WO 2010/ 031111PCT/ AU2009/ 001213 1. A SURGA CAL ORI ENTATI ON SYSTEM AND
ASSOCI ATED METHOD 5 FI ELD OF THE | NVENTI ON The present invention

rel at es two=orogiseah i npl ements and surgi cal net hods andPCcm/AI2p@9%oodiar to an
orientation systemand nethod for use in surgical procedures, for exanple
surgery invol ving prosthetic conmponents. 10 BACKGROUND OF THE | NVENTI ON
Wil st the following discussion is with respect to hip replacement surgery,

a person skilled in the art will appreciate that the present invention is
not limted to this particular field of use and nay be adapted to use with
any bone structure or various types of surgery. 15 Hi p repl acenent

surgery involves the use of a prosthetic cup (acetabular cup) or a

prost het i cA BYRGIELMORIERTRMIDNS YSPEM WD ANSTECIATEDMETHOP cup j oi nt
functionality of the hip. The ball and cup joint enables the hip to rotate

in different directions to various degrees (in contrast to the relatively
linmted r AALDEKHTHE KRWEENITION ). 20 I n 2001, approxi mately 165, 000
total hip replacenents were perforned, according to data fromthe Anerican
Acadeny of Orthopaedic Surgeons, using figures fromthe National Centre for

Heal th Statisti Cehe gbsshoinvedldnytelat¥s o kepicacigipidthertaindvwegtashathodunges y
required up to a 40cm (7 to 12 inches) curved incision to provide

25suf fi ci etfticadarde an pEentatien sisiegedld methadfrraise jn grgisalyragedurpanioperarie t he
hip and f%ﬁﬁ&myﬁWBR§®%ﬁ§&ﬁﬁﬁfHﬂn n@ttached to the hip socket or the head

of the femur® renove repl ac wth a prosthetic ball, or both.
After the incision is nmade, the |iganents and nuscles are separated to

al l ow_t he s of the hip joint. It is typically
this 6§rt:é@giﬁ%ﬂ§@&8@?§§i§g%ﬁﬂ%ﬁﬁ@“?ﬁg | i ganment s and nuscl es sonmewhat weak
after surgery. Until they heal, which W) 2010/031111PCT/ AU2009/001213 2.

of ten takes abouyhastiBOfdlok@nSdiXcidiBK S with Cespét kEhip rBpladenicdt bhavespeci al hip
precautions to ﬁrevent di sl ocation of the new hip joint. Typical steps in

hi p repl adenentskilgd dgethe arngillaperackde thet thewresgat iBReOV iRptateRdadrial Head:
Once the hip.joint is.entered, .the fenpral head i.s dislocated f.romthe
acet abul urk G ok S BRaPd oL adpecd B By ot i vt sy Rl aHo ¥ enor a
neck w th & spegy. saw. Ream ng the Acetabulum After the fenoral head is

renoved, the cartilage is renoved fromthe acetabul umusing a power dril
and alspecial reamer. The reamer 1 Oforns the bone in a henispherical shape

| nser t1ng the acapdbtam Ebaprait ol TR A o R BIE YR cttyler P ac
dupl i cat e dprotthericiadli @horal hiemps)wrosthesesoreithe bidbghdcpgoiaufuactihality b j oi nt
recei ved wil) be e iight, size and fit,, Onee theyflaht sz, and shape 1
degrees (in contrast to the relatively limited rotation of a knee joint).
20
In 2001, approximately 165,000 total hip replacements were performed,
according to data from the American Academy of Orthopaedic Surgeons, using figures
from the National Centre for Health Statistics. Historically, hip replacement
(arthroplasty) surgery required up to a 40cm (7 to 12 inches) curved incision to provide
25  sufficient access for the surgeon to manually access and manipulate the hip and femur. A
prosthetic cup was attached to the hip socket or the head of the femur removed and

replaced with a prosthetic ball, or both.

After the incision is made, the ligaments and muscles are separated to allow the
30  surgeon access to the bones of the hip joint. It is typically this part of the surgery that

makes the ligaments and muscles somewhat weak after surgery. Until they heal, which



15 acet abul ar conponent is inserted into place. In the uncenented variety
of artificial hip replacenent, the netal shell is sinply held in place by

t he ti ghtwiessioaiBitime fit or with screws to hold the net@&CTstigbty/goripl ace.
In the cenented variety, a special epoxy type cenent is used to "glue" the
acet abul ar conponent to the bone. Preparing the Fenoral Canal: To begin
repl acing the fenoral head, special 2.0 rasps are used to shape and hol | ow
out the femur to the exact shape of the nmetal stem of the fenoral

conponent . in, ial. conponent .i S Q ensure.the correct size
and shape At BT fohh i SUREM b e HER L FPRHL T PSSR0

| nserting grenFercadionSifane néNel jolie. si ze and shape of the canal exactly
fit the fenoral conponent, the stemis inserted into the fenoral canal.
Again, in the 25 uncenented variety of fenoral conponent the stemis held

in place by the i . af: it Lplar to the friction
that holds a nai'f}’pgér}%i %ﬁéﬁnﬁ{l%}%%gkgnﬂdﬁ ?é%lr%gﬁlh}r?tggﬁ ?/\%glgg;ri#ggoar d - with a
sl i ght by snal | erRenhaving ¢gie Féaordl Headai Once thahipheinc sreaterat] theaemetal hedche

femoral canal .is rasped to a size slightly larger. than the feporal stem
Then the éﬁ3&@%&?53%&%&9@?@@%@%%@0{%éleﬁﬂe%?me‘feéirh&Cdlttﬂr}set%%ﬁ .3

OAt t achi ngn¢ hendremeRrwitHepsbwelRgwmet al bal | that replaces the fenoral
headi s attached to the fenoral stem The Conpleted H p Replacenent: Before

t he incision i s Réasing thaAcgtabalnm:s AfOtRE20O63 hdaliPGINNIA0DS /cONlRESs 3.
taken to nake %ﬂ{}g@tt en E{ost.hesi S IS i‘T tOQe correct oiti on. Such
surgery hdd™gY ot Py HE " ARPYET gl an ® HSSIST RSt Y 6fFhr ee days
or none, PBfths ARBOAL InVEhdRispheiad] s\ﬁﬁf‘é% &het®y 8T@Plekd1 hd1PHY the 8@&G4bUEN Of
incision has a tenfold increase in the risKs of blood clotting and

i nf ecti on g@d¥ON&Alr gery; and the surgeon was reliant on his experience and

eye to ensure a by C n the cupinto the three.di.nensional hip
Soket and al i orinuingy Rt ASEARItartohpFaitt L Mef Bl S TN S 80 e

function afuplibge ppihetpatiddtsaip grov@rtis Misddaa@dnive pRSthegpar Akeived GaNpd i cation
such as m salignnent of the |leg, incorrect leg |ength and/or incorrect soft

tissue ter8f BAN stHeANdHg Qe featghbere abd ships & depraangstios tiiecriabeBimpBident s
can ahso ipclyde, %ﬁg;%%ﬁ@i& e%@c?{ntf(jlaéé?e[n%é@%ﬁ{é fd V?tﬁ@tgtdf%rtlfﬁ?a}gl% ng of
otenti a sarg

t he conponents an 'y ear repetitiron of the rgery. Attenpts
t 0 over comeplhémsant ghobleairshdlnis lsingdy held@h 2RO3H O Telthtvdss chthdifs of odths a ji g

(i mpaction tool) for use in hone surgery and thus .enabl es. the use of a
Sial ror meTeSiegh hoRhhe Fiep Sl B B Gl 0N REE: S rabPBR YR use of a

4 to 7 cMdedehPisdstd @Mkl CheSi@Rbular Bomp&SeRPIansHEGEry. 2 0Qther benefits
i nclude a shorter stay in hospital, |ess blood |oss, |ess pain, fewer

post operative diliepaeng dmsFemardl 4xmak: Tebegiergplaamgthe WnoaDB04§%7H1 whi ch
O 08 SyASH i 5 S bRt S LGSR R onger
abl e to seage tdhgorhl donffontite Gidp apdlh Oa tridBcdthporRACk kedio dhbige filid chREMWREN t he
bal and shape. The surgeon will also test the movement of the hip joint.
Inserting the Femoral Stem: Once the size and shape of the canal exactly fit
the femoral component, the stem is inserted into the femoral canal. Again, in the
25  uncemented variety of femoral component the stem is held in place by the tightness of the
fit into the bone (similar to the friction that holds a nail driven into a hole drilled into
wooden board — with a slightly smaller diameter than the nail). In the cemented variety,
the femoral canal is rasped to a size slightly larger than the femoral stem. Then the epoxy
type cement is used to bond the metal stem to the bone.
30 Attaching the Femoral Head: The metal ball that replaces the femoral head is

attached to the femoral stem.

The Completed Hip Replacement: Before the incision is closed, an x-ray is



25and cup. The gauge provided in WO 2005/ 046475 has enabl ed efficient use
of the inpaction tool of WD 2003/037192. Commerci al exanpl es include the
Ni | Nav HiwoSysxesmiavai | able from MAC Surgi cal. However, PCRAWewye1208| y

works in two 3 Odinensions and there is still a heavy reliance on the
surgeon's eye and experience for optimal placenent of the cup into the hip.
WO 2010/ 031111PCT/ AU2009/ 001213 4. 3. There is thus a need to further

aids to assist the surgeon during surgery. SUMVARY OF THE | NVENTI ON
It Is an ‘%le%ct% ke SR RY S%?”ﬁos N GEY E&re%ygésqt?%le’ or substantially
more of " the di

anel i orate, 5one or i sadvant ages € prior art, or to
provide a useful alternative. According to a first aspect of the
invention there is provided a surgical orientation systemfor assisting a

surgeon to ori entuch spiesst ietd rungksipbawhientsanglpflipg: t o a patient's anatony,

the system i Qc'a%sﬁﬁél s%‘aﬁooqr?hlje??%ﬁ%%org,g{os{—gg)eggﬁxﬂeb‘;éa? %&\gg{léag‘ga t of a

prost hetic conpone elec i C orrentat nitor able to the
i npl ement ; and r@hdvilaagod:or rel easabl e attachnent to the patient so as to
define a reference point relative to said anatony, the reference point
bei ng di sposed dagh g@eof énaidpmbis a/teafold ineragsa indhe rigisopideadcrlettiapeed f or

orientation of . . ronLc.orientation nonitor into a 15reference
Mk%u&lr ﬁ&g ﬁggh@o %Igd

orientation. hment the electronic orientation nonitor is

adapted to aequhé surgedreweeBaionaiid édpefindentihgeh@td @Rutthictste pladehRnt of
reference orientation and to acquire subsequent orientation information

duri ng mani pul dh¢ egp o thréhregrgineansional hip seakietarel Piesal efethe cemwitbithect r oni ¢
orientation nonj i . i - i.ndi i

Subsedgent or S EEmiPoRAReRaR Bhek0n BF B0 2 LPhERA MAFD fou
predefined rel ajpemitisbicpmpitaioh\sect o rleligreiicnt ehthe 1€, iroiattlonlengdt i onal |y,
the electronic orientation nonitor nmay be adapted fo provide an indication
so as to gui de AT PRACHEFORISISSYnENioR| Erfelone &uprettasiiof anisalisaedpethetic

orientation of éoﬂﬁ)oﬁ&ﬁ%érpﬂ&&i_ngfdd@'a&&lléré’t@d ORBi §Qhe E&ngo‘i&msgss@pﬁ@w ds the
predefined relationship relative to the reference orientation. The

el ectroni c ori dnosningrof ipndanoronemsty and potanigalt eaklg aspetione obfhe surgery. an
inerti gl sensor; an accel eroneter; a gyroscope, a nmagnetoneter and/ or an
inclinometer. 30 WD 2010/ 031111PCT/ AU2009/ 001213

Attempts to overcome these problems include:

e WO 2003/037192 which discloses a jig (impaction tool) for use in bone surgery
and thus enables the use of a smaller incision. For hip replacement surgery, the
jig enables the use of a 4 to 7 cm (2 to 3 inch) incision, i.e. keyhole surgery.

20 Other benefits include a shorter stay in hospital, less blood loss, less pain, fewer
postoperative dislocations and faster recovery; and

e WO 2005/046475 which discloses a gauge to assist the surgeon with accurate
placement of a prosthetic when using a jig in keyhole surgery as the surgeon is no

longer able to see the fit of the cup into the hip socket or the fit between the ball
25 and cup.

The gauge provided in WO 2005/046475 has enabled efficient use of the
impaction tool of WO 2003/037192. Commercial examples include the NilNav Hip
System available from MAC Surgical. However, the gauge only works in two

30  dimensions and there is still a heavy reliance on the surgeon’s eye and experience for

optimal placement of the cup into the hip.



5. surface may be part of a docking station adapted to receive the

el ectronic orientation nonitor and to thereby orient the electronic
orientatiwe2emvision into the reference orientation. |n oc#/Adnrbodiondst the
docking station is rotatably di sposed on the brace. 51 n an enbodi nent the
brace includes a novable jaw for cl anpi ng engagenent with the patient. The
nmovabl e jaw may be di sposed at a rear €nd of the brace and have at | east
one positioning pad for clanping engagenent adjacent the patient's sacrum
Thi s enbodi ment le%é)isltﬂlcsl aulge%ﬁ tg%urlh%9§itds %sRO IetsI QAL gg@rf%ﬂsu?'e% ..Osed, at a
front end of the brace tor ¢ anpli ng engagemnent adj-acen e %a ient's pubic
crest. Two further positioning pads 1 0 nay be di sposed at the front end of
the brace for clanping engagenent adjacent the patient's anterior superior
iliac spi @W&%@FE%E&D%@NTHQN ng a rotatable docking station, the
axis of rotation is preferably parallel to a plane containing the at | east
one positioning pad and the two further positioning pads. 15An enbodi nent
of the brace i ndlisdabiechaktac praseridhyrptiontepyasetinag. ©r aphstantiplly evalheeiei ng t he

front end and the rear .en ai d se bein dapted in e.to at | east
e 11 art'y QspoRTe pEEe EP b Aebo EAE B b n 2O RS e T Bbafe cmar ¢ wo
sel ectively interengagabl e base nenbers. An alternative enbodi nent

di spenses with the base and instead includes an el ongate frane extending
i nt er nedi at e andM\§REHERE Bt PGt Hhg ingertion therads RivYideha spigifal end, t he

el ongate f hei . r- di.SpOSi [k QF tient's
Cege & | SRABEL AR BIARK A HATeddD o TRARRIHEA. DENGER IR PRLL
provi ded gafiehthothaafmyasisd Sistefginaluginggeon to orient a prosthetic conponent
relative to a patient's a?atonéi Eﬁid nmet ho including the steps of:

25pr ovildi ng an i WPMRIRERRNt fYreledyablsaigeiamett o5 & RFRsHCE £OBPRRESL het i ¢

conponent, sai d gl &R AAMLBY nfRite! SEChAN & @ iRPlAfch@Andgoni tor di sposed
t her eon; rel easably attaching the patient to a brace so as to define

a reference poi tbme fat ralenstide stadinenatoahy pateat so aetoelefine e rgfaiente fahng

di sposed i n use ext rnall% of &he atient; 3.0uskﬁg t he refﬁre e point to
orient thd®BIECHY i WBTL ST SP RN SFinethiposed By eHe@aty Peiifat i on;

usi ng the Rkiegtdn@MemoQUbMBY 8dri RRnAABH bPthe bR cBEAIMIok@nta B LHRARS: i@fd £nt ation
WO 2010/ 031111PCT/ AUZ009/ 001213 6. information whilst in the reference

ori entlat i onterence orientp@en.pul ati ng the i npl ement such that the prosthetic
conponent is adjacent said anatony and; using the electronic orientation
nonitor to provide an indication when a 5subsequent orientation of the

el ectroni c ori enmhahieaibod@idnt ¢e d@srodiclurRkdationednitel Radgpedioncysirat i ve to
the reference orientation. ) An optional step associated with this
net hod i s 'GEEense ofiptabpridferatien yihilstin g GferarssiorisRtation prdbip; agauish

I ndi cati ong, Q. s RieHdligE ifFRRRIh AuHAP n2higuiifioh P HRTRMem it il AR 2
20  embodiment the electronic orientation monitor is also adapted to provide an indication
when a subsequent orientation of the electronic orientation monitor has a predefined
relationship relative to the reference orientation. Optionally, the electronic orientation
monitor may be adapted to provide an indication so as to guide manipulation of the
implement such that a subsequent orientation of the electronic orientation monitor is

25  guided towards the predefined relationship relative to the reference orientation.

The electronic orientation monitor may include at least one of:
an inertial sensor; an accelerometer; a gyroscope, a magnetometer and/or an
inclinometer.
30

In an embodiment the reference point includes a surface defining a reference plane. This



1 Osubsequent orientation of the electronic orientation nonitor is guided
towards the predefined relationship relative to the reference orientation.
Anot her opmODI20rAI31Btep associ ated with this nethod i ncl ut€s/AU284901208
ascertaining a neutral pelvic tilt angle of the patent's pelvis and
rotating the reference point by an 15angl e corresponding to the neutral
pelvic tilt angle. Preferably the step.of ascertaining a neutral pelvic
tilt angle of the patent's pelvis includes formng an x-ray inage of the
patient’s pee vl Raf Be put P b %&‘?onsalaﬁgteé@? e%&%rﬂieaélé“t{‘o%ié [PMARG x-ray

i mge an angfle e vebi ' a fiie r%presen ng R&“Vertical and 'a 11 ne

ext endi ng rhoimwrahe tpmkiedbrisntané elettedniS U@ thtdn mbhiag iSPitheref@eidae patient's
pubic crest. 20 Any di scussi on of docunents, acts, materials,

devi ces, artentties. & oneembodimenitine Hogking watian s Aethigbledlisnesechonsthe peaset i cat i on
is solely for the purpose of providing a context for the present invention.
It is not to be taken as an adm ssion that any or all of these matters form
part of the pri dn aarimbodsenotheirie indmimmn gevebiajawkioovlaagie dngagdneeniti el d

rel evant to 25t he present invention as jt exjsted in Australia or el sewhere
before t heVith FhGrHaP?mdér?‘% mepvablRiaw a1 beCatmosis! at?HF%fL?@H@thethﬁ‘f“? WAAYE tcat i on
the word "|6QRBRd S&itiorPhg ;Ya%lrﬂoﬁéllaﬁlﬁiﬁqgte!?l%?‘&ﬁen% H&Hced® theGRANPHH S@SrunP This
"conprising”, will be understood to inply the inclusion of a stated 3

Oel enent, dnmicglyeentatsogndpdesat legstaunp positiehipgpad disposetlege frontgndsefahs brabeit  not

t he exclusion of.any other el.enent, integer _or ste 0 roup. . of . el eqents,
ntegers oP SPBRLE ChagssTORUSTIL e ET HUPOUS T T 31 3 tert R BRiibnisBdly Uy s
and advantagese @ikpdshe afthe 80t edd e bRBe Wrlclanbigco8Mbethtfiabj2anakent from
the follow ng detailed description of preferred enbodi nents, provided by

way of exdipPet oHltgriorsepgston éliackiping. tee thecathoguns/it havide awptatidle dcBREEF
DESCRI PTI QN .OF THE A NYI NG W N Figure 1.1s rspective
viow of a BraReTFa R IRl el o app btk dEate TR

present i rpesitioning; paliia@utiie @vol fartBersiodRioningwagé. t he brace of figure 1; Figure
3 is aplan view of the brace of figure 1; 1 OFigure 4 is a schematic
circuit layout of an electronic orientation nonitor for use as a part of

the pieferred enbodhBEAmeRl of HELREE AR ML RYER KU ildfifeRatb Gnd 1 Moul !
di agram of the electronic orientation nonitor; I gure s a
schemat i c isted®nuecingolic froet caldead tiovear oxdi exid hisedringmdhptod isirewb aglebdre
physi cal 1 oy oty Qpportihe Pafert BRkARS P O Rh s Al 1ehl Fwl el ely
interengagable base members. An alternative embodiment dispenses with the base and
instead includes an elongate frame extending intermediate and interconnecting the front
20  end and the rear end, the elongate frame being adapted in use for disposition between the
patient’s legs.

According to a second aspect of the invention there is provided a method of
assisting a surgeon to orient a prosthetic component relative to a patient’s anatomy, said
method including the steps of:

25 providing an implement for releasable attachment of a prosthetic component,
said implement having an electronic orientation monitor disposed thereon;

releasably attaching the patient to a brace so as to define a reference point
relative to said anatomy, said reference point being disposed in use externally of the
patient;

30 using the reference point to orient the electronic orientation monitor into a

reference orientation;

using the electronic orientation monitor to acquire reference orientation



15Figure 7 is a perspective view show ng an enbodi mrent of an el ectronic
orientation nonitor attached to an inplenent for rel easable attachnment of a
pr ost het iwOocompshamt ; Figure 8 is a schematic si #€TARWIDOMIELI Ng a
measurenent of a patient's angle of pelvic tilt; 2 OFigure 9 is a
perspective view of an alternative enbodi nent of a brace; Figure 10 is a

| eft-side view of the brace of figure ®; Figure 11 is a plan view of the
brace of figure 9; Figure 12 is another perspective view of the brace of

figure 9; .Frgure 13.15. er ive vi.ew of another enbodi mrent of a brace;
25Fi gure fﬂh?§m§9$g?g%é@ggvg%ggéépgm?%%henbodinent of the brace from

figure 13, al ongnmipilaty thephplBiRht fueh the lieasahh&icadohgohemnt adjficeat said
prost hetic component; Figure 15 is another perspective depiction of
the brace @a®mnPldenent shown in figure 14; and Figure 16 is a perspective

vi ew of yet anOthrﬁ{gl tﬁgplggt}‘&ﬁggriéﬁtﬁt?onb[ﬁ%&r\g@) B%VYcﬁtan‘?ln@l@ﬁﬂ)tn%ﬁenec{mOd{Age nt of

an i npl enent for easabl e attachnent o rost hetic conponent.

2010/ 0311 sbPEHhAI201 1004 2l Bie 8lecDETiAlokiEDa DkSaRh Fdi Akl aPredeRREERIREONship

EVMBODI MENTS OF THE | NVENTI ON Referring to the drawi ngs, the surgica

ori ent at i JRIAEYSIERF EHCIEAE PHEEERD: 5i nvention is used for assisting a
surgeon to orient a prosthetic conponent relative to a patient's anatony
during surgery. In overview, the system conprises the follow ng conponents:
an i npl enent 1, Asopthmwhstemadspgated with thsmmethddngabbethateteathme oricnthtion
prosthetic cogﬁgnenti 1 Q an electr nicdorient tion ni&Er 2, aikﬁhomn in
figure 7 aPPHER&YPIOSIqeH IP?afﬁ‘i‘téOr?egﬁtaS O gyidg pRRPutiop o fregmpfaraent Pl P

ori enyat i obLIRNLA Y icRtaliSn SHPWRILEDRIEBELE@IbY moRithd i9Y1RIE (ARNFdEihECUl t

diagrans are provided in figures 4 and 5); and a brace 3 as shown in
figures 1,prodedingd gelatiomship relative to the reference orientation.

Another optional step associated with this method includes a step of ascertaining
a neutral pelvic tilt angle of the patent’s pelvis and rotating the reference point by an
15 angle corresponding to the neutral pelvic tilt angle. Preferably the step of ascertaining a
neutral pelvic tilt angle of the patent’s pelvis includes forming an x-ray image of the
patient’s pelvis as viewed from the side and ascertaining from the x-ray image an angle
between a line representing the vertical and a line extending from the patient’s anterior
superior iliac spine to the patient’s pubic crest.
20
Any discussion of documents, acts, materials, devices, articles or the like which
has been included in this specification is solely for the purpose of providing a context for
the present invention. It is not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general knowledge in the field relevant to
25  the present invention as it existed in Australia or elsewhere before the priority date of this

application.

Throughout this specification the word “comprise”, or variations thereof such as
“comprises” or “comprising”, will be understood to imply the inclusion of a stated
30 element, integer or step, or group of elements, integers or steps, but not the exclusion of

any other element, integer or step, or group of elements, integers or steps.



The brace 3 is releasably attachable to the patient so as to define a
reference point 4 relative to the patient's anatony. This reference point 4
i s externabD2eofo/wihbaipati ent and is used to orient the el @TradnRI@/0titent ati on
nonitor 2 into a reference orientation. Wilst in this orientation the

el ectronic orientation nonitor 2 acquires reference 2 Oorientation
information which is used to calibrate/-electronic orientation nonitor 2 to
the reference orientation. More particularly, the reference point 4

i ncludes at |ea rf defining a reference. ne.. Jhis surface 5
forms one of thzﬁ}eﬁ?aﬁ?ﬁ%lﬂ“@?‘ﬁ@gﬁa%? > %ﬂhggreersl%tg%vﬁélg? l%&) gﬁ?apeefélﬂh%cki ng
station 6,apphieatirod thk fIRGSIiQN@Mailed deRdHtivn LE PRI fedt dhebirBeits, PRovdded by
orientation nonitor 2. This orients the electronic orientation nmonitor 2
into the Z5netlaxample iy .dpgeihdrayithhie agrompanyise dgavsings ace of the outer
casing 7 of the electronic orientation nonitor 2 against the inner surface
5 and agai nst the other inner surfaces of the docking station 6. The

pr ef er ped BREOEDRSGCRIBTION OKTHE ACCOMPANYEXGAIRAMWINGS surgeons to 3
Oproperly locate an acetabular cup into a reaned acetabul umduring hip
surgery, such as total or partial hip replacenents or revisions. \Wen used
in this context,Figie PlsaGRrspectiVe VO OF @ 3iakd TRGKE ALZ R0 thkFkereed Cl anps

adj acent to the patient's pelvis, The patient is supported by the base 13
of the braEebogimegy ohthe pipseRbIVERtHE; with the acetabul umthat is being
operated upon t gy o Wihor e . perspective view of the
brace 3 shown i;Fl%{ﬁgeuir%pdls,lalé:ﬁgwp?gﬂ?eg%?&soélfg%%gﬁbuI d be positioned to the

ri ght hand si de Kigutd®ishrgaevidwastdhd hacepattfignt 1s feet woul d be 5positioned
to the left hanggsi de4, The brjce 3 {ncl udes . a novabpl e (]éﬁw whi ch is
rotataBly di spodddUuER® K SREMYIC Gredtdfxougot HgleqteoniqpriehilipnymANGaEAESHi th a
f1ange 10 i 5RASRthOpfcRrtldmbilent bf Bk phREn(ifAnBA Of the brace 3. A
manual drive wheel 12 is fixedly di sposé)d at the opposite end of 1 Othe
shaft 9 to al | oWigore Sorasicng déegdjrars bfréwrtel@frohiceriposiibn arongbr;t he novabl e j aw
8 relative to t side.wal| 11. The novable jaw 8 has a positionin ad 14
which is cl ampedI8WFe isf Sepgmatfesidiyiew nt the Jeeionh OHIeFi‘Faé’QBﬁ’E)%“tOF %Fﬂ‘%@g pads
(16, 17 ange pBysicl RiydhsdIoaA6ud ded@riddl camgbhais SthaR@aNBNAt on the opposite
side wall 15 at the front end of the brace 3. Positioning pad 16 cl anps

adj acént to the Kigureshis aspepipgritvecyiew showagianicorodigngnadsan fleefranic1 518 cl anp

adj acent to.t atient' nteriar superi.or Jili i.ne. nce, once
roperty cihsEaR HardohpeBR R el Ra i elee R B ong ok penittidh

rel ative tonips@eqatient's acetabulum It therefore follows that docking
station 6 that is part of the brace 3 al so assumes a known physi cal

rel ationship relEHgUKESB isq schematiyidg viewtdepichas o AapypmaniPiamasienfogle

physi cal rel %f‘jié)@ﬁ.hi p is used along with the electronic orientation nonitor
21in subseqﬁ)ent surgical steps as described below to assist in the accurate
ori entati on of tFigup dstahetipect@cetiabuwl an alberpativel eatbodamero of héraceanmed
acetabul um 25The cal jbration process is typically performed whilst the

el ectroni c ori ert'§#¥ ﬁﬁr’l?ftt'éﬁdeflqv‘éoétlhf’iﬁ‘féﬂf I8UEYe i npl enent 1. An arm 19

ext ends di agonaly,mpvesdl ad viemdr g fhQds fdudeyal | 15 of the brace 3 and

has a cradle 20 disposed at a distal end. The cradle 20 is shaped for
support of the dligageatisaeotherpe2dpevtivecticw e ectrsced dfefigupad;t or 2 to t he
handl e 27 of the.inplegment 1 ilst th nitor 2.is docked in the docking
Ctation 3 05,  wiESE NS sfpEghed o ShalREy Shedridy SEEREF an ass! ot ant
presses the cal ifipatd RisR et PBctAR VAW of 1R BIRAIKGR bE thRMbrRRL A ABu DN t or
acquires the reference orientation information required for calibration of
t he noni t oo wigh ahénplementelioe eclansitdn atgachoent qird grosthetic component;

Figure 15 is another perspective depiction of the brace and implement shown in
figure 14; and
Figure 16 is a perspective view of yet another embodiment of a brace with yet
30  another embodiment of an implement for releasable attachment of a prosthetic

component.



WO 2010/ 031111PCT/ AU2009/ 001213 10. information is dependent upon the

out put of a nunber of sensors disposed within the electronic orientation
noni t or 2yowhioisitane capabl e of nonitoring the physi cal peTiAanv@iiom13of the
nonitor 2 in three dinmensions. 5The sensors are solid state integrated
circuits (mcro-machined el ectro mechani cal systens) and include various
inertial sensors such as a gyroscope 2 (ADXRS150), which provides an

out put signal that is dependent upon a rate of rotation about its vertical
axis. To address noise and stability issues, this signal nust be filtered
by a filter which is built around ICl as shown in figure 5. This signal is
i nt egr at edBYATLE® DESCRIPTSONCOP'RREFERRBRRMBODIMENTS @R GH IO rot ation.
The technique used for this integration is the multiple tinebased slices
versi on ofl 10N npson's Rule for area under a curve. Another inertia
sensor is a dual axis accelerometer 24 (ADXL213), which 15functions as an
inclinoneter, or tilt sensor, to provide an output signal that is dependent
upon t he incl i ndRdfemingfto theelraeingh.ehosnegical @kntagibaisysian b thetpgedeoc al
gravitatianal field. This provides roll and pitch.signals mhich are stable
and may be YR BELI) 155t pR? Fr’f%?%?c%’@&%%&oé‘%ew ?‘ﬁ%liﬁne%‘g? FVP{®ting. 2
Ol n al ter natibyes SR R uqsge!\aﬁ.r ISERSAER, HBYyRdd QoRBritds thé ZERwissicCh as a
magnet oneter 25, for ‘exanpl e, ich provides an output signal that is
dependent aepgonedie direction of the | ocal magnetic field. In other

mbodi ts, I d/ f f b
ool oyed. The' mai nei SOIERARerh s ghRa T etied KRt eb RSO UL r oni c

orientation nodul e 2 haghdicehidoptfnt number and range of types of
25sensors to provide an acceptable‘ievel‘of spatial orientation accuracy
over af accept abl eet iameldotranmes. orPotating meaitob2 aasisbewyn ithBgure f/etteid to the
orientation informati.on,is red within random .access.nenory. After
cal tbration,  during. rSRISUIRE CoHOST SGeHen oheBHENENE CSeTRURT ERPIPF 1

urn

causes re-orientati onhefntsBRmMBRLN P Zodr®B8land Sirédit #ghi@hstafe poeidedR ement
1), the nonitor 2 continues to acquire subsequent orientation information.

Thi s subsequent ori erft@¢schandnfosiati on is conpared with the stored
reference orientation infognaﬁjon.azd Vﬁ)§01 éOSllllPCT/AU2009/001213 11.
the results of the®cohPar 28n"eYe G484t d- 480%Pni ne an output for display
upon am array of light emtting diodes (LEDs) 26 that is disposed on a face
of the nonitor 2. The array of LEDs 26 is driven by the nonitor circuitry
as shown in fi gukhedraceghig 1geasgblyragfochpblote théprticat 303t to detipiea Kiergesn when

e by 01 i 0GR 108 BuRESLh g, pelgiggren
|'i ghting andrieesedlt&lritiahe elsctediid oiadrtyticahi iB@Edsed infotdveferddre okieERads.ay 26.
Whilst in this orientation the electronic orientation monitor 2 acquires reference
20  orientation information which is used to calibrate electronic orientation monitor 2 to the
reference orientation. More particularly, the reference point 4 includes at least one
surface 5 defining a reference plane. This surface 5 forms one of the internal sides of an
open-topped, box-shaped docking station 6, which is dimensioned to snugly receive the
electronic orientation monitor 2. This orients the electronic orientation monitor 2 into the
25  reference orientation by abuttal of a surface of the outer casing 7 of the electronic

orientation monitor 2 against the inner surface 5 and against the other inner surfaces of

the docking station 6.

The preferred embodiment is particularly suited for assisting surgeons to
30  properly locate an acetabular cup into a reamed acetabulum during hip surgery, such as

total or partial hip replacements or revisions. When used in this context, the brace 3



In the preferred enbodi nent the predefined relationship is equality to
within a predefined tolerance. However, in other enbodi nents ot her

rel ati onswopsio/sualh as the 10 current orientation formpPag/A2pmadef1sned
angle relative to the reference plane to within a predefined tol erance, for
exanpl e, may be utilized. The tolerance is sel ected dependant upon the
desired sensitivity and the desired acturacy of orientation. A typical

tol erance used in the preferred enbodinent is to within 1, 2 or 3 degrees.

11 anot gt STRRHEIEN Yl 60 CLARETIRE Wil if NpBSEn B 1BPIB K, (he

C% .
out put s of nsors ar zero urrn r 1 on. ese o ut's then

assume norbra&r N ovalidieshed side NGitls teseerdBilbmaatiipuéiag bpdtaell upbetd pkerent 1
and attached nonitor 2. During the subsequent manipul ation, the sensor
out puts arWithpefereoeetp the pelerkivosEvhelrthe heice 3vhpwie e Hgprad nthe patients head

Wi thint hew&ﬁ{j] By ﬁgéiti&%ech ACES, haYGHe bHe ?S?Ace %sanﬁ‘?ﬁé’%ﬂiehps fet @ogl'dtbez
Omeans that the honitor has assumed the reference orientation and an
i ndi cati orpassiopedin ttle tbft imntikédesur geon via t he green LED. The nonitor
2 is powered by a rechargeable 9 volt battery 28 and includes an on/off
switch 29, one or nore progranmmbl e m croprocessors 32 (Pl C16F877A, sold by

25M crochi p) andrnga@r3 fRehes £ 8108y S3hichhe rfahbE dspéSed &t ah@GHBE ged
froman external power source via an inductive coupling arrangenent. As

best showshait Sfthgus tréidedlyengagedivithca fargedfO disposerben 4 eide eatdlilstt shegkara

nunber of electrically intercpnnected |evels, each o ich has one.or nore
of "the corfdesRti AaBTTG A Bisbl S0 BB SERSBHNE GpPE gid

non- | ip @ t i (AE IR B10 fok BEe B! fdj xR HE tToP the RETABIRAN S abldaw 8 relative

m croprocessor 32 is 30set out befOM/ln Annexure A. This programme is

conpi | ed dAdhg vékwall il ht dhe movadle daye §hes alppwfiomng aad bt whishtiedlagpeé. The

el ectronics.for, .t nitor 2 are, housed wthi her metigcal l v seal ed outer
casing 7 ipthh Rt e udnon e § e hh b e PR 16 As R SR %
conponent srighQidt arfAngdifer ioh Gkl dppdsiagsiacnvall 16lagthedrdnt afi€ofhe balcbaws: SENSORS
SU: Dual axis Acceleroneter - ADXL213EB U2: Angul ar Rate Gyroscope -
ADXRS150EB QsNirReg0re D ol aeny 2fscpitito tegpsticps pRRIC crepivBogioning gads

2 A P e AT S

Hence, once properly clamped, the brace 3 assumes a known physical
relationship relative to the patient’s acetabulum. It therefore follows that docking station
6 that is part of the brace 3 also assumes a known physical relationship relative to the
20  patient’s acetabulum and this known physical relationship is used along with the
electronic orientation monitor 2 in subsequent surgical steps as described below to assist
in the accurate orientation of the prosthetic acetabular cup relative to the reamed

acetabulum.

25 The calibration process is typically performed whilst the electronic orientation
monitor 2 is attached to the implement 1. An arm 19 extends diagonally upwardly from
the front sidewall 15 of the brace 3 and has a cradle 20 disposed at a distal end. The
cradle 20 is shaped for support of the elongate member 21 which connects the monitor 2
to the handle 27 of the implement 1 whilst the monitor 2 is docked in the docking station

30 6. Whilst the monitor 2 is docked, the surgeon or an assistant presses the calibration
button 22 and the electronic orientation monitor acquires the reference orientation

information required for calibration of the monitor 2 to the reference orientation. This



R2, R3: 47K, 0.25W Metal Film R5, R7: 22K, 0.25W Metal Film

R6, R8: 1K5, 0.25W Metal Film R8-R22: 100K, 0.25W Metal Film 20VRL:

Cer met Trwopeoto/03110K CAPACI TORS O, C2: 10uF, 16V, Tant PCT/AU2009/001203, C7,
C9: 22uF, 16V, Tant 25C4:. |uF, 50V, Cer C5: 4u7F, 16V, Tant C6, C8: 100uF,
16V, Tant LIGHT EM TTI NG DI ODES 30D1, D4, D5, D8, D9, D12: LEDs - 5mm
Super Bright, Red D2, D3, D6, D7, D10,/0D11: LEDs - 5mm Super Bright,

Yel | ow D21, D22: LEDs - 5nm Super Bright, G een M SC 35Xi: Resonator -

AMHz Pbn: .Push _Sw tch - SPST T I i tch - SPST Bat . .Batt - 9V
Type 516 DR gttt ieleip it hen ths BB . EboCaste aiPhieg SAITHS: ot Pon o
the i npl er@ftrodic driR@tatioRintddito?2 pPriEivh dRScapdblé BMGAKATY the phiitcas ufigaionvhen a
subsequent orientation of the nmonitor 2 1s equal to the reference

ori ent at i o thym@niteri hingthee dinenssis. t ol erance by il luminating a green LED.
The rel ative geonetry of the brace 3 (including the docking WO

2010/ 031111PCT/ AU2009/ 001213 13. station 6, and the angle at which the

acet abal ar cup iBheconsreciredolidsthteantieppleangrtitd jmics-metlendddegrch t hat t he

indication is provided to the surgeon when the acetabular cup js in an
anat ormi cal msﬁ%a@gﬁlr%(ﬁtﬁ@smdéﬁ@&é? BHIGUS rmqr%léeleﬁoa%qufu%au%ﬁ@sw&r?éd

acet abul umA RS £50) WIERh AR iERNIcR RO SichaIRAGs &PeAESRLpd DL rdt€B8MRFation
acetabulum and the indication is given, 5 the surgeon inpacts the cup into
t he r eanedbavetsatrulicamxivhilostldiehendibd anstt stabtlet oo diisreignal makse be Giferedf LEDs

to provi dgz, ¥ suald 1di.ceLion, 0 Lhe. S0 4 Lt anllS, BRRLSE 31 tha

any ot her
10  time so as to provide a yaw angle in degrees of rotation. The technique used for this

integration is the multiple timebased slices version of Thomas Simpson’s Rule for area

under a curve.

Another inertial sensor is a dual axis accelerometer 24 (ADXL213), which
15  functions as an inclinometer, or tilt sensor, to provide an output signal that is dependent
upon the inclination of the accelerometer 24 relative to the local gravitational field. This
provides roll and pitch signals which are stable and may be fed directly to the

microprocessor 32 without any filtering.

20 In alternative embodiments other sensors may also be utilized, such as a
magnetometer 25, for example, which provides an output signal that is dependent upon
the direction of the local magnetic field. In other embodiments, a lesser number and/or
range of types of sensors may be employed. The main issue in this regard is to ensure
that the electronic orientation module 2 has a sufficient number and range of types of

25  sensors to provide an acceptable level of spatial orientation accuracy over an acceptable

time frame.

During calibration, the reference orientation information is stored within a
random access memory. After calibration, during manipulation of the implement 1
30 (which, in turn causes re-orientation of the monitor 2 that is attached to the implement 1),
the monitor 2 continues to acquire subsequent orientation information. This subsequent

orientation information is compared with the stored reference orientation information and



be utilized. For exanple, the LED array 26 may be replaced wth a Liquid
Crystal 10D splay that is adapted to display an indication to assist the
sur geon twoaetwmsva1lt he desired orientation, such as an RCTAN20@/00018t er, a
bubbl e, or the Ilike. In an alternative enbodi nent (not illustrated)
the hardware used to provide a visual indication to the surgeon is not

di sposed on the electronic orientatiodlnonitor 2. 15Rather, the el ectronic
orientation nonitor 2 comuni cates data to drive a dISp| ay on a renote

di spl ay n u referab o] he
pati ent Vr(netﬁ ?dr%ulgs @%ﬁgg%ﬂg 3 soplaf)e use&/n gfg%rn%]gg e ?%tglqt 1Jo¥d 1%19 ﬁ?ﬁi al??ﬁ?a%oft

appr eci at egbhbymittiog eiodkd dLEmls)lzB thd1gs @&posb@ ah atfie dfymm@ﬁltmnmm ag@liopn must
be non-invasive so as to avoid interfering with other electronic equi pnent
that nay HeElpy isiriven by e Dpeititciragitye shewn in higwpet sk h topodidedpnat i ve
enbodi mantmdltc fon8 gﬂr |Wkn! the ViReduett Bﬁétﬁﬁﬁ)nm’f%é)ﬁghltér%ha% changi ng
data over ort sta ce personal area network n exanpl e o such a

Wi rel ess mredetﬁmedi rdlstldnlsmmelhﬁvet toaberes&thdeadticintativhe Taistindisatidal iserovidedh” . The
use of a rermte di splay such as a ni tor aII ws for_nore detailed visual

i ndi cat i orly H&5ting asresn Idedd thas i qratraliy disersed pthy &g LAY The possibility
that mani pul ation of the inplenment 1 may rotate the array of 25light
emtting diodes (LEDs) 26 that woul d ot herw se be di sposed on the

el ectroni c ori erndghd pmfenmdietrrblodiznqmmmeqfreddﬁieedl rawiomlﬁhisiigmuabty tohvatlsungeon.

Anot her adva ed wth ge t l.ay, from

el ect ron PIORTBRE KO T BT o oD piapog fniy e roRi S iR AT Yot o dr i ve
the dijgpl ayirdpesidielioda¥enihe aPeedtiféd ﬁﬂ% E-LIARLWE B BREIRE HRAS to WHER a
sterilization processes often involve the use of high tenperatures,

whi ch may Riedriged sderanest. ferrrxamplec map e stibizado Sisrieleranee isiselegied gepgpdaniet

anot her enbodi e Iec nj.c. orient atl ItOI’ neo rates a WO
2010/ 0311 MBI AD G0 Ty ST MR SRLI L PEOHTRN o PERLRAGRIES, Fon
to the sunge®m the paS&ir&d erhbodilientas tewithihi 19N opBRlegess. | n this enbodi nent the
audi bl e indication consists of a beeping noise, with the frequency of the
beepi ng increasing as the surgeon nmani pul ates the inplenent towards to the
desir ori ent at DsEh 2Py i he
desi r2§ 5o0ri ent al?%g%ﬁll&gerhel ngg%%%gﬁﬁg%go&%ﬂt ﬂlﬁggﬁée re%ﬂjﬂgﬂll nwét(;]@er%nces
t he beepi nd toiengors hengesediduriag colitahtint. Thene otitpuisnikincatend nort- Izerosmhxgeon

that the acetabulumis correctly aoriented f insertion int |ent
The ase: s (aREe SEPsar e itionst Hs B §gen: fand piidi Gonhe 2 PuralF
10enbodi ”%Bse%ﬂé’ﬁ@ﬁa%ﬁlﬁﬁé{ﬁiny ! slsﬁ’é/éﬁ OBk A &o@lftbﬁﬂ&@&lﬁ&ﬁ \@fetHeP ﬁwﬁ%‘l&'@m ar
cup despite the mnimal vision of the acetabul um afforded by mnimally

i nvasi ve sangi tedere gewnihguths relacint &deraheephoWdien shergérey rethm totzhey, itwor ds, t he
preferred enbodi nent advant ageous ows far accurate .orientation of the
Dot A ar TS ML AN{R s FETE i (B P £ e i) e BUEFBIEr geon
through a greviaéd weahy seesi viafkd StONLEDS In addition to providing the
surgeon with an indication when the desired orientation is reached by

illumnating the green LED as described above the preferred enbodi nent

al so provi des anfl nd(l)r% otr|201£] goer% gs oﬁhbagt SSan\;d\:)l?Eiudergplntenengt 1

towards the desirSd oF &ntas &hs mFﬁe
required ta/af Owach Plloat er tivee pmigfaﬁ[l‘ﬂzﬂﬂe ﬂnmrnpmcéshers@es(PKerGRsr/VAnstoaﬁ bpn.
This indication is provided via
25 Microchip) and one or more regulators 33. The battery 28 is recharged from an external
power source via an inductive coupling arrangement. As best shown in figure 6, the
architecture of the monitor consists of a number of electrically interconnected levels, each
of which has one or more of the components required for the operation of the monitor 2.
A non-limiting example of the BASIC code for programming of the microprocessor 32 is
30  set out below in Annexure A. This programme is compiled and locked into the

microcontroller 32 as protected code. The electronics for the monitor 2 are housed within

a hermetically sealed outer casing 7.



the LED display array 26, which extends in a couple of directions. Hence,
if the inplenment 1 nust be rotated in a specific rotational direction to
achi eve twoedsgisivd orientation, then a LED indicative ®CTAR009%0012481 onal
direction is illumnated. The distance of the illumnated LED fromthe
centre of the array is indicative of the amobunt of rotation 25required to
achi eve the desired orientation. Hencé2 - as the inplement 1 is rotated
progressively closer to the desired orientation, LEDs that are
progressively closer to the centre of the array 26 are illum nated.
Additionally, the colour of the LED is indicative of the anmount of rotation
required to aChl"ﬂié&nﬁlh%led&ﬁﬂaIﬁdndMnbﬁﬂgtsB@Wﬁ)mth%ﬁ'élﬁb&lagﬁﬁh oHDRuré Rdiecat e t hat
a large rotation is required and yell ow LEDs indicate that a | esser anpunt
of 3 0 rdeHewen is required. Wien the inplement 1 is in the desired
orientation (a} , to wthin the relevant tol erance), the central green
LED is | [T um LN t that the acetabul ar cup may
be |rrpact ed ';E EP f"“s g‘E ﬂirgm&%r Eé 031 111PCT/ AU2009/ 001213 15.

For maxi mum pog %uﬁrclg XOSPRe™ “Bhoul d not be noved around
nore than necess once |t has been cal i brated. Additionally, the tine

bet ween cal i brIﬁT%é the indication to inpact the acetabul ar
cup shoul d be K r@MOLSe@PAB@I?h 6{Rese precautions help to avoid

ori entlat i onal kGRacMinraioesolidrat PIRHYFStHer wi se creep into the functioning of
t he el ect roni cKC3:nVoélge Regulaar -A.MV805T or sonme reason, the nonitor 2 is
nmoved excessi Vil ablte ReghlabwratliMnSL@CAf there is a tenporal delay prior
to its use, accuracy nay be restored by sinply re-calibrating the nonitor
2. 10As an al tRrpgpiFyRst © the monitor 2 described above, different

el ectpani c orllefntl@;l P(FDK”WStVWl@Ie ¥iipe used in other enbodi nents of the
present i nvent rR3 Fﬂ ﬁﬁwl E/Ietatl m)nltor that is disclosed in

L

»

| nt er nat i onal M pCT/ US2004/ 018244, publ i shed on 29
Decenber 2004 r WO 2004/ 112610, may be used. The
contents of 15i ncorporated in their entirety by
way of refer en'&%‘RZZ 100K, 935‘% rJﬂnse of the preferred enbodi nent of the
preseRt systenYBé: ﬂerrnetﬁraﬁmhwli| gures 1 to 6 to assist a surgeon to
orient a prosthetic conmponent relative to a patient's anatony involves the
foll owi ng st epCAPAMEHTIORS i n the order shown, or otherwise): 2 0 Rel easably
attachi ng a prOstCet i@ui;o6Wonant and the el ectronic orientation nonitor 2
to the inpleneps, @7, ONi RS 16¢hTaxed using the connector 30 that is

di sposed at a @psq@ 5@@@{. the handle 27, anping the patient to the
brace 3 so as ¢ Aeki aﬁmext ernal reference point 4 relative to the
patient's anat fy:g. I%QI t.[ge reference point 4 to orient the electronic
orientation nonl’tor | nto erence orientation; Calibrating the

el ectronic ori acquiring reference orientation

i nformation V\ﬁﬁ@ Bﬂglﬁ {Z:S[ﬁl(%DBé |n the reference orientation; 3 0

Mani pdlating t bl?“Tﬂ?%P@mps’iD%acﬁEP‘?at e S eéﬁl?ﬁé‘f’ll%?dcorrponent i s adj acent
the rel evant aP&tldmP6, DisD1g, Phl EEBstrBwineSencr Suight.iYsHowoni tor 2 to

provi de an i ndd2BD23n IddDsws SmD S2PaI0BHSL1GMeCT/ AU2009/ 001213

MISC

35 X1: Resonator — 4MHz
Pbn: Push Switch — SPST
Sw: Toggle Switch — SPST
Bat: Battery — 9V Type 216

40 As described in the preceding paragraphs, during manipulation of the implement
1, the monitor 2 provides an indication to the surgeon when a subsequent orientation of
the monitor 2 is equal to the reference orientation to within the relevant tolerance by

illuminating a green LED. The relative geometry of the brace 3 (including the docking



16. to guide manipulation of the inplenment 1 such that the inplenent 1 is
gui ded towards a predefined relationship relative to the reference

ori ent at iIW0;20EM31111 Usi ng the el ectronic orientati oRCFAU20@/00R218 0
provi de an indicati on when 5t he subsequent orientation of the nonitor 2 has
a predefined relationship relative to the reference orientation. One

potential difficulty that may be experBenced with use of the brace 3 as
illustrated in figures 1 to 3 is positioning of the patient across the

lid b 3. A0TyRi.cald{ (S fi | | f
Such as a ¥ARn oty P iR WERIRESRula cho o iR TH BB ERBIT FCT,

who may beecroRatshéet thaede aididdiios ispﬁﬁlioﬂided kSthe Rerzebh hvhedl ttenicetabier aasie il 3.
This can be difficult, particularly if the patient is unconscious and

t her ef or e arfaiBtaicylydesirahle prentpidoriey divartion dntg dleesiamag agqtatalyae Heace,

enbodi nent ' : t i ad: Ly es this
probl em bleg potlh% tk lll'lﬂnigﬁ{o%lg()gg%ae(ﬂ%cﬁ Ml]@e E%a?%%tag&]g i())1rﬁgr1§1t’ &E@{sht&l@%%%{b@ﬁg bfved

i nt er engaghbbegbasienprenbier cup iMecthandaoald acethlerlemgagenent nmeans are provi ded
on the ends of the base nenbers. This allows the patient to be firstly
placed onto the bed and secondly each base member may be slid under the
patient from ei tWe&[lsShdBlustiedehBSUMPBEhakdsh8e BELEBR tERbvidRhas&ADagenent
means on the two base nenbers interengage to forma rigid base. Once the
surgery i sndiomoinsdehbk surgeont wovib s eppreCinteditkat snp pthes aligbtle digllyy wessmyaged
fromeach ,other and slid out fr either side qf the patien An

Al tor nat V& Lol frepty fhe oAdegsy S G Seaedd 1h HoOUr 658! o 11,
provi des élﬁi@ﬁl'aﬁ tha® Rt ddaprell & dRFIY 68 S diéhtfoll 8o Hist sk lieWukgeoh fo RHBGRTRNYespbd a
patient onto the 25brace of figures 1 to 3. In this enbodinent of the brace
40, an el oniatadiony @ aNan axQE RN arbbicaeichahilie.i nt er connects the front
end 42 and the rear end 43 of the brace 40. In one such enbodi ment the
frame has a generally rectangul ar cross section, wth dinmensions of

approxi mat el y 25ammRyterh@ive ebb®iifent (hot illastros) dhaensk a8sised prbvidee 41 nmay

be positioned so as to extend between the patient's |egs. Hence, using this
3 Oenbodi M2l Brdiqagian kg the suiggon tsHiet diapPesse onjtlee ¢lpeteqniqomgniatiod MeNitgkeE bed and
secondlky t r j ! : ween t i 0 this

poi nt qt5he %‘g]é%% %}ae%%o%g O;h?lzﬂa%{)rgglg lt?ﬁi cont 3%1? gt\?\np? %%h?(ﬂgeln%ea% &gﬁl{.‘l yéhgnt erior

superi or iemat difplmemand, uvh apadnatbtor,svitlasqaefeily disposed above the patient

2010/ 031111PCT/ AU2009/ 001213 17..in contact w.th the patient!'s pubjc.crest.
Fach of  patidih 4 ORI g oL EH: e SarEs-alt i BoreCinecy hesBhlsdi ea t o
the front god. 4kt afe t&,ﬁ@otf Jo%ﬁfﬁulﬁéatio]{hﬁusl?%@%ﬁiﬁ%sﬂﬁé sb H@ﬂdib MHeROintcoreigf at e

externally threaded Shaft 48 within internally threaded boss 49 so as to

di spl ace paith bihet deErahic drpipadit ¢mt nsy bepresontcindnpopegdtingghepdige Ih bhee pahi ent ' s
sacru Théﬁ@Sbg[)ss 4ﬁ (ii.s conﬁlect ed to the rear end 43 of tfhe fElama 41.

The erBodi THEHEIYEE SPRAVIBICRE AN RURIFFO0 (S ¥rddV Ao Rio e fer PihIieng so

sol ves a speosdr prshb 8ftdnbapertdial Bea aserek ahgExihple df RecHeMRadlesEHtbtocol
illustrated in figures 1 to 3. That is, with the enbodinent illustrated in

figures 1 is&n@yn thidots tralipdfinshe dhae Blge depihnedhe oschel agiemeti disklansush ashe
brace 3 as, rinE)niKcoersa lgwfs lf(%tmgrrf]: c{[egﬁelec? ggshal-lirqciiics:atlrgar% t(%3 Be lpjrr(])gfled%ld & Bllees’urgeon. It
also avoids the possibility that manipulation of the implement 1 may rotate the array of
25  light emitting diodes (LEDs) 26 that would otherwise be disposed on the electronic
orientation monitor 2 out of the line of sight of the surgeon. Another advantage
associated with separating the display from the electronic orientation monitor 2 is that the
electronics necessary to drive the display does not have to be sterilized between
operations. Such sterilization processes often involve the use of high temperatures,

30  which may damage some of the electronic components in the display.

Yet another embodiment of the electronic orientation monitor incorporates a



particularly if the patient noves but the geonetry of the base 13 doesn't
allow the brace 3 to nove with the patient. However, it is not necessary
for any paotowfosttie brace 40 as illustrated in figures ®CTAURNIYO11IS
supported by the bed. Rather, the position and orientation of the brace 40
whilst in use is substantially defined by the patient's pelvic 15region to
which it is clanped. Anot her pdttential issue that may be associ at ed
with the enbodi nent of the brace 3 as illustrated in figures 1 to 3 rel ates
to patient have. a _nat l. 4]t 1 hei r lvis,, .el,t.her rwar ds. .or
backuar ds. PHCHIAEETEE MR Rantpdon R hC b e I Wenb OB Bl Ewn
20-10 to Hnlkis emdbdinug heland BRI IFRTE EHTSSNE a(bag}ﬁﬁg hbige,angh giemRyjuélyl
outside of this range. The brace 3 as illustrated in figures 1 to 3 has
been desi giéle paspingsacrgasing #ethe syreoayninglates v impdemeny tewarghdhgel vi s

(1.0 3 Pelotirdy Whlfifliont0PMslriloh fiffo BRULAALS RRRILILR WHWAEBiAed Trom t he
side, has the pubic crest 1 n vertical alignnment with the anterior superior
iliac $pi nejentadendeheind mhimitdndak @oethdn e rdkedhtftderaacgathe datpinpooikas a
significant 25pelvic tilt, then the resulting hip joint may suffer due to
m s- al i gnrdARESHO £ KRNI SenTep adigiist i SWasen Wt e AR ihesryectly

ascet abul ajcat-fol A& 1ibS 8HE tHeaadslr essed by the brace 40 as illustrated in
figures 9 to 11. In this brace 40, the docking station 51 is rotatably

di sposed on the brace 40. As best shown on figure 9, the docking station 51

is nounted on an.arm.52, which i ot at abl onnected to the rest of the
by ace 40 vi a py B ingaectihided o oAby i SFE Gt ieinof t ne ar m
52 and pof &R aiaskiiangatRbh o afdws dbmt@Slichtffon' Bt dcePiblir BdY &shRd te0 @
pl ane contai ni ng positioning pads 44, 45 and 46. W) , ,
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deIiberatéPﬁm%$¥$“PH@PPQ%éPﬁﬁ@&&f@%ﬁm5$ﬁpmards or backwards). The pelvis
in sugh an inmage is likely to appear simlar to the pelvis 58 depicted in
figure 8. The patient's pelvic tilt angle is ascertained fromthe x-ray

i mage by neasur dmedditioh td pevaligd the Betgaeewith ahiindicGnrvapnabeddsived t he

vertical and a line 57 tending .frgmthe ient's apterior superior iliac
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manner descri bed above with reference to the brace illustrated in figures 1
to 3. Howewwlemanat hayst bperiated bva seaificacfaticad diiseiérmeincehieratheidssion y
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of their pelvic tilt. . The brace 70 illustrated in figures 13 to 15
i s gerer al BYUigsdip pehieyethe dasiredisightatians Heigeeas Gedmplement] i570fed except i on
of the dockj i ] i | t C K pon 71 is
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cr adl 8072 ratation rerefjuiged7 5Wien the imiplenagpe t i uneghe7 @gsiredh eriemplii@n@nteadtdta s i n
within the relevant tolerance), the central green LED is illuminated to indicate to the

surgeon that the acetabular cup may be impacted into the acetabulum.



3 0 the reference orientation with respect to the patient to whomthe brace
70 is clanped. This allows for calibration of the electronic orientation
noni t or 8&0t20106@kH1pl ace in the manner outlined above wrPCh/AlRg@rd1218 t he
above-descri bed enbodi nents. WD 2010/ 031111PCT/ AU2009/ 001213 19. The
channel 72 of the docking station 71 is disposed on a first shaft 77. A

| ocki ng means 78 connects the first siaft 77 to a second shaft 79.

Looseni ng of the knob 80 of the | ocking neans 78 allows the first shaft 77
to rotate relative to the second shaft 579. This rotation of the first
shaft 77 causes rotation of the cradle 72 relative to the remai nder of the
brace 70 about &foraxixsmeih possibleiadfurbdigthel o 2lshehldinot bdi@oe&hibahd

| ongi tudi nal axis of the first and second shafts 77 and 79. Such rotation
al | ows f ormeigjtha pRsasatyPned Hws daerecaliratech eAdditiprally: desiapabeiwed ¢ in the
manner out/,i: ' t.al ! I t he desired
angl e, theéa}%ﬁ%goggn?gcﬁvg ttgér‘]gé@s%g}é tol @%%‘g? Ce’?%}@%@@éi‘%ﬁ%ﬁc}r@%ns 78 resists
any fupnt heniniralzad. Bethrattixise prechetiomwéript thavbidrsienandnd ecendasikafitasmdy and 79

and the angul ar dispaositjon of the cradle 72 is therefore fixed relative to
the remmi rRIBFWEF 48 BioAbe uneieniBaat e dotogiss Shle ST Folti &7 pelEasabl y

att achabl gej@n! M€ nidaiB} DikehoRdd dxldessiveRr ﬁﬁ-ﬁa cdlfbritich, BF IfARGERM eRRpoRANI sm 81.

More particularly, a projection on thé end of the second shaft 79 is keyed
into a sl alel@4prom te Heuset rackeymayneokstniedrhy&imply rasatibratieg thetmerotoali on  of

t he second shaft 79 relative to the attachnment nechanism 81. Once the

el ectronic orientation nonitor 82 has been calibrated, the inplenent 74 may
be refpved fromAdg Aldsife (21RMLAiRE 24D aPAft dif RrdiR¥IcBRoflet ached from
the attachment 20 mechani sm 81. This renpves the follow ng conponents from
t he brace oF@ntatins nxwgtersanahbg esedan othgeembedimapts vk esprewnt infentfony Eer shaft 77
and the cradle, 72. Renpval .of ..t hese.c qnent o) 1 he surgeon
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acci dent al pQT/SIDOY1 80445 P hétora DY Defentitiee 204 asdee gulsivanen gihbehi | st
perform ngwt he remai nder of the Oﬁer ation. 25 The inpl ement 74 that

i s depi ct WA #UH|Jupbd may bewred sThe coperit eldWQ FOQUE L340 smeereidni nal | y

i nvasive sHLghGaledtif Gl SHes ereglload ¢ orientation nonitor 82 of this
i mpl errént 94 S é:’ttag}ﬁeﬁto ¥R£Q§gﬂ%er {?g via a | ockabl e universal joint
83, for exanple a ball joint. Hence, when the | ockable universal joint 83

is unl ocked, the 3 0Oel ectron orientation.nonitor 82 nmay be manj pul at ed
ntoa desited OFPBRREY-GHS OF GF PES(sst G bRt thePEr L e AL TRREIE apl ay

array 26 WhliouR8 1Mb%i tBlaGsidtQ a0 5 SN aWrbdiifdiicicBRPOAIINGIANR BGhabMtar cup
84 into the patient's reaned acetabulum It wll be WO
2010/ 0311 1abPCTyADRI0&Y 106 IAIBvigY steppprietheatiethetonddr sboreh, armtiepwisat:i on of t he

el ectraonic orientati noni.t o 2 should only take place prior. to the

cal | brat 1 on process. Esiatkglaitie s B el FimAER LR BR RO THS fas been
calibrated, the |ockahcgaBh W&n$@Bt 2 kPhBimBRnRAPH! Thik QORINELOGKRH atent i | such
time as the prosthetic conponent 84 has been inserted into the patient. |f

t he | ockabl e uni ver salonggatemi0 B is dispesciddeatimtal yndiof the kentllafier

calibration, the |ockable.unjversal, joint 83 should be re-|ocked and the
cal | brati on process ddnmeinedte B FRbw Bt Blac? 3335 e sbiiplsEre 2o
illustrated) the di Sgio@ﬁ/t Blela@Ye Q@thg?aﬁéﬂt@@gg%nﬁpunt ed on the electronic
orientation nonitor This allows for adjustnment of the angle from 10which

t he dicspl ay array 26 Umyg the refieeaneel pount #houbriene the el¢atignicesrgniagint atangtor 2f t he
remai nder of the el ectr oni £..r ient at j[.on moni tor 2.
into a referénce orientation;
e (alibrating the electronic orientation monitor 2 by acquiring reference
orientation information whilst the monitor 2 is in the reference
orientation;
30 e Manipulating the implement 1 such that the prosthetic component is

adjacent the relevant anatomys;

e Using the electronic orientation monitor 2 to provide an indication so as



Turning now to the final enbodi nent depicted in figure 16, the brace is
identical to that shown in figures 13 to 15, however the inplenment 90

di ffers. wo2twesi1ambodi nent 15t he i npl ement 90 i s adapt @dTiAAR0eHO1318
traditional open hip replacenent surgical procedures. The el ectronic
orientation nonitor 91 is attached to a first nenber 92 via a | ockabl e

uni versal joint 93 that perforns the danme function as the | ockable

uni versal joint 83 which was described in relation to the preceding

enbodi ment. 2 OThe first. 2r 192 | ttach t.0 ecaond r,94 via a
| ockabl e angul ar adeg H%%?&%Q%H%ﬁp§%f@%nﬁgﬁgggldm’%czgﬁﬁlgpﬁgggﬁ%é%t knob
98. The prosthetic comp@aasiardsa pidiRfihed rllaiongfipiaiidean tikaipi@encei S

rel easably attachable to a distal end of the second menber 94. An inpaction
surface 97 is di sposedicafitipheandr oxi mal end of the second nmember 94. 25
Looseni ng of the | gcki I - ks. 1] - 'y jHst ment
mechani sm 95. ThisQaI %Q ﬁ?g?£$§ﬁ§?§%ﬁﬂﬁgn?ﬁgﬂgtgﬁhﬁbﬁﬁﬁﬁﬁﬁgﬁkﬁggﬁﬁkﬂan
axis ofs rotation thatthé sudadut eliedtfidnhe ted @OgIasre laxiapredefinbe rdlattamkhipenber
92. Rotation about this axis allows for adjustment of the abduction angle
at whi ch the acetabul'sltizgfe therferepes griematipnnserted into the patient.

Unl ocki ng of the angul ar adj ustnment nechani sm 95 also allows for rotation
of the second nenber 94 about an axis of rotation that is parallel to the
central axis of @irepdtanki dificidtyshstamgnbe dupotied Rt @eiobthediyaest3 4shi s axi s
allows for, WO 2010/ 031111P ./AU2009/00%§%3 21. adju%%ng@i of éhe
ant ever si JHUSFETEN 2 IR A8 ERT1BB A1 BF PRI 98rops e GOMLPIYiderted into the
patienl. ghcdfenehangb asrilay flab&emMS lutifect fi8h hs SB8&i SRd usRkhd G 13 {he
knob 98 is tighfened to ensure that the angul ar adjustnment nechani sm 95

mai nt ai ns suhportddrbyt the hetd. s Elasoprdiente mhermsa Ybe anedthedzedrt thepaest iy then Hftedil ar
configuration Next th urgeon cali tes.the el ectronic

or T entat | GHUBRES 1 1THS s bomr T Fae B ARt B%ish BAPSTRGI™ s sur geon
then nmoveshébfyré IRIBTRMssi%0n Admdeérael @sockhie A4 A 8atRY .enttdBirhdnt Shotand
second shafts 101 and 102 and the | ocking nmeans 103 from the attachnent

mechani smillpgrates) of igitaeceeat lqast pagidrin asidpasies. thivpeotdera baspliting digpbassin s t hen

10posi,ti o j the pat.i 'S T t I ne - rj tion
R B L e R e N
provi ded ednlarcbrspiday of fHeasnd2 6f thobas: mb@b&yY b ITaGUEdYs Blid ittt loda Rty he
nmonitor 91 is equal to the reference orientation to within the rel evant

t ol er ance,Pl#478 Ofrtshine G4 319 §5i°BR4 1Y E3hAST AGIDSE ek OF 8114 HRAE (RARN 1fpB t hen
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acet abul ar cup 96 15into patient’'s reane cetabulum Once the
oper at i on rthasbdreéncrengaze et Butm 4 rigid baypi @adel the negaysnconctwledttbe iho baset he

i t t f th t t .. On t.nod f
per 1 or i nghSIRFHS P I T fisingagey OB saeRStEautlidMERe St SHE ALSc! ave
and heat igaib@. a suitable 2 Otenperature and pressure for a pre-determ ned

time period, for exanple 132C at 30 psi for 10 mnutes. In order for the
el ectronics contained within the electronic orientation npbnitor 2 to

survi ve bei ng heat to.thisg te rature sone.enbodj nents iljise outer
cases that ace HABEISSHEbE SboHERRT PEUFETach: & ARG L T & idr ve
provi di ng groeiae@dnokes dp@dr i addreQing@adiftioultyia PatelenC&Sd fi@iendhtatieer nat i ve

or additional approach to 25providing the heat resistance is to select the
i ndi vi2Z8ual bragecdtftenriiscl ©ohporibisesbpfimengpkthe brace 40, an elongate frame 41 extends

intermediate and interconnects the front end 42 and the rear end 43 of the brace 40. In
one such embodiment the frame has a generally rectangular cross section, with
dimensions of approximately 25mm by 10mm. Due to its narrow dimensions, the frame
41 may be positioned so as to extend between the patient’s legs. Hence, using this

30 embodiment of the brace 40, the patient is firstly placed on the bed and secondly the
brace 40 is positioned between the patient’s legs. At this point the pads 44 and 45 are

placed in contact with the patient’s anterior superior iliac spine and the pad 46 is placed



used within the electronic orientation nonitor 2 from anongst conponents
that are known to have a higher than average heat tol erance. Wile a nunber
of preferwodosvisodinent s have been described, it wll beC¥Aappec1at ed by
persons skilled in the art that nunerous variations and/or nodifications
may be made to the invention wi thout departing fromthe spirit or scope of
the invention as broadly described. THé. present enbodi ments are, therefore,
to be considered in all respects as illustrative and not restrictive. WO
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illustrated in figures 9 to 11 to be supported by the bed. Rather, the position and

orientation of the brace 40 whilst in use is substantially defined by the patient’s pelvic

15  region to which it is clamped.

Another potential issue that may be associated with the embodiment of the brace

3 as illustrated in figures 1 to 3 relates to patients who have a natural tilt to their pelvis,
either forwards or backwards. In practice, pelvic tilt angles may typically range between

20 -10° to + 10°; although in some more extreme cases the angle may fall outside of this
range. The brace 3 as illustrated in figures 1 to 3 has been designed for use with patients
having a vertically aligned pelvis (i.e. a pelvis which, when in the neutral position and
when viewed from the side, has the pubic crest in vertical alignment with the anterior
superior iliac spine). Hence, if this brace 3 is used for a patient who has a significant

25  pelvic tilt, then the resulting hip joint may suffer due to mis-alignment of the prosthetic
femoral head with the prosthetic ascetabular cup. This issue is addressed by the brace 40
as illustrated in figures 9 to 11. In this brace 40, the docking station 51 is rotatably
disposed on the brace 40. As best shown on figure 9, the docking station 51 is mounted
on an arm 52, which is rotatably connected to the rest of the brace 40 via pin 53. The pin

30 53 defines the axis of rotation of the arm 52 and of the docking station 51. This axis of

rotation is parallel to a plane containing positioning pads 44, 45 and 46.



inrtiei[w..00 and Warm Up before ivtairiiiv vrfy:let Ons %41111111"' show
all X & axis LEDs' let pirisc %41111p(m show Z axts and G een LEDs; pause
5000' pausw0o20003u8¢. cs' let Oiti '.."4,00000.000" swi t clirCOAU2009%0018 Y axi s
LEDs' pi nsc ' 400000000, simton OFF (amen LED and ZLED& ri ONdo 30
seos exeroise to warmtip the gyro arid tilt systens then acquire docking
station data wup: tor hie. 1 to 100do1800 usel ess | ocps to warm up' readed
olD), wO'acquire X aids signal' poke SC-0,bl.)" putLS Birlto cold storage'

poke $C1 . hi' put; Xaxi 13 i old . ' readsci..n10.1, - wo' ireY
aAs signer poke I%&%%éﬁepﬂ% ge‘ofnaf;l:rlgtgy Es.cggallﬁgn&‘\g%g%ﬁmg%se Vgcr %g%gglﬁgﬁgleffé,%gg' put
Yaks MB i nielvi€ by €orbiifd A0 ray @a@GadE theGaties gt viewéd &ohbthe Rike THE x-

4,b0" put Zatde LS B into cold storage' -Joke $C5, bl' put Zext MSB into cold
storage" €8y OReee fampdodilshie patient stapdywits themplvip beldat 3 pentipdiapd f or

porce gt OEREDNC €. 5 MR PR A e (o
ac3nr abi t dbowartioor frckwaids}. ol'ledpelnieiresudl ad ERdES ia didjeliy3o hp@ras similar to the
pelvis 58 depicted in figure 8. The patient’s pelvic tilt angle is ascertained from the x-ray
image by measurement of the angle between a line 56 representing the vertical and a line
57 extending from the patient’s anterior superior iliac spine 54 to the patient’s pubic crest
55, as shown on figure 8.
10
Once patient’s pelvic tilt angle has been ascertained, the reference point of the
brace 40, which is in the form of docking station 51, is rotated by the ascertained angle.
In some such embodiments an angular scale is depicted adjacent to the pin 53 for ease of
reference whilst rotating the docking station 51. Once the docking station has been
15  rotated by the required angle, the brace 40 is used in the remaining surgical steps in
manner described above with reference to the brace illustrated in figures 1 to 3.
However, rather than providing a fixed reference that is only suitable for a vertically
aligned pelvic (as is the case for brace 3), the docking station 51 of brace 40 provides a
reference that has been tailored to the patient’s individual requirements as dictated by the

20  measurement of their pelvic tilt.

The brace 70 illustrated in figures 13 to 15 is generally similar to that shown in
figures 9 to 12, with the exception of the docking station 71 and the manner in which the
docking station 71 is attached to the remainder of the brace 70. In this embodiment the

25  docking station 71 takes the form of a half-cylindrical cradle 72, which is shaped to
receive a correspondingly cylindrically shaped member 73 of the implement 74. As best
shown in figure 14, a lug 75 protrudes from the member 73 so as to mate with an aperture
76 that is disposed in the cradle 72. These components are aligned such that when the
member 73 is in the cradle 72 and the lug 75 is in the aperture 76, the implement 74 is in

30 the reference orientation with respect to the patient to whom the brace 70 is clamped.
This allows for calibration of the electronic orientation monitor 82 to take place in the

manner outlined above with regard to the above-described embodiments.
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remainder of the brace 70 about an axis of rotation that is parallel to the central

longitudinal axis of the first and second shafts 77 and 79. Such rotation allows for

adjustment to compensate for the patient’s pelvic tilt, in the manner outlined in more

detail above. When the cradle 72 is at the desired angle, the knob 80 is tightened such

10 that the locking means 78 resists any further relative rotation between the first and second

shafts 77 and 79 and the angular disposition of the cradle 72 is therefore fixed relative to

the remainder of the brace.

The end of the second shaft 79 is releasably attachable to the remainder of the
15  brace 70 via attachment mechanism 81. More particularly, a projection on the end of the
second shaft 79 is keyed into a slot 84 on the attachment mechanism 81 so as to resist
rotation of the second shaft 79 relative to the attachment mechanism 81. Once the
electronic orientation monitor 82 has been calibrated, the implement 74 may be removed
from the cradle 72 and the second shaft 79 may be detached from the attachment
20 mechanism 81. This removes the following components from the brace 70: the second
shaft 79, the locking means 78, the first shaft 77 and the cradle 72. Removal of these
components allows the surgeon additional room to move and thereby lessens the risk of
the surgeon accidentally bumping or snagging any of the detached components whilst
performing the remainder of the operation.
25
The implement 74 that is depicted in figures 14 and 15 is adapted for use in
some minimally invasive surgical techniques. The electronic orientation monitor 82 of
this implement 74 is attached to the member 73 via a lockable universal joint 83, for
example a ball joint. Hence, when the lockable universal joint 83 is unlocked, the
30  electronic orientation monitor 82 may be manipulated into a desired orientation, for
example in order to ensure that the display array 26 will be visible to the surgeon whilst

inserting the acetabular cup 84 into the patient’s reamed acetabulum. It will be
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WO - 10 t Hean gelibrateg, the lockable universal joint 83 should remain locked until such time as

the prosthetic component 84 has been inserted into the patient. If the lockable universal
5 joint 83 is accidentally unlocked after calibration, the lockable universal joint 83 should

be re-locked and the calibration process commenced afresh.

In another embodiment (not illustrated) the display array 26 is tiltably mounted
on the electronic orientation monitor 2. This allows for adjustment of the angle from

10  which the display array 26 may be viewed without requiring re-orientation of the

remainder of the electronic orientation monitor 2.

Turning now to the final embodiment depicted in figure 16, the brace is identical
to that shown in figures 13 to 15, however the implement 90 differs. In this embodiment
15  the implement 90 is adapted for use in traditional open hip replacement surgical
procedures. The electronic orientation monitor 91 is attached to a first member 92 via a
lockable universal joint 93 that performs the same function as the lockable universal joint

83 which was described in relation to the preceding embodiment.

20 The first member 92 is attached to a second member 94 via a lockable angular
adjustment mechanism 95 having a locking releasement knob 98. The prosthetic
component, in the form of acetabular cup 96, is releasably attachable to a distal end of the
second member 94. An impaction surface 97 is disposed on the proximal end of the
second member 94.

25

Loosening of the locking releasement knob 98 unlocks the angular adjustment
mechanism 95. This allows for rotation of the second member 94 about an axis of
rotation that is parallel to the elongate axis of the first member 92. Rotation about this
axis allows for adjustment of the abduction angle at which the acetabular cup 96 is to be

30  inserted into the patient. Unlocking of the angular adjustment mechanism 95 also allows
for rotation of the second member 94 about an axis of rotation that is parallel to the

central axis of the locking releasement knob 98. Rotation about this axis allows for
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second members 92 and 94 in the desired angular configuration.

Next the surgeon calibrates the electronic orientation monitor 91 to establish the
reference orientation. The surgeon then moves the implement 90 and detaches the cradle
99, the first and second shafts 101 and 102 and the locking means 103 from the
attachment mechanism 100 to provide extra room to move. The acetabular cup 96 is then
10  positioned adjacent the patient’s reamed acetabulum and the orientation of the implement
90 is manipulated in accordance with the indication provided by the display array 26.
Once the subsequent orientation of the monitor 91 is equal to the reference orientation to
within the relevant tolerance, the monitor 91 provides an indication to the surgeon, who
then impacts a hammer against impaction surface 97 so as to impact the acetabular cup 96

15 into the patient’s reamed acetabulum.

Once the operation has been completed it is typically necessary to sterilise the
equipment so as to prepare for the next operation. One method for performing such
sterilisation is to place the equipment into an autoclave and heat it to a suitable

20  temperature and pressure for a pre-determined time period, for example 132°C at 30 psi
for 10 minutes. In order for the electronics contained within the electronic orientation
monitor 2 to survive being heated to this temperature some embodiments utilise outer
cases that are heat-proof or heat-resistant. This may also involve providing thermal
insulation at or near to the outer casing. An alternative or additional approach to

25  providing the heat resistance is to select the individual electronic components that are
used within the electronic orientation monitor 2 from amongst components that are

known to have a higher than average heat tolerance.

While a number of preferred embodiments have been described, it will be
30  appreciated by persons skilled in the art that numerous variations and/or modifications
may be made to the invention without departing from the spirit or scope of the invention
as broadly described. The present embodiments are, therefore, to be considered in all

respects as illustrative and not restrictive.
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that a supfequeq& orieptatiqn of the el ectronjg¢ riﬁntat'oq qnnitor i's
. . surgica OIFenta Han sgfte . according to c][al dw f:iremt € clectronic
gui ded towards the predefined relationshi reflative to the refrerence

ori ent at i adtientitiof nfdon$tof Biadapte®td LIfudt rBreBYSEH N AL O ki Gi SrowRiINY i108ed of t he
preceding clains wherein the electronic orientation nonitor includes at

| east one '6fIeNgA OfIFYAESH| sensor; an accel erometer; a gyroscope, a
magnet@met er and/ or an

3. A surgical orientation system according to claim 2 wherein said electronic
orientation monitor is adapted to acquire subsequent orientation information during

manipulation of the implement.

20 4. A surgical orientation system according to claim 3 wherein the electronic
orientation monitor is adapted to provide an indication when a subsequent orientation of
the electronic orientation monitor has a predefined relationship relative to the reference

orientation.

25 5. A surgical orientation system according to claim 4 wherein the electronic
orientation monitor is adapted to provide an indication so as to guide manipulation of the
implement such that a subsequent orientation of the electronic orientation monitor is

guided towards the predefined relationship relative to the reference orientation.

30 6. A surgical orientation system according to any one of the preceding claims
wherein the electronic orientation monitor includes at least one of:

an inertial sensor; an accelerometer; a gyroscope, a magnetometer and/or an



WO 2010/ 031111PCT/ AU2009/ 001213 27. inclinoneter. 7. A surgical
orientation systemaccording to any one of the preceding clains wherein the
r ef er encewpabrwosiriel udes a surface defining a referencePplfa200990183 A
surgical orientation systemaccording to claim7 wherein the surface is
part of a docking station adapted to receive the electronic orientation
monitor and to thereby orient the el eéfronic orientation nonitor into the
reference orientation. 1 09. A surgical orientation systemaccording to
claim8 mﬂg&ﬁhﬁhegpedocking station is rotatably di sposed on the brace.

10. A surglcé} orientation systemaccording to any one of the preceding
clains wherein the brace includes a novable jaw for clanpi ng engagenent
with the patient. 15 11. A surgical orientation systemaccording to claim
10 wher ei /-t he nbvagical pagptationdystemssaordingdo aay pnepithe pracpding elagds  sai d
novabl e | i it L0l NG i.ng engagenent

adj acent ?ﬁ%ggéﬁﬁgﬁ?%?kggﬁﬁﬁgﬁg%ﬂg?5&%&%&%%?2%%“%?%2%%3&.Sh system
accordibng to claim 11 wherein at | east one positioning pad is disposed at a
front end of the brace for c|anping engagenent adjacent the patient's. pubic
crest. %3 A %é‘tlréicéb‘i)“%ﬁt‘"it@ﬁtSé(ftF’@rf‘CE‘}Fg%“éﬁP& r—)d‘i"lilf'jelpéhfb?"é 3% PR udi ng

two furthefdZRRRSkdtiANURGePRARALS PRLEL iBhicRntafioN moRNe £d tb Agr&yyace for

cl anpi ng engagerrent adj acent the patient's anterior superior iliac spine.
14. A sur girzal therelestrbritioonnstist mwndeciotodtha gefeeneawiengdtiool ai ns 9, 10, 11, 12
and 13, wherein the rotatable docking station defines an axis of rotation
that is parallel to a plane 30containing said at | east one positioning pad

and saigd tow f urA ReliAPSiiddtanNg sPRdRcoMRe20 tMAIHIEE ThAMRRRY LA4E3 28.
includes a base extending internediate an§ i nterconnecting the front end
and the raaftabhyjdispesed opalsebiped. ng adapted in use to at |east partially
support the patient. 16. A surgical orientation systemaccording to claim
15 wherein said base conprises 5at |east two selectively interengag able

base nenbergs. 1A suricalbigmta@lonaykemtatodmeay ahe ohasiChE giddadih@climé m 11 and
12 wherein the brace includes an el gongate frame extendi ng internedi ate and
i nt er conne®hST#Y thrass BrludghymenaPle i Fas gtaniee ensapementovigathe Prfigife bei ng
adapted in use for disposition between the 10patient's legs. 18. A nethod
of assisting a surgeon to orient a prosthetic conponent relative to a
patient's Hnat ond suigiiatlonietthima systemudtnginghe ckimd$ vdierein the movable jaw is

disposed at a rear end of the brace, said movable jaw having at least one positioning pad

for clamping engagement adjacent the patient’s sacrum.

20 12 A surgical orientation system according to claim 11 wherein at least one
positioning pad is disposed at a front end of the brace for clamping engagement adjacent

the patient’s pubic crest.

13. A surgical orientation system according to claim 12 including two further
25  positioning pads disposed at the front end of the brace for clamping engagement adjacent

the patient’s anterior superior iliac spine.
14. A surgical orientation system according to each of claims 9, 10, 11, 12 and 13,
wherein the rotatable docking station defines an axis of rotation that is parallel to a plane

30  containing said at least one positioning pad and said two further positioning pads.

15. A surgical orientation system according to claim 11 and 12 wherein the brace



provi ding an i nplenent for rel easable attachment of a prosthetic conponent,
15sai d i npl enent having an electronic orientation nonitor disposed thereon;
r el easablwoabtozshiimg the patient to a brace so as to defPChAERIMGEI@NCE
point relative to said anatony, said reference point being disposed in use
externally of the patient; using the reference point to orient
the electronic orientation nonitor in8 a 2 Oreference orientation;

using the electronic orientation nonitor to acquire reference orientation

! nformati Ollnlcl\ll\lheisl zﬁl;atsé: P}ﬁtter?cﬁn%%{t?eﬁl%eeﬁ?a?e gnrcf i%@:tr tningcrh.né &he fron errrlgrglin %ealtei rne%dE he )
i mpl ement suchtha € prostheti1c conponent 'S &djacent sal d anatofy’ and,
25usi ng t haidehase béiafadapdéd RNfsatd ANed¥opartidlly suppbft@d pieiean i ndi cation when a
subsequent orientation of the electronic orientation nonitor has a

predefined relationship relative to the reference orientation. 19. A

met hod accgy di ngy ?s@rr%i:éaﬁé)ﬂétﬁﬁiofn%?gtjaﬁlrack&ﬁ%ﬁ?ﬁg @gliﬁlhg vg{e%}n géid %ﬁgé&ﬂﬂ}ﬁes

electronic 30 orieftation nonitor to pr e an indication so as to guide
mani pulbat i aveast twiolseleictipd] ¢ ilrerengagabletbast mambedsequent ori entati on of the

el ectronic orientation nmonitor is guided towards the predefined
relationship relative to the reference orientation. WO

2010/ 0311 LEPCT/ AUZRQRA OO0 htiod Yy steAc B0 REGANTI NG 15 Qvifh@h Meliffaly 19

further including a step of ascértaining a neutral pelvic tilt angle of the
pat ent' s petludes sardongtedid mygexttralingintarmedietepuidrintetypnagrtiap gheefredrenéspd ondi ng

t id t | | vi tilt le. 5 21 .net hod ~di t | ai 20
Wher ol n ¢ rté iy oRE by Gidante, R Being aipied i Bg OF aR PSRl AT ES e the

patent’os PRkivhss lepg! udes formng an x-ray inmage of the patient's pelvis as
viewed fromthe side and ascertaining fromthe x-ray inage an angl e between
a line representing the vertical and a |ine extending fromthe patient's

anterior syperiof iliac.l Ospine to the patient s pubic crest, .Dafed: 15th
Sept enber 2009 ogler}% ye, igﬁy H & Pat 8nt At OF neys, TR f‘lﬁ
patient’s anatomy, said method including the steps of:
providing an implement for releasable attachment of a prosthetic component,
15  said implement having an electronic orientation monitor disposed thereon;
releasably attaching the patient to a brace so as to define a reference point
relative to said anatomy, said reference point being disposed in use externally of the
patient;
using the reference point to orient the electronic orientation monitor into a
20  reference orientation;
using the electronic orientation monitor to acquire reference orientation
information whilst in the reference orientation;
manipulating the implement such that the prosthetic component is adjacent said
anatomy and;
25 using the electronic orientation monitor to provide an indication when a
subsequent orientation of the electronic orientation monitor has a predefined relationship

relative to the reference orientation.

19. A method according to claim 18 further including the step of using the electronic
30  orientation monitor to provide an indication so as to guide manipulation of the implement
such that a subsequent orientation of the electronic orientation monitor is guided towards

the predefined relationship relative to the reference orientation.
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29.

20 A method according to claim 18 or 19 further including a step of ascertaining a
neutral pelvic tilt angle of the patent’s pelvis and rotating the reference point by an angle

corresponding to said neutral pelvic tilt angle.

21. A method according to claim 20 wherein the step of ascertaining a neutral pelvic
tilt angle of the patent’s pelvis includes forming an x-ray image of the patient’s pelvis as
viewed from the side and ascertaining from the x-ray image an angle between a line
representing the vertical and a line extending from the patient’s anterior superior iliac

spine to the patient’s pubic crest.
Dated: 15" September 2009
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