046868
[00091] I n ckPt %ndflgﬂ%%ﬁqH’éW&s‘{mttﬁ%’%hﬁ?@ﬁ%@“ﬁﬁ qrﬁ%‘feééﬂoﬂs%/@taé%t K85 i ncl ude
a conbi nati fintQjr ahlEﬁE'ti@iH{. KOIRNE Rk Smp 8 U Quidsryd fithadideiomals BRi-FRIRE!, kment al
device with a patient-specific biconpartnental device or a conbination of a
pat i ent - speuvicthaniaahaxxoe npabd deerianedd dvar esamp e hths cartdpodt bf therpaknaremt al

devi ce. Such i npl ant  conbi nat i | L ow, f f1 exjbl e. desj i mpl ant
or | o ant YT B B H E dLC ORIy T Y RGO B Py T R PF 18 SpBEL ur es
and conponeRfisechaiiéad akiks @ B HétbdmiAlHinl tBY 8drofll Padel aMepoRiEiEh bF Metiied! | ows

for various optimzations, such as retention of all |iganents and/or
rest or at i onraftiviede aeifl mnchadenl axigcambe p agficstion Rf the dagtice of v4rono9Rigus cert ai n

embodi ment Sdefglnmlit Mﬁ%a%o %rr}lirng ioi g céjne‘gei Iggc?edin%ﬂed saig(ri}?atl aialng,dff)f'ra‘ xafihie f  ore
pi eces. For “éxanpl'e, : - show an exenpl ary “aestgn of &t enor al

i mpl ant conpeasemihc tHratcgtRrdfigend MBé@lrvRemion récts apireC SinildrB)B3d Fhtwedi ment s
described herein can be applied to partial or total joint replacenent
syst ens. BoAdcEpipatigns cambp gude inanyptheridesiggdplangsy ndwe og dyes AHEASRBY-ei n can

2.3.1 Virtual limb alignment for designing a knee implant and implant procedure
[000113] From a three-dimensional perspective, the lower extremity of the body
ideally functions within a single plane known as the median anterior-posterior plane
(MAP-plane) throughout the flexion-extension arc. In order to accomplish this, the
femoral head, the mechanical axis of the femur, the patellar groove, the intercondylar
notch, the patellar articular crest, the tibia and the ankle remain within the MAP-plane
during the flexion-extension movement. During movement, the tibia rotates as the knee
flexes and extends in the epicondylar axis, which is perpendicular to the MAP-plane.
[000114] As shown in FIG. 6-1, the mechanical axis of a patient’s lower extremity
can be defined by the center of hip 1902 (located at the head 1930 of the femur 1932),
the center of the knee 1904 (located at the notch where the intercondylar tubercle 1934
of the tibia 1936 meet the femur) and the center of the ankle 1906. In the figure, the
long axis of the tibia 1936 is collinear with the mechanical axis of the lower extremity
1910. The anatomic axis 1920 aligns 5-7 degrees offset 0 from the mechanical axis in
the valgus, or outward, direction. A variety of image slices can be taken at each joint,
for example, at one or more of the knee joint 1950, the hip joint 1952, and the ankle
joint, to determine the mechanical centerpoint for each joint.

[000115] In certain preferred embodiments, anatomic reference points are used to

virtually determine a patient’s misalignment and the proper mechanical axis of his or her
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be applied to a portion of an articular surface, to an entire articular
surface, or to nultiple articular surfaces. Thus, for exanple, certain
enbodi merwe 20nigl2ecte partial knee replacenment, such as pacelusedienwssas knee
repl acenents, uniconpartnental knee replacenents, biconpartnental knee
repl acenents and total knee replacenents. Mreover, enbodi nents descri bed
herein can be applied to heniarthroplasty systens for exanple, fenoral

hem art hropl asty in h n ar 0i tibia
o ar ¢ hr oploagr yxirdn bk Shdhe ltfih et BRivkastt Tohe duih oS eroke.
patient- Speﬁfo?bpmbéﬁahﬁat axi9) 0944 ﬁﬁplaﬁ%u%mnaﬁ%&mré R ﬁ@mly%‘@@ﬁémnt s the
impl ants are desi gned and made usi ng patient-specific data that

col | ected pisbye rﬂaplanemd/or’lrh@cpen dlenmmgpethaf mbstdaitleUYCramhgmfdﬂb md@e%@dlmls

surf aces, apqé r lan markﬁa ? ﬁ%' | t% reHr "reference
points. " | n' B PO A %’“St ’8%’%? eélgné’é?“f?ﬁsscaé‘r%c Wi ected and used
to derive amidifa@rig tidl ihlod (Sul HaseCAMICHRSe) Md, Bptidnal i he &hplay, cadn

i deal surface or structure. For exanple, the reference pojnts can be used
to create pb@ pusgicaldpaeplpnted i heraseni agEergingtto Fle‘a\gttu@ eﬁ&@lrsen{w@@eeu fic

sur face, r aspect. Alternatiyvel in ref erence
s can MIOTAED | 30 cPRRT Eme il ® btk S prde MRl wd b dend

di mensi on, ektr@®iBeahd Be ckfent SPMAALgnNGAt %@%&%&&9%&&& h@{e%ﬁé@%sm
[00095]Sets of reference poi nts can be grouped to formreference structures
used to creal @raoprdeForpputer- iué%desmﬁwvamrpe@naﬁucm@sﬁogndW@bs$Qﬁve@
S RS Rs SBU W L COT oo ST GLENCE AL M 01 T e .

pol ygons, Mo e conpl Bx sur faces  or jornt matéeri al ch A% fo
exanpl e, ar the@uﬁ%regpatidnt@igmﬁ@mﬁﬁheﬁ@lm dbr @@ﬂ@le a@olliecdh dfangomendost eal

bone or bone marrow. Various reference points and reference structures can
be sel ect ed AefANGPaIIHE htEd t@@%f‘éaqexﬂenau%}quéhthetrlnalvl@ertéepét&ﬁnf ‘s&acc Wih as,

poi ncs. can MO KR o hon B rR A5 Bl inSHEERP e rodUe o PR p I e S

pati ent - spegilié fointdPUSRE thd@iFtueXAcaLe usehear @ @HBNCErBALHS neigdlighfehtske
wei ght - bearin g surfaces or locations in or on the joint, a cortex in the

joint, or amnEmedunial axkyefthepamtshewreixiEmIty iy debr@iuRg i thomedsl thf so can
'SnC| Ude SUriatse ?Ela 81%9111&{119&1? aﬁyt@llngredl ﬁI Ré‘fﬁcal ?J{l@t a%q otng olir % gllaﬂés from
peci fically, Teference S Can 1n de’ sUr faces or - I°0caty bins

functi onal | yachelkat 6dr egartqtle thepitient’FOibiaé xROntal bxis eabbsidremiisedivirtasiiyed to
the knee joint, reference points can include one or nore | ocations, rangi ng
from the hi B HeRPdEAsEncHoRNestine theogpnter phEhometiehlevrekqridibs caraefdhm

| not ude surbagas. bisl A3 hANS OABLARR. G L chObOlbRRRLY| A ANR the
i npl ant. For exanpl e, i ments |recte nee Ip, Or a
shoul der | oimoti¢l aseaflere&nnmecpog tliesceatmn of thelpatentrigp @md tiorcentsuo ffthe psticnt’s

| ocations fro he cqrrespondi knee, or .shou |nt

S var i oG BBIro G GLRY BEBE bk IRe it it SPo08H i cea b
e”bOd'”EntSdmkﬂﬁn&f&%égﬁﬁ%xﬂ&h@ﬁﬁqﬁéﬁcQﬁmﬁﬁﬁ§ﬁ§§&§m%%hﬁ9oﬁﬁh&ﬁﬂﬁkh&%“o
functions to derive virtual, corrected surfaces, which may represent an

i deal or degéncestc Serviziem nadsh whi ch a pati ent - speC|f|c i mpl ant can be
desi gned. For nDre surfaces or di mensi ons of ~a bi ol ogi ca

npl on or
structure cﬁwogeﬁmdihé the pes capyaligiygEyaliothe Inssi gEHemgE g CREMSAE i mi nat ed,
corrected apdl g, fafﬁia\waﬁ@fé@d}mpfﬁé&taﬁﬁéal(a%e& o ks [gﬁa&l&ﬁckaﬁ%eher ein as
"variation" eX|st|ng surface or structure within e10|nt

[ 00098] Var i athiorddfy atdhetippihetangle of et inenecofg axve af tiekhecpmtitmbt acte, Thet hout

axes can be aligned axially by aligning one or more planes common to both axes, such

as the sagittal or coronal planes. FIGS. 6-2A — 6-2C cach illustrate a model showing

the existing misalignment of a patient’s lower extremity (gray and solid line) and the

virtual alignment (white and dashed line) determined using the model.
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limtation, variation of one or nore of external surfaces, internal
surfaces, joint facing surfaces, uncut surfaces, cut surfaces, altered
surfaces,wandiignsqarti al surfaces as well as osteophyt epCTAIshahonscS
cysts, geodes or areas of eburnation, joint flattening, contour
irregularity, and |l oss of nornmal shape. The surface or structure can be or
reflect any WO 2011/ 028624PCT/ US2010/ 046868 surface or structure in the

joint, incl out I|m bone .surfaces, ridges, plateaus,
cartil age sﬂﬁpig%]s t]? Eﬂﬂldégoésdet%?mﬂ?%&re g’ﬂ?ﬁt‘%ﬁ‘fb?ﬁﬁi §gr tures. The
surface or fetrﬁdigltrﬁéc@laﬂi%ﬁﬂ a\k%daﬁ@ﬂlel% %1?5531 ARRO LM Fah@NoPlach aRRakE kschBddnt
surface or structure or can be another variation. The surface or structure

can be madeintmorerfstaide thafohlowdt ss&becsibner ati ons of the joint. The surface
or strucéure also can be made wher eb%/ t he pat hoI ogl cal joint changes are

vi rtugtd r@ﬁ@&wch@‘ﬁﬂ&@%dttﬁs%ﬁt ®@R¥Sone or nore reference
points, str Hg)b'fi S, cfe?tﬁl% t{gaﬂ-‘ﬁ&ﬁ% tfd tﬂ%ﬁ’ﬂﬁ Aahic NS ésteﬂlgirtﬁg 1bﬂf‘§’a‘§1t Fen

selected or res ape can e vari e

corrected. hmi a@ml@medamatesmutehemammﬁngra hédel] bt defidgnaderttacediintye an

i deal inplant shape. In one application of this enbodi nent, the preferred

i npl ant shaﬁ@nﬁaspaéieﬁwmeeta@dta cjigntit 2o lPWE patient before he or she

devel oped the a7t£1 c?zta 80100] The variation can include additional
alterations to thd Za "GutH’as the virtual renpval of osteophytes or the

virtual buijldi ”94x9’cfl f% lbl%w Ml S YRPH W ndB #TEI 6 BANGH L ¢laPblahOa@nd hAldL jsout come

for a patient. ations to address osteophytes ]000101]In the case
of renoving the 1dmﬁ1ﬁetblu§mg$hre¢ bembenwiitaal thg irfemdracecuddr suhfecd cmthhatibiat hen is

derived after t t eo teh bee rtuall rem)vd Alt nati vel he
oot eophyte can HECTIEEGF DEGPIRS e BRI apaPEaRE e ST TP AL 1« ne
i mplant. For ex%lﬁﬁh@mf&io@%mo'ﬁﬁr§ﬁ}f£de%f@lﬁeaﬂ%15]9$hﬁfopﬁ6naﬂ@ Qﬁn@eﬁ&@ﬂ% 10

havi ng an osteophyte 20. During devel opnent of an inpl an%) t he i mage can be

transformed suclestehlagh atnhmtl@hple@@h@te&r@@euf@r smbsetquamtl vﬁu@ deleedingtiorshown i n

::Irr& aﬁ? ZE) E?ase\ﬁffﬁ gotlgﬁ‘glg%/ @lg?’l”ﬁghé% %J’ftg Eﬁ%d nftg?)patﬂnt %Flﬁﬁti vel y,

as shown in Fl Gm&@amé‘a[l ak{RLABE 1fh&BR ti?eecéiﬁ%‘éf%lfﬁfé@ﬂﬂdeo A00LAMTh IFRGL be shape
of osteophyte 20. In the case of building additional or inproved structure,

t he bone-faci ng 3utifeaasateodf theanklphmhe d@themnﬁctvm@allybﬁcetﬁteemng hbnaftdint i onal
structure is nodgl ed,. 2. 2Var|at s to ddr SS _su al void

000109] A subcndfitirstio (i eistalsE Rl agp SBfine A et oRaRE him Rt er or
bone-faci ng surfigeenOfFdrRRarhpR! @ke dlﬁ@ﬁce%ammhe &1 BA06Dhak ettt NgS
of an end of a fernur 60 having a subchondral void 70. Duri ng devel opnment of

an inplant, the ofthegincdant Heandrthpsensermddhsankle BHarcrenempdialito thecentert ual |y
renoved as s hOW%f Lk lﬁte%r, ﬁ%tl?etr v&o?gg V€ 516 from the medial malleoli and 54 from the

lateral malleoli.

Ic. Proximal point of the tibial mechanical axis. The proximal point of the tibial
mechanical axis can be determined virtually as the posterior aspect of the ACL
insertion point, as shown in FIG. 6-3C.

1d. Tibial mechanical axis. The tibial mechanical axis can be determined virtually as
the line connecting the distal and the proximal points of the tibial mechanical axis,
as shown in FIG. 6-3D.

2. Sagittal or A-P plane of the tibia.

2a. Tibial axis perpendicular plane (“TAPP”). The TAPP can be determined

virtually as the plane perpendicular to the tibial mechanical axis line and
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WO 2011/ 028624PCT/ US2010/ 046868 void 80 to produce, as shown in FIG 6C, an
i npl ant 90 based on a snooth surface at the end of fermur 60. Alternatively,
i npl ant 1O 20amM2k@4devel oped to conformto the shape of Peoiu$200/046888 Shown
in FIG 6D. Note that, while virtually conformng to void 70, inplant 100
may not practically be able to be inserted into the void. Therefore, in an
al ternate enbodi nent, the inplant may only partially protrude into a void

in the bone. 2.1.3 Vari,ations to .address, ot her, patient-specifi f s or
bhenomena | 0001 i aHBHER ek B S ToR! BerhBaR) SH>eanie e I A
virtual renoval ofis HRGNORG @h HReXSESto ERB1INPNERha6T REreicfBEIbREquthe
implant is then derived after the subchondral cyst has been virtually

renoved. [ 000104jntyal deferrhiaptiensh ddie el oatierslly édteil omac AnP privityeha, else

virtual renoval of.,arti c;[ul ar def Effet,l Th(?(li.bone facing surface of the
a

inplant is then AP V&E BFAPEFIPRITGIRFGF Y

_ ( < def ect has been virtually
removed. | nyt hi g pnhodiiRMpia t BEAIGTRGE COBY nkhen. B8 AP ligd of fikiBRP&hAk! Vel y

wi th bone cenment, bone graft or other bone fillers. Alternatively, the
articul ar def ectdetamingd virhtadlybaseddn methbeé dsineddramh Cohe eban@0P8LTThg sur f ace

of the inplant. [000105].The variation can jnclude th irtual r al of

2l at ton ng. of - PEARRR AL PUraF L ReSRR atiBnog ReckurhliSmeFof bohe "bone
facing surface ghint BErd BRLEMY: 1DHER. SpeciR&IFemeved Iaklofihd tifa E4bd eni ng has
been virtually corrected. This correction can, for exanple, be designed to

re-establish a rermugd ytuadliapéic Imetnsenvadicular (o the hiac comceting b disarcttie
designed to estahlish st andardi zed,sh or...surf.ace. Al ternatively, the
{1 at tening can BEERQIdio Rt pfsdial Rolgh s rReing Bor Caple & oliaing s e

inmplant. In thi FIGasuBL 41l §-9BDa bREfingirdeicdrageskefchéd® dotdriviad the 1 npl ant
can be designed to re-establish a near normal anatom c shape refl ecting,
for exanple, at diaagtyic penteyafithg lyterdgapdylefi.cndherdaterelaatraufdheFibiyplihondr al

bone. Al Ler nat | ygliion!  b&AR: BFudes ANGHha RRAAGIRIE ciaRdRLdhacs hape.

2.2Determ ning articul ar di nensions n certaln enbodi nents,

i magi ng test, f onedéadaopdyde (e, rthymiedintplagau df thcttilia)t onosynt hesi s, cone beam
CT, non-spiral or spiral CT, non-isotropic or isotropic MR, SPECT, PET,

ul trasound, |aser i maficeiiRIn prbedmEatsueid @ hotmef thy cirples candep sketchied wrbeishe

articular di rren%'t ?l?escom%oq{diﬁsghc%ggylie&) ENRe %pe”& gﬁicgiamﬂcg 0% the PRN£" m ni ng

Alternatively, one or both of the circles can be sketched to best fit a portion of the
wear pattern at the superior articular surface of the tibia. Still yet, one or both of
the circles can be sketched to best fit the condyle(s) at a certain distance distal to
the superior articular surface of the tibia. For example, the circle for the medial
condyle can be sketched to best fit the medial condyle at 10 mm, 15 mm, 20 mm,
25 mm or more below, or distal to, the superior articular surface of the tibia; and
then the circle can be adjusted proximally to liec on the plane of the superior

articular surface of the tibia.

Then, as shown in FIG. 6-4B3, A-P line of the tibia is determined
virtually as the line perpendicular to, and including the midpoint of, the line
connecting the diametric centers of the lateral and medial condyles of the tibia. If
the midpoint of the line connecting the diametric centers of the lateral and medial
condyles is not in the same location as the proximal point of the tibial mechanical

axis, then the A-P line can be shifted away from the midpoint to include the
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WO 2011/ 028624PCT/ US2010/ 046868 arti cul ar di nensi ons and/ or shape can

i ncl ude determ ning articular dinensions and/ or shape for one or nore of
nor mal cawoOi2bagese2di seased cartilage, a cartil age def ecPCTars2@0086868
denuded cartil age, subchondral bone, cortical bone, endosteal bone, bone
marrow, a liganent, a |iganent attachnent or origin, nenisci, |labrum a
joint capsule, or arti cular structures. Determ ning di nensions can incl ude
det erm ni ng shape vat u S t hi ckness, .and/ or

B anks. st i ng. PR i T RhiEh e faR S G S iiBEE ARl e *

di mensi ons and, Hﬂ@fcbﬂ%{dég’the%ahﬁétrlg@érﬁers%f%tlht%fhtl an® RRGiaf tdndiy B! ant
conponent can be desi gned and manufactured to have matching,
patient-specific artitcBlae oﬂrmfefﬂm onsrivadl fi@n Agukivedtiod. t Ae skernative method

pati ent - speci f| C g&é%%}q%gég% s I}f-fgg @n{@g% ﬁgige& g?agt%%fpug%i gpl ant from
a selection, nt
froma librar y %ethdH%' aith s AEQ% @@6@0%’9A&'e%65tbﬁ@ﬂ R oPihelT6ia 6 ?&tﬁﬁd

library inplant then can be tailored to include patient- specific features.
2. 3Det er m ni ng IKneb Aatlirgpiastnt’ qlm(mamaa]%@m 2]%int and linb function depend
on correct |linb aI| nrrent For exanple, in repairi ng a knee joint with one

or nore knd& i npralt! eloddonene ¢f the fioidrets hanatn §AGnE-46h thaweiehrride
depends on the th(Pa[ne%(frtheat 19 BATERH dﬁ‘?@mﬁﬁk‘ﬁ \ﬁﬂﬁélwsctﬁé BRd ng[ud@cﬁlﬁ‘ﬁ' hiah_paxes

of the | ower extremty. According an | nport ant OI’]SI eration in
desi gni ng and/ odine efttecibigaral nhattlhraahlephnnmIal wkit hnan€®hosagirtal er AR pant also

conponents is pro%er l(f;' al i or, when the nmal functioning joint
contributes to & MBHIG! fgﬁﬁé njg&g% real i gnrrent of the |inb. [000109] Sone
enbodi ment § | nclyds, G- Legkd! ?&eﬁ}}?g MSL ngz ﬂf}J iR, K@Q}F&Qn HEREG.

virtually détermine 1n one o or nore of an ana omc axi s
and a mechani calth@xdrsnod M- h@laﬁ&lcﬁ&l&dtlm sal bgdwremiinaf visupldt asiht planki nb. The

m salignment of a linb join rela ve to the axis can identi t he degree
of deformity, fdEMSREiFpREL 1?1“ © (N REGRENAISHEF 1A 1 AR tnﬁ)e()%?&hwan Bl ane

or genu ant ecur Vali, Ehertﬁﬁélrrﬂ&hhﬁbﬂ%{%rﬁﬂet Yhb Rofol&l GadLt {éﬁhe pkgpe. Then,

one or nore of the patient-specific inplant conponents and/or the inplant
pr ocedur e steps,pemgwdnca]srtwheTMectl on, can be designed to help correct
the msalignnent. [000110] The i maging tests that can be used to virtually
det er d+hd eawabmw@&sa@wm%fwm%ﬁ@ﬁtcowwlph@qeade one or more of such

&7, “non 1 solPUREY o TheBiib BTRoRe e O RErE MR TR ABrl gl g,

and phot oacQisitdl Gnd B&@h&IPplarich @}ettc&é}ﬁm&hudﬂt@aﬂlyuisiﬂgl Zinbge| eRN N AsIes agent s.
Data fromthese tests can be used to determ ne anatom c reference points or

linb al i gnmesferenqernaintalifing apatignite keccamg|his jomts Hisdolaves:same and bet ween
different joints,or tlo si mul azte normal |inb alignment. Any anatomc
features realated I YHEAE5iGhment can be sel ected and i maged. For

exanpl e, i n,cer tai) AhogiiEnks, KGR, 34058 Ol Piahe bFRlABhur ke

i magi ng test” can in ast one of, evera a hip
joint, knee | oi stleaad vankllg upia niree EFmOrermmtngnﬂh&sﬂhesp\h[Erhel fobibedl hegtl that

Iying, prone, sup ne o tandi ng posjtion e imaging test c i ncl ude
only the target S tecally 16%319 StRE aﬁl&ﬁ@@fl@,@?lﬁppawléﬁﬁgeaw 5HeR dat a

through one or %Qtraﬁhs%daln%ft'fal‘?lah@bﬁﬁe?ereﬂc@%%%léd%bﬁl%nttﬂﬁ defRGRafgha, one or

nore nechani cal or anatom cal axes ang es
Ib.  Proximal point of the femoral mechanical axis. As shown in FIG. 6-5B, the

proximal point of the patient’s femoral mechanical axis can be determined
virtually as the center of the spherical femoral head.

Ic. Distal point of the femoral mechanical axis. As shown in FIG. 6-5C, the distal
point of the femoral mechanical axis is determined virtually as the point at the

posterior aspect of the femoral trochlear notch.
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pl anes or conbi nations thereof can be determned. In certain enbodi nents,
such axes, angles, and/or planes can include, or be derived from one or
nore of awWimtigesee' s |ine, Blunensaat's |ine, transepi ecmdskew/okdsee,
femoral shaft axis, fenoral neck axis, acetabular angle, |lines tangent to
the superior and inferior acetabular margin, lines tangent to the anterior
or posterior acetabul ar margin fenoral shaft axis, tibial shaft axis,

transmal | eql ar erJo | i ne, tan ent t he trochl ea of
T | oot oo oAb A ub ST 65 ot Sylpld 00
tangent or per p%ﬂ%a@l‘&'a@"thet et densmRitb Fhe @Sl Ar@ttﬁéﬁ oxRASILRINOHT GO 'F&M&%ﬁ,

| ines tangent or perpendicular to a central weight-bearing zone of the

medi al and | at emadchiwpdaais, sohdyinas FIG 68P.t r ansecting the nedial and

| ateral posterior condyle for exanple through their respective

cent er poi nt’s, | i ggmtl%‘éfnlf’laﬁ? %‘Z icular to the tibial tuberosity,

i nes vert| aI | 0 e $ d/ or

l'i nes tange(r%t tgfegi%%%eec?lg%c&&ﬁ”? en lcu?ﬂ I?Jebone %11%) gﬁlie%%ﬁgﬁa& ggent to

or enclosed in @ejediniied VM)IaﬁQ\agﬁ,pl&Stpbf]ﬁhdlﬂglaﬁtorfhe RandralaheddhBal &is kgl e,
or plane also can be performed using e data obtained through two or

i ma
nore WO 2011/ ozs@zwﬂi@wmoimlmeﬁeéﬂ}e Pl meghaniced aFElF‘reaSléh‘é‘énélhﬁl(zirﬁd e
joint, for exa BRG rpoi nt or
ot her poi nt |nn{ail e ani?gédﬂsagghﬁ]ggsga pofélllrtloté ﬁlﬁgg?q%%@%& e{eigelnfo‘? [ 000112] As
one exanple, if ssbiegesy vofual dectonesions. fi perfasn mbrbchmphtatoéﬂnplaiﬁq)rocmlgrasg

i p i ot knee oAb AR By g AL ek br Brarorane S gery "o the
knee j oi nt H.s c I e F

exanpl e, th:ta) cen Fe)?%gl %h%gf?m?rhgy ﬁ%mﬂi’%@@ﬁ%& %é)c%%%%ngh pgr%m%ée% By
connecting the cenher hod @ﬁth@ferﬁﬂrezahlbe dWetrhm'edhatrtuaﬂyh@&leamlelperpeﬁdm”el@ha)nl cal

axis can be determned | he coronal pl ane. positi n of the knee
relative to sai aﬁ%emﬂw 5}1111%1%@%198@%%6@05%1} ‘é‘ﬁqag b«?f tE@ ld”@iﬁlé%w%lf var us

or val gus defor Ly Egglcé RardfcE rlﬁlfe'c‘aﬂﬁecﬁﬁée‘n%ﬁiaﬁ'@ﬁ&laié?alteg?coﬁéﬁ& tal
pl ane, for exanple to ne the egree of nu ant ecurvat um or
recurvatum Si mi(fuathest,ouapyins). t hese determinations can be made in any ot her
desired planes, in two or three dinensions. 2.3.1 Virtual linb ali nrrent

for designiig a%ade! Pt Papena picr e feskintA sphewe du FEGT 6661 the] weidi of
t hree-di mensi Ong)han@%rfﬁ%eféﬁlh?’@an B{@etér agsd xﬁﬁﬁé{lﬁg& Li)e Blanc% BeRAbdef B A-\P

functions wthi i ngle ane known ian anteri or-posterior

pl ane (MAP-pl anél)letolﬁtlmfgﬂmon(dehhed frbmxho Wieckida'silon) ardcthe famaadeechanical
acconplish this, nor al, head, _the chani cal is of the fermur, the
patel | ar groove, aX’tS Ele ﬁthéls%ﬁ )ﬂr% P@&nég?sotlngerﬁﬁtidéw)i%{rtoéli‘etPlﬁlﬂﬂ ar crest, the

tibia and the anklenqefmt @ ik fiHhdtat & MAP-pl ane during the

f I exi on- ext ensi on novenent. During novenent, the tibia rotates as the knee
fl exes and 3ext em@sordl o heedepilgondyl Bl awl@ne ohkchemius. pesiendinCRiGire-6D, t he
MAP- pl ane. [000114] As shown in FIG 6-1, the nmechanical axis of a patient's
| over extrem ty taafPreral geM-hatensoiithiefcain cat bodetpimynabgstupliyestheqloas t he

head 1930 of th% ﬁ)% ul%?%%he&ﬁ@la%@@&eﬂe nd}c Br KO8R Pg;l %jc_gépt‘ﬁ%get I?ahdt he

not ch where the I ntercondyl ar ercle 1 the ti

femur) and the aeribding dfe feﬂmerazlmielchaanl@ibéms lhnetlﬂhe torgualer MAieplhmngscaisi s of
the tibia 1936 is colllnear WI h t he lganlc axis of the |ower extrenmty
1910. The anat oRFBeA%Y! ali@zf%}eaaflaﬁgfps B FGI¥LLRT0 f rom t he

mechani cal E@g ? n theyal %ﬂﬁml Vlﬁ#{&ﬁ@{h@ ’tlb%ll El?cﬁe Hal rﬁéc‘ﬁ@ﬁlcﬁta&lgo&]%dhrmge

slices can aken at eac one or nore of e knee
joint 1950, tHelraagittpl ejxﬂid@tonh%ﬁnesaﬂd loveer @anﬂehﬁtmo@nlbé aligeddettedlliyitye t he
mechani cal centerpoint for each jojnt. %000115 ]In certal n preferred

enbodi ment s2 Jaﬁakgdm gng/ %P%frhéh%t@mﬁ%}nﬁtr%e pRicy s Hdhe kpaedaint ip Beteer nibfe a
patient's | ower
xtrom ty.  Baasd ol By R e B L Pl Plgﬂ%e%%ﬁlan

t he proper pmbhar eashoaxiis FIGSK aéd andi-akit respedtivaipl BHGS po-8Aead6e7B show
virtual ly de5|0:;L;i gtclefto i nc ude i 1ant 1%ﬁld/ or resecti.on .di rren5| o(ﬂ ghat
subst ant i al f{"¥ERPT Y aflfiué DY TSRS AARSRTS ThatiRlopey Iapkdedbelly axis.
The i npl ant design process can i ncl ud? manuf acturing the inplant (e.g.,
usi ng CAM software) and, optionally, %e i npl ant can be surgically
inplanted into the patient according to the virtually designed procedure.



[ 000116] I n certain enbodi nents, a patient's proper nechanical axis of the
| oner extremty, and the extent of m salignment of the extremty, is

vi rtual | ywoevavarséred usi ng an appropri ate conput er - ai de@Caas2gn/0363hs war e
program such as SolidWrks software (Dassault Systenes Solid Wrks Corp.,
300 Baker Avenue, Concord, MA 01742). Using the software, patient-specific
information, for exanple, a collection of anatom c reference points, is
used to gengrate a.vir that includ the patient's knee j.oint.
[500117] T4 aioHRtSE ! bt Priciengs s dre s Bt HASH SGreetieh o

and/ or ankl gejt®id)t Similly "BIG 1 %-7¢€ ahd BL7DTRER 2 nd dMISRIFore 3Rd BRESFifLAIE
virtually the m salignnent of and nmechanical axis of the patient's |ower

extremt y bglighenast as manlgﬁar sintapal Wﬁfellooklhé ppatinely fremd ssctdn oetbhdmidal axi s,

f enor al ni cal ax or fram each axd

exanpl e, |t haoRa e ¢ B e i, FRLR 1 8 <R B TR a1y
in the modehea@s BIGS. R TETR S 8enodbEbega8tagd afér &uh@almﬁgnﬁaﬁt (F1@Rké-gEand t he
center of the Eatl ent's tibia. The patl ent's fenoral nechani cal axis can be

det er ni ned %14 bhamdp Vet ¢fboipbrfpregnd afier Wétuél(ﬁhg@menh@mhé nter of the
pati ent ce.nt er of the patient's distal femur. The center of
0t et st fnedto i) %

the p hi p, and/or distal fenur can be determ ned

based on thﬁm@i‘ifve“t Jlo}% ﬂl[r%%%%]a{tﬁfeﬁtr &NG&dR8 g%g?es@fvelj@lﬂfjﬁ'%ﬁﬁl sed

to generate the |rtu t he us can ign virtually
t he | ower eEmr@mmpje oyrtitagelossean nyedadl cgmpmymemefthdimet canttad emmoaras

mechani cal axes. s colli rali nt can be achiev justing the
angle of t ha ﬁﬁfl ]Ié]c‘ieftﬁﬁl %&@Zhrﬁ?n L3 %@rqﬁ?fv’é’eloi‘scﬂaﬂ eleger%te‘gE‘rtg‘ %d@ ‘ixes can
be aligned gxh ﬁsir{rﬂerﬁé’ Pihd é!;ﬂhﬁﬂoﬁ’ﬂ?ca@ﬁl [o%s %ﬂ%&%@ﬁ%%ntu@tra%hﬁd R@%r such
as the sagittal or coronal planes. 2A - 6-2C each illustrate a

nodel showi Ag scareorothertimaginginsedaligyn nemnadify vatlplatrammpusw mmartmuﬂarem ty

d lid | d.th t
ot or mned etitst (HE ssBBEOT S oo SR o bR e e e st crtmarne

[ 000119] Exefﬁéla@{oxlnﬂ@ﬁjbﬁﬁspafc@nosd@é@rdﬁma@ Fbﬁthbllélte@“?qb’@@lhaﬂh&ﬂﬁ g R¥hys, the
fenoral nechanical axis, and the sagittal and corona | anes for each axis

are descri bag nrefcripd.elfgartdage 1pss is measused @Wﬁ‘gfaé’ﬁub@é%lqlﬁrﬁ@aceﬂo& parfijage a|

nmechani cal ertain
enmbodi Ims\nt s?o)§ ﬁegﬁg%fltgfo O}@g%&%?@g aﬁlgrga{cgggintlﬁ plﬁ%fe[gloo 20%%%‘{1 apﬁand I(:or onal
pl anes are dﬁfﬁ(ﬁﬁgﬁh&eﬁba‘mﬂ’et{ dakdtimdisd jagntapagededs byhao to mﬂeudm cugil rdosedn

points froma patient's knee and. ankle joints, as follows: 1. Tibial
mechani cal 8% %rtlcuﬂar wxfage- BihgnEation of ﬁ?écwmné argapplipeRip derending onghgRinta

axi al pI aneo%e%@ﬂ@ﬁ fltﬁlﬂ the d:lﬁtntﬂufbkﬁﬂ Hﬁ’)}r'aglo} 5lec%rt95 ém{cﬁn&g'cgﬁ Be at the

inferior articular surface o ree or nore points are

sel ect ed fremubnhecgabishat ocbused yorsiantidudar setfesea by smidhtignndrhel carfikge or

articul ar sg{face (}f t.he tibia. This optional can. be use dtoﬁgstablish
f )

an initial PHGREsSorn this BRaRTe? poma ghR aleﬁfflalwﬁ | SUEfae s By Leriy

Normal cartilage thickness can be virtually simulated using a computer, for example,
based on computer models, for example using the thickness of adjacent normal cartilage,
cartilage in a contralateral joint, or other anatomic information including subchondral
bone shape or other articular geometries. Cartilage models and estimates of cartilage
thickness can also be derived from anatomic reference databases that can be matched,
for example, to a patient’s weight, sex, height, race, gender, or articular geometry(ies).
[000124] The limb alignment can be virtually corrected by realigning the knee after
establishing a normal cartilage thickness or shape in the affected compartment by
moving the joint bodies, for example, femur and tibia, so that the opposing cartilage

surfaces including any augmented or derived or virtual cartilage surface touch each
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| b. Di stal point of the tibial nechanical axis. The distal point of the
patient's tibial nmechanical axis can be defined as the center of the ankle.
As shown WO 2pi128@4 3B, the center of the ankle can be aerarspémsdsses rtual |y
by connecting a line fromthe nedial to the lateral nalleoli and marking 4
percent nedial fromthe center of the line. For exanple, if the distance
between the malleoli is 100, then the center of the line is at 50 and the

center of the ankle. s ercent nedial fromthe center of the ling.or, in
Cther  wor ds Mgt Spcallyh i A aPitn s | oA Pran TR Tap LA o

mal | eoli. | Qarfgdg@ie?@gs Poidiodr dhgsiohbl al mechani cal axis. The proxi nal
point of the tibial nmechanical axis can be determned virtually as the
posterior ap@dt2sof tAe AA@Gleni arlguturomepoidior dasnshiaptinibnalighentansiC,

| d. Ti bi al mechanij cal axis. The tibial nechanical axis can be determ ned
virtual Iy a$muinginoemeldice atigHBe [kan BY Y541 and the proximal points of the
tibial, mec I IS s. sh .1n Fl 6-3D. 2. Sagittal or A-P plane of
the ti’Dia. H%g%"i’?{)‘ﬁrgr"ra‘%ﬁs%“b“egr%\BA%%%'{C]‘U 8&‘6#‘3%@“{" TAPP' ). The TAPP can be
determned virtually as the plane perpendicular to the tibial nechanical
axis |ine aH9012¢lc| udibagatiend-speilis raplapsiohecrétin embodimgnigicanbe Hemgnedl axi s,
as shown inyFl - _JLhi: [ ; abli a pl ane
of refer encgfS éirong) Sﬁéé[et(qsﬁgdﬁ ¢ @‘?‘?%"3@@%@% g?em&ﬁlgl? ?egjnagaﬁé?‘ﬁ%qqci‘%ﬁﬁgg}ﬁ? P%tnal |y
tilted in alime®tanipdd@ninnor@tsen arinilhe aligatedt 02 ded-amuimgcidieationtifal cut
line. 2bA-P line of the tibia - derived from Cobb nethod. The A-P |ine of
the tibia chhEHEEE G IRaMeYisy () ATITVEIRILIINT opipvzdiog&f pihstferiussh Bobb et

al. (2008) ¢ anatiom,calq, b bi i.S i ' : peptation in
nee. 1 opl hoadai ] BARE? sabh N Groi hi L nd (AR BT T Re W
l'ine of theopﬁirbizgtimaof jomt ﬁémmﬁ?a;enld () resahtign alsontimézatiome)fgm'nphm]ocatﬁm to
Conayl oo or RS bRBeAT S ok h el SLiuRin e T b e
best-fit cipebRikRdiRs&ket GRadR-HE&liRE Hith e Eélﬁ e RABL funthep 8 PLRF-defindde

| ateral condyle (i.e., the lateral plateau of the tibi'a). In addition, a

best-fit ci the¢sholdamomybesskararmserst dhelespeetyiofan irhplanti thatedan be desgnadrandfort he
nedi al condyle (i.ge...the ial plateau.,of the tihia). ln certain

erbodi mont s SntefbgishhsTTENE oy BHERY o sy bl OImBEel Hidbe- 1 e
cor r espondi age®anshdl igfesnal,ab) tnhyat YRR (cP andiniplentltRicksdds.f ace of the tibia.
Alternatively, one or both of the circles can be sketched to best fit a

portion of tHW81¥BHar pPacteaarn saterdl hdvatyees itot a patidntupemficunflatecoggnadhe ti bi a.

Still yet, ong or both (%f the circles can be s# t ched t(% best . fit the
condyl e('s) ARV WEICEICH Y MEPLTIEPE SR of FARE @ﬁ%&%?e SRR AR OSUP ace

of the tibi gaditiehal @XpRRI. €Thehd 8dvantagbLcanahclhdle deMJaﬁ?le@%ﬁﬁﬂé'v@d fRbhddgcal
sketched to best fit the nedial condyle at 10 mm 15 mm 20 mm 25 nm or

mor e bel ow, stability eftth¢ cxteemitsh @pperpeniydpr apreprimay os additieral o¢visipe implaita; and
improved fit with existing or modified biological features; improved motion and
kinematics, and other advantages.

3.1 Deformity correction and optimizing limb alignment

[000128] Information regarding the misalignment and the proper mechanical
alignment of a patient’s limb can be used to preoperatively design and/or select one or
more features of a joint implant and/or implant procedure. For example, based on the
difference between the patient’s misalignment and the proper mechanical axis, a knee
implant and implant procedure can be designed and/or selected preoperatively to include
implant and/or resection dimensions that substantially realign the patient’s limb to

correct or improve a patient’s alignment deformity. In addition, the process can include
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then the circle can be adjusted proximally to lie on the plane of the
superior articular surface of the tibia. Then, as shown in FIG 6-4B3, A-P
| i ne of twe 2vili2gs2ts determned virtually as the |ine pecpasdiookessto, and
including the mdpoint of, the line connecting the dianmetric centers of the
| ateral and nedial condyles of the tibia. If the mdpoint of the |ine
connecting the dianetric centers of the |ateral and nedial condyles is not
in the sane | ocation as the proximal point of the tibjal mechanical axis,
Lhen the- A FIRTS B0° B aTnd PPty S 08 bt oo of RRPUGEEVAE o
2011/ 028624 BT URLAH 4REER s il TRIpaHBAN LA if Betotdbaliesbani cal axi s

whi | e remai ni ng perpendi cul ar to the 'line connecting the dianmetric centers
of the | at epmbperadvaiedésagncd andipr edected resectinn@ith¢myeonsf the tibia - derived

from Agaki pethod. An alternatiye nethod for termning virtually the A-P
line can be[%ﬂ?ﬁeq flpa?ﬁtadleﬁ@%ﬂﬁmssﬂ@die&@@ﬁgg%fgﬂgﬁ%ﬁo getigp it 1 2004) " An
Ant er opost eﬁéc%ﬁsa@qose_s%fbliﬁhﬁdgéhgh?irﬁtpilig]iﬁfceﬂi is %Qﬁﬁlaﬁdtﬂaﬁ&p&fﬁﬁEYm;gi IHQtaQ t hop

420: 213-219. 2c.Sagittal or A-P plane of the tibia. As shown Ih G 6-4C,
t he sagitt allhodesie® dpfoaméy obrrediontcainba tacarhidye adptiegrne obdhrys ot waddusy as t he

pl ane including both the A-P line of the.tiDbi nd the tibial, mechanical
P reC 1 e HSiat? bt P pitdamier Bitufaci Slgnigert LG RS g R TR Fapp
3. Cor ona’ Oﬂes'ﬁ%Qid@forﬂnﬁ%r@éﬁéct{o'h%thiﬂs tRé RB&o Abrmtd aligAdR @, foASxMRAN dofo FI G
6-4D, the coronal or L plane of the tibia can bée determ ned virtually as

t he pl ane péegienbipagrkaniqapaxipé the popnakdageomndpbpgnen @f senvaantecgrvalion Ao | i ne)
of the tibia and, incl lﬁdi n t&lh ti b[ihal meihani cal i.ne corenal or

axis | .. The
ML plane alS8 FhE B SHEHPAC o PSR BB.Ca‘}géP%r Quined i S%%lé?erﬁél%?ecza?r axi s

and its sagttdnglle,dnthccdi®ddplapt an@sth M pldno. q@e badrectionieas bapaifsrmeihe
fermoral nechanical axis and the fenoral sagittal and coronal planes are
det er mi ned ViPEliRlq Rlangs; fog cxampigan corpapl andorgidakplregse Mofeevesoiha caIrestion a

patient’ s KpaeyARGsnBd kiRlSim@Rid R '1OWhis fuE MR RRke-FRENGDRAR! axi s,
representations of the joints can be used.

3.2  Preserving bone, cartilage or ligament

[000130] Traditional orthopedic implants incorporate bone cuts. These bone cuts
achieve two objectives: they establish a shape of the bone that is adapted to the implant
and they help achieve a normal or near normal axis alignment. For example, bone cuts
can be used with a knee implant to correct an underlying varus of valgus deformity and
to shape the articular surface of the bone to fit a standard, bone-facing surface of a
traditional implant component. With a traditional implant, multiple bone cuts are
placed. However, since traditional implants are manufactured off-the-shelf without use
of patient-specific information, these bone cuts are pre-set for a given implant without
taking into consideration the unique shape of the patient. Thus, by cutting the patient’s
bone to fit the traditional implant, more bone is discarded than is necessary with an

implant designed to address the particularly patient’s structures and deficiencies.
3.2.1 Planning bone cuts for one or more articular surfaces

[000131] In certain embodiments, bone cuts are optimized to preserve the maximum
amount of bone for each individual patient, based on a series of two-dimensional images

or a three-dimensional representation of the patient’s articular anatomy and geometry
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| a. Axi al plane of the femur. As shown in FIG 6-5A, an axial plane of the
femur is selected virtually using three or nore points wthin the spheri cal
fenoral hweadotinasézgubstantially lie in the sanme axial plPamaiS20ikiogesept i ona
step can be used to establish an initial plane of reference for subsequent
virtual determ nations. |b.Proximl point of the fenoral nechanical axis.
As shown in FIG 6-5B, the proxinmal point of the patient's fenoral

mechani cal axjs can .determ ned virtual s the center _of the spherica
oror al heathd i doneddmishmmesy el deshes drOTabniITCaP aRPee SASoL R | n
FIG 6-5C ph®sHgh@ulfQuithcRfcah B op@BLako MBERRAMMERAliniAXhSarhGurd ¥ Bs18 ned
virtually as the point at the posterior aspect of the fenoral trochlear

notch. WO pBdction28éRiPaticuseontcet6868 i d. Fenoral nechanical axis. The
fenoral nechanical axis can be determ ned virfually as the |ine connecting
the distal Hﬁ@l?ﬂe prXRRINHBINFTY thaeries %'dlﬁﬁéﬁaﬂgd@?g%ﬁréﬁm as shown

in FIG 6- 5@;reez-di§%%i51§1ﬁlreﬁﬁseﬁta%oﬁ|oﬂ@§zo%kﬁ&@fg ABiBWEr sitBcedRERG&IfpiTEChani cal
axi s perpendi cular plane (FMAPP). The FMAPP tan be determned virtually as
a pl ane per pemtileul famotad htdrkarfdemmcalabmieohané gabotbkingorhi comdglets) amt b ildiahg t he
di stal point, of the fenoral hani cal . axis,, as _sho in FIG 6- 6A.. This
opti onal st B BReHSe g EL P ORI AHEER PRt R To Rkt Hehent
virtual det grfgndal dRAS huhBrug @hd airdtifMRedhieet & Gha, ioMRlradits ﬂ{docﬁﬁdlzmcﬁé, t hat
require fenoral cuts, the distal fenmoral cut is applied at the PP. 2b.

A-P |ine of certpen embeimenigatlpwdar patism wiividiiged, bend-pigscrving implewhdésigns| G

6-6B, the AP, line .of the femir ca e determned virtually as.the |ine
per pendi cut Ut EHE. wh BronGU Ml pA%GIEE BLCRSGm A tiRid Y Bl of o
the fenoral thegeingritiRlachil g optitaBRdreqireiehatioh bA®nt 8r be: drtidac@Rfestihng
medi al and | ateral epicondyles (furthest out points). 2c. Sagittal or A-P
pl ane of theadh@#ient. As shown in FIG 6-6C, the sagittal or A-P plane of the
femur can b rm ned.virtual as, the.pl ane including both.the.A-P |ine
g 1) 5 R R S S S St
mechani cal  axtepial ihitGnesbhfor ea&thpIk athe @dinimith Pha & oFtSiekicSs RQUPENE Gh@r to
the plane perpendicular to the fenoral axis. 3.Corona' or nedial-|ateral

("M L") pl ahemsehameal ptepility anssduplolify afihenmlag. dipcertdip cmbpdimgntsohe v L pl ane

of the fenuy, ¢ - erm MiT W icular-to the
ap pranc (il BEGAGHBERELARY, ATnddR & ERERELRER AR, (he
fenoral necbed add odthe Sniler,l@ne-Fixéngcairtioabf o indplhntRlo@ipenalts ot Sxample, in
per pendi cul ar to the plane perpendicular to the fenpral axjs.

the femoral implant component 700 shown in FIG. 7, the minimum thickness of the

implant component appears at one or more intersections 710. In certain embodiments

of a femoral implant component, the minimum implant thickness can be less than 10
mm, less than 9 mm, less than 8 mm, less than 7 mm, and/or less than 6 mm.
[000134] These optimizations can be performed for one, two, or three opposing
articular surfaces, for example, in a knee they can be performed on a tibia, a femur and a
patella.

3.2.2 Optimized bone cuts for articular surfaces in knee replacement
[000135] In a knee, different bone cuts can be planned for a medial and lateral
femoral condyle. The medial and lateral femoral condyles have different geometry,
including, for example, width, length and radii in multiple planes, for example, the
coronal and the sagittal plane. Bone cuts can be optimized in the femur individually for
cach condyle, resulting in bone cuts placed at a different depth or angle in one condyle

relative to the other condyle. For example, a horizontal cut in a medial condyle may be
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[ 000122] After determning virtually the tibial and fenoral nechanical axis,
and their sagittal and coronal planes, the Iower extremty can be aligned
vi rtual | ywbyoadj2seti ng t he angle of the intersecting neehanise@b/oawses at t he
knee joint to be zero. The axes can be aligned axially by aligning one or
both of the sagittal or coronal planes fromeach axis, as shown in FIGS.

6- 6E and 6-6F, respectively. FIGS. 6-7A and 6-7B show a nodel before and

after virtual alignment as it. appears. i xial. vi ew | ooki n i.stall WO
3011 02860 4BEH TSI BPcrsbBBls RDRT SGbiede O b 18 “rhshgr M e ate Mgty

section of thelyli SHR!difiemeiof (RbraBnfPd f%RE iH-aTb@bndebdidha bSi milarly,
FIGS. 6-7C and 6-7D show a nodel before and after virtual alignnent as it

appears in hxwvedervineoeh eakilegpprosxnatealylthe sanem Ghasefer ¢whinghe niediadiprd al

tibia, to a, section .of the distal femur, and in FL.G 6-7 on t section
of “the 1 amolirasRy® el tGy ok Alten Mot Peblfeiie Han ek i 7t e

al i gnment  ( bptiedize BodEpRRdvibon. ancreove! tiaynfed cuppinhhdakibamndtcadl icendweé r t ual
alignnment (FIG 6-7F). 2.4Estimating deformty [000123]Cartilage loss in
one conpar t Mekte pised atadiffgrast argle dsqrder P angximyebeperpioyervatin. Sestepe,
cartil age | i i t 1 - . r

ot orm ty. s gl 8 oRGH Ble SORRAS bIERE pebiic] OFpd R A SR A A B
af f ect ed coffparrtinentgle il belcest masiarboat peativiatiag eAlmsikal candie ndgecludi ng
an ul trasound | or CT scan or other. inmaging nodality, optionally wth

i nt r avenous™M9Fe PHCcHisAP# & (ifcip! OPHYIF A% PrdeTineenbaRGeONE BRFSEVaR 97 Yidge | oss
can be as siyple as neasuring or estimating the anount of joint space |oss
seen on x-rays. For the latter, typically standing x-rays are preferred. If
cartilage | 09136 neds uéedn EmbodixchRy $ ni¢asurg of Borttpréfeaeioh 0SS inchide tdthiage

| oss on one or twg_opposing articular surfaces can be estimted by, for
exanpl e, di VWlms@ibare rpsecdesh aalugie afdoneriasecicd Bpmrong s more gsection quffe t o

reflect the il j i or

Lol ol ot oneSRELIIFBEfe tQaRP] ARG BF hiofcliflah ¢blbhon ShiCeydAbbag. O o
the joint. Gudknesuditohy resectodranadage trickinkssgef bohe odseasd frommpreerwort ual |y
est abl i shed on one or nore articul g{)osurfaces %¥ si nul ati.ﬁ)g) nor nal

cartilage tFiSeqeRBLYLS, FYeragstRIckRgHh &F bong tR¥FCHE 10 5F OReS MR IHRIANE SP1Penegh

surface canphie Q& M&nuekitBlesE8f Bdrned8&clehl GkARRS) GRAnBE MibbhdiRlsbded
sinmul ated using a conmputer, for exanple, based on conputer nodels, for

exanpl e usi frgmdre or mark nessetionfcutsd jrasemm plocknebs eyone resgeted ¢afit oicagendm a
contral ateral .joint anatom c i nformation including subchondral

th
bone shape 5?131 ?ttfgpipgﬁ?rl}tg’ﬁ}lgigmﬁeorre_t ries. Cartilage nodels and estimates of
cartilage t fﬂ(ﬁ'ﬁ‘ﬁss Ckaf SRHOREMSRS bk LA aRahad] &Fﬁlﬁft%&%ﬁen@'ﬁ%ﬂﬂgses
mat che I t, el ght,

t hat can be d, for exanple, to a patient's weig sex, race,
gender, or aotd tah five Yeonwits, f¢i ewinpld, SR04}, Kight ok merabomgprovendn thamrse

virtually cporrected by. realjgni t he knee after .establi shi a nar nal
cart1 ] agh ¢ RPISRHEDS SBacsia s Thp I O RpP BT A S OIS Y eHE MM RSPHGS e
joint bodi egirediQf ot BMRhEorich®MBhs #NEvd bdde@utsS RorcRAhpkNeneRRTRGtLEA Il | age
surfaces including any augnented or derived or virtual cartilage surface

t ouch each VICROINCERSOPAPCWIISADEDI G46BEBoDadnecutstapdior aldifjerent arigetation
Do e e eSS o P RGBS S o2 o AL S O 1S
with five standard bone cuts and therefore can perform as a pre-primary implant.
However, a patient-specific implant having bone cuts that are non-parallel to the cuts of
a subsequent primary can result in the primary implant having small gaps between the
bone and the inner, bone-facing surface of the primary implant. These small gaps can
result misalignment intersects between the pre-primary implant and the subsequent

primary implant. For example, as shown in FIG. 7-1, the bone cuts (shown in gray) for

a pre-primary implant component having a 5-flex cut can retain bone as compared to a
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[ 000125] Any current and future nethod for determning linb alignnent and
sinmul ati ng normal knee alignnment can be used. 3. Paraneters for designing a
pati ent - swocbfiwesézapl ant [ 000126] The pati ent-specific i rpraseeooieseert ai n
enbodi ments can be desi gned based on patient-specific data to optim ze one
or nore paraneters including, but not limted to: (1) deformty correction
and linb alignnent (2) nmaxi num preservation of bone, cartilage, or

| i ganents, (3)..preservatio /or optim zation of ot feat ures of ,the
pat ent" s bIGUGBA BETER HEM R dShrEs R es i sl SHBDE) o BERRE | on
and/ or opti gy artdr&prigfary QitNtANK SOEBhAIE Sapsa3d ch®be HESA RitBlboO cQhent when
optim zation of joint-line |ocCation and/or joint gap width. Various aspects
of an i npl afttingcrpbspauentiiamarg anpleet. desi gned or engi neered based on the
patient-specjfic data to, help neet. any nunber of user-defined {hreshol ds
for these p&ﬂgﬁéﬁer s.%n filition ‘Eﬂtgmélln_gi’ﬁn? REPEREI AP0 R AN AR HeStGREU And/ or
engi neered PRJRM nSRBS! SO drinf@Bn bPRstdRn Rl and/of ifPland ddBdREnt Bime ()

i mpl ant shape, external and internal, (b) Inplant size, (c) and iInplant

t hi ckness. [@8GIRFrdhendamtkckmser Almadrantimgkst thikness cpabe emfudsges phit c

i npl ant desi gned and/ or engineered, to.nmeet or inprqve, gne of re o hese
par amet er 5 B FRvE s ST LRGSR Mandhe - el diva Gak eglet
include, fom @X&mRloihd MMRERY 8R MRERARIC AW AR diht Mot@fn, bl BXtan@iMgt Y
opportunity for a pre-primary or additional revision inplant; inproved fit

wi th exi sti wglkore, gadrunngg. bhadlediskaws thesesutteef a finy Joaantrselyen (BRY)
i nemat i os,  andoLher cadyantages codpdPef oty coriestion and. optini g ng
linb ali gnmen? F](?B ﬁgjnilnfaor ton Pegard?ng e nisali gnnen and t he

proper nmechamnbak add bgai®ins OTha npalrm@npridcibhNdireCPsbsbE et SEHE AQnalysis can
preoperatively design and/or select gne or nore features of a % oi nt inpl ant
and/ or i npl Bhtischrte sEablisk anpgeepiablgipiimupyigydens phiginesyfor pB IBAREL (ERRBEN t he

patient's m i ) . i i i . and
Popl ant proits SPAECALPN, L cBlARRY, BP4 $ARICERL pRRE (o 8, KRES | (BB O e
i npl ant andieight,agecictivity tivate o). oOBsfotd) dtirisg) bad/anbftal dsyabliddlg gmitihmm

patient's linb to correct or inprove a patient's alignment deformty. In
addi ti on, tH%plbmcfeg@gn@gﬁhlplﬁtq%‘@e Qrih SrefD 85 e eteD 10 A SR ERL ot ng

and/ or desi gihBg A0SriRhitalO 6f SHFGERIn (PR Yofic Quts, BY bLEnII0ALS m@kinkih t 1 NY
jigs) to direct the clinician in resectioning the patient’s bone in

accor dance bindpredeevatioeoperdesigeal.y desi gned and/ or sel ected resection

di mensi ons. ({9000129] In certain enbodi nents, the degree of deformty
correction t4PH39ls ndeesdap gmpedigentipiy weplant £eEIPPRENT [dEHED QT $RsHRRACAT s

cal cul ated Hé}y%ﬁ@, Ak ﬂaﬁ?gﬁ Rehr8@b Rt minimum implant component thickness. In turn,

the threshold minimum implant component thickness can depend, at least in part, on
patient-specific data, such as condylar width, femoral transepicondylar axis length,
and/or the patient’s specific weight. In this way, the threshold implant thickness, and/or
any implant component feature, can be adapted to a particular patient based on a
combination of patient-specific geometric data and on patient-specific anthropometric
data. This approach can apply to any implant component feature for any joint, for

example, the knee, the hip, or the shoulder.
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The desired deformity correction can be to achi eve any degree of varus or
val gus al i gnnment or antecurvatum or recurvatumalignnent. In a preferred
enbodi nerw9 20hi28@gi red deformty correction returns thecCrag2e10/omsssral
alignment, for exanple, a zero degree bionechanical axis in the coronal

pl ane and absence of genu antecurvatum and recurvatumin the sagittal

pl ane. The correction can be perfornmed in a single plane, for exanple, in
the c a%: )l ane or in the.s i\gtal 3! aﬂe. ﬁhe correction can be perfornmed
in rruﬁizﬁ%gq %‘F‘iﬁ emenf ARy 3%?"3’ oS apt Resiens gi ttal pl anes. Moreover,

| sh-Cat,slontflexed t he cowaeart hhtSigmwa #&8lSpled t o 30he | npl ant améil t hey| hel p
e b-cngmoalflesed nepr coplpnal axSigmahil.gmlrent. Ponz exanplle, beek cutfs can
> @-oftfflexad Kiaegreb Pl @aBplahsr Cprsigmb #as Yinder | ysomg varug of yad gus
def or M Tg.cafGhohGex&PPE] T REpiahdr CPT }fenidd afe of ifggsbone §o Tipa standard,
bone- ack Ty, FOhT%Ea OF [ @ LE@R T P3lgrh ant_ conNp@pent . WTh a,j{adiTj onal
; T

| ol aift o TS EPE G DEOP] CULS TS T2t 1OYVET . FgbIrce t T ant s
are |t ion,
t hese

dnt TH"I:"S(? hy clit ti nézl he |
ant  ndd&0 hone ils di 2tArded t han
BEma #7 afldr ess 11B@ partilcul aRd¥ atﬁi ent's

consi (ier 81 h pontflexedh)
pat i en®-Stifteped 5 degreps
IS ne(;esgeﬁuv neniflexean |

Qiyan fa} F@"w i
heoplppati t | 0i$igmd #p|
lcaplbnates

I zed
ysed
It at i on

2011/ @ 5sired
def or m Tty COftectt oft. vigre v a an be
optimzed t gmmlm eve A Rgighting R bOhpRA® ELRhE MHhABeR@tdMI t i cul ar
surfaces. [00013 !By adapting bone cuts in the series of two-dinensional

i mages or t Hegrehe iPnesayiRbembchiesde Fenexanipda ibthe mwsiroppedbage arti cul ar
surfaces sugh as, .for %ﬁ%ﬁph%%lﬁ femoral Qggpoﬁnggq;ac%h§bulu one. or
bot h f emor aP™@oN 91efgf and 4 %l%Pa?]g1§?e§u, £ YRR SRYE | el a, a
gl enoi d andagphedneidahowrdadeordinkBl tarensl@eBraRelingplidtRilighmphtaihanigamantdi st al
hunerus and a radial head and/or. an ulna, or a radius and a scaphoid,
certain enbbdrpaspg sCAMVCHRIN Hrmpdmuanbonepaeseratian isAegiredrhe fmeralgoninlg,

i mpl ant desj t I ] e | gal ' t hat can
el pavor d * aua e B BERRred Stk ARP b ST a3k BGAAG, BUG L
preservat i oon apateti® adsonoeutomthtioppdsing socHlecma bendmaet apairdaply. to[c8904 33] The
bone cuts al so. can bﬁ@ﬂfsigned tq neet or, gxceed a certain ninégun1naterial

thi ckness, FEKTRAUEASHY, PWRETGPREHIMPARBUAPIUSING HIYRIHESONehEY dd to ensure
bi omechani cglyx§h@Ribbhd Yre@dthtBriaBididel ¥nAftrdcARal IRt oh Fhe BBﬁth atella
embodi ments, the limting mninuminplant thickness can be T negl at the
i nt er sect i opanotie ddpstaichcoomiingdy wosmeucunaximal patalar howwr prefeovediohacihogt sur f ace

of an inplant, conponent. .For exanple, in.the fenor. i npl.ant conmpanent 700
Shown | " Fi B0uSREBRECHE R FHoC ARG SaMBIn RS S gt Blsend GHOS R B Bear s at
one or norecdnbeeipped. I THSveidiingh BaiC BE &@h@d@@fﬁ%%d@l&@ﬁﬁic@ﬁm@déﬁﬁé@?&' i npl ant
conponent, the mnimminplant thickness can be |less than 10 mm | ess than
9 nm |ess exarlg datn darved froneprtEnieferensd/detabissss than 6 nm [ 000134] These

optim_zatiqns can be perforned for one, two, or three opposin
P 3.2.& (}Hgament preservation PP g

DU U VVO UMDYV U CA

[000141] Implant design and modeling also can be used to achieve ligament sparing,

for example, with regard to the PCL and/or the ACL. An imaging test can be utilized to
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articular surfaces, for exanple, in a knee they can be perforned on a
tibia, a fenmur and a patella. 3.2.2 Optim zed bone cuts for articular

sur f aces W 2kn@ese2epl acenent [ 000135]1n a knee, differerCThise@o0nuisss can be
pl anned for a nedial and | ateral fenoral condyle. The nmedial and | ateral
fenmoral condyl es have different geonetry, including, for exanple, wdth,

|l ength and radii in nmultiple planes, for exanple, the coronal and the

ach condyl BeNBE RGP i RORE TR GG et 8 OLTPN o AGd#: BF angl e
in one condydn@rfa@H &blaV erHeQrighParff 8 inse@REXhE be kRtiRXAPPY BualBifOrdrzont al cut

in a nedial condyle may be "anatomically placed nore inferior relative to
the |inb thexenepleydhe hgaments dicactly pasas pessélavith B orespirthe T ditbrapmandy oér Ryhe

hori zontal cut .fromthe subchondral, ho may. be. however, in _each condyle
hopr ot mat ef 9 R T R SR s PR maR g AR i PR R INe ey
be placed atmen@tediof h&d pokterioatiBRil spihen the same plane in order to optimze

bone preservation. Mreover, chanfer cuts in the nedial and lateral condyle
may be pl acEW0d42]a diif enpdarnt spsighean theorbdeelettod nadésngned bosndeonghe svageat i on.

Posterior cyts | aced in.a different plane, par el . or ..

non- par al | ef3t s et AR e ol pRFPP B P BH A  ARUPRE L peein

nexi m ze boRR ME BRI ¥arhpSMent Hreb@déstthe A@INM dRorPRYL hifchH@Rt. MRE Enplafecad®ks
than a lateral condyle 1n order to enhance bone Er eservation or vice versa.
[ 000136] I n @fé@qt%d@r%m@@ﬁ srethesbong chisaslincentde thsohel or 8§&rafachmwentegarigine| ude
t ot al volung of. bone 3 ect%ghlvolune ofI%pne resected fromone or nore

. not weaken nB duce a B?te%ﬁ af:tu{e. .
resection cu S, volune o one rese e (0] | one Oor nore Irrpl ant

conponent bpa143t S, Y A@IFrldNAIORCER iRplRPOS HaS8 86 GicoRYSTAGRal tiigikness
of bone resected fromone or nore resection cuts, average thickness of bone
resect ed t ocdmporgnis that cambe s¢leqsecdort dasgmpd mehplagreines inguhe imagedataim t hi ckness
of bone resected,. mumthi ckness of bone resected f one_.or re
Cesection cONE LS AT IGAEDE P BRI bAEE FPRTs L T SHEG o o

i npl ant  conp@Betbriigaen APtdEmebHEH) 13 fhicleickainthe FipRed ifRAbE diMsidhbeated to a
fenoral inplant conponent having nore than five bone cuts, for exanple,

si x, seven, leaphn madiclger! Boprasiontcen b selpwed oindasignpdreng e ingewgrdetice of

t he i npl ant : | , rf At iments are directed to
di fferent o%@%%@%@?%ﬁg”@%k§§8§5k%ﬁ%¥éﬁ?§ié¢%gmﬁggﬁgFe, a flexed

orientatl Oﬂgﬂoﬁlmt I enySiRftdrk cEmp&RnABIn W delbctedtingRe bddpidRIshe PR icut s
and/or a ditferent oriéntation of bone cuts can allow for enhanced bone
preser vat i ostapvdeargfimpetitant bgameiftstroetafesi hpaging dete chn hélp edentifineradativeone
cuts and therefore can rformas a,pre-prjimary i.nplapt. However, a

pat i ent - spedtPr & it OB s igipteniaif tue i chor e i e cuts
of a subseqe@miralondFe v f e anichePultinchtal, bRenPaitiRatl biidtaRheVichtcaamal | gaps
bet ween the bone and the inner, bone-facing surface of the primary inplant.
These smal | ingBi9s acancavéyor diviet waavoghihe neplithesstendan dngeshowlder, theelgodd pri mary
i npl ant and ary i EQr I i | G
770, the bR EREL” PEnHeds PUBBLY cofBLEP: oivEo SR, Supcdiy BAHRAIY

havi ng a 5- & bexpcuiehdaannradtipithe fomealas ngponpércen bt sclected oadbsignodhal ayoid mar y

i npl ant (shomH,in outline), but a small gap 730 al so can be created by the
pre-pri mar y 3 Hiopsogayr addustardgidongaps 730 can be filled with bone cement
when fifti hsegue ripary il ant . 00138]In addition to

opti m'323|t ng (t)%’elﬁlél_rn ng)rr\?%? f’g A ,egrlg'ﬁéy)'flﬁgerlp_ri'(’*ngg?%érlg?thcjsdet erm ning the depth,
nurber, and{@p145] €NYALERIN BmbbEBREE Qc_she_c‘d&ssa@n%wm bl{ﬁ%!e aAHuGRRaBRRt bone
cuts is desired inplant thickness. A m nimuminplant thickness can be

i ncl uded asopaefia bfnctthang es egtintofacing tsurdant/dithdomdant gen Hedésggnetl or e¢lstied a

t hreshol d S%r%ﬁﬂ}h for .t.he %ﬂgl nt in the face of the stresses and forces
associ ated W f%?ﬂ?nﬂﬁR?E | "B as standing, walking, and running Table
2 shows t he[(f(m%]t S 9f c&tdih Bfnb@diﬁieﬁﬁ?é‘%olﬁgﬁwﬁ’g@m ﬁéﬁﬂa@ﬁg%ﬁﬁ!{ﬁ% J@he
fermoral inplant conmponents of various sizes and wth various bone cut
nunber s andoombenpaitd, ond. asTioe cramploimkmeeijoioi, pak kete asisandbesjemy.ed ai mp,FEA

anal ysis cap be ysed to.establish an cept abl 1 ni mum j.npl ant. .t hi ckness
for an i mpl KPR BGIEGRER RS Wiligtt (PESTaR cobod . PRUTTSREITS, for a
particul ar patient (e.g., having a pag%icular wei ght, age, activity |evel,
etc). Before, during, and/or after establishing a m ninmuminplant conponent
t hi ckness, the opti num depth of the resection cuts and the opti num nunber
and orientation of the resection cuts and bone cuts, for exanple, for
maxi num bone preservation, can designed. [000139]In certain enbodi nents, an
i npl ant conponent design or selection can depend, at least in part, on a

t hreshol d m ni mrum i npl ant conponent thickness. In turn, the threshold

o e o o, g,



WO 2011/ 028624PCT/ US2010/ 046868 Table 2: Finite El enment Analysis for
Various | nplant Designs [000140] A wei ghting optionally can be applied to
each bonewwi2otv/megard to t he degree of bone preservati orCRals2@vad:86§-0r
exanple, if the maxi num of bone preservation is desired on a tibia or a
sub-segnment of a tibia, fenoral bone cuts can be adapted and noved
accordingly to ensure proper inplant alignnment and |iganment bal anci ng.
Conversely, .if .maxi mum bope .preservation is desired on a fenoral condyle, a
Cibi al bone BN aA G Do A81RARiS CoPHCTBrany { FoREEr Al BOTESH G487 vat i on
is desired @dsBahighlages & DRnCHEnRRoihEr LIMRRSAiRGNIi6 0L MR EANOREf a

adj usted accordingly to ensure nmaxi mal patellar bone preservation w thout

i nduci ng anpatmt’eﬂsmnnm@m b¢ enered] fintaha pmmaboﬁeidpmgg Napidsmensiondgési red on
a trochl ea, . a bone

ut on the opposin atell a can.,be adjusted accordingly
Fo enaur o riibiear pitkr s AE B BRI E AR A § Y RGP EL A B
deficits. Aamy®embidiati on i s possible and different weightings can be
applied. The weightings can be applied using mathematical nodels or, for
exanpl e, dat®O0d47]i ved\lfarmnvpbt pgrnt-spfcdrcdnuendat duva sesexatpR, dhtainghment
preservation .[000141] I npl ant. desi gn and nodeling, .al.so can be ed to
eht eve | | QBHbRE: Sk oS B Gt BRetn MG T PERE-Bee g or ¢ he
ACL. An i magiightlofsfatsS &t REmplel deh&@ebdtBinR sdflidd| BH &ﬁ?ﬁ%ysﬂe@z,% OARR8
identify, for %;anple,'the o?i% n and/orgf%eg%nsert?on of the PCL and the
ACL on the pern-imagd guidsil gan Fheedonioghe cemputepropiaser Thipkingmatiper | denti fi ed
by visualizin for. exanple, the |iganmen direct.l as; | assi bl i th
Vi or opi 1 il oI podide, dIRTRALS B ARG o RRLARERRRE G Lo be
the origin Gmbiangd &k tredsteihg thaendrkgaakdthes wedas@sng Inab afolemeas, fondxapgse.eri or

tibial spines. [000142] An I nplant system can then be sel ected or designed
based on t hBexiggatapsion. ahdueton addysiiop,rgiasipe, andpshar &gy B V@RASbnent

preserves t an r P rigin,. and the, tibial.c onent rves the
Ra andror - MRS, ACRIR keSS eRier fsindMing M atopBBhiCh TGRS BIEIS o e
bone cuts agichGRténtt ThbhedafiCanahclREd-bigtadr@sdtTRAitedab tRY pBicht’ dgxenéndagaken t he

bone to induce a potential fracture. ) ) )
weight, height, size, body mass index, and race. Desired limb alignment and/or

deformity correction can be added into the model. The position of bone cuts on one or
more articular surfaces as well as the intended location of implant bearing surfaces on

one or more articular surfaces can be entered into the model.

[000149] A patient-specific biomotion model can be derived that includes
combinations of parameters listed above. The biomotion model can simulate various
activities of daily life including normal gait, stair climbing, descending stairs, running,
kneeling, squatting, sitting and any other physical activity. The biomotion model can
start out with standardized activities, typically derived from reference databases. These
reference databases can be, for example, generated using biomotion measurements using
force plates and motion trackers using radiofrequency or optical markers and video
equipment.

[000150] The biomotion model can then be individualized with use of patient-
specific information including at least one of, but not limited to the patient’s age,
gender, weight, height, body mass index, and race, the desired limb alignment or

deformity correction, and the patient’s imaging data, for example, a series of two-
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[ 000143] For ACL preservation, the inplant can have two uni conpart nent al

ti bial conponents that can be sel ected or designed and pl aced using the

i mge datwiO20i1esaerati vel y, the inplant can have an ant ePCBUSRO10MES6S
conponent. The width of the anterior bridge in AP dinmension, its thickness
in the superoinferior dinmension or its length in nmedio |ateral dinension
can be selected or designed using the inmaging data and, specifically, the

known i nsertion of t.he ACL d/or. PCL. [000144] Any j.nopl.ant_.co nent can be
Soront o0 aniFomsBRAREe™ o Rt aiabi i Feschupar of RO of RTaery

l'i ganent st [uehtdh@ated.MBYI Ng data can hel p identify or derive shape or
| ocation information on such |iganentous structures. For exanple, the
| at er al f enpi0dil SHondreingflama shapecocipding aesotated Hoine oute @chareted & thor t ot al
knee system can_.include a copcavity or ﬂivet to gvoid t he pqggiteus t endon.
In a shoul dBRCCHRRORIIBEBINS BisdHBRIE: ah aligrmented SOEHY ROV RERYI ty or
di vet to avpidedatRSLARWrMdrS ahRABP 0 Mced dah 6ERfrddRBdPRto thP nidbdli P, the
fenmoral conponent can be sel ected or designed to avoid an iliopsoas or
adduct or t eRadenster8matstalbhitlxhpatgnispendic bosmetear mndel wanh ifjcbidet biianemwt i cs
[ 000145] I n fert i n enbodi nents, bone cuts and inplant shape including at
| east one of ™Y°H&he-facing or a joint-facing surface of the inplant can be
desi gned or selected to achieve normal joint kinematics. [000146]In certain
enbodi ments, a conputer program sinulating bionotion of one or nore joints,
such agg ines: exanple, a knee joint, or a knee and ankle joint, or a hip,
knee and/or ankle joint can be utilized. In certain enbodinents,
patient-kbé@iﬁm@ﬂdﬂﬁQW$gm@agébﬁﬁn be fed into this conputer program For
exanpl e, seri es of -di mensi onal inmages of a patient's knee joint or a
threefdihéﬁgfg rdﬁBBﬁ%%éﬁ?@%?%ﬁme a patient's knee joint can be entered
into thepReRGpdstioMddédidIoRadrhly supe¥iBr, G BRESH P BfferdTRELSn Ahd Bxtension angles
t hree-di nensi onal representation of the patient's ankle joint and/or hip
j oi nt enaintdryealadd edterjad 604408 ol ane on atorw Emoralpand@as - speci fi ¢ ki nemati c dat a,
for exanple obtained in a.gait |lap, can be fed into the conputer program
AIterHa?ﬁW%Pyﬁngﬁfwgﬁ@ﬂgﬁéﬁVﬁ%EeHgﬁigation data, for exanple generated
USI NG o FREGHGAL RRHLIGRLAAN G BMmor(RURLAHLARLOT NON- 1 age guided can be
fed into the conputer program This kinenmatic or navigation data can, for
exanplee, Aberigesieicang goktyriapdidy ofgit Gatti a@lof e rREdiateunkd d4tsral enidial dondfdeand by
regi stering the markers and then neasuring |linb novenents, for exanple,
f1 exi on, dEneHEiUHOT ISR on, adduction, rotation, and other |inb
novengnt J: | udi ng ant hroponetric data may
be agged 8%9%gﬁﬁé%éﬁ%gﬁgﬁkbﬁgggk%gfgg%gﬁm#ﬁ§+ude but are not limted to
the pati€siitad reBurc@e Metees on\&i gt ond @i i artidute sulfaddy, NBsSfembeldsondime race.
Desi red Iinb‘aliqnnent and/or deformity correction can be added into the
nodel . THY poRipkplaiganr thshicaand 3 patslldne or nore articular surfaces as wel |
as the 1 ahanded.d eALLAR0R o IRL AR RERLING, SUL T.ACH3- 00 Sla TS
articul ar surfaces can bée entered into e nodel .

plateau, a trochlea and a patella

e Forces between the bone facing surface of the implant, an optional cement interface and the
adjacent bone or bone marrow, measured at least one or multiple bone cut or bone facing
surface of the implant on at least one or multiple articular surfaces or implant components.

e Ligament location, ¢.g. ACL, PCL, MCL, LCL, retinacula, joint capsule, estimated or
derived, for example using an imaging test.

e Ligament tension, strain, shear force, estimated failure forces, loads for example for different
angles of flexion, extension, rotation, abduction, adduction, with the different positions or

movements optionally simulated in a virtual environment.
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[ 000149] A patient-specific bionotion nodel can be derived that includes
conbi nations of paraneters |listed above. The bionoti on nodel can sinulate
vari ous awoiitizee4of daily |ife including normal gait, Pstraiseoioioudsvs ng,
descendi ng stairs, running, kneeling, squatting, sitting and any ot her
physi cal activity. The bionotion nodel can start out wth standardi zed
activities, typically derived fromreference databases. These reference

bi onpti.on _neas enents usi ng

dat abases can be, for ner at ed usi
force *pl ﬁ?tegﬂaé HED Bk lﬁman&e?%ek%? gﬁﬁg?rﬁﬁulﬁbﬁf%fl’?f% Ge&ntyhigh fEHEN-HEN mar ker s
and vi deg&aH P IRGthal drQRIRA}IHG D LOIRELR By Q&gl%{lor?épaﬁyt&'ﬁlﬂ?&tfoﬂgfh\éir&'fgl i zed

with use of patient- specific information i|ncluding at' | east one of

not | i m ¢emwh¢ranglee / patiii@nst/ movagentsgender, wei ght, hei ght, body nmass i ndex,
and race, the desired linb alignnent or deformity correction, and the
patient's imaging data, for exanple, a series of two- WO

2011/ %ﬁ&%ﬂh%%m/%%ﬁreglz%%k f]mﬁ:k d. FaRaiPbr ouhieee- di mensi onal
representation of the joint for whi surgery i s contenplated. [000151] An

i npl aret bhap@amd@k@dwmgnagsndﬁumgmnbmmeﬁmwbsagéme&ated in the preceding

optimz ons, for exa nb al i gnnmen ornlty correction, bone
preservgﬁkﬁﬁnﬁﬁdSﬁ@n%? & FPF@&P§ 5§$vaaagacehn be introduced into the

model . P@h@ﬁﬁ%ﬁk&eﬂﬁ%%&%ﬁ&w&ﬁeb?%tE%hk%@%r%ﬁﬁ&hﬁkﬁbphﬁﬁkEé&Bﬂ@?ﬂ%&nﬁﬁ“

|nclude but are not Iimted ; knee: fenmoral rollback during
flexion ematsmmhbdwtmm at addolclidyg clevaituor, myjerhblexi axternPaotetibrar posi ti on,
medi al , }at ral r|0é? inferior for different flexion and ext ensi on

angl ed {9t ?%ﬁﬂtM£M§ eyt Hape P P9t9Hn of one or nore fenoral condyles
I nt er pal C@ﬁ'tgcteﬁfés%ﬁﬂgq}r 5RL 88 ANeRf ofd S thbRiaRicular surfaces, ¢.g. an acetabulum and a

femoral head, a glenoid and a humeral head

e Contact pressure or forces on at least one or more articular surfaces, e.g. an acetabulum and a
femoral head, a glenoid and a humeral head

e Forces between the bone facing surface of the implant, an optional cement interface and the
adjacent bone or bone marrow, measured at least one or multiple bone cut or bone facing
surface of the implant on at least one or multiple articular surfaces or implant components.

e Ligament location, e.g. transverse ligament, glenohumeral ligaments, retinacula, joint
capsule, estimated or derived, for example using an imaging test.

e Ligament tension, strain, shear force, estimated failure forces, loads for example for
different angles of flexion, extension, rotation, abduction, adduction, with the different
positions or movements optionally simulated in a virtual environment.

¢ Potential implant impingement on other articular structures, ¢.g. in high flexion, high
extension, internal or external rotation, abduction or adduction or elevation or any

combinations thereof or other angles / positions / movements.

[000152] The above list is not meant to be exhaustive, but only exemplary. Any

other biomechanical parameter known in the art can be included in the analysis.

[000153] The resultant biomotion data can be used to further optimize the implant

design with the objective to establish normal or near normal kinematics. The implant
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Fl exi on and extension angles of one or nore articular surfaces Anterior
slide and posterior slide of at |east one of the nedial and | ateral fenoral
condyl es woronign28d2exi on or extensi on Medial and | at er alpClraxseaiy/oséss®ughout
the range of notion Contact pressure or forces on at |east one or nore
articular surfaces, e.g. a fenoral condyle and a tibial plateau, a trochlea
and a patell a Contact area on at |east one or nore arti cul ar surfaces,

e.g. afem)r ondyl e an tibial Iate a troc ate

o e 3 e B A R S B e
interface apghelbg paddAGERLfOANE iRNuddRNBndIR Da Y, bl@iﬁ@ﬁéﬁ @Qa flclddeamlt afhotor
mul tipl e bone cut or bone facing surface of the inplant on at | east one or

mul tipl e ar timgad & surfaces or i npl ant conponents. Liganent |ocation, e.g.
ACL, PCL retl oi.nt capsule, estimated or derived, for
exanpl’e Gg?%é%&%ﬂr %‘E’Pg imé_l h@ﬁ%CBFP:ﬁa MStrain, shear force,

esti gt edpf é’e{f&t&’ﬁélc t hQRG i 198t BXATRIsBaitiar lgﬁefferent angl es of

fl exi on, exrt%lgnm on, ﬁ%l onﬁéjabductsl on, asd%luctl? on, with the different

posi t |°on€hmgesrm/@41mnaISJ0mptfa@ngiﬂlgAamshapeameldlail plaae virtual environnent. WO
2011/ 028624PCT/ US2010/ 046868 Pot ent | inplant inpingenent. on ot her
articdl a&ﬁ%ncg%tﬂ triergal, joiny faging Hapfpntss %Balaﬁnulﬂplgwlaés?f eﬁ@r%ﬁmeﬂ%l%t}snm or

ext er Rl cf gl [ PMerARINGLIAMOImAGIURLIAN BlonlYuGOTDI nat i ons t her eof or

ot her angle posi tions araneters can be neasured in
ot her o oChirges & @ternd), Wonbiffcins inglontlstigye: in shdittelrplale and external rotation of
one or nore articular surfaces Flexion and extension angles of one or nore
arti cl afhanges ab@sem%rh@ﬁ|fwn&1mni@teﬁh@pea@§t<@% P]@]ﬂe slide of at |east one or

nore art ul ar sur S ri.n ion or e duct.i on .or
aaduct; ontabPbrEHIeGRT Tonf S S R IGPERER: B S E

t hr oughog@hardgdetd @eag rﬁtfre BOhd @ls, for example with regard to depth of cut, orientation of cut

[000154] Any single one or combinations of the above or all of the above on at least
one articular surface or implant component or multiple articular surfaces or implant

components.

[000155] When changes are made on multiple articular surfaces or implant
components, these can be made in reference to or linked to each other. For example, in
the knee, a change made to a femoral bone cut based on patient-specific biomotion data
can be referenced to or linked with a concomitant change to a bone cut on an opposing
tibial surface, for example, if less femoral bone is resected, the computer program may
elect to resect more tibial bone.

[000156] Similarly, if a femoral implant shape is changed, for example on an
external surface, this can be accompanied by a change in the tibial component shape.
This is, for example, particularly applicable when at least portions of the tibial bearing
surface negatively-match the femoral joint-facing surface.

[000157] Similarly, if the footprint of a femoral implant is broadened, this can be
accompanied by a widening of the bearing surface of a tibial component. Similarly, if a
tibial implant shape is changed, for example on an external surface, this can be

accompanied by a change in the femoral component shape. This is, for example,
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Contact pressure or forces on at |east one or nore articular surfaces, e.g.
an acetabulum and a fenoral head, a glenoid and a huneral head Contact
pressure WO 2hweee4on at | east one or nore articul ar suPCRABI)10046368 an

acet abul um and a fenoral head, a glenoid and a huneral head Forces between
t he bone facing surface of the inplant, an optional cenent interface and

t he adj acent bone or bone nmarrow, neasured at |east one or nultiple bone

cut or bone facing surface qf the inplant | east one or multij.ple

At oul ar S BT Edagy SRR AR athen b favrrians of thedlamer Dbt ubhee Beegtivels-
transverse jag@anROtibia Do BN EME§Rfact] ganents, retinacula, joint capsule,
estimated or derived, for exanple using an inmaging test. Liganent tension,

strain, shefl00is8|ce, Semilammtifdpdtaildrwoempboent esdiud ioadderfeds thesxanpke f or
different angles of flexiqn, exgtension, rotation, .abduction, adduction,
with the di F?CQF@ﬁ{lleﬁégiathgﬁ@n%P %@@?éwgémaﬁk%bﬁrm%s f465IT34 Y Of MICS vi r t ual
envi ronnment (.Potential inplant inpingenent on other articular structures,
e.g. in high tlexion, high extension, internal or external rotation,
abduction ofooads9ict i aihesy lirle\caing@R alBd camypptp Y bibadisshbhideediplaits. oFdrer
angles / positions / novenents. [000152] The above list is not neant to be

exhaust i ve, “BRPI®AN ¢ bk dhpleaayal implant thige insheRecch i ampaafet&i¥dnown in
the art cangbehNlsudede biohifnRa: éﬁsdtharelge{l Oa‘rﬁja%ét]aﬁlhﬁr éo%%h%ﬂ%%ﬁﬁe)é.o J&e | on

data can be used to further optini npl ant design wt ctive
to establ i sy, foorer@hploy pargarlaroappdicalide mémbi esst poht@ns ohthantetabar bearing

2011/ 028624PCT/ US2010/ 046868 opti m zat.i ons. can i ncl ude, o or | tiple

i npl ant  conPBHEATEEANRITRRAL &&tffewp 1918hECBESHE S Igaéh%lﬂﬁqrsﬁégalf?qo dat a

i ncl udi ng i fRYEnAASRs RhATRY BP cHRle bAGH BQﬁmapkﬂrfa%é,echﬂ%n bé R dothahRd

Changes to external, joint facing inplant shape in coronal plane  Changes
t o ext er nal by pchangefime hngeiakpdmponeshsipec.i This sgfor taimple apraticubirnappdicalde

external, | \(;)vlhgﬁ atf lg'ecl:sit Egrtljogy lofa trlllte hﬁrrrllae'Pa? biearllrinagxsiu?flaceo Illqugtelzvely-match the glenoid joint
facing surface, or vice-versa.
[000160] Any combination is possible as it pertains to the shape, orientation, and
size of implant components on two or more opposing surfaces.
[000161] By optimizing implant shape in this manner, it is possible to establish
normal or near normal kinematics. Moreover, it is possible to avoid implant related
complications, including but not limited to anterior notching, notch impingement,
posterior femoral component impingement in high flexion, and other complications
associated with existing implant designs. For example, certain designs of the femoral
components of traditional knee implants have attempted to address limitations associated
with traditional knee implants in high flexion by altering the thickness of the distal
and/or posterior condyles of the femoral implant component or by altering the height of
the posterior condyles of the femoral implant component. Since such traditional
implants follow a one-size-fits-all approach, they are limited to altering only one or two
aspects of an implant design. However, with the design approaches described herein,
various features of an implant component can be designed for an individual to address
multiple issues, including issues associated with high flexion motion. For example,
designs as described herein can alter an implant component’s bone-facing surface (for

example, number, angle, and orientation of bone cuts), joint-facing surface (for example,
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Changes to external, joint facing inplant shape in nultiple planes or three
di nensi ons Changes to internal, bone facing inplant shape in coronal plane
Changes twoi2ntiens@@i, bone facing inplant shape in sagit ralf/ysb@om46s@hanges
to internal, bone facing inplant shape in axial plane Changes to internal,
bone facing inplant shape in nultiple planes or three dinmensions Changes
to one or nore bone cuts, for exanple with regard to depth of cut,

orientation of cut [000154] An i ngl & one_or orrblnalons ve or
o110t 't he SBBE oo ML A ol ey TP Ao .%ﬁaahfeel@ﬁnwﬁbm or

nul tiple arhhdathar fodtufds poeRIdRss isTRisanth KiAPRRBAkSeetPWharhdgneghanges are
made on nmultiple articular surfaces or inplant conponents, these can be

made in ref @0OH6H toT&hlebhommmodeéamhbosdp@temdﬁmd\emlm[em spagifich@nitenee, a
change nmade to a ferrqral ne. cut ag g@ﬁ(pl ent.-speci fic bionotion data
can be ref eFSHEBITPECIBE Or PHICERIORIC iicel g awm& e to a bone cut on
an OPpost nOrdgoRE) _SHAERG: ek SRR ot cd PTG IRy BRAROBoR GRS o
t he conpute pro tore Bical* vone.

[ 000156] Si nedchrshycifie f)at&nf emns aﬂlplamhﬁbé eﬁgiﬁmedﬁotﬁélpmgﬁds IdadranéXaapl € on an
external surface, this can be acconpani ed b%/ a chan e in the tibial
conponent sfgprdsTEpsmsience, grl 28lbapgicat maxne %qsfria%rnbgﬁ dseauashigk ahen at

| east port' HRenf “mgo%ﬁﬁﬁﬂ {Helr&hi%%}flé‘%ecaﬂ%gg ¥i@h ¥i R gghhfcgﬁesgg ral

j oi nt -faci n surface 157 tpr| nt enor a
I nplant is brateardhptege;mbmfos eaanpdnemacz&Gnmmpolgdthplpnammdem bgusetl it héighear i ng

surfaceofatlbla one Simlarl if a t.ibial | ant shape i s
changed, f oPa&RGY }“é r&?\a@% BEAYHT O MO petIvehafignt gy Il?gg&l& 8}%8‘1?1]19 Thy a

change in tmgelftgfrgﬁﬁllargmnent shape. This is, for exanple,

3.4  Restoration or optimization of joint-line location and joint gap width
[000164] Traditional implants frequently can alter the location of a patient’s existing
or natural joint-line. For example, with a traditional implant a patient’s joint line can be
offset proximally or distally as compared to the corresponding joint-line on the
corresponding limb. This can cause mechanical asymmetry between the limbs and
result in uneven movement or mechanical instability when the limbs are used together.
An offset joint-line with a traditional implant also can cause the patient’s body to appear

symmetrical.

[000165] Traditional implants frequently alter the location of a patient’s existing or
natural joint-line because they have a standard thickness that is thicker or thinner than
the bone and/or cartilage that they are replacing. For example, a schematic of a
traditional implant component is shown in FIGS. 7-2A and 7-2B. In the figure, the
dashed line represents the patient’s existing or natural joint line 740 and the dotted line
represents the offset joint line 742 following insertion of the traditional implant
component 750. As shown in FIG. 7-2A, the traditional implant component 750 with a
standard thickness replaces a resectioned piece 752 of a first biological structure 754 at
an articulation between the first biological structure 754 and a second biological
structure 756. The resectioned piece 752 of the biological structure can include, for
example, bone and/or cartilage, and the biological structure 754 can include bone and/or

cartilage. In the figure, the standard thickness of the traditional implant component 750
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particularly applicable when at |east portions of the fenoral bearing
surface negatively-match the tibial joint facing surface.

[ 000158] Svoi2bawd2gq24i f a patel |l ar conponent radius i s w gemasomwhiesesan be
acconpani ed by a wi deni ng of an opposing trochl ear bearing surface radi us,
or vice-versa. [000159] These |inked changes al so can apply for hip and/or
shoul der inplants. For exanple, in a hip, if a fenoral inplant shape is
changed, for. exappl e on.an external surface, i s..can. be acconpanied_by a
change i n aHTGEOTRBUNSI Earpe . ape TR o RGO By R RICT Bl ar  y
appl i cabl e ypheicalpld@asht PARS tQBSi0AEd ple6e 28R haR WhAtaddgSal NEpl1adt bapBnent
negativel y-match the fenoral joint facing surface. In a shoulder, if a

gl enoi d i npl&hercataapevide jeinbgrapeth8 dndror er affpttgoiilian Sweensahn eddressdbs thi s

ol e pantRey e e BB R RUARS Plos SRR TSRl Mty

bearing sur biatspidagaidtivie! 764 AAd cihtthiag ghei@intnQisficidtat ity tisiofnace, or
vice-versa.H%000160 Anéfconbination I's possible as it pertains to the
shape, ori eRescYaInWhipthisalicsation restpres seme ghihe mesehanier msiebility cigsted Bpbosi ng
surfaces. | tim.zi | : i .S A r, it is

possi bl e toggg%g%%ﬁéﬁgﬁbéggﬁeggﬁﬁgg%qﬁ%gﬁgﬁ&ﬁ?%gﬂgﬁ? %ﬁPﬁgfeover, it is

possi bl e to[moess| | Mitcatatn dredRtiAehtS BRI iRt itd® Rplahttehipdheids, bl rélgded! | m t ed
to anterior notching, notch inpingenent, posterior fenoral conponent

i npi ngenent d¢sigviagh nidthods divingreneow eare esneptsitlesd arome inesed diam setiani+ h
existing inpla sj gns. . For exanp| e ertaln. desi . of the fenpral
component s YLl eangpeienaet Ronay puiElb O A BEF I oo  EL R hon
|'i m tati onsoasieeeitatBcatadilpiticachidctitanpkdie ompileany snd freldiéDdesidnexhon by
altering the thickness of the distal and/or posterior condyles of the
fenoral i npMafodesap Srenencar mere asrestsithy rhengiscepdtirn peticatspraifes dajp to

condyl es of i e S uch traditional inplants
follow a ong%gﬁgéﬁﬁ?#@%%PFngg&gggﬁﬁgﬁﬁg§m5§%pﬁﬁw$ted to altering only one

or twa.Aspgeift-1ife 18éntionp! ant desi gn. However, with the desi gn approaches
descri bed herein, various features of an inplant conponent can be designed
for an indi {00006T] t o Indechtas smhuditricptsean seplag,compoherdicagbé desiged dssdainat ed

with high flexion notion. For exanple, designs, as descrihed herein can

A tor an i nBAE RS 8o e TRl o R LS G Bl AT R
angl e, and gEiceRtALIsOFaQto RARG e GHERY optirRizB thd RetidiBar PatitR&Sofnt-Bhe R €,
WO 2011/ 028624PCT/ US2010/ 046868 surface contour and curvatures) and ot her

feat ures (f Ber exapb es schaplatieallyrdspigbad inil6: A3, dredthivkhess pfafde (shewn as )
address issugs with high.flexian together w t t her .issues. .[000162] The
oot on nafibr Mlich Shead iisihd ko bf8GTo0 Abd B Bllied o Rhst h Bl oot
nodel i ng or s¥shatialb} gsaekaningah thodielasckRemnhd patleRes akittind HAIRES]jResul t ant
forces in the knee joint can be cal cul ated for each conponent for

line 740 to the articular surface of the biological structure 754 that the implant 760

engages. In the schematic depicted in the figure, the patient joint gap width also is

retained.

[000168] The matching thickness profile can be designed based on one or more of
the following considerations: the thickness (shown as A’ in FIG 7-3) of a resectioned
piece of biological structure that the implant replaces; the thickness of absent or decayed
biological structure that the implant replaces; the relative compressibility of the implant
material(s) and the biological material(s) that the implant replaces; and the thickness of
the saw blade(s) used for resectioning and/or material lost in removing a resectioned

piece.
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each specific patient. The inplant can be engineered to the patient's | oad

and force demands. For instance, a 1251b. patient may not need a ti bial

pl at eau awoOt2hiloks@s a patient with 2801bs. Simlarly, tireTaskyosbene can

be adjusted in shape, thickness and material properties for each patient. A
3mm pol yet hyl ene insert can be used in a light patient with |low force and a
heavi er nore active patl ent may need an 8mm pol yner insert or simlar

devi ce. atl 0 oi nt I|neIo ation nd10|nt gap
wi dt h [0001@3‘?43%” S aOP R A B er P gt iy et (IR0t on of 3
patient's eéﬂg’iﬁéef’é}i Qsed8h Phtaht-kficiic ddtde. oﬂ’[_'i?fﬁz@jé@tﬁmn% lodibh ((jﬁldycfr%@hetr' onal
inmplant a patient's joint |line can be offset proximally or distally as

conpar ed t oparhmcisty ueh p@p@smmjgdnon@)a Hieraingnum eceptrbiethpbnessrg the lmplaﬁrm s
can cause nechanl ca

e enant Cor LR SRR ER R "Siib (st aR e Rl o ds Bt "

of f set j oi Nbadell B8 aW thitchial sualbg amhmnlfrﬁiealmm@ll Steengd) ferakamplches pat i ent S
body to appear symetr.i cal . [ 000165] Tradi tional i nplant s frequent Ig alter
the | ocat i ofetefmigedhy FEA Accasdingly.rg ceitain smbpdImangss, ap Implaet Gewpalssedsiamy

have a st a”ﬂ%ﬁﬂe%} A %ﬁscok{ik%edt%a%@g%‘ﬂ?hrﬁa{l tﬁ@kﬂé@?éﬁ]empﬂr*&ﬁg{%‘a a”d/ or

cartilage t re replacin
tradi ti onal cértgt ambodimePERGME- phﬁmﬁ;h@xvmlmztry%rﬁﬁral ﬁnlﬂénta:nmpzném cat inctude a

figure, the dashed |ine epres nts t patient's existi natural j oi nt
line 740 aan?% ‘E’%‘iﬂlt f idntrflaping 8w %cg apﬁéheol?efngefﬁmp%ﬁw aCF.O.ﬁéheﬁw #51 | owi ng

I nsertion Ofgh aIFt?neh{ A 1 Q8 Man! TRIAMss ARAPAARN lesd BN 3RS RMEY LA thid>  7- 2A,

the tradition I mpl ant conponent 750 with a standard thickness replaces a
resecti onedmpiece 752 of a first biological structure 754 at an
articulation between the first biological structure 754 and a second

bi ol ogi cal HOL&Alur e Ivsmanrﬁ@bsa@g@etsf Bﬁé@pbpb%ﬂmnfotﬁnc#ﬁ@@s ISP FBgE dgm

structure cgagbdta%ﬁ{qg%(&&@ Iﬁ%af’fm] 11801!8‘? ds%at% mlﬁ‘lﬂﬁ ﬂrge figure

bi ol ogi cal structure can inc /or c rt|

t he standar cbsed’lionkigeffmoaﬁor‘e hieant 2- &crhm ﬁepthlfrarmﬂieqmlt hmfman maplant?cﬁﬁnpdﬂﬁlt

2011/ 028624PCT/ 20 o/ 68 differs from.the thi s. of the resectioned
pi ece 752. fg@gmw@?%ﬁr YDOSItQ@Y%&tgﬁﬁa?c@Wel?ﬂneof t he

resecti Or‘edreﬁbﬁﬁ)ﬁm n‘{‘ﬁa{nt&aﬁlhﬁe 1{d’u"ff’tthe' 198 Ron! MR r8dNer COMPORGRLt t/Rfidheat es a
wi der joint gap 758 and/or an offset joint-line. Surgeons can address the

wi dened j oi ptimgapinpdgitpr puiniplegfthemseeovaterithickgs cmbesa;pphcd later WiBGart owar d
the first bi .oi al structure 754 and |n th angnt s oci at ed
wth the j ORIl s BpI G Bd R AR LbSe o) Bt deh B NG Forl S
nmechani cal  fgrshamichddc o€ RS BELRY whWh AN ueht, RhdifidRal primady sPweKacer bat es
the di spl acenent of the joint-line. [000166 Certai n embodi nents are

directed to[00GpTHNt cenfponamibeliments diredtat ®dmplants or implant designs optimized to
achieve minimal implant thickness can include a higher number of bone cuts, for
example, six, seven, eight or more bone cuts, on the inner, bone-facing surface of the
implant. The bone cuts can be oriented in various dimensions, for example, in a flexed-
orientation. Moreover, certain embodiments can include on the inner, bone-facing
surface any combination of straight cuts, curvilinear cuts, and/or portions that
substantially positively-match an uncut articular bone surface. For example, as
described in Example 13, an implant or implant design can include a straight anterior
cut, a straight posterior cut, and a curvilinear cut in between. As depicted in FIG. 7-4,
an implant or implant design 770 can include a straight distal cut 772, a straight anterior
cut 774, a straight posterior cut 776, and curvilinear chamfer cuts 778 in between to

substantially negatively-match corresponding designed cuts to the femur 780. As
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desi gns and net hods, having one or nore aspects that are engi neered from
patient-specific data to restore or optim ze the particular patient's
joint-1ireolotizzs@n. I n addition or alternatively, certa&cm/ysatioomsespeci fic
i npl ant conponents, and rel ated desi gns and net hods, can have one or nore
aspects that are engineered frompatient-specific data to restore or
optim ze the particul ar patient s joint gap wdth. 3.4.1 Joint-line

| ocati on [0Q0167 enbod nts i | ant ¢ one n.be
oot nod badeaibul BarrEns L SonenlaTEe Bim T dn G o RR RO doeS HAY | o
bet ween it sgjricBbné aph@graﬁgﬁtfca%%aﬁs@lrﬂo&@ t1he @@Jsfa%ﬁhl%g SR at dnaRker €

and/or optimze the particular patient's joint-1line ?ocatl on. For exanpl e,
as schenat i edichlpr bespsisotfeee-in FIG 7-3, the thickness profile (shown as A)

of the pati ecific .inplant caq nt 0 .cap be designed to east
in part, SubBOLF o ﬂ;h%lagqrﬁ%fgﬁlﬂg et o Gp e oy E?f’élbﬁaf{eﬁlgﬁfd

exi sting or td\@bsthaRtiallyHe gﬁtnle'lﬁﬁla?c‘ﬂﬁhé Butldfe %&dc@%&ﬁ cBNEd afestBight rib%mons

bi ol ogi cal structure”75 he i nplant 760 engages. In the Schematic
depi ct ed i nThheurfedjeute fo ttllhéopacanéwtperﬁ)rmtd wép awbutichsaat, s desribedt @i ned.

[ 000168] The_nat chi.ng t hi ckness rof an b ed bas on _one or nore
of the T of | BURHEdand A ATRG RO CH CRFERHECPTE Shaa o i (F AEREE 7-3) o
a resecti on@amgu&ﬁfeth%n@ss%@% @@dlg&wta%yﬁeelyhﬁétcﬁ e cunmpamcrmm;ﬁﬁﬁai t he

t hi ckness of absent or decayed bi ol oql cal structure that the inplant
repl aces; th@thﬁeﬂnaltatlw??@mﬂ@s%ﬁltﬁ Inl‘llité}lltof the inplant materi al (s) and the

bi ol ogi cal that th . t he thi f th
caw bl ade( s LGt oS BeehoRAE PSR PO RUrPANcT QUETR PO aE
resect | onedepihe. ol 21 Z8GRAPETSRONOLOHREEA Law@a@awfampﬂql ment s

directed to an |rrpl ant conp i ckness that is engi neered based on
pat i ent - speticfiutartiqular sufaopof thebe pgicaltstiuptues, cotan amct(saﬁdiemonmph@rrt

Phe- i npl ant CUA R0 SUERG AT PO ey BORR " ArRP SEpalt Ll

t hi ckness canfhe tmﬁt&emmd FORSREE) iBihY c6fpbRdnt dineh blﬁfhc@-%n@th‘f&ldﬁbﬁw m
nmechani cal strenﬁqt for exanple, as determ ned by FEA Accordingl

certain enbb@idhd gorr%ﬁomhaw &qtur@romhqﬂplamw@bgtnwrp 8¢ cerarongAt ]Oﬂiﬁ’r%mtl
conponent h i f

enbodi mont s VB SR e SR ERTrRLA e Forr SRR TS M GRLAANE | e
a t hi cknessphiehtiedivlddieal js@udttiref aci ng surface and the bone-facing surface of
the inplant conponent that is less than 5 mm less than 4 nm |less than 3
mm  add.dr Joaggaphvedtle nm [ 000170] I n certain enbodi ments, the inplant

conponent t an range from about 2 nmm.to, about 3 mm er.ef or for
patients thﬂiﬂ(ﬁﬂg‘ﬁu.r n Gfftgn PhP SR Bonee Wég%fétlmaﬁph@oraw%t%ﬁ?g c flgsigned’ 3 mm

depth from phe Qi Qﬁeﬂt'sﬁ@mﬁ@ﬂath &mln%fde %Qﬁ@ﬁ(&%%ro‘i’ﬁéﬂhgﬂﬁ@aﬂ tdited Bhplness
to substantially p05|t|ve y-mat ch the 2-3 nm bone resectioning can nmaintain
t he j oi nt - | bptemizectitiperticulib petoant’s joiat sapbsdtudrr cxamplict asosehémrdatipr y

w Uhan’ adalErgRa e s Rt oI5 RiRhi e BT P hed SrmaieBREess e Mo

depth). Thi gc geiorl k&vit feast 1H@hﬂtﬁlﬁﬁﬁﬁt%l@fpo%ﬁ&ew&%h kicutdhtt Sexiiig or
subsequent, traditi onal grl mary as wel | 0001 Certain enbodi nents

di rect ed tonfiltmllmtsgaoﬂS m@ntﬁg@é@l@r@smhnﬂrzy@sqn@ the phiespd’s ekistipgpr
i npl ant thickn i-Ra! f anpl e,
IR e e e L A

the | mpl ant thlc'[dihessb@ﬂﬁt fidtch tRacorh8p@idigtessttioned/BiceB 92 47 MMedTHicIogicall OF
exanple, in a flexed-orientation. Mreaqver, certain enbodi nents can include

on the i nnebtrugsgRel Y6 OB g Hewierdees Wy nap KbGn &(3Bs thegmplant apgPencaty 5,
curvilinear~ ?‘%1% de?igﬁiéaot%frgtgfn thgg?tléélgg%%%g@ééﬁﬂgggu%po& tively-match an

uncut articu bong surface ed in Exanple 13, an

i mpl ant or jouel?sYt desihgmhickdtss HEALGE et THPbRHt isAtLE tBlin fdldepth oFthai ght
posterior cut, and a curvilinear cut in between. As depicted in FIG 7-4,
an i npl ant eerrespending benssiugrihamie dhigkar ioplaaiecomnement hshidi the gintcline 772, a
strai ght an 0 7 ght, t 0 r ear
chanfer cut Esig\gbeSHP%}é%egt %\S/e%lﬁa]tn;ih?g ?asr‘?Fgﬁl T)g/kh%la cy}lt\/%ﬂ%%ldfjl’{](‘q‘ﬁG[)%(%ryraesegond| ng
designed cuts to the fenur 780. As



WO 2011/ 028624PCT/ US2010/ 046868 descri bed in Exanple 14, an inplant or

i npl ant design can on the inner, bone-facing surface one or no straight
cuts and wonrdigmse2that substantially positivel y-match amCunseei0andssgul ar
bone surface. [000172] The inner, bone-facing surface of the inplant
conponent can be designed to substantially negatively-match the cut bone
surface, both curved and straight portions. The curved cuts to the bone can

be perforne th.a router.saw, as descri u er of
Phe cut o cay Heehide BS5oRd R bBhe ronarido OReet B ARET LEIEs el B kness
can be desi Bﬁ'lﬁgnttc@n{f)gﬁéﬂﬂ Y8l YxatBiI€ in 118 KGE r PHEREMCAS KRS Snchude Yot & Renralt he

inplant or across the entire |nplant [000173] By positively-matching the
i mpl ant conpmiémtcomppn%ﬁ@g@ a ibest inplang ctomnomgntclftthqj@ptohalpmp aint eompangniy

negati vel n nent bon cin surf
e o s TR Rg ah ferT TRAR e PORF R BT b ool e G gy
conponent | @itihndr &ibidd @npldhtl Q6 &e @S L)I@Sdehaﬁa%hvooﬁﬁﬁ&iﬂs QQibiR SeaNElitngdAs ARCt S

of biological structure surface that it replaces For exanple, if the
conponent i Hidmesyaffagoarcapeading notirisef mléﬁnxpﬂ?@té@mp@@ﬁbmme lese Hatir es of
the biolog S@Aut%%xﬂclteé’s{]tﬁa Lﬁb%t%%‘iﬂol% aﬁ Rtk 2T AG! G G @o%‘t'@?nmséh%%ras a
j-curve, also can nh the correspon surface’ curvature 0

patient's Dbless thghabdutAmmct ure. 3. 4.2 J0|nt gap width [000174]In certain

enbodi ments, one or nore inplant conponents can be desi gned based on
patient-s peHlﬂﬂulZﬂd at ;Qrteo)rumnfr: gerapenant efieréyal ippkint pan heh%lmgrnéd thipper to

restores, / OrI'GS %el Eln OI'O t'le’I‘llZ art Ile%!fl,lﬁi]a%l @Ig %}OIAO%PI ntwgﬁtp 1\'6\6 dth. For

exanpl e, as sc ica €pi C

patient- Sp66Xafrﬂ11ﬂe Idi\iB|0aBbtth£fImQ)ﬁtﬂlﬂﬁa§ aﬁ85,t1bi7a$ﬁra9ﬁf$elb(€e gespllyadsetnc),caxabe | east
in part, substantially p05|t|vely match the patient's existing or natural
joint gap 78®igncd aflqi{er felentiede(e. &mewgalw se}?éteﬁé}?r%téﬁmﬁr VRS OEMIEAL ' S

exi sti g or 1@l ol Y pdd 8 (AR R HERLS BAREI! EpdoiBlahcAmRpnEnt <

785, 786 do not have t ness corresp sectloned
pi eces 792, caffdn ehbddioknty) a:alblabibmleccuualeiiéorﬁﬁﬁthid&ﬁss d-ﬂcavrmvrespondmgqimmmn ofn
FIG 7-5B, ggpknplant cogFonents 785, 78 desi d t.o rgtal the

patient's sp [eplgafsompapent 7asy beplewaansy °1ut .l Sé %@%0% F¥¥pl ant

conponent i &,95L8&e mil) &3s {HAR adSRBMA! add6r CQ thesPRREbREmbone cut, then the
t hi cker inplant conponént can shift the joint-line down. However, as shown

in FIG 7-50080T77]7- SBn céitein pobodingafs, vhadime@nimpant &trﬁpcﬁﬁdts c‘d\Ddemgned
2011/ 028624PCT/ US2010/ 046868 by deshgnln a second i npl ant conponent to
of f set the b%S@Q%rpatlfmtéR%@%d@ﬁtq%l Pla§ Ckl%?ﬁwmﬁ% altgs dexanpl e,

in total ?ﬁhr&}% f%HPé‘ ?ntéé&?twlat?% EQ%P%%&T th &Péﬁaﬁb nggahc%um‘enent

and a tibia enoral inpla nent 1s thicker
t han the deﬁomemmpﬂd;uehecp}ammsmcmﬂin raigtamanenahute dallmlregartdirtgl th¢ ldngtheofelan be cut

and/or a thinner, tibial I. hant can %6* E&% cert in nbodi nent s
tibial bonePEIHI §AAFGPORHRE (RS knes @6%9081@08@@“ bi al
i npl ant COWPQﬂ%Hes@Mdﬁﬁa{ l%§§ it ?ﬁrﬂ RBOWE 1&1 S £ drf%siﬁnﬁ ﬂﬂé’étt%@&'d@ch@hé@hgthess

than about 4 nm |ess than abou mm and or |l ess than about 2 mm
of the corresponding limb.

4. Analyzing parameters and computer-aided design
[000178] Any combination of the above embodiments is possible. For example, a
series of operations can be performed, optionally with a software-directed computer. to
transform patient data into an output to identify to a user the best compromise between
one or more of the following parameters: (a) limb alignment and deformity correction,
(b) bone preservation via adjustment of orientation and location of bone cuts, (c)
establishing normal or near normal joint kinematics including ligament function and

implant impingement, (d) implant shape, external and internal, (¢) implant size, (f)
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[ 000176] One or nore conponents of a tibial inplant can be designed thinner
to retain, restore, and/or optimze a patient's joint-line and/or joint gap
wi dt h. FowoerampB@s one or both of a tibial tray and a PChitskonoasses nsert
(e.g., a poly insert) can be designed and/or selected (e.g., preoperatively
selected) to be thinner in one or nore locations in order to address
joint-line and/or joint-gap issues for a particul ar patient In certain

enmbodi nent s ne. c and/ ness a corre i

o omor it BieRpss BRio T S dtafibr il (BoreRE o Rt ST 67 R Gags
t han about %d%cﬂl&% §hat7p|aa@1ﬁ1ﬁﬁkﬂtloﬂ dﬁ@mﬂ 1888mithaRaRBRULde Sas bt IRP Eérﬁfneie?S S
t han about [ 000177] I n certain enbodi nents, one or nore inplant

conmponent s ti@rgogle@ﬁ ngih e@vmsté@lmm lmtnoetnpergp@iy pi minjmizing any meverdentaof

t hi ckness pr,af.i that re or.alter tlent s j oi nt gap
wdeh to v SlBunmEnd 3 pRE RS anRs b bR e BRlds BB TnB R 8 B’ Oxampr e
the patient sgpe6ily bg1ﬂ@icflly(r3mﬁ)ibtl?ﬁ;§dtfdﬁ%lfﬂ?ﬁtdqlﬁéglﬂ@[cdlaI%Qlchﬂri:glchﬁiﬁg Bmﬁﬁt theI
patlent S correspondl ng S e.g., eft an ri | S t e |1np ant
conponent ( sloading o dungsign gueeg metiont Optmdézatipp 055?18%%%@68@ B nelygde gt one
bar aret er s, BTSN s ahEBich itk PEEOGH PR RAaR ribhahei? HAkh
enmbodi ment 3spee1fmﬁ@ﬂebllt eompaicnedaign @n depael helsadin pqreroatth@ds;snmlamdaﬁof

per f or med, optlon Jﬁ w th a softwar.e- dlrec nputer, to transform
il nhgléc%

patient dat s g hisis st patvers: thaontimiapdigp ne¥eapdsperdopfFthits e

bet ween Onegﬂ{ dﬁ‘%@gﬁfen% %'g%éccﬁ{ié &)‘ﬁ’d?lgr %tﬁ@??&ﬂﬁ traﬁ?%pléo'nﬂi;‘la@éﬁlg tanﬁnf:I
deformity correctio one preservation via adjustnent of orrentation
and | ocat i oﬂleqafatlﬁﬁisespeuﬁs wefghy. éstmdinlgie}hnm]glamuhwhheselor aeao thoatmte-j oi nt

ki nematics i anen func ion.and i ment i npl ant
shape, exte 1# %dnlar%l g)pﬁlg}e eIy gy ﬁBP%‘{ZGQ.(gg %Sedn%pgg cular pat en

2011/ 0286245’5@@& U 20a&H AA&E68 cédAMtAO Hath Ah& KR B&Sont ﬁﬁﬁlrdp@hﬁﬁld dAe TReation,

and (h) location and preservatl on of trochlea and trochl ear shape.

Qpt i mi zat i orPRdaghaianepRlyrie pe ineyars paranetérfaeanyasingrfor trevmmertbarincer thet he
goal of not, noyi 19 Sflh%d% oint |line postoperatively or mnimzing any
novenent s OP tﬂe 10|n ine, or any threshold values or cut off values for
movi ng { he g8t nblyne superiorly or inferiorly. Optimzation of joint

ki nematics al so can include |iganent |oading or function during notion.

Opti m zat i of000179]npl anty drkictkines®veadentified palankemicandedhofirst padykrr s¢tze and

patient weight. Far exanple, .in certain enbodi nents, a pati ent-specific
i npl ant c onPoMFHMIBRSSTI GR CPHMIZEIgRN dltcEativelysthe Prpcpstrgan be htefaﬁlée dphaticzdt i on

of inplant th kg %uto?%‘f@lvcﬁrl‘e cdnfi p%Pc‘idll?‘aﬁ’c’cﬁndté’&’élfof%m%fdg‘iﬁ&%ﬁt% £8Bn depend,

at least in part, e patient's specific condyla errur
transepi conﬁiyérantemctlen kamigt Ibaraadarﬂymse;ﬁatfi)]ea[uahsy apewndd murpaicghDifferent

Accor di ngl y, | ant thic Ss or t he above-i d ifie nt,
e ot o2sY weiglne B b haBiRa 0 i Mheka Rieottors 18" Sapihic Bt GBby BRI s

age, the surgeon’s preference or the patient’s preference. Feedback mechanisms can be

ove

used to show the user or the software what changes in certain parameter values based on
desired changes to one or more parameters. For example, a feedback mechanism can
indicate the changes that occur for limb alignment and deformity correction or joint
kinematics parameters if a desired change is applied to minimize bone cuts for bone
preservation. Accordingly, implant shape can be modeled and modified to achieve the
optimum solution.

[000180] In certain embodiments, mathematical modeling can be applied to find an
ideal solution, for example, according to user-selected parameter thresholds or values

and/or user-selected relative weightings for the parameters included in the model.
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based on patient-specific geonetric data and on patient anthroponetric
data. This approach can apply to any inplant paranmeter for any joint, for
exanpl e, wbeokimesq24t he hi p, or the shoul der. 4. 1ProcessPCran2¢1000869] Any
one of the above-identified paraneters can be the first parameter set or
determned in an optim zation. Alternatively, the process can be iterative
in nature. It can be fully automated or it can be partially automated

all owi ng for use interaction. i nteraction . can be articul arly useful
For Cquart ¢y ALESalus e iiissas be gt hred e i ghdR AyOE SHEDU AEBITEETHD any
of these pag@Bii@fiss, Jr%tr%&qg{,@datgased on the patient's age, the surgeon's
preference or the patient's preference. Feedback mechani sns can be used to
show e udeomputet-abledafesignr e what changes in certain paraneter val ues

based on desjr changes to qne nor. e ararret ers. For exanple, a feedback
mechani sm ¢ igﬂ. cat etpﬁ%ceé%%aﬁeepﬁ%m t@uthe dgriet phancATiRRSATP RS

deformty cgfy4 ﬁ@tie'nPEbe%{ﬁd iRlpkint khOBIRL f6Rr PHBEBLEER d ifapAnd 8RELEheChange i's
applied to mnimze bone cuts for bone preservation. Accordingly, inplant
shape can banmedetli@dpranciund) haybe patialihorewboltyhaitapaticdu Fosadaoiplao the

000180]In cert odi nen hmat C node] i n an be appli,ed to
Lond oo eiftet il R Sp e R dr e sr g e ot e ot B B At e
threshol ds Qger ¥ad/BEBY aBettic H&@s‘fer%ﬁtb%%ﬁd/af@h@édté@c @é}tsgﬁga thar the
paraneters included 1n the nodel. WD 2011/028624PCT/ US2010/ 046868

Al ternat i vepe;rforalsgicﬂem:& @ﬁpn@mﬁwbetm@mw&pmrmg)r@ virhiag mlodelapaimplent dssignpl e
obt ai ned from | cal ive er - ai ded

des o' 1 0003BEFFRBo deblef Gl MUETRERE iPfff o s

€ proc 35|ng te" pa ien esi g ohe or
nor e conpongpteddr @arRikice bl -aSReCidd/ar byradcadhic theMERoTRIo! b B6Wiire- dikfecﬁ’ehe
designed i nplant, and/or the i Iantatlon procedure(s) may be partially or

whol I'y aut oR@TR%er %ﬁenbtklamﬂrf@m A&cinstaf @ReratignsHo thﬁfﬁffBﬁl%q impnd epiionglef | ned
par amet ers, Iy e ﬁl{b%ﬁetogqn&él gﬁ%&&ﬁdﬁ&u@[ ?peUFfféF'i] cﬁ{%dll Plam’de% ChakPNi €
transfer |nPoasoftware irecte uter systemt or s series of
oper ati ons bmngﬂmmﬁaamlngrdatmbptmnaﬂy wath mdééfmedrparamﬂtasgtm@elm gputted

speci fications nt desig W th op i onal er-defined paraneters,
may be mpu??%ﬂls&gpefi ATSHSEY ?@20 &Vejecﬁ@é?c g 6?‘“%9 S%&@Wr(ﬁli??@ﬁtch‘ﬁgtfeer into
a sof t var e- U Le R dF QAP ESr e e FakinR 8hd AmRtsto $REd RS o 0ORBFAL i ONS o

transformthe data and optional parameters into one or nore inplant
manuf act ur i mgplspeccinfpooetts Gow a dtapihamatetedisgoh dat rvomaicnpl arstartegnblaalet ur i ng

data, optionall ser.- def i ned rarre beln tted
Cranst orr eanpiprit doblent 365ia6 iy "B Choping i, of ety dadd, optionally
sof t war e- di (:@Gtuget- @e@iﬂi@&lbﬁfanﬁté‘ii hRytdeah ?ﬂteﬂQﬁftﬁnﬁB@e@By e af@oEbpct uring
instruments to produce one or noré inplant conmponents froma starting

mat erial , selesirenic Hansdew inttaevoiftaNaredirentest eanmytes| sasRmytbatercrfarms 3 psicant  desi gn
data, | rrpl anlger%%df ?&taﬁlsrf&qlrgth%%ta% vand’o 10 l%n}a{xg%rg int@ Bltlé &n r%glleysu}égeéal
user - def i ned parameters tp ans erred by a user and/or by

el ectronic plfoa&ﬁfrEdec[ﬂcﬁtl@n§dﬁtp\l@It desdgtf el &ﬂlpta(hﬂﬁlah@tbcﬁyiﬁg dta} fagllarper f or ms
a series of operatl ons to transformthe data and optional paraneters into
one or nor ed&@rQisHERIC) PECEEHTP dalgpeRtiontba it HecT-SpFARtraBE Ty MaYda, i npl ant

manuf act uri g%ug@&@rtréﬂgﬁln%atb alfs@ra /or HFD 1cgfa?1§1%{jﬂﬁ($eg@ﬁ\9are%lebt%8al ly

W th user-defined parameter inputted or transterred by a user
and/ or by eb(ﬁnputmystehrtamtsdmerctﬂmt@rmoseﬁmtmmaeddmrge@ﬂ eﬂtmmamm,tbr e;saymle},m t hat
directs oneEprQPQ nor e .aut omat ed sur g.. i nstrunents, for exa bot ,

C
to perform BRLAP PRI Qi QiTRYF SU StePSn B&FHEn STRREBRe AR Orlaﬂ@ r more

of these acty.QntHANcRELIARfoPMEB LS ﬁéps%%%%lgl@pl%c%‘s'%?'o%e BF RoRSSHYar@ne or
nore software-directed conputer systens

directed computer systems.
[000182] A computer operating according to a software program can be used to

assess a combination of user-selected and/or weighted parameters and then reports to a

user the output values or ranges for those parameters. For example, in certain
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[ 000182] A conput er operating according to a software program can be used to
assess a conbi nation of user-selected and/or wei ghted paraneters and then
reports twoaougess2the out put val ues or ranges for thosePparsaEDOI6ESsS For
exanple, in certain enbodinents, the follow ng paraneters can be optim zed
for each patient inplant: tibial cut height (preferably mnimze); position
of joint line (preferably preserve for natural kinematics); and thickness

of fenoral cuf (preferably mnimze). [000183] Optjm zati on of. | tipl

ar amoters TYOSBETCE Ao RTRE PR GRS HHRTEE (b BT PGS ng
one par anet gt Heahs BcRALUNARIMIRG RN ol Rt IheQPR Q0L preseivettBenatural
paraneters. |In cases where not all constraints can be achieved at the sane
time, paranksiemstigarpnddhigkedsgabtmorgraubtrireiprably misiigine).i n t he sof t war e
program dep i on the user's desired design goals, for_exanple, .

mi ni m zati oﬁﬂ’gﬂgﬂone Griuaizatin qfangiple pRragrelay may it ﬁjl%ica@ﬂlp'il npqnétrﬁP@Serve
ki nemati cs, fd?rex%ﬁﬁﬂ%! Sﬁiﬂlﬁﬂlgto%e%&%@t@%ﬁs%s BRLRIRRLRAB S tb'dnOBERAbT the
design. [000184]1n any aut onated process or process step perforned by the
conput er syparemeteco ristcases mherqerttadliconsigrinte can lspasbidvied at thpkan¢ timedel , to a
group of pati entts or to the idndi Vi ﬁual Wp%ilj[en&l rra% be taken jntag.account.
For exanpl el ERSCRESA RIS T RMERTHY QKNSR By the FeTONER PR PR AP gD

i npl ant  anchRngePYesHeP 88 PFo AN ot kREPRS niifiBlizfon of BEndlotd, BH Ptédidh Mt

t hi ckness can depend on the patient's Bone uality. [000185]1n certain
enbodi ment s¢existg jpingdine fopresaive kinemaidessobivanipationrte ageonenedatsbotithe cut

pl anes for tQr%%%tebsoirﬁeov%r%rllsde(s:ian be automatically determ ned by the conputer
system forpexanp e usi'ng anatoni cal |andmarks. In certain enbodi ments, a
conput er pr ppo0asa|can Iakgy hitomaRd ped @b MabiRnstep phdsencdblythé bavhpate

optim zed to preserve the maxi num anount of bone for each indi vi dual
patient bas&lEh caNsEints RCAFNINGL APRSHES iHIAINt masdgh o & groxpod patdends idAsi onal
represent at | . i i i nb
al i gnnent ajhh%? %@t]ﬁﬁe@ﬁaglgﬁﬂcfg o?errrtlatE %gﬂcgg@bgsp t.%i%’gpflﬁa Qﬁﬁgﬁc u?ﬁp anes
can be adj ugticaefpyportaiewabple pasiaons ¢UOPIERE hildherscroapdépend sy shicetyp € ahingllso.
const ruct t&ﬁ in;F,I antg%ﬂrfac.e . Surf%%gs may be .copposed of different

el ements. | ANgBHRIEUR Enpentithiskiress cqn 4 an Hie Rapjgnt d¥l¥onformto the

patient’s an@oesy| ! Mnthese cRbbdiRtchRN e flLinGAMUAGHISYHE BhBATbARNKIdutl, a
surface using the patient's anatom cal nodel, for exanple by constructing a

sur f ace t hat'h¢ sutipdanes fardhespibohe outs nosbd gutpaatadallgldetcominké bpahd @mipuger
anatom cal surface., In certain enbodi.ments, the conputer,.system use
iskel gt B S e et R I e et S S R
Transi ti onspRetMeeth SNl BeeRtce@habien STBHNRE HeH AYopARRES tdprebdrld BksS.
Addi tionally, the conputer system may take into account constraints WO

2011/ 028624 Perinuge emorg48dese suchchmndpiidiafabiont bapgst omameties @kwess or | engt h
o, £U0 AT B B ASPRESAAE RL PSSP b e
aut omat i cal byortrys@idithe desired limb alignment and/or desired deformity correction.

Optionally, the cut planes can be adjusted by the operator.

[000186] The computer system can also construct the implant surfaces. Surfaces

may be composed of different elements. In certain embodiments, elements of the

surfaces conform to the patient’s anatomy. In these situations, the computer system can

build a surface using the patient’s anatomical model, for example by constructing a

surface that is identical with or mostly parallel to the patient’s anatomical surface. In

certain embodiments, the computer system uses geometric elements such as arcs or

planes to construct a surface. Transitions between surfaces can be smoothed using

tapers or fillets. Additionally, the computer system may take into account constraints
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automatically add other features to the inplant design. For exanple, the
conputer system can add pegs or anchors or other attachnent nmechani sns. The
syst em cawmopbaoesdéhe features using anatom cal | andnmar KPCTASRGHNHG8GE S can
be used to restrict the placenent of the features. Exanples of constraints
for placenent of pegs are the di stance between pegs and fromthe pegs to
the edge of the inplant, the height of the pegs that results fromtheir

position on the inplant, and. forci. t he pe to be |ocated on the nt er
P he | Ot 1 oty MRS FERITLEh T sty THEGS oF CHETIE teine’ e p e e
pl acement, whiBntQrhdt doRGkictiBPkiRr @ik gest he constraints. 4.3Libraries

[ 000188] As descri bed herein, i nplants of various sizes, shapes, curvatures
and t hi ckneb98487)i t h Iy angtberscmipdasemnidic computcosisteanernmiternatze]lp as semmid

nunber of bone cuts, c e desi gned, and nufactured. The inpl ant designs
ondror ¢ ol S et R SR O Aoy TRGRARE' EPE s Bl T ary .
The i brarys@asn b @ldviept bahndhbRrorioyhe® httddilcaningcha@isnBONMMEREAEM ca®blace

el enents that can be conbined and/or altered to create a final inplant. The
li brary canthierestuige using aeap@iablapdmprky s Constraintp rambe estporeHicsthel n certain
enbodi nment s | i t %ﬁ@ - j A | ect ed
using the | P‘g?%%@i.t%%hg fP%}BIraegr ggca ?ﬁg{&uﬁgaﬁ?g@f glggﬁénfégﬁgelggg gedﬁllgrrpl ant
conponent s Hstanagbawecropegsane fioat the ptgstpeand Edge odsixeiaipdant ahdhoighcafithonent s

wi th standard or bl ank aspects that can be altered to be patient-specific.
Accor di ng| y PR AR §08) Tg‘PlfiPHﬂ_P%Pn aplagt e | 1%?%8%%0%?%&%4@
library. FI ﬁﬁ-ceﬁt‘eﬁﬁhe‘.,@pt@dﬁaﬁpﬂﬂ’ﬁk t R0 ﬁW%gﬁ%ﬁdﬁ&%@ﬁ%k%ghﬁp&ﬁ cts

that can be included in such™a ary. [000189] A virtual or physica
i npl ant conpahentvidhant bdorsaigabe exhsframtm t he |ibrary based on simlarity to
prior or baseline paraneter optim zations, such as one or nore of (1)
def or hdy ddPFatiasi on and |inb alignment (2) maxi num preservation of bone,
cartil age, Lgament s reser.vati on and/or .optim zation of other
Foat ur oo of NUMAEIATT hvocstileg RGT Rl Riy PoR a5 MhT budREh Rhhape,

(4) restor athickheRgiHah v@_ﬁblhﬂ‘y?@? dn@no @ltioh i orkdnheidas hieBaurdhtd of Bdne cuts
restoration or optim zation of joint-line |ocation and/or joint gap w dth.

Accor di ngl y¢ca osienad pred mapiiaeitreds ddetimplagidayicns apd(pr impla sompgnents can
2011/ 028624 : : i.nt i mpl ant
si ze, and/ OEGC{%‘E%Q rﬁ])dlo %ﬁﬁ?&%ﬁoi%gﬁga hgféa&f Lgﬁ%lé eg'n% a%éb %rag? Jét%?lg@%afg'?gd? gr

det er mi ned whplhnts, @& coapgererdis, ofckhenisithataby bs ebrabine®ind/Jiheered tberced £ct ed

i npl ant conponent can_be desi gned or engineered further to include gne or
more pat i entn&gegiant.c ThsWuapscanpagludsaeasrlagueotbypicaldaplapb coparerssisg Inn
particul ar Ji ~Lxi St I j Mok t
shape and s?ifgiug%b%gr gtrs E%]ﬁ'ggcmc rlﬁgtcgwéﬁﬂgss&g?ﬁg@ee se{i gg(ti gﬂgﬁ‘t&oﬁﬁe

| i brary forthedibrdrgr Thahbpwy edn inolue pgviouslyageinag)edang lamh norhpatentsingingr i or t o

i | antation. For a li.brary .i.ncludin hysi cal i  ant conponents, the
So cated phy BanORJRHTHORCBAABEls rid SR TPansTHE P otad ST Bk SRSty i ¢
aspect by agdgi a6 v@liRFddab b@‘f)ag%né-lsgé’éﬁé. AE&&&%F@QM&QM Qhd/SHRIPIAR kNG ts

material (e.g., machining). 0] Accordi ngl'y, an inplant conponent can
i ncl ude onecaybawlastedspun the ldwaiyg A Spai6len-pslv inslhntycommpdnemiewidh nor e

aspects generated from one or .nor i.brary sources. For exanple, in
desi gni ng aﬁxei“?\‘g?rgﬁtgpef@&srtﬁ%f ‘iaBtbSImCElhAeeg 1?5‘}5%aacé Wt conprising a fenoral
conponent angogd] i al vERAPYWRLical AR 1HP ERARGRL &AM REHAS AN theAbrdmT €
pati ent - spe([}?]fi C ]aspecys and thelc%t ﬁ@r conponent can Sbe sel ect ec? fg%?h a

| i brary. Tabdsed®nismeilardie o pnorex dagplliac palaimster optiposspin, sudhastvnpat monsof TABLE

3 L1 ustrativeeconbinations, gf Ratl St SRRSLILE, AN RN YrESL] ved

cartilage, or ligaments, (3) preservation and/or optimization of other features of the
patient’s biology, such as trochlea and trochlear shape, (4) restoration and/or
optimization of joint kinematics, and (5) restoration or optimization of joint-line location

and/or joint gap width. Accordingly, one or more implant aspects, such as (a) implant
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| mpl ant conp onent (s) having a patient-specific aspect
Ti bi al

onent (s) having a library derived aspect Fenoral,

Fenor al
Ti bi al
Fenor al |

Ti bi al

awo 20i 128424 Fenor al |
Fenor al
Ti bi al Fenor al

and Ti bi al
and Ti bi al

Ti bi al Fenor al
Fenor al |

Fenor al
Ti bi al

Fenor al

| mpl ant conp
Fenor al

and PChiuskoibonsssl |
and Ti bi al

and Ti bi al

Fenor al

shape, external and internal, (b) implant size, and/or (c¢) implant thickness, can be
determined precisely and/or determined within a range from the library selection. Then,
the selected implant component can be designed or engineered further to include one or
more patient specific aspects. For example, a joint can be assessed in a particular
subject and a pre-existing implant design having the closest shape and size and
performance characteristics can be selected from the library for further manipulation
(e.g., shaping) and manufacturing prior to implantation. For a library including physical
implant components, the selected physical component can be altered to include a
patient-specific aspect by adding material (e.g., laser sintering) and/or subtracting
material (e.g., machining).

[000190] Accordingly, an implant component can include one or more aspects

designed patient-specifically and one or more aspects generated from one or more

library sources. For example, in designing an implant for a total knee replacement

comprising a femoral component and a tibial component, one component can include

one or more patient-specific aspects and the other component can be selected from a

library. Table 3 includes an exemplary list of possible combinations.

TABLE 3: Tllustrative Combinations of Patient-Specific and Library-Derived Components

Implant component(s)

Implant component(s)
having a patient-specific

Implant component(s)
having a library derived

aspect aspect
Femoral, Tibial Femoral and Tibial Femoral and Tibial
Femoral, Tibial Femoral Femoral and Tibial
Femoral, Tibial Tibial Femoral and Tibial
Femoral, Tibial Femoral and Tibial Femoral
Femoral, Tibial Femoral and Tibial Tibial
Femoral, Tibial Femoral and Tibial none

S. Designing or selecting aspects of knee implant components

[000191]

The following subsections describe aspects of certain embodiments of

models, implant designs, implants, and implant components related to a knee
replacement. While the sections particularly describe embodiments of knee implants, it
is understood that the teachings are applicable to other embodiments including, but not

limited to, shoulder implants and hip implants.
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Ti bial Fenoral, Tibial Fenoral and Tibial none 5.Designing or selecting
aspects of knee inplant conponents [000191] The foll ow ng subsecti ons
descri be wepert@s@i certai n enbodi nents of nodel s, i npl &OT/USeGI0HNESHS

i npl ants, and inplant conponents related to a knee replacenent. Wile the
sections particularly describe enbodi nents of knee inplants, it is
understood that the teachings are applicable to other enbodi nents

i ncluding, but not limted to, shoulder inplants and hip inplants. WO
2011/ 028624PCT/ US2010/ 046868 5. 1Fenoral i nplant conponent [000192] A

tradi -PnalFekﬁtr?iinlﬁﬂgﬁt %mﬁltused ina primary total knee arthroplasty
) ica udes:

("TKA") typi y I'nc an outer, joint-facing surface (i.e., inferior

surface) hawoogon st a0dadicloh2RAEINARE YpRAt kLA a phARASL, BT kA SthrbFisRy (i1 . €.,
superior surface) that includes five standard bone cuts; and a standard

i npl ant t hi €lkeY'9 tiacalbeinclufes: ppppter. figisl-figinguwriaec(ian dnferier wofes) havingg

surface. Fl e fi. S . one s..th r Gl l,oned from
a subj ect’ sg%g%(ﬁaéﬂb 33\6%&?3% atnrl}e{lﬁlrt ]ir)oglrr%gf?&ﬁ%? %]?acﬁg}é%’ ?ul%llqarn “Tﬁ@%@%i”%‘%l%%% Y,

FI G 8 showsivastandapdBbnevduesvand a dtapadrd émblast fhévkacalbebosna tBOPintikenpone cuts
typically performed with g traditional total knee inplant_ include a

hori zont al eyifacg #nd thebonefesingurige. EXe. 8 shoywdpefivestapdard Baes aitoiigt @ach

f emor al CO“%XE&ion@@ﬁgﬂlta%db o' BaRd t%rﬁt%%%ad%‘gbg%l R0 ke 1;33}18{6. %&e&*ﬁ%gﬁﬁa g“t

850. The anterior a posterior cuts 82 typi ca are ace
subst ant i al F¥Gc®slarval a @iraune vieW ¢ fa patiented fanoralddonk 80 afhe bddeases typicelly

standard bone _.cut§ are nade to approximately negativel y-mat t he st.andard
five-facet etk R Radorid rqtglﬁ@ﬁelrfq@em _Clgﬁf?’ £ hedostal 304 f?ﬁ’d PR PRIFEPT
implant. | nc@tdHera pNidor chf‘@(pﬁ&ﬁ%&tch%rﬁ&ﬁﬁcdnﬁyféyﬁn IfRetidtechhintertciesfgiape of

the traditional 1nplant. [000193]Dissimlarly, in various enbodi nents
descri bed henrdsd postome chamiencet §¥atlihcestenibr amd pospirmmncuts SAPAIOtypiarity/ e

i npl ant procgdure are designed and/ or ected.to, prqvide a patient-adapted
ol ant confanen « B ERIERE A A8 PR AR H BT e B b
features of e dutPdraRiade TRPIEKnatilh&iativOp.Adtth HeQeRdbideaL fecdesiaped

and/ or sel ected preoperatively, based on patient-specific data, to

subst ant i al Py theeined, panccfacing swdacaof paradiionalgapilaps| {n etherovordmdhopatient’s
substanti al |4, PR ‘{fé Ht‘ﬂﬁ@%@éfs)e of e Plaich %Ein?ﬂla (e _patient's biological
structures or a pr e8e erm ned percent age ereof. For exanple, in certain

ermbodi ment s[00d19HMOr PisdiMmRkdNlin CARRRSHo dFAChtd MGLHBIR RiAcIAUWRIor gk Nt - f aci ng
surface (i.e., inferior surface) having a sagittal or j-curve on one or
bot h condyl &sturereaf andmplashsempancphand/orpowiant proicydura trstissighearsiirselspieddi ng
bone or carfil agﬁecurvature Qn.the patient s uncut femur

| a

: 0 Rro 3 Pttt A R0 i Ent nent; xamplc, 1 cert -Errl]ies odiment
pati ent - speci ¥ frprant go%%n 5 RAPIre can' be " Preoperat'i vréle g&Meet ed
and/ or desi ghesk hasathtoRrs bhen Pagligbonpoh&it ahd/Q MBFSHtPIScedSre are designed

and/or selected preoperatively, based on patient-specific data, to substantially match
(e.g., substantially negatively-match and/or substantially positively-match) one or more
of the patient’s biological structures or a predetermined percentage thereof. For
example, in certain embodiments, a femoral implant component can include an outer,
joint-facing surface (i.e., inferior surface) having a sagittal or j-curve on one or both
condyles that, at least in part, positively-matches the corresponding bone or cartilage
curvature on the patient’s uncut femur. This patient-specific implant component feature
can be preoperatively selected and/or designed based on the patient’s joint dimensions as
seen, for example, on a series of two-dimensional images or a three-dimensional

representation generated, for example, from a CT scan or MRI scan.

S5.1.1 Size
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seen, for exanple, on a series of two-dinensional inages or a

t hr ee-di nensi onal representation generated, for exanple, froma CT scan or
MRl scan.w.2011102&2z2e WO 2011/ 028624PCT/ US2010/ 046868 [ 0®@0TASpI10/0a686% ai n
enbodi ments, the m ni numthickness, the maxi mumthickness, the thickness
across the entire conmponent, and/or one or nore other aspects of a fenoral
i npl ant conponent, can be designed to match or resenble the patient's

di mensi ons, i m zed di nensions, apd/or standar.d di nensi ons. Standard
ai menst ons’ HEPRE Cedn CedE SabitineaR i mBag Tk tihe 1o Mg e
di mensi ons g {RRKARP ASHEAKE CAIRE REAHondP MR bhe of BblAdtRcralIhQM dRMemordihe
m ni mum i npl ant thickness is less than 9 mm l|less than 8 nm |ess than 7

mm | ess t hanpléntrpempanetitosan| beglssighethtodnatah of reserble diapatirdiotidimensions,t hi s

m ni mum i npl.ant. thi.ckness can, al ]l ow far a subsequent. knee.inplant using a
oy § mopBiizE o ESESE R AR o B SRR T SENERR RS BRCY The
j oi nt - f aci n@renshpleefod n@aglgnaear nhdfp kRRdare AMBERR&ML ohRElopPeSnOOEMIINCAD! €

pati ent-specific dinensions, for exanple, that positively or
negat i vel y- ¢St he Ipatitantnbodinghsgiheahingnum enplast hrcknesatis ksethen§i neer ed

to provide an timzed fit bas on paraneters derived,. from .
pat | ent - spe TS dBR Tpbtt SRR THE T Gon e i S0 Hodhen S B Hpfen
conponent canpbdifleHdethds ARdhLMInHWnt BhcknkHdanGABNAGE § sﬂ@&%&ht RRESmplaRer
surfaces in the joint during proper joint function. In a total knee

i npl ant, thesipgapripgrsimflaies can i ncl ude the medial and lateral condyl es
on the joint-facing surface of the fenoral conponent and the correspondi ng
surface on the tibial conponent that contacts the nedial and | ateral

condylselszofJoiﬂgfaLiﬁg%ﬁlagé:orrponent during proper joint function. Bearing
surfacés al'so can Pnclude the trochl ear area of a fenoral inplant conponent

and the cor[¢a9R9§di Ndn sttidiRe§cels, e RAhelabRgQUriRal &l fmbr@idplnC gmt. In
certain enbodi nents, the fenoral inplant conponent can be desi gned and/or

sel ect ed t oinchelcuges er etcmatienicipagie dimensions.Har cxumpde. dbatipapifiyely or
negati vel y- mat ches r re, di.nensions of an I n face,. h as a
FRLEES 208, B PO BT PRl O AR AR S 068y 4

tibial surfa ur ogi‘ca ructure

or of anot hSﬁStiﬂnﬁB&lﬁﬂbas@@ﬁﬁ@ﬂﬁﬂtete@ﬂ@rﬁbe@ffro&nbilttﬂnﬁrlspécmﬂ @4, conponent or a
patellar inplant conponent. [000198] One or nore of the bearing surfaces on
a fenoral ct9dNENt ddwm jbiet-Gicingtsarfder of aawiplpmf cémporsxhenyl iaclude abtabige in 6

REAGICE (407 - MTECEE B RGO TR
In a total knee implant, the bearing surfaces can include the medial and lateral condyles
on the joint-facing surface of the femoral component and the corresponding surface on
the tibial component that contacts the medial and lateral condyles of the femoral
component during proper joint function. Bearing surfaces also can include the trochlear
arca of a femoral implant component and the corresponding surface of a patella or
patella implant component. In certain embodiments, the femoral implant component can
be designed and/or selected to include a joint-facing surface that substantially
negatively-matches one or more dimensions of an opposing surface, such as a tibial
surface or a patellar surface, of the patient’s biological structure or of another implant

component, such as a tibial implant component or a patellar implant component.

[000198] One or more of the bearing surfaces on a femoral component can be of
standard design, for example, available in 6 or 7 different shapes, with a single radius or

multiple radii in one dimension or more than one dimension. Alternatively, a bearing
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WO 2011/ 028624PCT/ US2010/ 046868 surface can be standardi zed in one or nore
di nensi ons and patient-adapted in one or nore di nensions. Constant and
vari abl e wadnil/essr4be sel ected in one di mension or rmnultiPRiraSeé ®NEsSHONS.
Some of the radii can be, for exanple patient adapted. For exanple, in a
knee inplant different radii can be selected on a nedial and a | ateral
condyl e. Moreover, portions of one condyle can be patient-specific, while

portions of the other copdyle or the entire other condyle can .be standard
'n shape. 5SWIHSEGHD P aRHigHLE onc SF gios dimegsias rbplicstapted p gas of
[ 000199] ThepprdiilengiBs. | @SRk ahEPRBle BONEN B SWARCIRDnBUBNdRR R Mary

| oad bearing surfaces of a fenoral inplant conponent that engage the tibia
or a ti bi al mulipladimensivpsnBeme phthg rachieeanjbsi for exaplomdiienglagaptedhelatesi gn of

h f d_the design,. how.t h h [ f
on' & cor o pantg: £ s bRk Bl SRR LR REER s et or o

descri bed absndgle. iNM6tcddimFortiohd @fincwoadylabsh ki paidat-kesificpahilé pottans yf t he
proper notion of the inplant at the joint. FIGS. 8-1A and 8-1B show t he
| oad bear i ngeihar gepdylyer the patisrodhericapdAn earckansselart injshape. cor onal  vi ew

(FIG B8-1A) and dn a sagittal vi FIG 8-1B). As indicated by the

fi gureggl,'}t he Ioz}'lcfnl?éﬂﬁffﬂg'élyiqﬁr_fségﬁ% n@ﬁBW"@iﬁ%ﬁV’laé“rﬁés a coronal curvature
1210 and a it béral r . rtah ggﬁag' . or nore
of the coronal Il%ﬂr vatqglre\e@ég?m?ﬁger%rr%alli}ae Ogagﬁ%i@(?}g? t egés%%iqﬁ%{llﬁ%’rleﬁure of

t he nedi al bendyglserfatchef edemoral inguantabmpenoft thahendagt eicatibic ondyibie] ingriaitor

the sagittal curvature of .the | ater.al ndyl.e c i ncl ude, | east .n
part, pati efRTRYPEE] FiEKIeE N flr??er ig; e ﬂél%?ﬁ@ﬁ%ﬁ% aggsy gpd the d&ign fo?
non- pat i ent n§Pekdyfdngad Ak bpfdihd Netbde) SRdbdrrdshetdiRd BbiIENYRRERd AT

optimzed with réspect to any of the paraneters described above and/ or
radii that affectyaaodaledign baramskaspéssribebawet dotleding nmmaat Waaridng of

curvatures., For exanpl.e di al condyle can be parti.al]y i adapt ed
Wb T egar akpemals PRy TR niPeer SR 45 Py ARG 8l VEREY 1A B
coronal pl agaB Wikl tBe Baddetiidd sueROEYI R RABrdlamplast &dndiheftin GWovdialvigwl N
both coronal and sagittal planes. [000200]1n preferred enbodi nents, the

fenoral i np(HE& Scbpoddnt spaittaegpyBHG+ B 1BhciAb it rthe ferres.chellnadr |
beari ng sur in i cu [ i t | "

patient-s peé%?ll%g i %‘%ei Cgla%ﬁﬁ gglﬁ:oé{‘%iﬁaasla {:Oéﬁlagf %rv \éfu\%\n@%ﬁaang teg1 gsr%lléléﬂra chgge[rt{l/%t ure.
For exanpl e122thencettsin@mbodinvaitd) by 6@dohaosIf et @doy celanssd orhé retiad
famly of standard curvatures the one standard curvature that is nost

simlar to eNEYExtherviartal aaysusolihempdinl cmdyls. BRcatonrsrsYaNTcod My piral
Al ter nat i vely,q,ignGf t‘ﬁ@tsé%ﬁal RaBfe %‘Phﬁ%_@&#&’?’nd mﬂﬁhﬂﬂdeﬁ LR 3‘( |y of
standard curvatures a standar curvature wt alyger radil '1n orader to
achi eve a | pgsencemsificaiadi.nGhbicamechg nivatursi wittabeoropaticat-spuctfic redmkdrer radi i

in order to.achieve. a nore constraining bjongechanical situation during knee
ot on. | [ 00BSBAF TG Cot BR SPO PG SZet, LB DR AR 2l AFSEBI | 6 can
range from gQctiBedBbhoRBund/Br £QL Rt AredRRd B KambREaCQIRRA fréAdi thgilpbrone

or both condyles on a fenoral |£I ant conponent can be greater than 20 mm
great er thaeurSé@turayy Foeexesanie, 20methal co0dytecambe partioksepat 80t adagtedovithmeg@dGs.

8-2A and 8-2B sh cross-sections, froma coron vi ew ,of two,fenoral
Cocayt o s os o uRRRL LR BT OB ST B AR e Co S Mt By e
Cross-sect i paglyltaosd Habea safdardeyivatine btk 6&s8al aBikadihe ptarponent in FI G

8-2A has a larger coronal radius than the component 1n FIG 8-2B. As can be
seen from t HO0R0QYur edn prtieral ¢rhleo dmagntrihe femarkinepsnt sormpencshselefigned toe t wo

conponents, .t component wth the. | arger cor.onal radius allo for nore
marorial ot eHgeaas Bt B neRBgpeRsRc s ToaR arst Ry il ol y o
fail in this@hedaintkpRifienaliahd b ¥oARL ceCIPRRAMN a sthRREPO@YhtirL ardrai n
enbodi nents, the sagittal or j-curve of the fenoral conponent can be

desi gned t ockrennl¢,|theeproval ghiveiure oan benseddetad tyathepsing from & faniboristangdenddi ng
tibial inplant,, as.shown. in FIG 8-2 Since the AP.s|agpe of t.he-tibial cut
in cor tai n SRRt S uirdald Girytioe ey PR ol o POBDnd BB B S0
that sanme ap@icaits an&lt@@odancondgRl Aleer@tNeBY theaubvangk @lin posdfectdttigri orly. For
exanpl e, the patient's J-curve can be tilted by the sane anatomi c slope in
both the nedial and | ateral condyles a fernoral inplant conponent.
Alternatively, the patient's J-curve can be tilted to the anatomic slope in
just the nedial condyle and | ateral condyle curve can remain at a certain
angle. Alternatively, the patient's J-curve can be tilted to the anatomc
slope in just the lateral condyle and the nedial condyle curve can renain
at a certain angle. In certain enbodi nents, sone nmaterial can be renoved
fromthe posterior aspect of one or both condyles to allow for rotation.
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coronal curves and/or sagittal or j- curves for certain enbodi nents of
patient-specific fenoral inplant conponents. In certain enbodi nents, the
medi al comoyba/sd4be engi neered to be 5mml ateral, whi eoTaABR0l0OUGS68

| ateralize the patella. In certain enbodinent, intercondylar wdth can be
patient specific. Alternatively or in addition, a WD

2011/ 028624PCT/ US2010/ 046868 m ni mum i nt ercondyl ar wi dth, such as 40 mm

can be used jf th atient-specific width is snaller than.the m nimum
S0 acut i shaeeing Tt AL RE T ebBE BT *CFRTicGRat TR a1 Gip
systens, thgrRpiRIchRVe @llest COSMaBRRg PiORRcKAMical SitlBBAIRAvigRedIRP @ thy in the
coronal plane and is parallel to t%’ue two posterior condylar cuts, as shown

in FIG 9A ofe(s, achicypamage tastaoing einmeehianioapsitmation dupamigisesnaeiianh t hr ee
exenplary b ts. In certain. enhodi nents, the bone cuts are rqtat or
oriented ba 26 a Jé}etcamafﬁa_gw?g??%?aéﬁ%mfl FAEEIA cBR 5P o5t 5

flexed-fit gq %'m%ehémféﬁ%ainbeﬁ@s, kiR SRR 0 RBE BWhoARYndHEDS] o OF cut

pl anes can be included 1n an inplant device designed wth fléexed-fit cuts.
For exanpl efentosel, intplengé egmpenent cdni heegreseixthars 2¢ emm, geeagérttham3hengbetmmee 20ut

pl anes can be,included in a.flexed-fit g0, nore of the cuts can
e Curvi 11 it AR RE Detifes a0 B0 et FECS|#PacB:AH BN Giodr 1B T e
cuts can bea@sio8alGsly BF tvdd enid?hldoh@le sé@onS LRI ralddononéiite Ns&hoivh e 5.
10, greater than 10, 15, greater than 15, 20, greater t han 20, 25, or

great er t hapompongageresssscriiens hge theowmenpaxyapmapgkeess.diut thy composerfint al
fenoral axi 5¢ 3.44. 1Ant eri or. condyl facets [00020 rtain
eniod ment s PEnt AP AR PR B hed AERhReO PR B PG VAR ¢ e poemo

paral | el tofibhethe GgoRal widratie, masmeaxethizkhéds édthb gaib €or'the 4 Corfl@sidad, thene in
FIG 9B. For exanple, the anterior or trochlear cut can be parallel to a

t angent t hr sgPPRCHEWItIhatger eoranal regiug glovis gk Aosamatgeiaki dhgredes offhs 9B, By
pl aci ng the.l L ati:ve .- i ' nal

Bl ane. ror Sy TRLRAE :hEBRroEHe R oG RLE GHHA NS A0 PRL LA Fuphe

trochl ear peakpareas, a substantial anmount of bone can be preserved. In
certain enbodi nents, two trochl ear bone cuts can be placed for an inplant
with two trWR8Hr f deeerdain gmbediaeptsi thesdgiByl ariwurve ofgee feggirglgomppeettn FI G

9B. For exapp| & de?%%g? ]Eo lgé]t?l%eit‘('i\é*g g?ﬁ\;élsforcﬁ&kgremﬁ{’é 13#%3{)%§Sp§ﬁ&ﬁé Iti%*alt o the

medi al trochlear and r-can be subs ararlel to the
| at eral trogfplear af shoein.in FIGS 8@ Siucd therAregitignefthé tibiabagrieecrafin bone

preservation. 5.1.4.2Posterjor condylar facets [000206]In traditional knee
i npl ant sy sE@hRIIMCRts ihprtmicathg PRESTE s cusrstadrhedited G dlatsams pRaterpC slepe he

sane plane fs, 8840 LhiBEL a tHURE HER e o¥y PREALBlp 1L, ShERRRNOE Nehirve R0 be

tilted by the same anatomic slope in both the medial and lateral condyles of a femoral
implant component. Alternatively, the patient’s J-curve can be tilted to the anatomic
slope in just the medial condyle and lateral condyle curve can remain at a certain angle.
Alternatively, the patient’s J-curve can be tilted to the anatomic slope in just the lateral
condyle and the medial condyle curve can remain at a certain angle. In certain
embodiments, some material can be removed from the posterior aspect of one or both

condyles to allow for rotation.

[000203] FIGS. 8-3A - 8-3F include additional information regarding designing
coronal curves and/or sagittal or j- curves for certain embodiments of patient-specific
femoral implant components. In certain embodiments, the medial condyle can be
engineered to be Smm lateral, which can help lateralize the patella. In certain

embodiment, intercondylar width can be patient specific. Alternatively or in addition, a
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WO 2011/ 028624PCT/ US2010/ 046868 substantially parallel to the anterior cut.
However, in certain enbodi nents, the inplant can have posterior condyl ar
facets t D ari@28@t parallel and/or not in the sanme pl ameTAS2@a0686% her .
Alternatively or additionally, the inplant can have posterior condyl ar
facets that are substantially non-parallel with each other. Alternatively,
or additionally, the inplant can have one or nore posterior condylar facets

that are substantl al | | el the anteripor. cut 0002

cor tai n pr oRUHRR BHSCRIHER PUath, st Ao 20 bt 06 g L RiEicREPer i "Wt o
side can beis%%a@l@%hﬁ%ﬂe%m‘irﬁuﬁlhe | ong axis of the nmedial condyle. The
posterior condylar cut for the |ateral side can be perpendicular to the

| ong &xi.¢ of thedtgilemsihgaadgyicemep000208] 1 n certain enbodi nents, the
anterior and posterior cuts can be substantially non-parallel to the
coronal pl aH®W0R0d: he I8 trgeitionsltkaes onplant septens. the antggorstidigshlear lmng cut .

5.1.4.3Di st cat{e&%&l#s?anklgﬁ%%ot%l::chro%glaélgﬂe anﬁqpﬁgjaﬂaQS ?h@ tWIae O%glOIaéOI]t%gg lateral

sides of a onent e cut’in the

sanme pl ane agse’chowh eFIGIK. oFI(SSm‘—tlAnU-aCI sylowatb@bfaﬂaimlblantamipo@érhemth
However, in certain enbodinents, the inplant can have a distal facet with
portions thHYCHPETRGTY Barasyte| Inaﬁ?&ﬁ@rewlm?ﬂt% e Rofgeus am Eotaisd enepeittcther |

Al ternati vely fbn3ddihihHad Olnyanﬁfeerbgﬁ![lé;ﬁ{e%n%%&%@% rgea?ﬂ%eﬁtfﬁlcu{ A&k it hat

i ncl udes portions at separate cets

[ 000210] Tr adescribethin HExaplpdn?, tefost.e Ay nnmberds conplasgsteani be fincunttdamen poplaetr i or
chanf er facg vvever t:hnf} (il&.aln mgbodlme ts, g@I qr.l chanfer facets
can be incl gefdes ef’}gé‘e‘é&’d' R EPaNT 8T IR CWPy tHECs B%t’a‘t’ﬁt?l’éflslaveneangent
to the arti &‘ghta'hur%l{frfrﬁfr@cut':lﬁéne@)éﬁﬁ% ficlu@RE irPX ABRYERARGIchi @iRlor &b BE
chanfer cuts can be included and/or one or nore additi onal posteri or

chanf er cut sutsan lbrecumlélhw@d thea;ntnrmbcvt@a@cm sutfecerngnibe cunyflinchantler cutaeet s on

t he i npl ant . and C|n sin | 0 roximt o the ni. of the
arti cular by PaeBeR T et ot foomateln 308 B8 aPyLY 107 gtdGr RO s.

enbodi ment s emeﬂﬁutlspi(a@eeaft@rth@rm) QF, dTQir€ut&@fthdl1Bs @phr&sifRkioRRITh @fe CUts can
be defi ned %y the extent of the trochl ear gap in the patient's joint.

Speci fi cal | perpenfacuder taphesagittal franod X611/ 028624 PCT/ US2010/ 046868
5.1.4.1 Anterior condylar facets

[000205] In certain embodiments, the anterior or trochlear implant facet is
substantially not parallel to the coronal plane, as exemplified by the “1 cut” dashed line
in FIG. 9B. For example, the anterior or trochlear cut can be parallel to a tangent
through the two peak areas of the trochlea, as shown in FIG. 9B. By placing the implant
facet at an angle relative to the patient’s coronal plane, for example, parallel to a tangent
of the medial and lateral trochlear peak areas, a substantial amount of bone can be
preserved. In certain embodiments, two trochlear bone cuts can be placed for an implant
with two trochlear facets, as exemplified by the “2 cut” solid line in FIG. 9B. For
example, one of the two cuts can be substantially parallel to the medial trochlear facet
and the other can be substantially parallel to the lateral trochlear facet. This can further

enhance the degree of bone preservation.

5.1.4.2 Posterior condylar facets

[000206] In traditional knee implant systems, the medial and lateral posterior

condyles are cut in the same plane as each other, substantially parallel to each other, and
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anterior cut planes can be designed so that there is no exposed surface on
the bone-facing side of the inplant conponent at the trochl ear gap.

5.1. 4. 5Cuwoznrianseg@ites [ 000211] Conput er software can be ®BsgaStéra4esas cul at es
the cl osest |ocation possible of the cuts relative to the articular
surface, so that all intersects of adjoining cuts are just within the bone,
rather than outside the articular surface. The software can nove the cuts

rogressively claser to,the artijcul ar rface. When al] j.ntersects of the
e Feach pihstnBletdi i e plsviar & HonAEEin i SrbalReS e bE it B

maxi num ext efd ¥ve PbaeBEERNd Plhr fHES that aRGI: B¥AHc13M/or Wbt 1 thd@me BB 48X mum
anount of bone preservation. [000212]1n certain enbodi nents, the bone cuts

for an inpl eavh odlaar. Bétcoptively pedddtisesdlyothcamplngrandwve gosoneydoadar faastar e.
Speci ficall a nodel or,._a math tical . fornula can be used.to engi neer an
opti i zed ofiet e ruin s Al e BTSSR RE iR BT <
of ten foundirhlafeat @b siRbrahord YPSBH@SIongylhofac@athae bic stibitint@econf knee
repl acenent, so an optim zed | ateral condyle can include additional radius
and/ or nat eP#allclyyHeide pateripecWut er, condyi ar, joint-facing surface of the

i I t t | dyl tp th ti ' ti t
condyie. ry MRBRAE £t sfps predishi ArQERRg i of bl coist s medtRE
that requir gidkbBaEhd fRpENRR o tHA0R24:3) Jhee TRAR) cofdyIRt NRIBIstGRY chiym a

used to engi neer condyle curvature can be based on one or nore

pat i ent - speettfiprthgilatengbsidnean hopegeandipufar énhedoretiisof thpdat¢rat eomdylecondyl e
can be engiﬂgﬁé&g to _have .a ggr ature relative fo the patienﬁ's medi al
condyl e cur ._Fé?cgyﬁﬁﬁ odipats) thegnigrion and posterion fU LaRgyi neer ed t o
have a smal L gystanasliHSon-pRE1EXSIR! Bror] pidhc 13510&{% suRYBin RO o QR aPIHARN

0-20% smal l er radius than the patient's nedial J-curve. [000214] The
i ncrease i nidkElE.Ud. and/ or material on the outside of the condyle can be
used to design a material savings on the inside of the correspondi ng
secti onl‘®P the iMptahfce®onponent, thus maintaining a nini mum material /

| mpl ant thi g?ﬁo f | ?ﬁtcgr:térslr% V‘%ﬁ?di%n%?ﬁg%dﬁeﬁ%h&' ?atgrgfj!i s o%t(ﬁstrt%ﬁliafja(kea 3 5 he

external cohto e con , a mni nummpateri al ckness of

t he i npl ant f@ataldgpaincemvpsheaX tfr teadut Yh thE RiBe plahowsedcarntheeaad/ont eri al on
t he inner, baone-facing surface of the inplant and, accordingly, | ess bone

to be cut fruanHelberiraldad poerahmghe o eyicacpfn ¢a@inpbadiments e implatea_h al so
can be used,\Q az(ggt%f %éé%ﬁ? r i&%%ﬂ%t&.{r%@@ﬁ?a&??&f?w ot in &%%k%@@%@ ach.

abnornmalities, suc con e abnormalities, such as hypopl asi a,
usi ng pat i eothes p&b¢rhativelyql @aiditonaby, thSinkdgs cantacen@iotal faoetebitancludes

[ 000215] Fenoral inplant conponents of certain enbodi nents al so can incl ude
ot her featuP%%wP%ﬁﬁch@eéﬁ%'Eht-specific and/ or optim zed according to one
or ”D%§19E t he RA ;%Lﬁugiscussed above. [000216] The design of the
conponeért attachnent pegs al so may include features

[000210] Traditional implant systems include one anterior and one posterior
chamfer facet. However, in certain embodiments, additional chamfer facets can be
included. The additional chamfer cuts can be substantially tangent to the articular
surface. For example, one or more additional anterior chamfer cuts can be included
and/or one or more additional posterior chamfer cuts can be included. By increasing the
number of chamfer facets on the implant and placing the cuts in close proximity to the
tangent of the articular surface, additional bone can be preserved. In certain
embodiments, the cut plane for one or more of the anterior chamfer cuts can be defined

by the extent of the trochlear gap in the patient’s joint. Specifically, one or more of the
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that are patient-specific and/or optim zed according to one or nore of the
paraneters di scussed above. For exanple, the attachnment pegs nmay be fl exed
rel ati ve wo 20hi@2Bé2enmechani cal or anatom cal axes. [0002PTi/Miseoido®sisgh of the
conponent bone cenment pocket or pockets also may include features that are
pati ent-specific and/or optim zed according to one or nore of the

paranet ers di scussed above. FI GS. 11A and 11B show bone cement pockets in a

conponent of sone od| rre 1 and in atr |onaI onent
(BB "1 @SS hARR G CRRN Lo Ho b op iborEa 6t OF s TBORe. 1 aci ng
surface of e CHUMEMBOImAAR O gn@}ﬂa’[ﬂﬁ%}@,@ﬂg%a cement pocket. One or nore
of the cenent pockets can be offset fromthe peri phery by 2 mmor nore.

Each oc#ét can (awerategiesxi mum depth of Iess than 0.9 nm for exanple, 0.5
mmor less. 5.1.6 Patella facets of fenoral | ant con{gonent [000218] I n

traditional [QO@%H kn@@mmlmrée&mmca@%mthahc ulgesethp glosest cafierrpassibse used
that is t yp'of; cth%ngt? e tthégl Ltltlxulgra gugkaﬁg Iso tRat aﬂqnt%f)s 9[n%¥ a(P Ll%r}l%f cul?sa &rg Jus?r

revi sion can eser va

patel la. | nw¢tﬁfnttae Boﬁjrbzﬁﬂdzrrtﬁzﬁi @tsﬁw\ﬂlecalmml:dr@uﬁaéeelﬂﬁrsoﬁm&t @n&ﬁ(ﬁveuﬁed on
the inplant. The patellar facets can be patient-specific, i.e., designed to

mat ch t he p&YtH BIEIeSSNBlEisChiRtbe priculer s CﬁgWh?ntaHémteFS@Elﬁloéﬁ‘re TSI
Al ternati velon i@ RBbR 13E1 o AGE %%eﬁcﬁf&r&i%oﬂ@%‘ggl‘, ﬁ%ﬁna imfiny exftého%ih%&ﬁ@m

ki nemati cs between conponent surtaces. A net esigning a

pati ent - speof ditcisiachicact atdowithtthat) the ntaxawkinngooht éftenpatativatiad.ong t he
trochl ear groove of a fenoral inplant conponent is described belowin
Exanpl e 4. E’&Qéﬂ]l callnyeﬂ%lhémbﬁ@ﬁﬁp'@r Shelbﬁﬁq? awis ferewiigilanh camdagntnizedises a

pat [ ent - SPegl il by 3fShihal PUTNBIALE AT S0 ANBINCRLRALSr AMaheRiudt ure Lo

al l ow the ate I"a conponen rac trochl ear groove. In
WD 2011/ OZS&ZﬂBGTdaUS&E%w Abghdecar sminnzeat étecronenﬂaddbnmm shapt hBoCexanipéd,
curvature a d|t| onaII can _be patient-speci I n cerfain enbodi rrents t he
coronal cur PstgeR! FQo gﬁtlﬁ@ﬁﬁn%@ét?bed%fﬁaﬂ? ‘é“%’@l’laﬁtéﬂ O BRtcat grpnged of

standard or kﬁ&%ﬁg%&ﬂ‘; sﬂa%ﬁ%%%ﬁhi%ﬂﬁ@t‘ela@%ﬁc%@# 1ﬁélﬁdé3écﬁl‘ft‘f‘cq1a}’faﬁufs‘ﬁﬁdf3‘£ for €

patel |l ar bone c two nore pate acets can be substantially
t angent or pateaial &ldet o tHeeunedicallylan doihataemal supfateedf the irhRewton tlﬁhdayeral

optionally also can be substantially tangent or rallel to e su |or
oha Tt er ] oROrRER R TRGEdD Y Y s et o Rmhaie e HRGHE

facets or bﬁﬁ?b@%ﬁre%eﬁrlﬁzgﬁe&fpah@n@ﬁ{a??’éqﬂn@ﬁﬁé&i‘eﬁﬁ@&ﬁemt he patellar facets
i ncl ude one orf nore curvilinear surfaces. In preferred enbodi nents, the

trochl ear gfMo2&3]i s Slheghddeyot mnthematidrd fortruda e te sipgmnatir ngncgfrhagagmngr@ur face

of the patell In certain enbodi.nents e trochl ar groove of the fermral
inplant is RV RscoRsed 8 A 9 PRicafiga- S@&Clﬁﬁgl%%ﬁsw@m Homght

5.2Patell a la@g?ﬁl%tﬂdﬁg IEQI?’E)@E'ﬁgmeered to have a curvature relative to the patient’s medial
condyle curvature. For example, the lateral J-curve can be engineered to have a smaller
radius, for example, a 5%, 10%, 15%, 20%, 10-15%, and/or 0-20% smaller radius than
the patient’s medial J-curve.
[000214] The increase in radius and/or material on the outside of the condyle can be
used to design a material savings on the inside of the corresponding section of the
implant component, thus maintaining a minimum material / implant thickness. In this
way, by adding radius and/or material to the external contour of the implant condyle, a
minimum material thickness of the implant can be achieved externally. This allows for
less material on the inner, bone-facing surface of the implant and, accordingly, less bone

to be cut from the corresponding condyle of the patient. This approach also can be used
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[ 000220] Certai n enbodi ments include a patella inplant conponent having a
patient-specific shape and size with a donme-shaped or prol ate-shaped

t opogr aphyo 281102862 | at eral i zed. A patella conponent desiPgmas2010/08d86% way
can be used to address poor M. and/or AP fit of traditional designs and/or
restore the patient's normal patella topography. In addition or
alternatively, the thickness of the patella inplant can be |ess than about

11 mm less than aboyt. 10 nm | ess.than 9 | ess than about 8.5 nm about
8 i 1 eas. KHSESLOUHS THRC LoBBRRAHCh i ARl CBEL S A TPais. Such o
[000221] Cer hgioplREPasdhepMht-3pRift meAsRd to restoring the patient's
original patella thickness, ich can help to preserve bone and restore

pat el I5at.§ erpsihnd cénéiit)pdckesmat i cs, for exanple, by restoring the patient's
P-F joint-line. Accordingly, in certain enbodi nents, the thickness of the

patella inp an nBPat > rg&[n j: . .
t hi ckness O‘t(ﬁ‘){ﬁ }aﬂpat il%gnt éqggggf f)oa. %gtgg)ggﬁdﬁ%@é?%ﬁﬁn%%b@ﬁﬁé%@e one or
nor e aspect sthof featupattbitlaze patghasiccdioeand s ioghimizetl acaptingad bye engage faine

engi neered troch| ear. grogve of a fenoral inplant conponent. For exanpl e,
certain ean%ﬂ"lWﬁtr?f%élﬁ)‘?%s%ﬁq a&’ﬁﬁ?'ant may include a patella inplant conponent

as descri Do i CSmdledfh B0flckldFck S00A2RL FRLAND ETDREIIPNL Ao ude

a patella inplant that i's fAon-sphe In's S “pro e 1 n shape
(i.e., an etmngetpadeshapdfic hidder @ptintia¢dadcbrdig toan® vy moas oM parameters

2011/ 028624PCT/ US2Q10/ 046868 shown in FIG 11-2. For exanple, the top-side
of the pat efSEISSHHINE EahowEDle Reptesbped rsetmay Radlered tskdive tjibes eri ng

medi al - | at ef,al, MEISUS oY 884d ARkl 4x@di us. This design can allow for a reduced
t hi ckness o? t eeﬁ?{ e%?ng aec]{ges 5‘? the inplant during flexion/extension.

5. 3Ti bi a i nujear17]conpaedtigh 00 28 ipendnaibonEidpedc PBEKcs of ke alsbinkiyal

i npl ant conponents havi ng one or nore patient-specific or engineered
aspects. FoRcBygdpatercs thahprgpatigyiposdiie andanontinirestirecandingiosme orawirart and

| ateral cut ' irbica I r. nmm
i gher ¢ han'Rgitdors MG Ao FIBSEH 1R TP R B terfhodelip 2 TT o
t he i npl ant ceaporeeat df wme2nihvdimehe(FIChdn A hed imediraditidnab cadpgicat @HG. f acet

t her eby novi the | ater tibial plateau hone t. .1 or 2 mm high
resulting i ﬁﬁ%i)r[gs ﬁ{?ﬂvél 153:]&3@15% ?a(‘}ﬁ.se“lﬂo@.r Eﬁ?ﬁhoétﬁabﬁ%¥a§ﬁ§v§u’ff2ﬁ %fﬁ'{l?:ut s and
uni conpar t mesyh&dncABdindlavans iﬂd%%&fd@ht CRERP 5 Ohd & Al o%ﬁé%‘rﬁenﬁwckets

pol yet hyl ene layer having different heights relative to the tibial plateau.
[ 000225] | n carbeadfiseefrbmdherperihert bye2 medioamotd. bEath poklett eawhdwcenaxaunbe

oriented at ,an. apgle.different. than the_|lateral tibial plateau facet.
Ty:oi cal ly, ggaggoﬁﬁw W@hhgd?lﬁll’ %Oa{_r‘?’éa’?lﬂg’ ﬁ'gtnérpa?ff?eisﬁ'b; a; pl gt eau ?ace_t s is at
an angl get *lﬁattellasfa?é’tts bgfét[ﬁo}gpﬁéhgt fglﬂgoﬁlmmpl e, simlar to the original

I a n ra

sl ope or slopes of the ne at tibial plateaus, for exanple, in
uni compar t BATSL T o Rk aRRReLERT S B r SRt h ST BRI Bept inareday oo
be appl i cabttat fsaypiogilyasubstantsdlgirallel to the coronal plane. Patellar revision can be very
challenging and bone preservation is preferred in the patella. In certain embodiments,
two or more patellar facets can used on the implant. The patellar facets can be patient-
specific, i.e., designed to match the patient’s normal patellar tracking in the trochlear
groove. Alternatively, the patellar facets can be optimized, i.c., to enhance kinematics
between component surfaces. A method for designing a patient-specific implant to
optimize tracking of the patella along the trochlear groove of a femoral implant
component is described below in Example 4. Specifically, the exemplary implant design

in Example 4 uses a patient-specific sagittal curvature and an engineered coronal

curvature to allow the patella component to track properly in the trochlear groove. In

60



t hat use single conponent tibia conponents, for exanple PCL retaining,
posterior stabilized or ACL and PCL retaining conponents. The sl ope

pr ef er ablwoi2e11neseeen 0 and 7 degrees, but ot her enbodi FemiUs2a%0M686% her

sl ope angl es outside that range can be used. The tibial slope can vary
across one or both tibial facets fromanterior to posterior. For exanple, a
| esser slope, e.g. 0-1 degrees, can be used anteriorly, and a greater slope
can be used steriorly,. .for exanple, 4-5 degrees. Variabl e.sl opes.acyoss
2t | east onEoTn GREAIBENts, (e FupaH! G GHUF H$aEat AN B PAUTURBI T anel f or
exanmpl e, W bdtd$ mBédiRdhis Sthé tofoneXRMR e Qb AR -PecAic MBI sa@fttaMtiMatuge Of
two or nore bone cuts on at |east one of the tibial facets. In certain
enmbodi nent sis standaglepyanamecred.opes are used nedially and |aterally.

000226] | ' nbodi ts, t di al d tibial plat t f
the 11 b1 o alORTHI ar T2 FEFOA TgROT™ 1 SOHRIEIgIcTph P s a  TRARORRE
ateral U Dig k806 ARl AONAZRO ABCH 520l GARERR Sl bict

different distance relative to the t ateau. | his setting, the two
hori zont al patealler fadehi Aheycart®natiydalad ban Ensibbtanierl byl thygeobor rasltel ti theer ent

sl opes and/ or_can bge acconpapi y. one. o t vertical cuts ically
ol aced medi SIPeREr eER GO PAE L espanBisuEr Y Bo0s2s Rk et it {2
pl at eau conp@medis &8MsRVE crtdih @nbo ERBABX theGRARSRAY Bicet® indl e of widrace
and/or it can have a thickness different than the lateral tibial plateau

conponent . Theilingeresuafacesi Bh arefgrrest enalip dimwessribhtroddenr Issaacas flightly lasgervex,
concave, or . sfied RUREa6S ANdLAL (i S3R dakean YReknessditigtent than

t he nedi al %IBi a aa eau gcor%p%n%n‘tl. TFive "di i¥erfent “thi ckness"can” be

achi eved ustroghléar@rddverogitic fmbedl implahhis ehovesd Satelly rexamnb ehe paelead’s t hi ckness
or polyethylene thickness on either side. In certain enbodinents, the

| at eral and!"REHFHISIQYEf aces are sel ected or designed to closely resenble

the patjent's a . prior to developing the arthritic state.
[0002?8% Cert ai nriaé’&ra%‘ir'ﬁg?\?tscogfp%% al trays can have the fol | owi ng
features, aldggpasgih OlchelitHhRsliHEnt ﬁlcﬁféi% Sﬁ%ﬁig@%@%n Hend BRA{da SYStEM

(polynmer); cast cobalt chrone; standar balt 'portion and/ or
nmodul ar i nepitjencapeciie simapkeandsizdy @ e dpmeksbap csiapeclateashi et to pguraptfyi 2-4t o
order; thickne based ,on size (saves, bone,. optim zes strength); allowance
For 1 pi eceh Herpiiate A RUSk oaloREme At Brhb T ra Ae Hadr ARUiEPI: or a
fins. [O002RA] hi/GeAP &t Bf @ARAGHANBEiSns dnbRr kdsirdkhel fadi¥nt* SndtBRi gigh or cut
froma blank so that the tray periphery matches the edge of the cut tibial

bone, for efcpaptaphy.t headdgionentaltpmayady thethigkinessalf togepateltar ynpdart icevesless7 0%
>80% >90% ..or >95%cortjcal coverage. In certain enbadi nent the tray
por i phory. + U8B B 1 i et M 38 Famy oot i SERIPCRRLS 8 S o1 ™t han
the corti cahboyt 8anm] RMOBIVITIHE Spavh] dlut ¥ PEG dndGridshitahn 7 mpl ant s of certain
enbodi ments allow for design flexibility. For exanple, inserts can be

desi gned t o[M82p1]i nericram aslyolonatte dregbiredigl ¢do ofstor mgovhapatdens ceginartdan
vary in di ngnsions for, exa e or of hei ght,

tim desi gn, | ]
shape, cur \rlrﬁ’ll%ﬁp % 3’&1&1&%&1}}%%5 Ipéétasgl %8871?2151\/ré’§t,0r él]{%@ﬁ?f%rﬁ%ﬁ e)cur vature to
accomodat expgifi@, fRlex@MPIcNBEFRHring e Pfch€d P-F joint-line. Accordingly, in

certain embodiments, the thickness of the patella implant can be matched to be
substantially the same as the thickness of the patient’s patella.

[000222] In certain embodiments, one or more aspects of a patella implant are
designed to optimally engage an engineered trochlear groove of a femoral implant
component. For example, certain embodiments of an implant may include a patella
implant component as described in FIGS. 11-1A and 11-1B.

[000223] Certain embodiments include a patella implant that is non-spheroid in

shape, such as prolate in shape (i.c., an elongated shape, like a football or lemon), as
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5.3.1Bone cuts for a tibial inplant conponent [000231]In the knee, a tibial
cut can be selected so that it is, for exanple, 90 degrees perpendicular to
t he tibi avormeciasé2eal axis or to the tibial anatom cal a&kirais20ilm46s681t can
be referenced, for exanple, by finding the intersect with the | owest nedial
or lateral point on the plateau. [000232] The slope for tibial cuts
typically i's betmeen 0O and 7 or O and 8 degrees in the sagittal plane.

Rarel y, r to ¢ tee er sI The sl ope
can be sel e@f vﬁg%éigzhg&d)r eﬁ"’t”Bll’J]ﬁ %ﬁ?‘? |p1'““ie a ]ta’iltrﬁjn SIH 2 ng a
preoper at i Veha,BB i AGhitq6has aﬂ?ﬁeﬁﬂ%@dlﬁﬁﬁt&ﬁ v%k% hattichiQadile® PRLIdeAEN San
preoperative slope on at |east one of a nedial or one of a |lateral side.

The nedi al allay fataercdicedithiclkncsaof the leadingwidees efithe enplant diiopes. The sl ope
al so can beﬂdl f]g/e entlofromthe patient's preoperative slope on at |east one
of a nedial "or 8H& 0% I ateral side. [ 000233] The tibial cut height can

di ffergqredial ly gpd i tﬂi@ﬂtaéo on@dfit shown in FIGS. 12A and 12B. In sone
patients, the uncut teral tibia can be at a different height, for

exanpl e, hi gloee24yr | @wetain ditdirhégs inetudee tivedi@plahi dindonkits hhvigg bAsbance,
the nedial and lateral tjibial cuts can be_placed at _a constant distance
fromthe unBQfc PREENGIPCEHY arkBLInREd 2IPSE8r EPT eXaBIPdg: tt&raéfeaaonwtm%dq n

different cufrrdidh dttitu WRHjalhdeuPholbLOTRE lofera it ATALLNELY be LGV 16RO be cut

at differen I stances relative e uncut at er al I al
pl at eau, r esmh highg than theemshateibeal plateiug I‘Ithed)a‘teﬂaheblabpmnem fagettofbh@mplant

Alternatlvel ti t he sultant c h on .th enmnlng
t1bia can bettieboba e bR Eﬁeéﬁff‘ﬂaﬁég’ﬂ%ﬂ’r sl Shedht YPgving isais

certai n enbgiBBtciu bend@k 1R rﬁﬂﬁ%%ﬁe'r Geslt 1Hﬁ{0r$ b&ie%r@éé}vaﬁ@ﬁdﬂ[@g
correspondi ng bone-facing surface the ti onponent) is designed by:

(1) findi ngl2Aend IBBahowxibsl pets pemdmc@mamrpmden@d@m@ 1jteral @ympamgetsivith t he

the 1 ower ea sl soRRERMARR) Mo Bt oih el e Pl e
proxi mal - Suffgasgs|of (Rt R Ebdinfcs, o thdhi bl FRFRANEAL oS GIRAGRIER! OF

sl ope at 5; and ('5) using the tibial anatomc ax derived from Co
tibial inplanénglotdteronaianghd thdrttbml,@@t@imdw‘etl ffyﬁlcﬁly, 1:2@ ofab¢ madpt hmi beI ow

2mm such a ar. 4 be desi for.exa i f the, bane

"ol uctes an MO APl i F s e o B EG b Ay
[000235] I n geint %h@mﬁﬂé?&}&%' SRR oPthR¥hddeN land Pﬁ&hﬁﬁ&al%ﬁé&d@ﬁforkkﬁhﬁe cyt (and
t he correspondi ng bone-facing surface of the tibial onponent) uses the

precedi ng déwsisgaitteient Floy 1sc$eple¢a|bientpng1ptams thatPass Itmenlo@mpmrn@rual tibligy
certain enbodi ment at.ient-s els S i f_the patient's
anat oni ¢ sl 8%rn qricn %e? o &161e atng ’B(:T‘aﬁera’ CIt 8an %lso hca‘tl)Jl ?0 1rnplant systg
2011/ 0286241t ﬁéé&%%l@é&ﬂ}&ﬁﬁﬁt tlbik aomgeﬂbntsf fdrh&alﬁﬁlelm teBaiingl fttcsios| ope i's
between 7 and 10, and a slope of 10 is used if the patient's anatom c sl ope
is greater stRbilzador ACL and PCL retaining components. The slope preferably is between 0

and 7 degrees, but other embodiments with other slope angles outside that range can be

used. The tibial slope can vary across one or both tibial facets from anterior to posterior.

For example, a lesser slope, e.g. 0-1 degrees, can be used anteriorly, and a greater slope

can be used posteriorly, for example, 4-5 degrees. Variable slopes across at least one of

a medial or a lateral tibial facet can be accomplished, for example, with use of burrs (for

example guided by a robot) or with use of two or more bone cuts on at least one of the

tibial facets. In certain embodiments, two separate slopes are used medially and
laterally.
[000226] In certain embodiments, the medial and tibial plateau components of the

tibia are cut at a different angle. Optionally, the medial and the lateral tibia also can be
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[ 000236] I n certain enbodi nents, a patient-specific A-P slope is used if the
patient's anatomc slope is between O to 7 and a slope of 7 is used if the
pati ent' swanations@4sl ope i s anything over 7 [000237]1n ®eTitskonoomnisesii nent s,
the axial profile of the tibial inplant can be designed to match the axi al
profile of the patient's cut tibia. FIG 12D includes additi onal
considerations for tibial inplant designs. Any of the tibial inplant
conponent s described above can be derived froma blank th is cut t

el ude. one e HETpR S Eedie PaheBaLILER. agbaayangdnr b Fesofil ¢
peg al i gnmepfané BbMI cut§hicBRlly ahd 9n@dll} Sarnt Qe Ratdr&ftslopciBEhdN gk axis or
aligned to another axis) can be conbined with a patient-specific A-P cut

pl ane. For escampieicd by opept Bynvastitrd divetypsallhplapeshymedial todibadlipiptesdt i n
relation to_the a{ient's sagittal mechanical axis, for exanple, at a
predeterning%n%H%Pé‘relative to the patient's mechanical axis. FIG 12E
shows exenpigyp¥2y P aid iRl B Bhtcan-cdnpRidd ad REIINF UdnIEE bRAAQZIRH The

joint-facing surface of a tibial inplant conponent is largely a bearing
surface. Li #sh¢cherfacerandodr it ol laave abbaknasg dglerdra cleindbs bdrblgdidipdateau a

beari ng surface on tibial inplant (e.q. roove or depression in the
Ot al Jsur oA - Pledatept bl B dnert B BRER B EReneotSiayite) can
be of standaiRedfsfa80and/@r it ExPHENL Q. thdNdsh alffeRert tha® tBE méd i fibiel fikeas hapes,
with a single radius or nultiple radii in one dinension or nore than one

di nensi on. femeeneat. i Tha differgnbdiznkinesg cen be acicedrisiig asdiffpigat mpteaal thigkaess, or
more di menspong. A ARk} BRGcRAARLSH 006, OF DS HIRNR! 93 Gonst ant and
vari abl e radliZCah “pe - Sel’ectsd 1 A one Ydi frensi on’ or nﬁitlple di'Henhsi ons.

Some of t hecmdedimea@Nthb tatpat arivhcdiglat@ebs A& Ode4l dxatkbigaéd fohgodeo cont act
areas of the polyethylene insert of the tibial inplant conponent that
engage the fesapbigitheaticat’s apdomy peprio deyplgping theptHEEstdan be any shape,

for exanple ex, flat, or concave,..and can have, a radii.. .l n certain
enbod ment o MBAMG e G SiadiRRRS EaNT YR 2n BV SHE MishitEk Rspifug or
contact aregishdu@n ottee brhB8ditheRRldr€ pdssike @hddutar iidditisystSREpoIyent Lakt csag or
nore of the coronal curvature of the nedial contact area, the sagitta
curvat ure ofhrone; starflasd blak (sebalapestion porcmpdiHan inerty spatbgmeadsfin adeanret er al

contact are r.i i V : 0 {_area can
i ncl ude, at eggg elalll) a%%ﬁ??%%%% |£0€(ja%nrtd 8@%3@%“%5{%%%??&2% ﬁstdgérsg#oél(ré’r(g%%&es

enbodi ment sstréngeh)f dllivained fRl1apitcccappiBaninsdrs sydesisg aetlot differeat wdeiabnel or
both nedial and | ateral bearing surfaces having a sagittal curvature wth,
at |east inlagaphfmSpatient-specific radii and a standard coronal curvature.

MTRRE R SR S ER R T e

achi eve nor e“'CorBharsrVat ure

can be sel e@ifaethe tfa9pcaXiadFP htitchRy tHehags bNthefcuotibial Hoas] foy cafmsé, anepatdnt-
curvatures the one standard curvature that is nost simlar to the externa

radii of thBaphed periphsral geemetrepmicues codidy 8070 DYILAII9 peastieal caprage.
embodi ment sy, Lhe; érgﬁoadimgﬂ)tg,ttﬂg ﬁaﬂﬁ%h@%ﬂs %eﬁéﬁ&idt% HvE HEEXe shape, but be

slightly smaller, than the cortical area.
[000230] The patient-specific tibial implants of certain embodiments allow for
design flexibility. For example, inserts can be designed to compliment an associated
condyle of femoral device, and can vary in dimensions to optimize design, for example,
one or more of height, shape, curvature (preferably flat to concave), and location of
curvature to accommodate natural or engineered wear pattern.

5.3.1 Bone cuts for a tibial implant component

[000231] In the knee, a tibial cut can be selected so that it is, for example, 90

degrees perpendicular to the tibial mechanical axis or to the tibial anatomical axis. The
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coronal radius that is larger, for exanple slightly larger, for exanple,
between 0 and 1 nm between 0 and 2 nm between 0 and 4 nm between 1 and 2
nm and/ owokzetvieedr42 and 4 mm |l arger, than the coronal Padiusgo10/04dshe
correspondi ng fenoral conponent. By using a standard coronal radius on a
femoral condyle with a negativel y-matching standard coronal radius or
slightly larger on a tibial insert, the wear characteristics of the tibial
inmplant, in this ex | e the pol yet ene insert, can he optimzed. This
bt oach al 84 AL SN e I STUb Rt eREE T 560a R RPN e AL O o sot
of differentghizRintidahspeaaube produced wherein each tool corresponds to
one of the pre-selected standard coronal curvatures. The correspondi ng tool
t hen can be[009282]i n tThe stoprddradiiairoatsafpiaalpoilsybetwieh remdi 7nsrd) dnddf ddgheestin bi al
i npl ant conponent, for exanple, to create a curyature in the polyethyl ene
insert. FI Ghepgaltahpfire. starclixaipeanmppgieckip gut the laéﬁasaee%w@)@@hffﬁ*sne

i nsert 1320gjbpe ERORSCRRELIR RediBnddiRioCOSARA b Fitlculie 1§ Bhell pilbfalcect ed
tool can be used to generate a polyethylene insert having the desired
coronal cur wadgmgtest=1The sk cshbusinalar exthaphaent’ spotopetdiyt slope bnseletstivavi ng

two diff | t : ted by two dif tool .tips. Th
action of ¢ Rea GENBLOLSAS RTSHE. BT i) pisReer bR s ey ighgfgiren "
sweepi ng ar glopat MR sipeta® Bk daferéntfione theRatitit’ sgReNRrdtie siops Bhtat Icgan be

used to manufacture a standard or patient specific sagittal curvature. FIG
13B shows aoru@fi & madialoraneef atlaterabsiderpl ary tool s 1330, 1340 sweeping from

di fferent dj es into. . 011/ 028624PCT/ US2010/ 046868 ol ye ene

i nsert 1350@5'%3% bi tibf%\?aﬁ%e} ﬁ%&éﬁ‘f Fiegially 3¢ el ﬁr,@xsgwfwgﬁgf%u
curvatures ipatRe 128! Yeldd pRRnIsNERUhcd38Cral [I0RQZABL bha G@fct Rk ReigAD RS Ment s,
one or both of the tibial contact areas is a concave groove having an

i ncreasi ng erangderhegher nylovedi then dic ongutimalial adpia. tlalthiasnssance.che exdpiml  a
groove with r.easjn adius fromanter.ior t sterior. [00O 4] 1 n

Jer ot embilrnEi Hridn At o (R Bb Ao ForB IS G Pinace BRNEF anay or
medi al si degnd@ft 1dtbral fitdhIflatbac r@aithdrih aferft chibiigtit®@bliallpel &bdrally
positively-matched by a convex shape on the opposing side surface of the

i npl ant, asAY¥RB@WHVely thexaranibemut Fhiigfereanhdiafanesy relaave teithk wewis mefliad ped
conponent t I: t . t r . not flat, and

t her eby can%g%glﬁgdéﬁ\xg%?&ow E’%lélg\r{rrg{hgrsggl#,%tf%ér?&ét%gr%?%%%ﬁrﬁgg%lﬁg' mat eri al such
as pol yet hyAétemativdie, iaens betihg, v &xiladnt titi iekghe 88 tiad ismalniig] iisia ten B8 ni m ze

i npl ant thickness to achieve a certain mechanical strength. In addition, as
shown in FI elected 1o bedifferest medislinanhitgrbtes of the conmponent, such as a
metal tray, can.incl ude mt chin roogve.t o engage.the curved surface
of the pi ast 03R4 o b PEdEBoRL, D ShERR i w P RERE Pt S un

FI G 14B. AsorshipyiingdibéltefatingWiifacctdfehEapigedonipodsntPis &eightdps (Npfidigept hs
of 1.0 and 0.7_mm based on a coronal geonetry of R42.4 nm At a 1l

.0 mMm
depth, the thsdtyliants paingndicplar pang(‘ThAPTAY: (3) pweongiheaiBHPR 2 mmdcioybthsr i nt

e o e PR PORZATRERRTR Sodol B ERA S B ARERR "

net hods f or (mbesidgivinalyslepedis peqeirad bn ghdygoeintal berffoelof ehepatdargnd) Sipagithé ¢

7o “knen. B O TR WB S it Gpe Db soudned ' °
bone- f aci ng sk ¢ fteror E¥AMAadt ihlalitith bRLERA. RALhSNh 1BPRG] 2GS A
design for an inplant having a fenoral CTonponent and a patell'a cor%{%nent.
Exanpl e 5 i b¢lowt2nanesich as@tmrobf #gemf mry feldeligigd plt rarhpls,pé dicftione wheles ut s
ina fenur-first teliclihni gutj Exarrgl(% 6 i{ | ustr at a set ofjigs for guiding
pat i ent - spett FYOTHANY WHAJOVH &t AdErser hedPraidifY que. Exanple 7

11 ust rat oo ROET) 31 14 PR AR L E R h R DEFPLR AT BRB e 1 g
desi gns. Exesmpispoling berst fasing suidadei afithetilehlervritonemabiyesitise froéddii) ddsent
component vPIRPT SHREREGE (B O BB OClieHEn e SLodaNg. & patert-
2011/ 028624 B(eTitdSRALYRAGAR i e AIEA! Ciafbrde Sl i Rhwlal d-Rb 3b. 4 IR
conponent . anple 13 illustrates an inplant and inplant design having

straight and curvilinear bone cuts. nple 14 illustrates an inplant and
i npl ant desi gn having resurfacing and one or no bone cuts.



Exanpl e 1: Exenplary design process for certain patient-specific total knee
i npl ants [ 000246] Thi s exanpl e descri bes an exenplary process for designing
a pati entwopadi2gi2e total knee inplant. The steps descriPb@dSeorowinsss desi gn
process can be perfornmed in any order and can be perfornmed nore than once
in a particular design process. For exanple, the steps can be reiterated
and refined a second, third, or nore tines, before, during, or after

erformn her steps or sets of.steps jn the_gdesj rocess. ibl.e this
D bcess Spedt Fss Ihopstpt vut Shisplorkar babPoAl il B B eTRocgiold i1 c ot al
knee i mpl ansediif the ibHe sasaRkadsbfe daséan Winey enbodi ments, for exanpl e,

patient-specific inplants for shoul ders and hips. 1.1Methods [000247] The
exenpl ary dgi0gde]pr odessrtahombodimektsGa paixeni-saccifitcc AtRldspd suscddEnier al st eps

and, optionally, can include a fifth general step.. Fach gepneral .step
i ncl udes vaP160Es apAemIG YoRs s Betwernd Bveﬂ"eqr@@siqxwﬁge%usegéﬁtﬁ? PrEd §s
(1)-(5) in LheohicdR is dRRR SL&P» can be performed virtually, for exanple,

by using one or nore conputers that have or can receive patient-specific

data and appoops7jat e I offtmaembodinicns] theckiad p o6 hetibal Mplantsias e st eps.
[ 000248] I n 8eneral step al i gnment and deformty corrections are

1), 1inb ,
det er m ned, dgsigneddo as@fCétﬁge %ﬁaltpreﬁ i thg Ratisaietiey thsy HG @b ipeladesat j ent ' s

si tuation. . : e i : i..0i ad. qf: | di nensi ons
ore det or mi P ASREEALiREARAS BruttITpRY flers, Wb R ANIERRES o1 1
general st epori@nentsaiescribed aboweatanda desiverbico miazdehkoshatis cottaliholudbesiogni ng

each cut on the fenur Eﬁd tibia. This general step can include one or nore
of the step8O8F PLCR-CRUICAPIE cut s on one or both articul ar sides, (ii)
app!l yi ng optdqaghz&d C -t ' i | k-0m = Co- pl anar
and/ or non-Bg@% ﬁel eﬁ%?%Fa%égggmgﬁﬁg%§§?(g Fﬁ#gﬁﬁ%ﬁg&gﬁéﬁgémggP%rnining
m ni mal mat ekctl@nidahiok oeslined eamdtidgrimls) omi 8y ¢oahbihdd withe patidrrspéditic Arpl ant

design can be an established threshold, for exanple, as previously
det er mi ned B4t Phane; Aot gxagn ﬁéﬂ@e%am@%m@nﬁéﬁe p%@anth?@?ﬁgﬁ?ﬂ rielagior fohgar d

characteri st} ) . ; e i t 1P tert: Lckness
can be WO Zg%t%/%%%g 1%%%#%%%8%%%%4%%%%%@% %artﬁ%iﬂrggdde@afrg{rlﬂ@hag g%plg%ih?% E:Ottgﬂhpl ant,

f or exanpl epat&st’seteeharicrd dxiby F#G. FAslofwst dxemiptapy AAP 'asd pegadasd and

patient-specific characteristics and features. This step dictates for a

sur gedw-2he desilgintdpcipgnurfaggecti on to performin the surgical theater and

it also dictates the design of the bone-facing surface(s) of the inplant or

i mpl ants, wHI09R3Yan diisgeianfacaigl syrfaeyefia Witlimpiant Rompenaneisdagtlyridbatioge

surf aces. [Oq ZSOLh%tggﬁeral.s a or mal, _and/ or timzed
on

t 4 rrected 0
oot aoes: LBREROL N AERTIRY BpRRy hedmguiRA GiShTfeg BV RSy §lrefBbh T 2

fenur, thisagbhert laﬁt(e.?., iangbordes deprssisn MahHtibihl idRics tirpsecoived tontse! ecti ng
a standard sagittal profile or designing a patient-specific sagittal .
profile, anfopgiemosalsempapcy carditlann be of sandarddeign, dorgxampls gyailagle in

6 or 7 different shapes, with a single radius or multiple radii in one dimension or more
than one dimension. Alternatively, a bearing surface can be standardized in one or more
dimensions and patient-adapted in one or more dimensions. Constant and variable radii
can be selected in one dimension or multiple dimensions. Some of the radii can be
patient adapted.

[000240] Each of the two contact areas of the polyethylene insert of the tibial
implant component that engage the femoral medial and lateral condyle surfaces can be
any shape, for example, convex, flat, or concave, and can have any radii. In certain
embodiments, any one or more of the curvatures of the medial or lateral contact arecas

can include a patient-specific radii. Specifically, one or more of the coronal curvature of
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a patient-specific coronal profile. One or both of the sagittal and coronal
profiles optionally can have different nmedial and | ateral dinensions. For
the tibi avotzhiig2general step includes one or both of theCITUSp&EL0OH6sEs i)
selecting a standard anterior-posterior slope or designhing a
patient-specific anterior-posterior slope, either of which optionally can
vary fromnedial to |ateral sides, and (iv) selecting a standard

oly-articular surface or designing a pati -specj fi oly-articul ar
BT ace. TR SO GRS T BRI v RER SIihe BRfabeonLah ot BELPRHEE. 1 or
exanpl e, tocghvillad@hd RecrMUoRRkt ﬁ&a,%@iﬁom&%gﬁtﬁf &RvAlLRITShOnRta1g6puBt ry of

the patient's tibial articular surface. This step contributes to the design
on t he out efrcpgiuminciugde aideast ingratti paticar-spegificaadif-shn weferied cmbpdiarentsothe

| <" asseased anoTk s8R EhART b ABTTla BUE0 A kot bl HRY s Ruind ™o

optim zed Kiur€ieBs hsng £gited dRbRwre Wi, AWST inj RHDpatlodtkm@ifrradii khdcwl ar
surface(s) of the inplant or inplants can be assessed and adaPteq to

i mprove ki népedaré soromyicyrgiiper Blavigged leastinnaels eisat adaptasregigel iwdidnof t he
steps of (i i I i i i ¢ yThd | apting the
i npl ant des%ﬁ%(%%%g ﬁ%&%ﬁgﬁéﬁ%ﬁEﬂg?ﬁgﬁpﬁﬁﬁgﬁQ%?EQ?f§§58#i?ﬁ%&% %%ting t he

i mpl ant  dest@natute @vdicdelpoicénfor ekanpinibygdoesing frdm2RBstilytof seimdardicacwasston

[ 000252] The exenpl ary desi gn process described above yj el ds both a surgical
resection dE$iYR S?aBiiaTQICP’éVraﬁ’r’iE;P%‘F TR syl ¢ the sstegal thRPIIFEE S URGEr y
and a desi gp.ffh @aqy@pl ant that specifically fits the patient, for
exanple, follow ng the designed bone resectioning. Specifically, the

desi gned i niodR41] whils pref@fcdogntvoriuiéide,tthi gbiabDontme hica ®ds 4 stasded coiveat i ons
usi ng known techni ques, includes one or nore surfaces that

negat i vel y- ARICBH Tedies hakisdereen &y Bampleslighidelraerrer prasmiptbeyes Ocad I nel ude
other desi gﬁnﬁ,%f\weﬁ%) Q3 e, %et%tah 8ha SRmG! lf)é&&/eerﬂ“'ﬁl%],%?mﬂ] dd%h[@'beﬂwfg%hént

t hi ckness, articular geonetry, and Kinematic desi gn. i S design process
can be appl aetd ton leagdrothsn fhei cotoraheidanton the dortape@ting fesnotryipespoh¢mi Mty

i npl ants. For. exanpl e, this design process can be applied to a total knee,
cruci ate - eB3iPh? AGROEBSPBPRATEY gBia! PERd! CUy oV thenrse Chigaichingg
inplants. [ QQ%@]:Jrlaﬁal‘%éﬁﬁpblaﬂbghﬂ?Fldrg&to'nsﬂ%ihlfih§e_rg?&'\gé'hr RhAs&eSsties ¢ iHbed
above, including the resulting patient-specific inplants and

pat i ent - spetbia] enfdaneinrthis esamplaitihgpatetthydes ineérf,ers bs eptenacd admmppipesh over

traditional mary and reV|s%§%?%ﬁﬁlants and processes. For exanple, it

pr
al l ows for 8%%56%5 anyfactyn npl ants such that a subsequent knee
repl acement {/ﬂ?}rﬂghﬂprO\P%?E%mﬁ@?‘,nabsteﬁgﬁdihgﬁen{-gi&@a Bb1s%aR bk BRI DG RerStH SR Y -
Specifically, because mni one Is resectioned, a subsequent procedure
can be per f wolrearespoinsao bnadf the prabglegued srardprd afrdndl hesvatuedst Thei mary knee
inplant. This offer.s a significant adyvantage for younger, pati.ents 0 may
renutre i paepoRdise bt 6 e T R E o 85k f anietn Rl ek

impl ant. | ngb@acimplifi@oRNE AR A0Y cRAPIENS vRARGA durfatdiesh Ak RIREGASARSKE!. | bed
above may allow for two or nore pre-primary inplants or procedures before

such bone i E1GoBIA shars sax excnafilviydeell tips 31 0rand/a polytthmtens smsent d32¢ motross-

[ 000254] The advant ageous Jm.ni bone.resecti gni nd therefore m ni mal
bone Toss, TR IHS cprDebutv i B00PF BRREREA Rl Yem B ShetdS bEHEEF aci ng
surfaces of p@l?@th'ylé’ﬁé anks h@&iﬁ% tRsdcgin@tedratdl eitvatipe CFIG.CBlA yhowkha
patient-specitic design of this surface allows for non-traditional, faceted
bone cuts t PEME#Y Dedctatencdpise favingdng bidercni cosenal sirmaiuEas\PreftaddBr el cut s
to conserve b he i W it l cuts are
standardizegﬁgﬁﬁntgﬂﬁ%? g%%%%ﬁp%FgFE%E?%%ﬁ&“é?ﬁ?l(ﬁ&§§§%ﬂ%ﬁmggﬁgﬁﬁthout

| 'imtation, esinzde,arsvwaep@htaromotiebypdicitedsitat agixzé point tisvejtiod inkert, @l bs Liged,
shape and/or severity of defects .in the_joint. [000255¥An0ther advantage i s
that the pafd BpufagswE;sstandgekorgrtipspedic sgdal cpagture. FIG. 13B shows a

sagittal view of two exemplary tools 1330, 1340 sweeping from different distances into
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above can restore a patient's native, normal Kkinematics, for exanple, by
reducing or elimnating the patient's md-flexion instability, by reducing
or el i m maDI2ng/02862ght " cl osure, by inproving or extendi RGTUSRK0OMS6HY

i mproving or restoring cosnetic appearance, and/or by creating or inproving
"normal " or "expected" sensations in the patient's knee. The
patient-specific design for a tibial inplant allows for an engineered WO
2011/028624PCT us2010/. 04 eplicates the atient.! s normnal
Snat oy vet & EPBTAITOMBR JroD B HBRE itnlatPEBaNGH T Rt Ao 86360, For
surgeons anghARdiGah tRpRSIGRah&t 1389, pati ent - speC|f|c desi gn process
descri bed above provides a sinplified surgical technique. The designed bone

cuts and defi0g243] fi tinofrtdimembadivfeatt omeaet hmth ofibb itibead contipdt ardas ised ¢camcaat e

the conplicatio that arise in the surg etting wth traditiona
msfitting gmwaﬁ%‘gng PRBGEBTPAST H%qr%a&%fa I@S alopg 1taé%ﬁlﬁﬂ aﬁ}so@é&a%r@plea%

| nol ude MRNUIGRGL WihdicRFoalTRE RINGorh i oPIBf loGRkrcFBECI FI C 1Pl ant s in
accordance Wwth the specifications determ ned by the design steps descri bed

above. Manuf(ooR4]i ng Is aﬂ“[alﬁleinbd@nwﬁtsngleah%&lfgm&ﬂw‘lfdjgrbmd@{ﬂﬂetlaheral
patient-inplant. NhChIﬂI;& can |nclude alterlng@a bl ank formto conformto

the specifi autPiomediglidss o thedoiny-fadine wetrgal be &bkl daplan; i asidpdyanatehsd
exanpl e, usj,ng 15\%x5sh @ﬁé%@%&% sﬁ@@éﬂéfac%gﬁthfe aﬁ{ ab Fﬂﬂvﬂ{‘&lﬁl@ﬁﬁﬁem can

be manufacture eS|gn t conponent
|nclud|ng eﬁhhcnﬁahnvMhﬂhkkhﬁﬁpfdﬂdmnqeemﬁto&amnmeomxmmomezdmughdmlstandard
bone cuts for a

bl anks. Ie 2: N@t S ge3| n|n and Qerform

pati ent - spe& itfaces ‘i‘rﬁﬁ‘Ph e&iﬁ%srﬁ }afa a0t Shegatitiplefog sXupplseastifo
exenpl ary ”ﬁkﬂQﬁPmﬁﬁ%sﬂ@E&ﬁ@bﬂg @HQc&%&%?ﬁﬁkﬁﬁl@&mﬁeﬁMﬂ§w® R &Mﬁm@h&%ere”t
patient specific fenoral “i npl ant conponents. [000259]1n both met hods,

nodel of a paplaerthicknags &1 adhidvemeertiia rogobanied sbrasgh. bnaCbiatuQIem slmenmf ic dat a

collected f nore t i "tens i TAQES. shown in
Era CB 5. 1RE: LS a3 eBRbo R pRe b a5 rEnBERRE A 4 BT e SABBRT &
femur. Fiveinenme a(?rﬂétclﬂh%@ﬁ)'iw@ﬂdetﬁgdge aRGueRdILEa&S (ﬁ‘&h@ﬁla!;tfd mgetifle Two

epi condyl ar axis 2100 ecifically, four of the five cut planes - the

distal cut, ewmlemcerw%vwdlrpm@mafﬁ-sf@mﬂfl@rl(ic&ﬂl% Anghei &r thedigetaficer cut

Lnar Sec! SRl 006 BANALBL A AP Fa SR RSO BLeANAS FORL . Eh B 2 1A
anterior cuR4pkang. i‘s adpenglmeq)thahé)eao@mhﬂtquethtlms Benrpl ana 70 inhedepth, the

epi condyl ar _axi s 2100, which can mnim ze the anount of bone resectioned on
the | at er al foOtRI& 3FdhHe 123MME| G 2-1B shows an exanpl e of an anterior

obliq [ 000260] For each of the five cut planes, an optim zed
nBX|nﬂﬁ$§Nh“§ggth tangent to the bone surface at the angle of each cut

pl ane al so ign i Fl GS.
plane al: [(ﬁmd Sg%& ;{5Itb§1a ﬁﬁ%ﬂ,rﬁbzep oréggs LR fin e PR - FeBiFRNOMD kR

1rnplant Exarnple 2 descrlbes methods for designing and preparing bone cuts for a
patient-specific femoral implant component. Example 3 illustrates a femoral component
of a total knee replacement having non-traditional cuts on its inner, bone-facing surface.
Example 4 illustrates a patient-specific implant design for an implant having a femoral
component and a patella component. Example 5 illustrates a set of jigs for guiding
patient-specific bone cuts in a femur-first technique. Example 6 illustrates a set of jigs
for guiding patient-specific bone cuts in a tibia-first technique. Example 7 illustrates a
tibial implant design and cut technique. Example 8 illustrates a tibial tray and insert
design and related jig and cutting designs. Example 9 illustrates a finite element
analysis (“FEA”) test conducted on a femoral implant component. Example 10

illustrates a device component with an enhanced articular surface. Example 12
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71 exanple, the maxi mum cut depth is 6 nmfor the distal cut plane (FIG
Ex 2-2A), the anterior chanfer cut plane (FIG Ex 2-2B), the posterior
chanf er owO 20H03862Ex 2- 2C), and the posterior cut planePCEIUS2018046862D). The
maxi mum cut depth is 5 mmfor the anterior cut plane (FIG Ex 2-2D)

[ 000261] The optim zed nunber of cut planes, angles of cut planes, and

dept hs of cut planes can be determ ned i ndependently for each of the nedi al

and | ateral .. condyl es. .For ex FI GS. Ex 2- Eshowotlmzed
cut prance BESECHH i e R CBa SR dramplas TSR MR, 5 98
show cut pl gResndigft debien hatifs fraiSRne lcBrRRRhebd R cutd aaglpl @il et fE@hn
condyl e posterior cut planes that are independently optim zed based on
pat i ent - spetnplaet addtimplaot desiem Hagingrrasur faoingyand onThi so bvl}feCUd;Sf i ndependent
optim zati on_between condyles can _result in a nunber of cut planes, angles

of cuttysmpled: Excmmdaryflestenproress for ?ﬂ“éﬂﬁ'é?af‘ﬁ%‘fsﬂfF‘fﬁlcéPt%gf‘We’é‘i‘P EB‘ﬁdyI es.
000262] Th |
|000262] TheofRone 9H SR O TS S LR 000 Bt oree

2-4A, a di sg@clfmubtapkmamp&nde%@gtepk PReriteiddh cis a,és1gmprbb@s eagbet palorfnedor al
axi s 2400 In the secaond design, referredto as a "flexed" or "flex-fit"
desi gn" andiisHgvrdstangcan bepersormsd npgye thinomsge Meq parrdaedgsignseesse ghors

degrees in t is.
Addl t1 onal STy e SORY ERBCRAERROGMA IBhel LB SR b ERRANGEY e
shown i n Fl Gainghor 2t&/Acaivdniag o2heb Bteps O0QROH]skpSH thexdeRigh preanss. EXhiZe i S how

the conpl eted cut fepur dels for each .cut desi h desi t he
UL - RO i T e Orﬁﬁﬁ%nmea%gmwe%ﬁemt%keﬁew atgisi gn
can provi de JpFEadapRt b iigFAUEr @8R diflertt, 9Br éﬁaﬁiﬂlé’@aﬁé‘r@%&’&ﬁc ithplath & MY
require nore anterior bone resectioning to achi eve sufficient coverage and
may requi r estpatdercaiddripsat t enti on during actual bone cutting to avoid any

i nconpl ete bone renoval at the trochlear notch 2600. In certain enbodi nents
of a Hohe Methgdsi gn nethod, the anterior and cut planes di verge fromthe
conponent p S by.fiyv r a
traditional g%’?] ?Trlrlﬁleén?gﬁ%’g r?%lrﬁrgceqtsﬁghop%ns \e*}}fdorrtxafn? lncll:_xdeers |f%l%r %?n?rtap

pl anes di vesusy aalddegﬁceeﬂy,adad ifcIGROr BRI gericesiReP! iBach YenckdlQmEptilclu@Bg axi s.
Moreover, in certain_enbodi nents, the peg.can_be designed to have various
di mensi ons. Vfireﬂusek%ﬁ*r%cr eps: Heheeaighstens an denef}ecbaw(e)( the figure. These

2011/ 028624 e

Sbout 6t mET%] X &%ﬁ@%&?ﬁnh&%?@ﬁ&gﬁpgeugﬁﬁgﬁg%h@Br Hlére e %utté’ipﬁ{a:glﬁzgv
fillet 27000r m&e&@vﬂa] padtent-geuificidag dndrappalpriatepb &ntrccorimponetibnsdesi gn f or the
first design ?ethod is shown in FIGS. Ex 2-8A and Ex 2-8B. In addition to
optim zed cO¥'Prafesc &t®%i bed above, this design also includes a

peri pher al 0. f t The | so

ncl tdes enboieile” da Pl B B ERERBnefin MmO SRR 7 g
fenoral i rrptiaeﬁmlﬁedm@ﬂer&t@le&iagaﬂlef neebel foir espeoamdpaﬁeﬁﬂmt@eengm met hods
are shown side-hy-side in 2-9A and Ex 2-9B. The sagittal view of

the figures gewmtepr{%) éherﬂaélﬁetnfcféblalranérf@@maéﬂlﬂéﬁ%loaéémefeémeév@ss@enf or the
two conponegi; %ﬁécgéasﬁo&?l%g@ Rl As mentioned above, the optim zation of bone
[

cuts can resu In a cut gn that has any nunber of cut planes, angles
of cut planawo2a91d deptbserfstpuB), %ﬁ@p&seﬁﬁtﬁbrﬂl@%&a&ﬁﬂm@@by Wrgally aBsigning
parameters can include, for exanple, one or nore of: (a) deformty
correction &ifd quf %tI@IfP@HW}dttﬁ(l%) This erraish Seneeariveludepncet myael ﬂ@éﬁqpﬁl age,

parametor o hAL e SFRORLAE oF Boaph Aok AT ANERe oAU sormss o

nore of (d) bmﬂhmicamt(ushalpezmgeﬁot aomad-planar and/or non-parallel femoral cuts, and (iv)

—

maintaining and/or determining minimal material thickness. The minimal material
thickness for the implant design can be an established threshold, for example, as
previously determined by a finite element analysis (“FEA”) of the implant’s standard

characteristics and features. Alternatively, the minimal material thickness can be
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and internal, (e) inplant size, (f) inplant thickness, (g) joint |line

| ocation, and (h) |ocation and preservation of particular features of the
pati ent' swbi2oliogs@al structure, such as trochl ea and trechitsarnosispe.

Exanpl e 3: Design of a fenoral conponent of a total knee replacenment with a
bone-facing surface that optim zes bone preservati on [000266] This exanpl e
descri bes an exenpl ary design of fenoral conponents for a total knee

repl acenent .an i cul t he ex lary desjgn and,inpl ant

el udes a RERGRER B Rer (20 Pl ogamn Buks UNTERG HEFCABBIE f aci ng
surface. 3. &ﬁfﬁhﬂ%aﬂd@ﬁpﬁ{ﬁ@aﬁeﬁﬁdﬁ@&ﬁk chém&t@ﬁﬁtlﬁ anPenRaRts. (A steplRtAENG) 1S
designed with seven bone cuts for a fenur-first technique. The design is
depi ct ed i nfoFlagurgegn heldesignafpppg ma¢ctmd@perfomemdée$tgglcalrtb¢4§@reesx1dswgq1 cuts
on the inner aC| ut.s | ude a di f enor al
cut ¢ hat o s Rt St B b R oing RS S ol o Mt ST e or cu
that is not subatantlaiey negaﬁvawrmapmedeslagtlchféaeoﬁ@lﬁural@esi es are shown in FIG Ex
3-2A and in FIG Ex 3-2B. Specifically, anterior cuts are at 25 degrees, 57
degrees, ant0935@egr degehardmrstaphd),di wrmbtef ,arwomal andisr optisiizdewnculay FI G Ex

3-2A. Posterior cuts 2011/.028624PCT/ US2010 8 25 de rees 57
degrees, and® Qé‘?et%?j}tél\/\é%%‘l‘r ar“fjrgl Ut SEEiTC t%(ﬁi%ﬁﬁﬁ u‘feorqg%%%mﬁa?ls FERE!

3-2B. The f gimidat ohéml‘tﬁ)'ﬁﬁoFt%@TQQB@Bf(l)ade%étthﬁ|sth‘ﬁ§z§rd@ﬁ'gﬁtl§!l%rbﬁl@%‘rfd@ﬁgﬂilﬁg a
surface cenent cutouts that are 0.5 nm deep and offset fromthe outer edge

by 2 nm anpatienpéppegicorgiiiel prgiis; @mi (u)eek@efemg pftandied reroatlarofzla@r fedgrng

di stal bone_c ecti.on _on the nngr _su ce.of t one he pegs are
7 mMmmin di aﬁ@%‘jt en% Sliefﬁgc quonal PRy (Je a@éle a%oetﬁe ﬂbe paglt I%Pe.dgr?hoeoensarﬁgmf-[ ey extend
fromthe coaptmenp carbhdse oﬁﬁferant&nedimcitlherac emglonpcmth@ﬂbllap@g; de@atalir es.

3. 2Resul ts and Di scussion [000268]In a traditional fenoral, inplant
conponent , btRR iNsHiles P%Prnla)tgeftfhﬁé pg BheTikstedecHng fistpadad RRHIPEPHEIHOT SithRever |

the f I
bone- f aci ng St T SRR/ pdifdnlWeBiRXAIRlOL pb Qedithdgs) fgl}qegog%gcg@;mmﬁycan

t hi ckness avaryHmnh nfediad eclhicorl smifes talné (ohisdeaing,a mahmlaleifpmmarticems sindave orr ermval

than is requyired by a.tradi tflon r al nt conpone The

arti cul at i ngeLEHRSE BAN-PPREL bﬁ@%ﬁu Ean ?P&vé‘%ﬁ&aﬁ“*éhtsp P? ly-art ct s
and/ or st angdafde 38PBCl&: &Q%?@%n’fﬂl@to%ﬁnﬁat@%@iwnf G optinfiBeSippy. nodel s of
bone cuts wth correspondl ng bone vol unmes for a nodel having five bone cuts
to the fermdmhenaluonalcgsvbmetrsmf ﬂ@qetlerﬁfﬂlblﬁar@M)suafm s steproetdtibitayiong

seven bone guts to t nor al .articul ar surf shown,
S moaen ity R ob M aR R By S gt 85 e G sl pg st

while the nm a ?ﬂ%‘?ﬁ t 220
mr:B of bone. (%892\7/:)?9895%113@% co &gr(?)sg%\;lﬁﬁﬁ%%%& ngﬁel‘ﬁg’gé-ég%&&’ﬁn&gé show
virtual nodb¢ sdaptedtio raehicvwd matient- kpecxﬁcnmsmmlm]‘lapgnmﬁddqwmwms Fooexaanph ded

having five, not .flexed bone cuts.to th ral artjcul ar surfac | G Ex
3- 5A) Jand. f BRCDIOME NG Sy HHE T %facwswﬁa ant&itleplaatst% Féﬁ%ﬁsgﬁ ah

articul ar Sh’d[afp%iieco(u'ﬁbﬁve RincRa®B). - THIS &T&Mteptlﬁﬁuﬁ@%%'e R MOrOBF fbMEof tROT
fl exed bone cuts corresponds to a vo?ume of mB, while the nodel

steps of (i) virtually simulating biomotion of the rnodel (11) adaptmg the implant design

to achieve truly normal kinematics, and (iii) adapting the implant design to avoid
potential impingement.

1.2 Results and discussion
[000252] The exemplary design process described above yields both a surgical
resection design for altering articular surfaces of bones during surgery and a design for
an implant that specifically fits the patient, for example, following the designed bone
resectioning. Specifically, the designed implant, which can be manufactured or

machined to specifications using known techniques, includes one or more surfaces that
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having five, flexed bone cuts corresponds to a volunme of 105,760 m8B.
[000271] FIG Ex 3-6A - Ex 3-6D show outlines of a traditional fenoral
conponentwQizoites@hed |ines) overlaid with, in FIG Ex BCOAS2010m46368 e
havi ng seven bone cuts to the fenoral articular surface; in FIG Ex 3-6B,
t he nodel having five, bone cuts to the fenoral articular surface; in FIG
Ex 3-6C, the nodel having five, not flexed bone cuts to the fenoral

articular surface;, a i,n FlG. 3-6D, .the del. havi ng f.ive

2011/ 02862 4P DT DU SRS BRI E SHE G BC F5P B oL o5 e ar
surface. AsdshitRatubes@BaMrOpatichesRclicIsicB%s nlilendaspapediRAng, fHERasave
substanti al bone as conpared to those required by a traditional inplant

conponent . BOOORR2 pahkisomaae gosigrh el taxdepgnaprg cass apobregnplidé &t gwudestl i bed i n
this exanpl e can save bone as coppared to a traditional Jinplant co nent
and ¢ hor oby T ACLE YRERaRPet BB Frakfir raf Sligif s dhiBo PRt R M <o
be patient sgaedltd & tothldneeXAPAE retSMMTLh6 It Eric2 fstabH vBURINEI0e AGIAPEL! el  or
non-paral l el, aligned perpendicular to the sagittal plane or not

perpendicuIﬁﬁ@nWﬁﬁmébnSronlnedial to lateral condyle, etc. Design of cuts
may al so be 'f ed" (i.e., rotated or fset relatiye to .the bi.o hani ca
or” anat o cMIOZSHS) TssRerbR S ERemrale Fon P i Se B Pl ara | ve
to the bi onaghadilea pd@i"enﬁsliﬁh@imiﬁlglan%&paﬁé&ﬁ b&fidbod RctiBhthp SRSk dsi C

engi neered trochl ea design [000273] Thi s exanpl e describes a

pat i ent - speeffens sevard @dvemages oivefriradizanal primpiyi and zedsipoimplesisend pravessgs.i cs of
the patel |l agfemral, (" BELL dolnt, 4 1t hr(i)rglarlyolooggﬁs] FbfPnabs sthstabent ke 1E
show an exenﬁiarypéé5|gn 3o Kned |n8fa%t, Prcru I'ng al%enoranconponent
and a pat el t@plaompengiinproveindntcaiailey thaforfld fanaimarg Gnedsurpghl Sg&difehliyn red
in certain figures, The placenent of the patella and material renpval was

as fol | ows: bygussaimplbome a3 regsetignads a sphearei prosepwcsanpe Ay famed a6t df t he
tella 4100, i ' 6. 4130 dcn, th |
patella gadﬁi@éal,%%ﬁarggé@-&ﬁe%%he%fﬁ)éﬁlghg%%HéeclglfwyﬂtaWpﬁiﬂﬁ%rsp%%lg?#l@aﬁt € corona

view. As shown In ter ane o a 1 nplant was
made col | i nedsantaigt ortjoangpipatedy ivao naayi rsquiie?id. théihliftialel oavs thara gegler a

positioning at .the peak area of the trochlea As shown | |G Ex 4-1C, in
this positi BN YHeOFRE Shec gLk {‘bfgﬁ%g}eeéPmPﬁéV PHEEHPRES TICIC BRI ed 4130,

and the pat ghdcntdBoRins AMBRNBPd S HERUSBDHAKNIRRDE: hRMRRRe RIS are

coi nci dent 4140. As shown in FI G he patella profile is swept

al ong the saghthoat iclosttbataftraditenal, prilagaimplegiipreqdt&d. 4. 2Resul ts and

g e o0 | o] Thl o D oL P o 2 S BBk iR ©
loss, with this process arises from the fact that the bone-facing surfaces of the implants
are designed patient-specifically. The patient-specific design of this surface allows for
non-traditional, faceted bone cuts that are patient-specific and optimized using any
number of cuts to conserve bone for the patient. With traditional implants, bone cuts are
standardized and do not account for patient attributes such as, without limitation, size or
weight of the patient, size of the joint, and size, shape and/or severity of defects in the
joint.
[000255] Another advantage is that the patient-specific design process described
above can restore a patient’s native, normal kinematics, for example, by reducing or
eliminating the patient’s mid-flexion instability, by reducing or eliminating “tight”
closure, by improving or extending flexion, by improving or restoring cosmetic
appearance, and/or by creating or improving “normal” or “expected” sensations in the

patient’s knee. The patient-specific design for a tibial implant allows for an engineered
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and an engi neered coronal curvature to allow the patella conponent to track
properly in the trochlear groove. This exenplary inplant design for the
fenmoral cwopondnsszand a WO 2011/ 028624PCT/ US2010/ 046868 Ppatuské1a/oeasaponent
can all ow various advantages including a reduction of |ateral overstuffing
of the P-F joint and a post-operative patella tracking that is normal or
close to the patient's pre-operative and/or pre-disease state. In certain
enbodi nents, the | ateral ak can, be retai ned, which. may _.m nimze

i ol ocat | onsEhtt Hiiieel T e rHETato et B PR (g o tact

bone- beari ngr&Yohacaisan be or appear to be approximately parallel to the
osteochondral junction of the native patella. Exanple 5. Bone cuts using a
femur-first[(00256et [FOOOREE}nEhing nexldmappe fabewails tbs painhopsifandtsg@vi ces f or
performng a seriges of bpne cuts to receiye a patient-specific ipplant.
Speci fical | 91_200_%\“@&“@’?‘1 fibeNe mrevidess gl Ee SU8iA feflmuqmpﬁw %%nﬁg&rﬁn of a
pati ent - spegif bd HRIRAY 6 PIRINEN actFBE o ARSLIARRLniHI4Ss Qith#igiclthe surgeon in
perform ng one or nore patient- specific cuts to the bone so that those cut
bone surf aceg¢s)licagged thetedrise iathe butgha peitingwithspdtiohale migreng imgaws. t he

i npl ant conPonent. The set of jigs described in this exanple are designed
for a fenur 0002371 curAsoderhiboye. the deraenypegduse ¢anriaglude wanufagiyiing Ph FI GS. Ex
5-1A and ExpeiBingdnd pohe-§RHle ibdpfhkSinh ARk SR pin
pl acenent s o? a §uﬁgsféq%en% jlgmugeé1 stl(l)lr %gd}g%@tegﬁ culte.ﬁeik&h tﬂloégo%egarrp e, the
first jig ibytedsegigedtcpodeicribetatevt. Bamfaofurmgrchn iredyelctusinglandesigned modd
second step ho in FIGS., Ex 5-2A.and Ex 5-2 the distal cut i

per for med wi% 073 ReRAisat- Pt jl\? hinying ¢34 lgclgsi%ﬁbqr@,g i et Benie C?Iiférq_lgo_

pat i ent - spegjelsheifiANRY 8terrhile £ Y HRI RsigMRRAL ARREiBed NRkve 2PBY ¥afhpld, @inki onal
distal cut, a standard jig can be used.” In a third step, as shown in FIGS.
Ex 5-3A, t htheatapedissribedishovehibe ponerel ingplag gompanant ciebe mamifecturndtfonapre

performed wi,th a.third r.j.g..In this exanple, the jig.includes slots
Phat Care. 1. St e St idpion eibebe S B el o ¢ ol EapgRg o f o)
gui des) . Fomsérpaant cGRHRORE FontlgehdiR$blAANI. Ng Si X or nore inner,
bone-facing surfaces, for exanple, having one or two additional chanfer

cut s, Exaepde@i tMethatls fortdesigaimgoean doperfamming bose ngtsdne a ga tiomwt- gp eaiditi i pdaret|
jigs, for exanple, as shown in FIG Ex 5-3B. In this exanple, the

addi t (“SHROPFRY i s designed to accormpdate two steep additional chanfer
cuts. [0002 t, t i.bia. i > i Jal : igned to
make pati enf‘ﬁ’bggggci f iqgl?scéu)gtag{p'?e O&q{%g@%ﬁsﬁﬁqﬁg?%ﬁﬂ@;@%@% %rtdlk%%gﬁg Jﬁ?‘g is

depi ct ed i np&fdBmindhorte-chtsafod tvix dibferdnt paticnk bpeaificaemgratimplapi conpddéntss used
to help proFerI orient the g(la(% The portion 5410 of the jig inserted

bet ween t hel#08AH%1 andn bpthiractheds, hannslcbofeapatiant edistel fanedscreatad besed gitn WO

2011/ 028624P(] - 6 ' tj bi si,gned to
acconmodat eg%nygé (r%rpﬁg‘“{s(?at%ae?%qﬁf%mg}é Hﬁérq(](;)rfﬁh?%g%a i é]{)%@eédd}tng?%%u&rl ?rﬁﬁg%g a
Al t er nat i vekhovatl indddi. tHxonaAl the cicoad incdxig2 100i i d 6R0ined for bl piseot’s fena@dr ess
differences in the di stance between the tibia and fenur surfaces. For
exanpl e, i nFv&ePPaEs putgidse pRbRitanglep pisi cacqgtedyusing ths speaddiert d%West on 2 nm

of cartil aggpec\{\ﬁéall@, RuPat fﬁ@CﬁiV@guﬁﬂicn%si-%h@ﬁﬁagaﬁpp&s%r{o?xéﬁt, ﬁ&térﬂ)? ofimfpl cut

fenur.
cut, and anterior chamfer cut - are designed to be parallel with the epicondylar axis

2100. FIG. Ex 2-1A shows the distal cut plane 2200 parallel to the epicondylar axis
2100. The anterior cut plane is designed to be oblique to the plane of the epicondylar
axis 2100, which can minimize the amount of bone resectioned on the lateral side of the
cut. FIG. 2-1B shows an example of an anterior oblique cut plane.

[000260] For each of the five cut planes, an optimized maximum cut depth tangent
to the bone surface at the angle of each cut plane also is designed. The optimized

maximum cut depths are shown in FIGS. Ex 2-2A — Ex 2-2E. Specifically, in this
71



[ 000279] A bal ancing chip is shown in FIG Ex 5-6. If a varus deformty of
the knee is observed, virtual realignnment can be addressed by incl uding
added t hiwknes28@4t he bal ancing chip in the area that womlu$2@oodisee a | eg
in neutral alignnent 5610. For a grossly mal-aligned contra-|ateral |eg,
correction can be per a surgeon's order. The bal ancing chip can include a
feature 5620 to attach it to the tibia jig, and thereby allow for accurate

di st al placenent E t he. ti bi gh a th sanqrti C dating for

conposi Le. ¢ FeRleate MAN g hidPl i Bt e iy S R BTG BXEERETE [P 1o

shown in Fl GReriépchamfé c%ﬂ?laﬁé((lﬁd Bx ZTQB §,aRd f;ds&éﬁo@ cR4thRE BIEIIG, ERe-4@) anci ng

chip handl e 5700 mat ches the ti bi al %5 TbeS|gned into the tibial cut and
g

tibial inpl amtthe Positaeraylt plane ﬂél(beﬂieh@ himexingurd el dppedis tSonerfoethei nt o
the joint easil cuts using a tibial-first jig set
[000280]Th|?% Iﬁﬁfﬁﬁggi (?ggggzﬁ?hods and devices for performng a series
of bone cut fopasijeceing o%ﬁﬁﬁ%e'd%hb%%ﬁé&g%nbﬁ%@l@é of c%@??a!n& GRl hé‘pth@oﬁet of

jigs is designed in connection wth esign of a patient-specific
i mpl ant  conp@pdaries caihke digsingnedingdeigsdgulyder tdvd of tirgeodiali andriaﬁfacbcwndy@sone or

t tp t t hat t.h t, bo
negat | vel y- Fek ERoPie PG ER e 2 odfs PARURE ot ettt BSrmpdiane
The set of LofigldasenéReFIAS. H B3 8 %0 Hx2-3BSheke TLOpItksF the Wisral &ndyle
fenoral inplant conponent in a tibia-first cut technique. [000281]In a

first step, pewieim chpmfer end Rieral cpndgle poptstios qug plages ibaigare endspenslishils h

pl acenment an all t of .fenpra l.a hoI the 8 anple, t he
pl acenent |sg? g§e§ d e P%%gfﬁf?ﬁcgggﬁgb% ?Sg? 0n8}'aelt enDraI axis. In

a second st ﬁﬂepaia@mptmﬂtﬁn baw&n%on@ylsmméswlﬂ ig alrﬁmﬂb‘éﬁdf dud pestghhgish
pl acenent pins for the distal cut jig. The second jig can have different

t hi cknessesobaB®nes a8d/oRAetat o @oRlBe: that diffechesween qondiieshe cut ti bi al

f |
posi ¢ oned I02MIGn s e an e uef o iy pad i el rne
di stal cut bh&lt@cﬁﬁbomh%%ﬂdoﬁ@ﬁ%ﬁh@ﬁ?ﬁﬂs@ﬂ@ﬁ@ﬁ@Boxb@upﬁl('} A SPeiiaf bg or

standard. Lastly, as shown in FIG Ex remai ning cuts are perforned
with a chanplene sutesigned perpendiclasia ths @glt&ahﬁmm&ﬂeﬂmwﬂeuﬂn the spesmdglsbigaue.

Exanpl e 7: FéthJB@d 'a[JB" dd% kg0, %Pddel%gl}g aﬁ&'% an Qlﬁﬁl?]ﬂ!‘i 4B r&?éteﬁc t

illustrates nponent s escrl ed on

FIGS. Ex 7-pkne 1sEbta7ed316 de'gk’des llﬁﬂaﬂ@ﬂl €oal the pd@ﬁﬁdlutlasmm iugdml dmabrdleakic es
for perfornlng a series of tibial bone cuts to recelve a t|b|al i.mpl ant
conmponent , Addigieaglqubalaneirac sHEGH 2T dingdy forsach dasign method, a5 shewgin| e 8

Tibial trayppnq k054 o ﬁ&@ gnggz [ 000283] This exanple illustrates designs and
i npl ant conponents for t ¥ trays and inserts, as described on FIGS. Ex

8- 1A - Ex 8{(98263] FIGS. Ex 2 6A and Ex 2-6B show the completed cut femur models for
cach cut design. For each design, the maximum resection depth for each cut plane was 6
mm. The “flex-fit” design can provide more posterior coverage in high flexion.
However, it also may require more anterior bone resectioning to achieve sufficient
coverage and may require particular attention during actual bone cutting to avoid any
incomplete bone removal at the trochlear notch 2600. In certain embodiments of a bone
cut design method, the anterior and cut planes diverge from the component peg axis by
five degrees each, as shown in FIG. Ex 2-7A. With a traditional femoral implant
component, the posterior and anterior cut planes diverge 2 degrees and 7 degrees,
respectively, from the peg axis. Moreover, in certain embodiments, the peg can be

designed to have various dimensions. For example, the design in FIG. Ex 2-7B
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Exanple 9: Finite el enment analysis [000284] This exanple illustrates an
exenplary finite elenent analysis ("FEA") that can be conducted on a device
conponentwof2osidnes2enbodi ment s as one paraneter in the opCrrSz@abioadse®f
patient-specific aspects of the inplant. Specifically, this exanple

descri bes FEA conducted on three variations of a fenoral inplant conponent.
9. 1Met hods [000285] This anal ysis investigates the effect of interference

fit and | oadi scenarios on.three different |arge knee f ral inplant
conponent  gESHEET f B85 GERted OF B AT fpout § 35Be e Sing am wilka
per pendi cul gfundbStilanBAMAsCWith 6" 1IRBAPIRT 06" ) ; (b) a conponent with five
bone cuts and a perpendi cul ar distal bone cut ("Perp 5-Cuts”); and (c) a

conmponent wWG09264]x bdibe rewuitsngafiachofdl eéxpld nfocomeponutsielighifextbd fitst Qudigh ), as
shown in FIG 9-1A. Th ree knee fenpral i .ant conpaonent onetries
tested repr et i _ﬁbmwﬁfﬁ] Etxl'?ég‘i‘é‘iﬂ%g‘é‘_tz'ggpé‘b{‘@d“%{htgto@mm%u% g

conpar ed t og&ctib@fitovOndls de?i@ﬂ Q1sb TRII@dRk al Rrifh& m&sino 3 Bm 6t B l%@ge oftnd EX

9-1B3. Target results included identification of maxi num principle stresses
and di spl acewdons.. Thodessgngastemaludesedreimered commbaduguicngnFiAcaodyknedhe

i npl ant conponent see. "Initial fixati.on of .a fenoral knee .co nent: an
Vi tr o anbrEE R GRC e sp faghent Aot O 1R Rl oo AR RBRI B R Conal
Bi omechani cshovWoliddby-Nae id FIG908x 20000286 BloB. B QpitiGl SRAVET (RetiowBs

information for the testing. For initial runs of the three variations, the
nmodel s of t Bwwsehe diffgeensc seenipriar and postsBoayrwas frtheweewppamepplesigns.

2011/ 028624PCT/ US2010/ 046868 fit angl es .on the terior Shield (A FIG Ex
9-1), upper [ih2sSireara m%%mﬁfi abqs; tepogfimgzptign Qf,gowtwﬁéﬁswg Pht er al
condyl e (C kg thEhalalY nSMbERHRSt pliisS aN&H & ARPlaf&! alYddpiimat pldsat i ve

anal yses until”a Max Principal Stress of roughly 240 MPa (the fatigue
endur ance | The desgfed Gpdm)zatias paremctvechn iB8dudn deir gxamnd, pré¢ er mareo gy e

performed wi,th no interference. fit on t t hree Fenoral | ml ant onetries.
PG00987] a1 SEBRPRe bt S bEL el batoon B il PSR Plan ThoRe. seP g, 03
were set UpoABgdnidned hANEY) réstorbticit®fjbin€ kRBnabés. fAdditio AN pAametromat Mgy Bener al
reference descri bed above), and the surfaces between the inplant and

condyl e suppstudegimthe slegign pricess gn F)clygsrameior mere oh(de dsplapiohepsgxicsial al |
the top, f . : -4) . was: f L Th
ggf te ?)m f Sceg&olfn?et aép@%‘@@ﬁltétes?é%ggrﬁ?plg@‘ lgg%e(s % éi@\ﬁﬁlﬁmﬁﬁga%@ﬁ’@ g hr e gi t her

fixed in allocdiisresid prasraition whiparticlier feardesudshapplechesdbioddi@isidudigre ek
along the fenoral axis only (Z direction shown on visible coordinate
systenm). [0B0P@IIEGRddroshlcaisdePN (360 I bs.) to the |ateral condyl e support

plate E%;rzltgnp él 92 ﬂ\elsign of a femoral component of a total knee replacement with a bone-facing

surface that optimizes bone preservation
[000266] This example describes an exemplary design of femoral components for a
total knee replacement implant. In particular, the exemplary design and implant
includes a femoral component having seven cuts on the inner, bone-facing surface.

3.1 Methods
[000267] A femoral implant component (PCL-retaining) is designed with seven
bone cuts for a femur-first technique. The design is depicted in FIG. Ex 3-1 as a virtual
model. The design includes seven cuts on the inner, bone-facing surface. The seven
cuts include a distal femoral cut that is perpendicular to the sagittal femoral axis, and an
anterior cut that is not oblique. The corresponding bone cut angles are shown in FIG.
Ex 3-2A and in FIG. Ex 3-2B. Specifically, anterior cuts are at 25 degrees, 57 degrees,

and 85 degrees from the distal femoral cut, as shown in FIG. Ex 3-2A. Posterior cuts

73



(540 I bs.) to the nedial condyle support plate were applied in the
direction of the Fenoral Axis (Z axis shown, FIG Ex 9-6). A bal ance was
struck toweal2ogr2s@del performance with the different comrCaaiS2anmascand
results. The overall nmesh is shown in FIG Ex 9-7. The nesh of the inplant
conponent was refined for best results in the high stress areas (FIG Ex
9-8). 9.2Results and Di scussion [000290] The three different |arge knee

fermoral inplan one eomnetr | t hat re.assessed were sized

Cor reapond He & 45 SEREansAREET kitbEZddtre o RSP RIPT hEres SRUALE ML oad,
I nterferencegxBlap H0RGemeRdiMlakitbBipbRERRAGSE ik sloRale BER-BbAYRuiIcTabl e EX
9-1 bel ow. The correspondlngﬁhlgh stress locations (identical for all three

nmodel s) ar eceyhosuiontsfhagsre R nomdecrExndofiot framghEqutgr adige byewen, dad apean be

d i he desi f ' 7 ific i .ant. . f | e,
et Ty o MOTHEm EonBeRt of APl & BR AR e BB R, 0

in the tabl eurfdcher thewdspandft ¥The Gugt drén mifl i1$ tlagfRterM 1 Mnblodphad seBRI&H t 0
five cuts 221 MPa versus 292 MPa, interference plus no load). Table Ex 9-1
WO 2011/ 028B245crRs 84 tiep 26ig8® frompge compongyt. sFHar Bx 3-3clipws theegngnioyt

Inka.rig.r05&§mt&ﬂh&%quﬁﬁ%pad ND Inia.r. t Load

3.2 Results and Discussion

[000268] In a traditional femoral implant component, the bone-facing surface
consists of five standard cuts. However, the femoral component in this example
includes seven cuts on the bone-facing surface. The additional cuts allow for a greater
implant thickness at the intersection of the cuts and, therefore, less bone removal than is
required by a traditional femoral implant component. The outer, articulating surface of

the component can have patient-specific aspects and/or standard aspects.

[000269] FIG. Ex 3-4A and FIG. 3-4B show modecls of bone cuts with
corresponding bone volumes for a model having five bone cuts to the femoral articular
surface (FIG. Ex 3-4A) and for a model having seven bone cuts to the femoral articular
surface (FIG. Ex 3-4B). As shown, the model having five bone cuts corresponds to a
volume of 103,034 mm’, while the model having seven bone cuts corresponds to a

volume of 104,220 mm® of bone.

[000270] By way of comparison, FIG. Ex 3-5A and FIG. 3-5B show virtual models
of bone cuts with corresponding bone volumes for a model having five, not flexed bone
cuts to the femoral articular surface (FIG. Ex 3-5A) and for a model having five, flexed
bone cuts to the femoral articular surface (FIG. Ex 3-5B). As shown, the model having
five, not flexed bone cuts corresponds to a volume of 109,472 mm’, while the model
having five, flexed bone cuts corresponds to a volume of 105,760 mm’.

[000271] FIG. Ex 3-6A — Ex 3-6D show outlines of a traditional femoral
component (in hatched lines) overlaid with, in FIG. Ex 3-6A, the model having seven
bone cuts to the femoral articular surface; in FIG. Ex 3-6B, the model having five, bone
cuts to the femoral articular surface; in FIG. Ex 3-6C, the model having five, not flexed

bone cuts to the femoral articular surface; and in FIG. Ex 3-6D, the model having five,
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flexed bone cuts to the femoral articular surface. As shown in each of these figures, the
designed bone cuts save substantial bone as compared to those required by a traditional
implant component.
[000272] In summary, the exemplary component designs described in this example
can save bone as compared to a traditional implant component and thereby allow the
implant to be pre-primary. Alignment of cuts may also be patient specific, for example,
symmetric or asymmetric, parallel or non-parallel, aligned perpendicular to the sagittal
plane or not perpendicular, varied from medial to lateral condyle, etc. Design of cuts
may also be “flexed” (i.c., rotated or offset relative to the biomechanical or anatomical
axes). Design of attachment pegs may also be flexed relative to the biomechanical or
anatomical axes.

Example 4: A patient-specific engineered trochlea design
[000273] This example describes a patient-specific trochlea design that is optimized
for proper kinematics of the patella-femoral (“PF”) joint.

4.1 Method
[000274] FIG. Ex 4-1A — Ex 4-1E show an exemplary design of a knee implant,
including a femoral component and a patella component, with a material cutaway region
highlighted in red in certain figures. The placement of the patella and material removal
was as follows: As shown in FIG. Ex 4-1A, the flat bone-bearing surface of the patella
4100, was made parallel to the epicondylar axis 4110 in the coronal view. As shown in
FIG. Ex 4-1B, the center plane of the patella implant was made collinear with the
epicondylar axis 4120. This allows for general positioning at the peak area of the
trochlea. As shown in FIG. Ex 4-1C, in this position the medial-lateral center of the
trochlea is identified 4130, and the patella implant component is brought down so the
lowest points are coincident 4140. As shown in FIG. Ex 4-1D, the patella profile is
swept along the sagittal curve of the trochlear region 4150.

4.2  Results and discussion
[000275] This exemplary implant design uses a patient-specific sagittal curvature
and an engineered coronal curvature to allow the patella component to track properly in

the trochlear groove. This exemplary implant design for the femoral component and a
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patella component can allow various advantages including a reduction of lateral
overstuffing of the P-F joint and a post-operative patella tracking that is normal or close
to the patient’s pre-operative and/or pre-disease state. In certain embodiments, the
lateral peak can be retained, which may minimize dislocation events. In certain
embodiments, the patella implant bone-bearing surface can be or appear to be

approximately parallel to the osteochondral junction of the native patella.
Example S: Bone cuts using a femur-first jig set

[000276] This example describes methods and devices for performing a series of
bone cuts to receive a patient-specific implant. Specifically, a set of jigs is designed in
connection with the design of a patient-specific implant component. The designed jigs
guide the surgeon in performing one or more patient- specific cuts to the bone so that
those cut bone surface(s) negatively-match the patient-specific bone cuts of the implant
component. The set of jigs described in this example are designed for a femur-first cut
technique.

[000277] In a first step, shown in FIGS. Ex 5-1A and Ex 5-1B, a first femur jig is
used to establish peg holes and pin placements for a subsequent jig used for a distal cut.
In this example, the first jig is designed to circumvent 3 mm of cartilage thickness. In a
second step, shown in FIGS. Ex 5-2A and Ex 5-2B, the distal cut is performed with a
second femur jig. In this example, the second jig is patient-specific. However, in
certain embodiments that apply a traditional distal cut, a standard jig can be used. In a
third step, as shown in FIGS. Ex 5-3A, the anterior cut, the posterior cut, and the
chamfer cuts are performed with a third femur jig. In this example, the jig includes slots
that are 1.5 mm wide to allow for a saw blade thickness (i.c., no metal guides). For
implant component designs having six or more inner, bone-facing surfaces, for example,
having one or two additional chamfer cuts, the additional cuts can be performed using
one or more additional jigs, for example, as shown in FIG. Ex 5-3B. In this example,
the additional jig is designed to accommodate two steep additional chamfer cuts.
[000278] Next, the tibia is cut using one or more jigs designed to make patient-
specific cuts to the tibia. An exemplary tibial jig is depicted in FIGS. Ex 5-4 and Ex 5-
5. A tibial alignment pin 5400 is used to help properly orient the jig. The portion 5410

of the jig inserted between the femur and tibia can have a variable thickness. In certain
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embodiments, the tibial jig can be designed to accommodate for composite thickness
from the distal cut femur 5420. Alternatively or additionally, a balancing chip 5600 can
be used to address differences in the distance between the tibia and femur surfaces. For
example, in certain embodiments a tibia jig may be designed to rest on 2 mm of
cartilage, while a balancing chip is designed to rest on the distal cut femur.
[000279] A balancing chip is shown in FIG. Ex 5-6. If a varus deformity of the
knee is observed, virtual realignment can be addressed by including added thickness to
the balancing chip in the area that would produce a leg in neutral alignment 5610. For a
grossly mal-aligned contra-lateral leg, correction can be per a surgeon’s order. The
balancing chip can include a feature 5620 to attach it to the tibia jig, and thereby allow
for accurate distal placement of the tibial cut while at the same time accommodating for
composite thickness. An exemplary balancing chip attached to a tibia jig is shown in
FIGS. Ex 5-7A and Ex 5-7B. To facilitate attachment, the balancing chip handle 5700
matches the tibial slope designed into the tibial cut and tibial implant. Preferably, the
balancing chip is designed to enter into the joint easily.

Example 6: Bone cuts using a tibial-first jig set
[000280] This example describes methods and devices for performing a series of
bone cuts to receive a patient-specific implant. Specifically, a set of jigs is designed in
connection with the design of a patient-specific implant component. The designed jigs
guide the surgeon in performing one or more patient- specific cuts to the bone so that
those cut bone surface(s) negatively-match the patient-specific bone cuts of the implant
component. The set of jigs described in this example are designed for cuts to a femoral
implant component in a tibia-first cut technique.
[000281] In a first step, shown in FIG. Ex 6-1, a first jig is used to establish
placement and alignment of femoral implant peg holes. In the example, the placement is
flexed 5 degrees with respect to the sagittal femoral axis. In a second step, shown in
FIG. Ex 6-2, a second jig is used to establish placement pins for the distal cut jig. The
second jig can have different thicknesses 6200 to accommodate composite thickness
from the cut tibial surface. In a third step, as shown in FIG. Ex 6-3, a distal cut jig is

positioned based on the placement established by the previous jig. The distal cut jig can
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0.0 0105 Exanple 10: A fenoral conponent device with enhanced articul ar
surface [000291] This exanple illustrates an exenplary device conponent with
an enhance0 2artvieathar surface. FIG Ex 10-1A is a front PEThisa®nioscses ew of
engagi ng portions of a knee inplant 10. FIG Ex 10-1B is a cross-sectional
schematic view in the coronal plane of a fenoral conmponent 20 of the
inplant 10 of FIG Ex 10-1A. Wth reference to FIG Ex 10-1A and FIG EX

10- 1B, this, exe ary..enbodi t of a patient- ific inplant 10 includes
2 fomor ol cBRBORBhES At a b A2t AB G . HETRE S et gneq
based on papé@dthicdRARA £ Eifandtat @t jibN 1h MHR&KkamPRNBrefAk B8 ctus hetdligle.of the
fenoral conponent 20 conforns to the correspondi ng surface of the fenoral
condy|Exanfilé &r ridbiaVy ihplant Hestgmandbdoe catko one or nore optim zed bone cuts
on the fenoral condyle. However, the outer, articular surface 50 of the

conmponent 2(00038Unhaddéedcamplnidlostpesiibaldmplanb eompenchtscad riglyicA gesigireas | y

constant ragi ' 3l P Cr THE: CO pend -articular surface
70/ of che t PPyl PROEREIA SRAErc RO PR i and a5

mat ched to Hbgcaubeperfoiinigd siics of filiaEbdm@.culsio tducs cardbidiingint cdigonent,
articular surface 70 has a radius that is five tinmes the radius of outer
articul ar sEr“r‘ﬁeééréb@(ﬂndlsho‘&%P?ﬁlﬁseﬁﬁgd‘!%ﬁt"s?s-t he articul ar surface 50 of

the c onent,. incorpor.at es sagittal curvature that positively-matches
t he p%&‘meg éﬁP‘&?frﬁéab‘f"H%%@ﬁ%‘;g agittal radius. [000292] FIG Ex 10-2A -
Ex 10- 2D shyyos89Ss- s8H &-QRple ﬁlﬁ&?ﬂ@édlé@ig\ﬁ's Qﬂﬁimﬂlaﬁt%gﬁ)?hé}{[@for%{bﬁm%a%

respective alternate enbodi nents of a fenoral conpon 000293] The desi gn
of inplant 4@ insgtssevdesalibaichralilGedEx 8-FArsEx 83 design of articul ar
surface 50 allows the thickness of fenoral conponent to be better

cont r divagwle8: ddnite elamepbanalydspl e, referring to FIG Ex 10-2A, if a curve

of an artic urface 80 o fenoral conmponent 90 is too |at. wi e

Chi ckness. olVPRE cnarih SCamMunfiRg s50PREY e RRaeBny B abE I 100
of the inpl aibe dMEHEBY ofi 8AUViEE BEBEheBXSRD S RARHE s & orRGRAearh@ebig thenoved
when the inplant is placed on the fenoral condyle. On the other hand,

referring tepEp@atiEofption-speeific gaposthrad thampdago Speciignlyi ds eempldevi ce
havi ng an NoJol gt rli I rqi sidewal | s
130 and- 130 0P BRIMAL SoRERIE I B SRAERTOT o horol B IR SALIONRE. 5t i a
supporoty SiNibindaty. referring to FIG Ex 10- 2C, if the curve of the outer
articular surface 120 of a fenoral conponent 130 is too flat, the device
does not ex0OR285]t he Tthipamaiyg ihvatipacchnicéicttiofentdd@eha fithmd ieadiygns or

sidewal I s 150 and 160 of .the devi ce apnd may not function well ..
[ 000294] Ref &Py %Yb'g{eﬁ differey rg&niﬁgﬁ@dﬁpﬁn@or@?@ﬁt ML S g Rd
advant age OEo_rliﬁglehmitﬁ Bix thde @%t% fan& ﬁ hcRdiBh LA is@MB B PR PE-Cuts™); (b) a

patient-specific devices is that the smooth articular surface 50 i's thought
to provide banp@rnkivibiimtibose ttisaandaa perpendie@parelsalttant ont (GPerpeCsta?)f amk of

the patient (c% afc%nrrlt]g))rogelnt (\:Vq&ld >|( onecuts a{n%vfileggd bone cuts (“Flexed 6-Cuts”), as shown in
FIG. Ex 9-1A. The three knee femoral implant component geometries tested represent
implants for the largest expected anatomy, as shown compared to a traditional large
implant in FIGS. Ex 9-1B1, Ex 9-1B2, and Ex 9-1B3. Target results included
identification of maximum principle stresses and displacements. For a general reference
on conducting FEA on knee implant components, see “Initial fixation of a femoral knee

component: an in vitro and finite element study,” Int. J. Experimental and

Computational Biomechanics, Vol 1, No. 1, 2009.

[000286] FIG. Ex 9-1C shows set-up information for the testing. For initial runs of

the three variations, the models of the femur were setup with 0.35 degrees interference
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[ 000295] For exanple, referring also to FIG Ex 10-2D, one nethod of naking
patient specific inplants is to use a sinple offset, in which a fenoral
conponentw@2011V@seesi gned usi ng a standard of fset from eathuspaionicses t he
nodel ed surface of the patient's fenoral condyle. Using such a design, the
t hi ckness of the device remains essentially constant, and an outer surface
180 essentially positively-nmatches or conforns to the underlying i nner

fenDraI-fac urf del ed s th ra
condyl e on rFE Agizgion Sl 1A, 1. 2388 e oy e p st e
out er surfaﬁgs ) aﬁcﬁuﬁﬁ% ndSCIBRSALbANIORE, I, Hx09-2§ gfadctNamRtdngR @és she
resul ting |nplant due to, for exanple, rough areas that na% pr oduce

hi gher, nor by frowalg lt@@tl‘{ecﬁéﬂdiyrﬁg% witil & Max Prpicapad StrBys afspughla? Kth§ur face
with an essegnti all t an be
bet ter  managiiariteafieE gl FECPCF R AR e Sironf RN AR A R B S

tray compongith naqnteff&%ﬁa&ﬁﬂ &htehetﬂlﬁieé demohaanhgige: goohictitsi s al so related to

t he | oadi ng and overall kinematics of the inplant, is in the

negat i ve- matMR8Y of Alheontidbisaifacas b¢twblathesnnpfaat:@ld7fentum (PHEIG.dirof-dl) were

et oo e uRES it ion OB e R RESOR o BA PR e g'&?ﬁe{r'%ﬁ%ra%g'? dRekPe ool ar
surface 50 ghovi}, ang et RFfabdietwedniBe RRMERNNIQ mbn A& (RFGng-39f the
articul ar surfaces can be further dlstrlbuted hus, the overall functlon

and nnvenenﬂ@ﬁiﬁwh@mﬁﬁmlant IS |nproved as |s t he mear on the tibial tray,

whi ch i I t hi nb nt j t
o ati o of MI9RBY modor At OB fAcERE s fb@hT G G BASe ] Ve IR STt ne
(note that trh@b(s@cqh%%e%fﬂl@%om@gup@aﬁ?a@s @indA, PGS yod diber mod At

ot her locations of the outer surface 5 from t he centerline), other
enbodi ment salhdiectin@s 90 wilco 2186R4PERS @Bﬂ@ﬂoall@mae nEos 2idngdhe femﬂlr@imxmg an

outer tibial surface.that, in the coronal ne, is based on other ratios
of curvatur8Hyg?ﬁ@?m$ﬂ¥@BF@#@@”“@?H@P“#%%&? gﬂ@ or conbi nati ons of curves
and/ or fU”Cng@]at ‘L%hé’b‘fsléb‘?'ﬂf‘k%O 1&9'%! otthO RddrhMoon Wik g&g%&é@gl%’%ﬁ@?ﬁ@?ﬁs

shown in Fi Ex "10- are not consi o be opti mal
desi gns genéﬂ@ﬂby)umheymdmbaHMUhdwppmtpbkhaﬁeaaphakmgbﬂékaxmdoﬁﬁmng

aut omat ed syste have racteristics

i nst ances. é?ﬁﬁ%?éx¥%zzW¥ hﬁwnﬁg§a§¥aéénégﬁ' e&@%@@ﬁ*[@@% i s exanpl e
illustrates &f&ﬁﬁh@é‘wﬁtﬁ' Eh@dﬁ‘fbﬂ%bﬁéoﬂté&’ hRBS aORRAREThe o RSalfRREH ist%ﬁ@wﬁﬂﬁ{ e
fully on FI%S Ex 11-1 - 11-7C. [000298] The features of the tibial

resecti on dE¥Gghed-7.d h@ mqslm attheamplant tomprmehinphaisfinebipdagmesuds it thie high
exanpl e |ncludear Qﬁgf%hﬁyh r to tibial axis; single cut based on nedia
posteri or s?‘ﬁ% gh one cut 2-3 nn1be|omllomest area of nedial tibial

pl at eajh [qgggﬁghﬂ@gh&ﬁga&{es of the tibial inplant conponent design of
this exanple 1 nclude: tray maxi m zes coverage and extend to corti cal

mar gi ns whe [(90290]pos slihbltirece dfthralt lageRadct fombtal daplant@enponciticb it 4 that o
over hang on nedial conpartnent; avoid internal rotation of tibial
conponent s VSRS AEIEISIZaf tQipasresbend torares Amrtamiselkrees o $ 55 tesulEsdoer nal

[ gt gt | on t oy, RYRlth QUGS NBNY ThRHELALd Mu@DFad, TR RGARMrAL: PRE 1BAPhI!EYFn

in Table Ex 9-1 below. The corresponding high stress locations (identical for all three
models) are shown in FIGS. Ex 9-9, Ex 9-10, and Ex 9-11. These data can be used in
the design of patient-specific implant components, for example, to identify a minimum
component thickness for areas of high stress. As shown in the table, there was a 24%
reduction in stress with 6 cuts compared to five cuts 221 MPa versus 292 MPa,

interference plus no load).

Table Ex 9-1
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Exanpl e 12: Inplant and inplant design with curvilinear bone cuts

[ 000300] This exanple illustrates an exenplary inplant, inplant design, and
nmet hod f owodesli@sézag an i npl ant havi ng both strai ght an@écTtarseélionssas bone
cuts. Specifically, a fenoral inplant is designed to include 3 mm
curvilinear cut depths and corresponding inplant thicknesses along the

distal portion of each condyle. The cut depth and inplant thickness al ong
each condvle is designed independentlyv of the ot hr rnntd¥| e |ln addition,

jigs flor perf qeiiagttesast iR iSO Al b he: f#ce are
descrifbet; TEO00301] Usi.ng |a %QITD|Lt el nmpdel, o eng,gﬁat d 2Lmr*om pat i entmspﬂci fic
dat a, [pOSTeriQr_andc&Reeri Or_CUl [ | nes=argwer eated 1 N_Lie=mp@el . as| shown
in Fl| GSLakEgordpcp_ 10 1'1A1 ah rl':'11’)-1R':' Tol ldext gh 1‘3lL e lcyurisil nn'@_‘l‘ (‘lle;I ine 'hn he

medi al Ed'?ﬁl bphdsL HTe T s —eTt l;j.geu =

2011/ 028624PCT/ US2010/ 046868 on the condyle, as shown in FI G Ex 12 2A, and

then ExAniple dee@ feriorh] cvtnponegedevied withtenhhntddawticiarspifate | i ne, as shown
in FIG Ex 12-2B. The resulting virtual curvilinear cut is shown in FIG Ex
12-2C. The E¥9RIH: epshiy exepwile Blupiaics HoSBRSER AEYCE epmpanent Witk p) condyl e,

h 1
2?510\?mom IFIn%FH % %64 %C%ﬁfa ee ﬁIs(gdGE tg@g%%??g&??ﬁt}%ﬁ%%%g{%?am 65@% ace of
t he cor r esppodibngofrakncentnpipe to.fHIG. iExplI()aIB Is asrosh@anonah séHe@@tic Kiewl2-th8 and

12-4C. Specifically, t in bone surfa

dest gned antoRRgAEACd Top0e pameratt o HeqarkuerToric 5 HEPALVEr f ace
on the nodelqrLRdd 814G, ¥ix l%ﬂﬁAﬁﬁd FTGV\EX iL0-18) &hif ¢ bﬁ%}ﬁeﬁ iR IR LS a
joint-facing surface of the inplant also can be desi gned and engi neered to

i ncl ude onepgrentrepesifjpainipdant 18 padides o f@mp@bt:mptﬁ@ﬂt)@b&]drm@bmletsm ¢onppnentt
nodel al so n_he .used tag .des ne, or cuttin s .t hat e fitted
1o the. bone tand SECTRbERE! e d iRy se fRefir A b BodmedR vl 44,5557
shows a nodgle fohorl beiportht 20 cA1Fbihgs tbeﬁ@@drﬁe@péiﬁh@s@fabé gf thB & m@dal ows
sagittal cutting of the bone along the J-curve specific to a patient's
particul ar eemlyimAltqrnaselyElt cap coBogR o ene Fungiesntignzad| oae sasiondhset  of
jigs that c t t er-type
bi £ can 11t g SReanafor bl RGN HEPERLLE Byinbondhe 20 5T LY PO
cut al ong t bichanbanoahcorporatespdmioth mrﬁleahhlvmé é)mezﬁl(}adfmﬂsﬁnt 2dimin teevromas

shown in FIG Ex_12-5C, a second jig having.two_channel s that circunvent
the channel PBRe.t Rke ¢qrresponding atipuipesusies V& a1 th?ﬁ@wfl &at/ép?ﬂewéur&% CORBRUE | ¢

| nto these hithe ARG RuCipalThth f uBathd BHENALIALRD. o sl channel o

t he sane dep xanpl e, ows a nodel of
t he prepar edmboadimehin Itheoammgar] s‘uqagaﬂ(ljhm; abedis cthat . fivel tEnesike @GR fohons t he
nodel of FIG eci fi ant desi gned

Awth a tvvo i ent
WEh an i nnBHeBHRSITSE Sy e R CUb Lot ML 1y e G 0 SPIRREHas. ¢ he
cut bone supj arerpofatdPLitded cuv ARk @ikt ﬁdmmemn%hesdﬁ@ patientisteRistigs bF f aci ng
healthy sagittal radius.

[000292] FIG. Ex 10-2A - Ex 10-2D show cross-sectional schematic views in the

coronal plane of respective alternate embodiments of a femoral component.

[000293] The design of implant 10 has several advantages. First, the design of
articular surface 50 allows the thickness of femoral component to be better controlled as
desired. For example, referring to FIG. Ex 10-2A, if a curve of an articular surface 80
of a femoral component 90 is too large, the thickness of the femoral component may be
too thick along a centerline 100 of the implant, thereby requiring an excessive amount of
bone to be removed when the implant is placed on the femoral condyle. On the other

hand, referring to FIG. Ex 10-2B, if the same curve 80 is applied to a device having an
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[ 000305] Exanple 13 illustrates an inplant and inplant design having a
resurfaced portion and a bone cut portion and an inplant and inplant design
havi ng a we=urifesed surface with no bone cuts. WO PCT/US2010/046868

2011/ 028624PCT/ US2010/ 046868 [ 000306] Usi ng a patient-specific conputer

nodel generated from patient-specific data, a fenoral inplant is designed
to include a single, posterior cut on its inner, bone- faC|ng surface,

o i mg pOMPBIAS Sfmras Mefssnﬁ&n@ef%agg‘%gﬁﬂ%%%@ R E hgrd%ve?e

desi gned t onRypet@nthiAdo! pfoﬂeeﬁﬁdp\éleitﬁrc&ﬁmcsnplsm Sintilagly] Rferiibg {AFPRG.Ox e
bone that it engages. tiona he outer, joint-facing surface of the

i mpl ant al s&CcHmhdardesi t@ﬁedteamwelﬁgméaeﬁ 420 pba fanedralRenmescisrl oy o flat,
patient-spe |f he fi , atient-s

Pipl ant ¢ iresteSioRIPE i e B TN s A B SRS b S UM ap SN

whi ch al | owss0 @d fé0tdfithgddhe mrmayn@ot&mﬁ&lbh%uportl On Of the inplant 1390
around the anterior portion 1392 of the fermur. [000307] The fenoral inplant
desi gn showtD00R9AI GS.Reffrin@a@din emblExEL 3018 andd iChdixcl-1Bspsedidig i npl ant
shown in FI 13- C.al so e a two-pi.ece or .ftwo-cC nt desi in
part o al | Swente P (i RgTian s St etign B P AR RO AR RS 1300
around the anhrnhO®§meAh bitRilat 3@2aRf50tiH tholBRUD prozR@ChJticE RinkdatidtSthitda Brue
patient-specific conputer nodel generated fron1pat|ent specific data, a

fenoral i rrpmmsemeeordefsthgﬁe@wef iectatiget’ nigmgsH soeditle man prevdde. nner

bone-faci ng ce. nstea e in BY% surfac he i npl ant
was designegﬁMﬁggubsggn %1356%%§vé? ﬁg?%% ﬂﬁ (?gﬁﬁ 80gur Ate of the

bone that i patengagesic 1£ﬂ@nanmaltd Msc d iielpmﬂfeet i @hith- affaﬁlbﬂag csmpéme 196 ist he
i npl ant al so can be de5|gned and engi neered to include one or

pat i ent - spe€¢gned aspacrssandpdetiRpciRam cent WR@FM@@G@W@@@@FW%@H%
di scl osure gf,pach 8{, ”[‘J%mg.usﬁkﬁ &aéélgn%he m&(ﬁ% OQ%U&E%E&% nd QLRI |
8 her&€nis I nco herein Rits

references referre rporate erence
entirety focmﬂhmtmudpnse&rmnﬁmhdseamEne&benmnaethmeH&hnundﬁmmduaﬂmsource

wer e individu denot ed as _bein nc or at efer VALENTS
[ 000309] Theu?%eﬂéfma laﬁerr#aeo'&i %ﬁ%ﬁﬁr%ae 1405t he a§ nodcled g e ﬂ%ﬁout
departing fEQ&%MH%né?&EhRmﬁ&lE%ﬁ&ﬁ&daﬁmﬂ@%ﬁ@ﬁﬁﬁ&kﬁ%&ﬁﬁybﬁﬁ%ﬁﬁﬁum&@@mfr
foregoi ng embodi ments are therefore to be considered in all respects

i |l ustrati veurfagthiers nohaecebdanily optgnal'ﬂmeths ckupmauts offtbe msuhzmgumplan‘s dubtes

I ndi cat ed b}l teggmgl%pl%%gﬁglre%ls ﬁla{m a{r %;troh uce fngﬁer ore B%alfiz%ﬁ?ga(ziln{]ggof the

implant. By using a smooth surface with an essentially pre-determined shape, the
loading of the implant can be better managed and distributed, thereby reducing the wear

on the tibial tray component 30.

[000296] The third advantage, which is also related to the loading and overall
kinematics of the implant, is in the negative-matching of the tibial articular surface 70 to
the femoral articular surface 50 in the coronal plane. By providing a radius that is
predetermined, for example, five times the radius of the femoral articular surface 50 at
its centerline in the present embodiment, the loading of the articular surfaces can be
further distributed. Thus, the overall function and movement of the implant is improved,
as 1s the wear on the tibial tray, which is polyethylene in this embodiment. While the
present embodiment uses a ratio of five times the radius of the outer surface at its
centerline (note that the radius of the outer surface may be slightly different at other

locations of the outer surface 50 away from the centerline), other embodiments are
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description, and all changes that cone within the neaning and range of
equi val ency of the clains are intended to be enbraced therein. WO

2011/ 028620RCTI/0282010/ 046868 CLAI M5 What is cl ai med i s: PCT/US2010/046868
patient-specific fenoral inplant for inplantation on a portion of a fenur
of a patient's knee, conprising: a condylar portion having a bone-facing
surface for abutting at |least a portion of a condyle of the patient's knee

and an articul ar surface general.ly opposite the bone-faci. surfage; the
Articul ar - sOPri R RgeBo it Mot wEBES e & B CORPH B teinniard 91 BiEhosed i n
a first pl apgios bhurP@ltebies BRCAHIS, GHEMBAUIRAS SHBShERAIGHs oY chiSBY hfBdd Ng a
correspondi ng curvature of at |least a portion of the patient's condyle and

bei ng | ocat Bdchpisrad ¥rnexsatonts.nAddisional e while shg embadmente syt msiiéndisnt)-

' : dyl e . wh he_ bone-f.aci f b h
conayl o -~ 2A-TER s AR O R A S e BER 2

second pl anembbditnehss tGRREN B¢ bynckdtad sy S@oindtet Restéhs sid PhpAgve préferabie
i npl ant of claim 1, wherein the corresponding curvature of the patient's
condyl e i s ghayacgerisyies in SYMCTREARGPP| ant of clai m 1, wherein the

patient-specifig.curvature extends substantially the entire |length of the
DRt carartigt |, Jubial HTDRhEedadiRE agHER) 2 S0, "whor et n t he

pat i ent - Spefgfa71CUT MAULSRHA FIdPY A PALIIOR: lipkifliERU hBhefing, arti cul ar

surface. 5 e inplant o erein the patient-specific curvature
ext ends al odgpctibel majeofinily yn dGIShEx|1dnlgt Exdfl-ZCwei ght bearing area of the
inplant. 6. The inplant of claim1l, wherein the fatient-speclfic curvature
extends al oH03%or t iTdw ferrtuichef theAigtah resectiondspighed espningtion withshe t he

i mpl ant . implant component of this example include: perpendicular to tibial axis; single cut based
on medial posterior slope; and bone cut 2-3 mm below lowest area of medial tibial

plateau.

[000299] The features of the tibial implant component design of this example
include: tray maximizes coverage and extend to cortical margins whenever possible;
medial compartment coverage is maximized; no overhang on medial compartment;
avoid internal rotation of tibial components to avoid patellar dislocation; and avoid
excessive external rotation to avoid overhang laterally and impingement on the popliteus
tendon.

Example 12: Implant and implant design with curvilinear bone cuts
[000300] This example illustrates an exemplary implant, implant design, and
method for designing an implant having both straight and curvilinear bone cuts.
Specifically, a femoral implant is designed to include 3 mm curvilinear cut depths and
corresponding implant thicknesses along the distal portion of each condyle. The cut
depth and implant thickness along each condyle is designed independently of the other
condyle. In addition, jigs for performing the curvilinear cuts to the articular bone

surface are described.

[000301] Using a computer model generated from patient-specific data, posterior
and anterior cut lines are created in the model, as shown in FIGS. Ex 12-1A and 12-1B.

To design the curvilinear cut line on the medial condyle, a medial split line is identified
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7. The inplant of claim1l, wherein the first plane is a sagittal plane. 8.
The inplant of claiml1, wherein the first plane is a coronal plane. 9. The
i npl ant oVOcbhu/aBe4 wherein the patient-specific curvat rCE/Utsalsaes6s al | y
mat ches a correspondi ng curvature of the patient's condyle. WO

2011/ 028624PCT/ US2010/ 046868 10. The inplant of claim 1, wherein the
patient-specific curvature approxi mates a corresponding curvature of the

ol ot - ool e ctpgyigaishosp i RIG Ky 2528 3 ish oSy detp it lpcria eerergrd

reduces at (LRAGWIRER L Kac!asRRIVATH RIGUEY 828 10k rERGIMAHEN U iERAf Ve
12. The inplant of claim 1, wherein the patient- specific curvature is a

portion of @Sdilngen FHG dubB2-26t iTak [syme sieps o akr fpinagdeindepegdentiydor gllaiatal of
claiml, whe const r ends substantially the entire
| engt h of tﬁondé’pet’ Ogvrnlgu @CE’]‘ 1\§a§4&' %ﬁ i'mpl ant of claim1, wherein the
const ant CUEN)@BM]G eﬁ‘h%'?@s%lt%g%’i hloRpr, 8f sHoké haet kxah- 4&%a@5$ bt h@r

surface. he inplant of claiml, wherein the constant curvature
ext ends al oemgieeep thethonn-fafing h&fdce n@tﬁe cofresponding patifréaspeaifjc anglantohs shosvn

o onds a sOvEES: B AR Q12 ietinedpfe Bnsr Sof PRt R R A T ¢ ne

direction ofmpihg if Héss nealaﬁ@@ngmée?ed tOhRbbtamRY A tnegimféllﬁhmoh thiRRTsgHEccldie
constant curvature extends along the entire ength of a wei ght bearing area

of the inpl ﬁﬁtm%b’«hegmlqﬂgﬂﬂb’naﬁdr?é SHOwemth@rﬁg@fesmhéomqr,s@mprfm surfpge offthe

i npl ant of ¢l ali wh onstant eurvat.ure extends . .al on portion
of "the | englPPB o, Bk Hbt g ARba0se T IR he R MEELE BrPYRe ficl e

direction ofispels. first plane. 19 The i npl ant of claim1, wherein the
second plane is a sagittal plane. 20. The inplant of cl aimi, wherein the
second pl anf00803H corldwatsupingret moggl alstheanibepisethto diigoloaic or morevhetieg igs he

constant cUfRLALe ARDHOXLTRLES 80 A1EHA0RSYRNALIEE Bl SuSOHY FB0RY' 9
12-5A shows a model of a bone after being resected using a jig that allows sagittal
cutting of the bone along the J-curve specific to a patient’s particular anatomy. FIGS.
Ex 12-5B and 12-5C show an alternative set of jigs that can be used with a router-type
saw. Specifically, a router-type bit can fit into the central channel of the jig shown in
FIG. Ex 12-5B to cut along the channel to a specific depth, for example, 3 mm. Then,
as shown in FIG. Ex 12-5C, a second jig having two channels that circumvent the

channel of the first jig can be applied. The router-type bit can fit into these two channels
to cut medial and lateral to the first channel to the same depth, for example, 3 mm.
[000304] FIG. Ex 12-6A shows a model of the prepared bone following jig-guided
bone cuts. FIG. Ex 12-6B shows the model of FIG. Ex 12-6A with a two-piece patient-
specific implant designed with an inner bone-facing surface that substantially

negatively-matches the cut bone surface.

Example 13: Implant and implant design with resurfacing

[000305] Example 13 illustrates an implant and implant design having a resurfaced
portion and a bone cut portion and an implant and implant design having a resurfaced

surface with no bone cuts.
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22. The inplant of claim11, wherein the constant curvature is a
standardi zed curvature. 23. A patient-specific fenoral inplant for

i npl ant atworzotwn2se2porti on of a femur of a patient's kneeCTasaqoiogisng: WO
2011/ 028624PCT/ US2010/ 046868 a first condylar portion having a first
bone-facing surface for abutting at |east a portion of a first condyle of
the patient's knee and a first articular surface generally opposite the
first bone sur econd cond rtLon having a.second
bone- f aci ol QPP o R bantionhap ifr s Tt Fnfid SO e Bedts: o o
the patient 4ga @eao@a%glaaeﬁqeggﬁéd foGHe18dc SYhERCSsESREta! dnYitsORRQSHIR- t he
second bone- facrng surface; the first articular surface having a

first pati efacingpacied, es @hﬂmamtﬂléisg@ﬁe]rﬁ-ﬂﬁ abi)msiea FlsSa Exj13stA phhe, t he

first pati eT% ecrr}‘lrlc1 curvaot ure ulbsetr I afl YT C ?ﬂg ?” , curvature of
t he patient £ &% %BﬁéyPE and g?rﬂ% 1 5§t3@'% fr 9’ the same

| ocati on asdédigned s Visistin€ial®f nddativdlptohREH fhe aftrcruaatr segRdydrehdbse tharer first
bone-faci ng surface abuts the condyl e; an the second arti cul ar

surface havPigees s@etimgllpaahe aper. wet:famn@ S@tfﬁ@ﬁeﬂfdh@r@éar@raéwl cnpeslprsed in a
second pl ang, ér{% S RRAG0 eo%’étor%% t'le(fltg @%@%?“ﬂ?&ﬁdj&%ﬁthy figures

replicating a vature o pati en ein ocdt ed
appr oxi mat ethe paﬂeﬁtr@eaﬁaﬁnpleﬁmnlon sﬁgletﬁwecurlvatapla&d@% tivb@icpat drent ' s second
condyl e when the second, bone- urface abuts the sec nd cond I 24.
The i npl ant CYPPYICAISHVDIEh aﬁmr Gt TR e RN RO PRSI W98onst ant

curvature iy, ?n&’{h%rh%tetrf&?boﬂn%nqgﬁfBPihlelfeﬁlﬁlanSVerSe to the first plane. 25.
The inplant of claim?2 wherein the second articular surface has a

constant cu[00asoTle i mhe fphaneéimplait desiggeh@vainl FIGS.ahstBeaant ®xt 13e2Bianét
plane 26. The inplant of claim23, wherein the first and second patient

speci fic cutggoteaendmgimpoeshown BddG- ExJGr2€ gho yee & bVo-REEBABIY | - cur ves
ol ance are. sonfden B8Rl A8 ook B g REFAtcr horiish oI BBRAE . |
the first anddseoontihplanssr pmaosmm aﬁ'the &irhyr. Spreifiedllyphsings pati@d- The

07 She okt el igrel Kbl LSk R ecs bl eplil o, © o
coronal pl ap&ignedlo inbliflc! ngmoﬁ@Eut@Bn(iﬂs%r{@r Zdne WGH bLﬂfatheIJs{eraétthE)lnﬁl@ﬁ i's
substantial ly a coronal plane. WO 2011/ 028624PCT/ S2010/ 0468

bone-facing surface of the implant was designed to substantially negatlvely-rnatch the
articular surface of the bone that it engages. Optionally, the outer, joint-facing surface
of the implant also can be designed and engineered to include one or more patient-
specific aspects.

INCORPORATION BY REFERENCE
[000308] The entire disclosure of each of the publications, patent documents, and
other references referred to herein is incorporated herein by reference in its entirety for
all purposes to the same extent as if each individual source were individually denoted as
being incorporated by reference.

EQUIVALENTS
[000309] The invention may be embodied in other specific forms without departing
from the spirit or essential characteristics thereof. The foregoing embodiments are
therefore to be considered in all respects illustrative rather than limiting. The scope of

the invention is thus indicated by the appended claims rather than by the foregoing
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32. The inplant of claim 23, wherein the second plane is generally a
sagittal plane. 33.The inplant of claim23, wherein the first patient
speci fi c wonvataas@4ext ends for substantially the entirePCengkénooicsas

wei ght - bearing portion of the first articular surface. 34.The inplant of
claim 33, wherein the second patient-specific curvature extends for
substantially the entire | ength of a meight bearing portion of t he second

articular syrface. nor a | ant at | east on nedi_.al
Condyl e anatcr G 2rd AbREIRE ti e Hohty TP BB he SO G LR W R AG o
condyl ar ar {HeCimk aglihf-a88&) tolthenapidMliBdre@r ti cul ar surface conprising: (a)
a condylar articular surface curvature in a first plane derived from

pati ent-specific data and designed to match a correspondi ng surface
curvature of the patient's anatony, or a predeterm ned percentage thereof,
al ong at | east a weight-bearing portion of the condylar articular surface;
and (b) a condylar articular surface curvature in a second plane that is
engi neered or selected to be constant along at | east a weight-bearing
portion of the condylar articular surface. 36.The fenoral inplant of claim
45, wherein the first plane is a sagittal plane and the second plane is a
coronal plane. 37.The fenoral inplant of claima45, wherein the first plane
is a coronal plane and the second plane is a sagittal plane. 38. The fenoral
i npl ant of claim45, further conprising one or nore additional inplant
features or neasurenents derived from patient-specific data and adapted for
the particular patient. 39. The fenoral inplant of claim45, wherein the one
or nore additional features or
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measur enents includes one or planar facets on the bone-facing surface of
the fenoral inplant being derived frompatient-specific data and adapted to
maxi m ze worrelpreeer vati on for the particul ar patient. PODUS2010/046868

2011/ 028624PCT/ US2010/ 046868 40. The fenoral inplant of claim45, wherein
the one or nore additional features or neasurenents includes a condyl ar

wi dth of the inplant being derived from patient-specific data and adapted
to substantially match a corresponding width of the patient's fenoral

condyl e, or a predeterm ned percent ag%ltfhﬂ\‘@of 41. The fenoral inplant of
cl ai maégdt .\A@gr ein the one or nore additional features or neasurenents

inclu & HAedite bet ween medial and lateral condyles on the inplant
bei ng {deni f i = icf i : Lally match
= corresp g e PErP R nARER b Bk RioAA AXRRYPO[ 4 R o R ot a
condylkesg, compasipgedet er m ned percentage thereof 42. The fenoral inplant of
cl aim45, wherein the one or nore additional features or neasurenents

i ncl udes a atdandWmesstion hiieg b Bphaficinkrsorfhéder bonend adeaga portfoaetat o t he
articul ar surface being derived frompatient-specific data and adapted to
subst £AREAF PtheRptdent s kg prEHLHEPHE tWilek sessalprappsitche PeRBSHRRY Bfanned
resection : : JaTalgz L C Ul patient's
Fomir . or b e Ay hoRy PRSI EnL ' o

cl ai mpkne, thh redm-spiefionevanrembaastidiytrepivating e adbtresponding measturenen tisst

i ncludes a cross-sect,ional perineter shape of. the inplant being derived
from Ftoret e H%Jé’l‘gﬁ}&f bfaf_ésplpeﬁe&? BPReBHgLlY §a%foeﬁtl% as the

cor r epARYIOAGInE A8 ANEE6E Ihe fibﬁiierf?%%bﬂ?l@%vh%ﬂﬁfé%o%-f&é}ﬁg Ratdceabuts tHe&dMbylcOr @
predeterm ned percentage thereof 44. The fenoral i1nplant of claim 4%,

wher ei n t héhogréicdar swfaee hatdig & oostant ewitvatuesingy senerakplarmtbat is gemeilldes a
vol u of a portign of the inplant derived from patient-specific data and
t Tl edict

Bdba

adap AR F”iley match a correspondi ng volume of a portion of the
patient’s MeUL,LAl ool BREAGHRETh AR RRESHHARAE MG @Phe patient’s condyle is a
J-curve.
3. The implant of claim 1, wherein the patient-specific curvature extends substantially the

entire length of the articular surface.

4. The implant of claim 10, wherein the patient-specific curvature extends a portion of the

length of the articular surface.

5. The implant of claim 1, wherein the patient-specific curvature extends along the majority

of the length of a weight bearing area of the implant.

6. The implant of claim 1, wherein the patient-specific curvature extends along a portion of

the length of a weight bearing area of the implant.

7. The implant of claim 1, wherein the first plane is a sagittal plane.
8. The implant of claim 1, wherein the first plane is a coronal plane.
9. The implant of claim 1, wherein the patient-specific curvature substantially matches a

corresponding curvature of the patient’s condyle.
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10.  The implant of claim 1, wherein the patient-specific curvature approximates a

corresponding curvature of the patient’s condyle.

11.  The implant of claim 1, wherein the patient-specific curvature is a smoothed curvature

that eliminates or reduces at least some local maxima a curvature of the patient’s condyle.

12.  The implant of claim 1, wherein the patient-specific curvature is a portion of a curve in

substantially a coronal plane.

13.  The implant of claim 1, wherein the constant curvature extends substantially the entire

length of the articular surface.

14. The implant of claim 1, wherein the constant curvature extends a portion of the length of

the articular surface.

15. The implant of claim 1, wherein the constant curvature extends along a portion of the

length of a weight bearing area of the implant.

16.  The implant of claim 1, wherein the constant curvature extends a portion of the length of

the articular surface generally in the direction of the first plane.

17.  The implant of claim 1, wherein the constant curvature extends along the entire length of

a weight bearing area of the implant generally in the direction of the first plane.

18. The implant of claim 1, wherein the constant curvature extends along a portion of the

length of a weight bearing area of the implant generally in the direction of the first plane.

19.  The implant of claim 1, wherein the second plane is a sagittal plane.
20.  The implant of claim 1, wherein the second plane is a coronal plane.
21. The implant of claim 1, wherein the constant curvature approximates an average

curvature of a corresponding curvature of the patient’s condyle.
22.  The implant of claim 1, wherein the constant curvature is a standardized curvature.

23. A patient-specific femoral implant for implantation on a portion of a femur of a patient’s

knee, comprising:
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a first condylar portion having a first bone-facing surface for abutting at least a portion of
a first condyle of the patient’s knee and a first articular surface generally opposite the first bone-

facing surface;

a second condylar portion having a second bone-facing surface for abutting at least a
portion of a second condyle of the patient’s knee and a second articular surface generally

opposite the second bone-facing surface;

the first articular surface having a first patient-specific curvature generally disposed in a
first plane, the first patient-specific curvature substantially replicating a curvature of the patient’s
first condyle and being located approximately in the same location as the curvature of the

patient’s first condyle when the first bone-facing surface abuts the condyle; and

the second articular surface having a second patient-specific curvature generally disposed
in a second plane, the second patient-specific curvature substantially replicating a curvature of
the patient’s second condyle and being located approximately in the same location as the
curvature of the patient’s second condyle when the second bone-facing surface abuts the second

condyle.

24. The implant of claim 23, wherein the first articular surface has a constant curvature in a

plane that is generally transverse to the first plane.

25. The implant of claim 24, wherein the second articular surface has a constant curvature in

a plane that is generally transverse to the first plane

26.  The implant of claim 23, wherein the first and second patient specific curvatures replicate

at least a portion of corresponding j-curves of the knee.

27.  The implant of claim 23, wherein the first and second planes are generally sagittal planes.
28.  The implant of claim 27, wherein the first and second planes are substantially coronal
planes.

29.  The implant of claim 23, wherein the first plane is generally a sagittal plane.

30.  The implant of claim 29, wherein the second plane is generally a coronal plane.

31.  The implant of claim 23, wherein the first plane is substantially a coronal plane.
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32.  The implant of claim 23, wherein the second plane is generally a sagittal plane.

33.  The implant of claim 23, wherein the first patient specific curvature extends for

substantially the entire length of a weight-bearing portion of the first articular surface.

34.  The implant of claim 33, wherein the second patient-specific curvature extends for

substantially the entire length of a weight-bearing portion of the second articular surface.

35. A femoral implant having at least one of a medial condyle and a lateral condyle with a

condylar bone-facing surface and a condylar articular surface, the condylar articular surface

comprising:

(a) a condylar articular surface curvature in a first plane derived from patient-specific
data and designed to match a corresponding surface curvature of the patient’s
anatomy, or a predetermined percentage thereof, along at least a weight-bearing
portion of the condylar articular surface; and

(b) a condylar articular surface curvature in a second plane that is engineered or
selected to be constant along at least a weight-bearing portion of the condylar
articular surface.

36.  The femoral implant of claim 45, wherein the first plane is a sagittal plane and the second

plane is a coronal plane.

37.  The femoral implant of claim 45, wherein the first plane is a coronal plane and the second

plane is a sagittal plane.

38.  The femoral implant of claim 45, further comprising one or more additional implant
features or measurements derived from patient-specific data and adapted for the particular

patient.

39. The femoral implant of claim 45, wherein the one or more additional features or
measurements includes one or planar facets on the bone-facing surface of the femoral implant
being derived from patient-specific data and adapted to maximize bone preservation for the

particular patient.
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40.  The femoral implant of claim 45, wherein the one or more additional features or
measurements includes a condylar width of the implant being derived from patient-specific data
and adapted to substantially match a corresponding width of the patient’s femoral condyle, or a

predetermined percentage thereof.

41.  The femoral implant of claim 45, wherein the one or more additional features or
measurements includes a distance between medial and lateral condyles on the implant being
derived from patient-specific data and adapted to substantially match a corresponding distance
between the patient’s medial and lateral femoral condyles, or a predetermined percentage

thereof.

42.  The femoral implant of claim 45, wherein the one or more additional features or
measurements includes a thickness of the implant from the bone-facing surface to the articular
surface being derived from patient-specific data and adapted to substantially match a
corresponding thickness from a corresponding planned resection cut surface to a corresponding

articular surface on the patient’s femur, or a predetermined percentage thereof.

43. The femoral implant of claim 45, wherein the one or more additional features or
measurements includes a cross-sectional perimeter shape of the implant being derived from
patient-specific data and adapted to substantially match a corresponding cross-sectional

perimeter shape of the patient’s femur, or a predetermined percentage thereof.

44. The femoral implant of claim 45, wherein the one or more additional features or
measurements includes a volume of a portion of the implant derived from patient-specific data
and adapted to substantially match a corresponding volume of a portion of the patient’s femur, or

a predetermined percentage thereof.
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