WO 2010/031111PCT/MJ2009/0W 213 1. A SURGICAL ORIENTATION SYSTEM AND
ASSOCIAWRMREHAPD 7 FIELD OF THE INVENTION The presenpiavaptian iRiatas to surgical
implements and surgical methods and in particular to an orientation system and method for use in
surgical procedures, for example surgery involving prosthetic components. 10 BACKGROUND OF
THE INVENTION Whilst the following discuskion is with respect to hip replacement surgery, a
person skilled in the art will appreciate that the present invention is not limited to this particular field of
use and may be adapted to use with any bone structure or various types of surgery. 15 Hip
replacement surgery involves the use of a prosthetic cup (acetabular cup) or a prosthetic ball (femoral
stems) or both to restore the ball and cup joint functionality of the hip. The ball and cup joint enables
the hip to rotatd/RGKSENORIENEASIODR R ISI S ra 28 i T ASEETAETHI(HY, limited rotation of
a knee joint). 20 In 2001, approximately 165,000 total hip replacements were performed,
according t%@i@@@ﬁﬁgﬁwqﬁ@@ﬁﬁdemy 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 25sufficient access for the surgeon to manually
access and manipulgie fhe bipianchiRmyEIAPOStIElG Cib WA Altached 18 dhe-im seckss af the head
of the femur removed and replaced with a prosthetic ball, or both. After the incision is made, the
ligaments aRd HsULEEsBreriasiatety i aIvY RebukithasnibsseEsiormnessrfssior tremmdoint. Iris
typically thi§ﬂ%grgfiﬁ%]§g{§§ﬂgsm@ﬁm {igaments and muscles somewhat weak after surgery.
Until they heal which WO 2010/031111PCT/MI2009/001213 often takes about a month to six weeks,
the patient must follow special hip precautions to prevent dislocation of the new hip joint. Typical steps
in hip replageMeRiGRIGENT G dgthafoligwipenN Removing the Femoral Head: Once the hip joint

is entered, the femoral head is dislocated from the acetabulum. Then the femoral head is removed by
cutting through the oral necﬁwith a power,saw. Reaming the .CQ\%%Eulum: After the femoral head
o romoved. e car N STV e AUCt A YO A Qe SEAhG S28bedal reamer

The reamerpkdfenrgisitiag Home in: aviieapispiericdl shap prigeexactibhiivine metahshaltofithe acetabular

particular field of use and may be adapted to use with any bone structure or various types

of surgery.
15
Hip replacement surgery involves the use of a prosthetic cup (acetabular cup) or
a prosthetic ball (femoral stems) or both to restore the ball and cup joint 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 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



component. Inserting the Acetabular Component: A trial component, which is an exact duplicate of

the patien{gdgBfRsthgsis. is used to ensure that the joint received will bptha, fighosige and fit. Once
the right size and shape is determined for the acetabulum, the 1 R acetabular component is inserted

into place. In the uncemented variety of artificial hip replacement, the metal shell is simply held in
place by the tightness of the fit or with screws to Bold the metal shell in place. In the cemented variety,
a special epoxy type cement is used to "glue"” the acetabular component to the bone. Preparing the

Femoral Canal, T begin (epIAciNg 15%iEMATAl hras ARRGiRkP R IASPS AL AR 1R Sl1ARR:aRd hollow
b

out the femur to the exact shape of the metal stem ‘'of the femoral component."Once agalin, a trial
component iseysaddislesisine ahtheorwdtigixadnd 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 25uncemented variety of
femoral_ component Yhisstetepisindia ispiecadn tegightnedothnéotioimipghe bone (similar to the

riton hat Pl el RN ARIYUES 1900 BRIl slohi el ameter

than the nail). In the cemen emoral canal is rasped to a size slightly larger than the
femoral stens.diierntbibfepoxheyppetdarhvent iBhgsdtettehiond tradretahsteed ty thethenibragAttaching

the Femorakﬂ%@?ﬂ%é&?@ltﬁ%‘?@\%{ﬁmces the femoral head is attached to the femoral stem. The
Completed Hip Replacement: Before the incision is closed, an x-ray is WO

2010/031111PCT/ARg00012 the maatangmtoﬁéﬂzé@ﬁ@nﬁ@wpiﬁamwjéhﬁ ehdilegeréct position.
Such surgety, had.g HHgB\I@% %e%{fﬁ’;%lﬁggﬁ s'i%%'éigm&éradﬂﬁ%%'&ai §F@_¥iﬂf1@aﬁ%@rd% QL JHafe

post-operative pain and weeks G llitation; each cm of incision has a tenfold increase in the risks
of bloéd clofitngsihd hefection ipostspbegieny shaet thexsutheohtivanealishelbnitis expelivlee and eye to
ensure accyrgte placement of the cup into the three dimensional hip socket and alignment of the cup

with the 10ball/femur to enable proper function of the joint. Misalignment may lead to post
Inserting the Acetabular Component: A trial component, which is an exact

duplicate of the patient’s hip prosthesis, is used to ensure that the joint received will be
the right size and fit. Once the right size and shape is determined for the acetabulum, the
15  acetabular component is inserted into place. In the uncemented variety of artificial hip
replacement, the metal shell is simply held in place by the tightness of the fit or with
screws to hold the metal shell in place. In the cemented variety, a special epoxy type
cement is used to “glue” the acetabular component to the bone.
Preparing the Femoral Canal: To begin replacing the femoral head, special
20  rasps are used to shape and hollow out the femur to the exact shape of the metal stem of
the femoral component. Once again, a trial component is used to ensure the correct size
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



operative complication such as misalignment of the leg, incorrect leg length and/or incorrect soft tissue

tension. TRedogey g ¢ffects of misaligned pros etic components can alsgdpgluds a6elprated wear
of the components, aseptic loosening of the components and potentially early repetition of the surgery.

| 5 Attempts to overcome these problems include: WO 2003/037192 which discloses a jig (impaction
tool) for use in bone surgery and thus enables the3use 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. 2 00ther

benefits inclyde g shofterstayin, gfomtggtﬂggg, i?lﬂf)@xéoﬁré‘égﬁo%ﬂ%nfewer postoperative dislocations
2 : .

and faster recovery; and WO 2005/0464 75 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 hgg%%ﬁqﬁgg ﬂﬁ&g&kﬁc% 5{;@&%9{@%{@% the ball Hand cup, The gauge
e [ el

provided in WO 200 1t as ena efficient use o yaction tool of WO 2003/037192.
Commercial examplbssipicilidathe Mikéalay$iprSystenpavaitainie ropaiMAGC Seelica]l. However, the
gauge gnly works il%ﬁ o] %gﬁigy,ensions and there is still a heavy reliance on the surgeon's eye and
experience for optima p}acemént of the cup into the hip. There is thus a need to further aids to
assist the surgeon chstirgnsaft gedyios UMM AR I ndiddsd MRS blood dogiap abject of the
present invention t? pvercome, orrs%pst%%ially ameliorate, 50ne or more of the disadvantages of the
prior art, or to prowBe S St alteraive. According to a first aspect of the invention there is

provided a surgicatiggiantaitansystammfiosraissistiperisid geoBylo @Rt prosthetitoempandnt relative
to a patient's anatog

, the system including: 10an implement for releasable attachment of a prosthetic
component: an eleHFJHIE BHAMEEHHBFHOS SRAHA S (A HABEH LAY SBIHLA fOFreloasable

attachngent to the pali¢fehsn asdeatkefine meréiarenoeopdiatjsiatingital saithanatamisathe reference point

being disposed in use externally of the patient and heing adapted for qrientation of the_electronic
ortntation monitor At5 4 FSyRACFEA B REAIGH. L ERTIH I he IO, REBHECt g I

and/or incorrect soft tissue tension. The long term effects of misaligned prosthetic
components can also include accelerated wear of the components, aseptic
loosening of the components and potentially early repetition of the surgery.
15
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.



wherein the electronic orientation monitor is adapted to acquire reference orientation information whilst

in the reference orientation, and wherein the electronic orientation monitor is adapted to acquire
subsequent orientation information during manipulation of the implement whilst the implement is
20physically separate fmm the brace. k an @mbodiment the electronic orientation monitor is also

adapted to provide an indication when a subsequent orientation of the electronic orientation monitor
has a predefined rei tionship relative to the refetence orientation. Optjonally, the electronic orientation
monitor may be ad EF@%W%%%%‘&%M%& iSHE%BOa@St‘Stgﬁer(félrﬁ%’r‘;i)élﬂfﬁ%ﬂl%'the implement such
that a subsequent orientation of the electronic orientation monitor is guided towards the predefined
relationship, relative tq the reference orientation. The electronic orientation monitor may include at
least one oP A VAR angﬁgmpé]r%eter; a gyroscope, a magnetometer and/or an
inclinometer. 30 In an embodiment the reference point includes a surface defining a reference plane.
This WO 2010/03]1%.11PCT/A 298%/0012]13 surfgcg E%)é be E}art of agd?cI%i station aglapted to
receive the electronlésoar?e%% foR MOmISy and o there Oy orient the ereCt BRI oidRtAlBA Fhonitor into
the referenoecosiantatiofi tlin diseiemizxpdinoéitidipe cloaking wiatiorids satatfibbitdisposed on the brace.

In an embodiment the brace includes a movable jaw for clamping engagement with the patient. The
movable jaw may be disposed at a rear end of the brace and have at least one positioning pad for
clamping engagemartadjaganttfiespatpent s ftherinveniiois thand adbroeided|saunghkaties at least one
positioning é)ad gis oseo{ at frongs%rﬁd of theeglrrlatceofor (%lamxjé"%l?ein agement agj%'ﬁcertlt the patient's
pubic crest. WO ﬁrfh%'rspeg}si ?5r§|sr§g pa%% Slufﬁnay e Félpgsne SHTTHCHBROBRY B thEDihde for
clamping engagenentadiactrtsyrepatiehidianterior superior iliac spine. For the embodiment having a
rotataple docking station, the axis of rotatign is preferably parallel to a plane containing the at least one
posit%b(rjling pad andafh%%nﬁr}{r%? rp?({)%z}%{%f:n%%ﬁ% sc%oiﬁr? ER lo%ﬁ‘r%%‘r’n BP?ﬁgpbrace includes a base
extending intermedatelestcbiritertentatioting diiéofr ettt eradlanc thramederead; s&id base being adapted in

use to at least partigl%ascu ort a%a%?éig{%}mﬁ;%};%r b%/Le

! g hase.campisgs atigasting selectively
interengagable base members. An alternative embodinient dispenses wi e base and instead

includes anrelatigate faithas atsten ding ¢fitemmee gizite bad gritisposah actismettiecfidht & Gend and the rear
end, the el rame.bein i for dispositi he patient's legs.

ocording B LA OR BBUTBRER rgeon o
orienf& prostfretecesmipaatot.relative to a patient's anatomy, said method including the steps of: 2

Sproviding an implepent {oprelsasaile ARENMGI LA RIS LRIPARR Ve ference

orientation information whilst in the reference orientation, and
wherein the electronic orientation monitor is adapted to acquire subsequent
orientation information during manipulation of the implement whilst the implement is
20  physically separate from the brace. ’
In an 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
25  of the implement such that a subsequent orientation of the electronic orientation monitor

1s 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
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said implement having an electronic orientation monitor disposed thereon; releasably attaching

the patien{ylg s, Ri3se $P as to define a reference point relative to said angiefi sRhIgIesence point
being disposed in use externally of the patient; 3 Ousing the reference point to orient the electronic

orientation monitor into a reference orientation; using the electronic orientation monitor to acquire
reference orientation 6. information whilst in the feference orientation; manipulating the
implement whilst the implement is physically separate from the brace such that the prosthetic

component 5 AFIPGERSALANROMY AN S0 it RiEGY S0l oL aaendRANIiBn g Ripvide an

indication when a 5subsequent orientation of the electronic orientation monitor has a predefined
relationshiprerativertd thehesfdre aoevrien eaeidrenAnosistdHEIsRpraes stiathe @leretisis method is use of

the e'GCUOﬂA%&g%@&%ﬁ on%f@&@s%&%ﬁf&vg%&ﬂg 'g@gg@ﬁ&s&ﬁ& g&gg&sgaao%i%%ﬁig&.qf the
implement such that a 10subsequent orientation ofthe electronic orientation monitor Is guided towards
the predefined relationship relative to the reference orientation. Another optional step associated

with this method indlydes &isigppbesreralyng AaaUanebic; il AdlR.AbIhe ARiERisRelviS and
rotating the reference point by an 15angle corresponding to the neutral pelvictilt angle. Preferably the
step of asceridlirihrgpativautrihpehdvabiicdmgleay Heedpmensdsapeds iduddbefbrasiepdh avead image of

the patient'selVis.a% Vgweafiom F&%ﬁg%ﬁ%%@i&%ﬁ@ﬂ!%ﬁ%& the XafRYHNagR,aD gigle between a

line representing the vertical and a line extending from the patient's anterior superior iliac spine to the
patient's pubiebodisienialso inglpdedistlessionopeidtomenradadispasraieriafsodiayided, thetlirkss or the like

which has %?.@Mﬁwggﬂgagyﬁléy@ﬁjiﬁ%ﬂ@alézpr%@% r{?{ﬁ%ﬁ BuEpose oFREViding e contgxh for the

present invention. It Isnotto be taken as an a at any or all of these matters form part of the
prior &rd bageayrbwelisposedraoigénetainkrdihe dyecinthe fiolding evartao 2B ibapeas it invention as it

existed in Aﬁﬁ@kas 95@1?%?5%9@195@ &Bﬁl@ rpgityrdate i diine having a rotatable docking

station, the axis of rotation is preferably parallel to a plane containing the at least one

positioning pad and the two further positioning pads.

15 An embodiment of the brace includes a base extending intermediate and
interconnecting the front end and the rear end, said base being adapted in use to at least
partially support the patient. Preferably the base comprises at least two selectively
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



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 30element, 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. Wg§) 2010/031111PCT/AU2009/001213 7. The
features and advantages of the present invention will become further apparent from the following

detailed descyiption of preferreﬁ?gj_n%?odiments, rovided by way of example only, together with the
accompany MGG SO S BRI BEGERIBFIBRPBF THE ACCOMPANYING DRAWINGS

Figure 1 is a perspesiiupuigvecha hrptader vaslasia paglehte prsfosediepatinaaofithe present
invention; Figure 2 is a side view of the brace or_fi%gmrg I; Figure 3 is a plan view of the brace of figure I;

10Figure 4 PasSs S G RIORSTS OB R BB SRS EBEHERHIRSAG: for use as a part of the

preferred embodimgghekibeIpEaSait dxna@niiam migite biproideuit diagrshaiibe £lectronic
orientation monitor; _ Figure 6 is a schematic side view of the electronic orientation monitor

showiry th&I§SEat RRBLREIR Afitfsc e PRI RenR BrtHe MdRrd e g o psidn

perspectiveryigw s owing Rr:ses kerdimenof an electronic orientation monitor attached to an
implement for releasable attachment of a prosthetic component; Figure 8 is a schematic side view

depicting a measurement of a patient's angle of pelvic tilt; 20Figure 9 is a perspective view of an
alternative embodimengicadiraes abigeigciGishatafnsdpyipwef shtberetrotitghientition

monitor to provide an indication so as to guide manipulation of the implement such that a
10  subsequent orientation of the electronic orientation monitor is guided towards the

predefined relationship 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 aécertaining 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.
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Figure 11 is a plan view of the brace of figure 9; Figure 12 is another perspective view of the brace of

figure 9; Hgarey o3l A Perspective view of another embodiment of a bracg:2alpigidsadd 15 a
perspective view of the embodiment of the brace from figure 13, along with an implement for

releasable attachment of a prosthetic component; Figure 15 is another perspective depiction of
the brace and implement shown in figure 14; and 7. Figure 16 is a perspective view of yet another
embodiment of a brace with yet 30another embodiment of an implement for releasable attachment of a

prosthetic comporiefh. Wi 29193 PETIAZIRIANIZLA R DT AL BR.BESERIPTION OF

PREFERRED EMBODIMENTS OF THE INVENTION Referning to the drawings, the surgical
orientation gyseepnidithe thedsdarsnadaiaideridaseantion assistriged surppsbmaeptorienyidqstdsthetic

component el HY%JQI&%'&%%???EQ&@W@%@&8&%&1@%‘{5@{ v, the system comprises the

following components: "an implenient I, as shown in , for rel€asable attachment of a prosthetic
component; 1 0 an electronic orientation monitor 2, as shown in figure 7 attached to the implement | (a

cross-sectigp P SelaPT RIS GHIHBARGNIPeYING ISRIRiieAl: & figure 6 and circuit

diagrams are provided in figures 4 and 5); and a brace 3 as shown in figures 1,2and 3. 15 The
brace 3 is releasably attachable to the patient so as to define a reference point 4 relative to the

patient's anatomy. TigRferenceRoKds exiesNalRhdBeRAERS a part of the preferred
embodiment of the present invention,
Figure 2 is a side view of the brace of figure 1;
Figure 3 is a plan view of the brace of figure 1;

10 Figure 4 is a schematic circuit layout of an electronic orientation monitor for use

as a part of the preferred embodiment of the present invention;

Figure 5 is a circuit diagram of the electronic orientation monitor;

Figure 6 is a schematic side view of the electronic orientation monitor showing
the physical layout of various electrical components of the monitor;

15 Figure 7 is a perspective view showing an embodiment of an electronic
orientation monitor attached to an implement for releasable attachment of a prosthetic
component;

Figure 8 is a schematic side view depicting a measurement of a patient’s angle
of pelvic tilt;

20 Figure 9 is a perspective view of an alternative embodiment of a brace;

Figure 10 is a left-side view of the brace of figure 9;

Figure 11 is a plan view of the brace of figure 9;

Figure 12 is another perspective view of the brace of figure 9;
Figure 13 is a perspective view of another embodiment of a brace;

25 Figure 14 is a perspective view of the embodiment of the brace from figure 13,
along with an implement for releasable attachment of a prosthetic 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.



and is used to orient the electronic orientation monitor 2 into a reference orientation. Whilst in this
orientatioRyie @ pei@nic orientation monitor 2 acquires reference 20orientgsirybntersoaiian 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-shap&d docking station 6, which is dimensioned to snugly
receive the electronic orientation monitor 2. This orients the electronic orientation monitor 2 into the
25reference 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 eB3ditidabiD BRGRIBTIQYifel IRBESRRERIFYEBPBVEONoH EH) T8¢8te an acetabular
cup into a reagAefpggRbUluM during hip surgery, such as total or partial hip replacements or
revisions. When used in this context, the brace 3 WO 2010/031111PCT/AU2009/001213 9. clamps
adjacent to the patient's pelvis. The patient is supported by the base 13 of the brace 3, on his or her

side, with the acetaRuiumthab i;baiag eReraledupen tothadem Wibrelewrpseterthe perspective

view of the brace 3 shown in figure 1, the patient's head would be positioned to the right hand side of
the brate 3iBFNiRE patisst TSt \WHAE BB BHISIAGHER TS MesBRIGLIEBRIEN relatitiddrace 3 includes

2 movableigySwhichs Rlalahl dispasedab ot aad oba shalhe iabis ibisadadiangaged with a

flange 10 disposed on a side wal at the rear end of the brace 3. A manual drive wheel 12 is fixedly
disposed atcgiereppdsite end of 10the shaft 9 to allow for screwing adjustment of the position of the

movable jaw 8 relative jo the sidewall il { ke NRYARIeJRW Shasipastioniaghad dfwhich is
clamped adjacent to the patient's sacrum. Three positioning pads (16, 17 and 18) are disposed in a

triangular arrangement on Eﬁ@@ﬁﬁ@ﬁ@@ﬁ@@%ﬁll_ﬁ at the front end of the brace 3. Positioning pad 16
clampsyadjacent to the patiantis PURIE Ciest AR HRNNG-PAYS ho @R L) B LAMR AdIpRRfEO the

patient's anterior superior iliac spine. Hence, once properly clamped, the brace 3 assumes a
known physical relationshipneleitivattd therpstissntncédio lgaitaniherisfope s6l oM Bocking

siation 6 that Is part of the fiacg & AlsR.assHMEsA NN PEYSIRRLISIRIBOSIIR FRAlEIP the

20patient's acetabulum and this known physical rélationship is used along with the electronic
orientation monitor 2 in suthgaterehesdrigicatdteps as described below to assist in the accurate

orientatiqn of 'Fhe prosthoeti(%:1 acet ?Lélsaghcol{,?)nrﬁﬁ%\{%g 1thf A’ﬁ&imed acetabulum. 25The calibration
process is typically performec{w ist the electroriic orientation
15

The brace 3 is releasably attachable to the patient so as to define a reference
point 4 relative to the patient’s anatomy. This reference point 4 is external of the patient
and is used to orient the electronic orientation monitor 2 into a reference orientation.
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 elecﬁonic
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



monitor 2 is attached to the implement 1. An arm 19 extends diagonally upwardly from the front
sidewall 1g,6f4\@/05868 3 and has a cradle 20 disposed at a distal end. ThergsadiRofdisishaped 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 306. Whilst the monitor 2 is docked, the surgeon
or an assistant presses the calibration button 22 #hd the electronic orientation monitor acquires the
reference orientation information required for calibration of the monitor 2 to the reference orientation.

This WO 20LHISALIERRIRONHIAR DA, InfRrpiatian s dannedei HPeRhesqid of a number

of sensors disposed within the electronic orientation monitor 2, which are capable of monitoring the
physical oriéritegidncof tiseontsnitisie2 WitthilescagtsbrBiBh a6 PriesaRsia e 8end Sthtddhtegrated

circuits (mi;\@}gg%%Qi@g%%%%gﬁ%%@%%@yéﬁma&@éf%ﬁwﬁ atigus ingrlialsRABQrRauCh as a

gyroscope DXR , rovides an output signal that is dependent upon a rate of rotation

about its veneaseorisiaerit s thasisbtanadeadiing Rebesetiang drapigat bécfitidbYea filter

which ig buiﬁﬁf&&%'&%@%&@ﬁm infigure 5. This signal is integrated over 10time 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 (ARXL213)s whichXSfupctions as3nRRINRMAtRIbRr dit3eBsar atPREO¥ide an output

signal that is dependent upon the inclination of the accelerometer 24 relative to the local gravitational

field. This prbefi@sirafiiantucpied sinsssefmich ardasesole disaatrslope fadedirdtty & therear
microprocessar 32wt anw fillering £OI0 eIV SR AR QLIRE SERSIFS d@Iso be

utilized, such as a magnetometer 25, for example, which provides an output signal that is dependent
upon fHe dirdetidnafoOthealdesl fnvagratio ialininsthicechsrnsitiehes, thel seewbiuitiber SHAG? range of
types of sen3afs may REIEMPIOYEd JABINAIN SaUE hiRIE Jeuarehis 19 SRRWR H1akihe electronic

orientation module 2 has a sufficient number and range of types of 25sensors to provide an acceptable
level of spatidiasdehtattbn ratentFcsrovan ah hiee dptabrainmpaiaie. DlantylSamraithrsaditeterence

orientation iaﬁa&g@%&)gﬁ@&%&%ﬁ&%@eQ%@ia_g%@afm%mgyfr&ﬁ%eaah@mcggring manipulation

of the implement 1 3 O(which, in turn causes re-orientation of the monitor 2 that is attached to the
implement I apigonbarRl 6ohtmpesdineey i dhsunssieqtientbisertstidir tHoRmaRAMS THigbsequent

orientation informationiis campared Miththesiredsrigisrae Okigntation information and

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



0 2010/031111.PCTAI12009/001213 11. the results of the comparison arc used to determine an

output for @igplgy #pQran array of light emitting diodes (LEDs) 26 that is gligpggeshsm s {ace of the
monitor 2. The array of LEDs 26 is driven by the monitor circuitry as shown in figures 4 and 5 to

provide an indication to the surgeon when the subsequent orientation of the monitor 2 has a
5predefined relationship relative to the reference drientation. This indication is provided by lighting a
green LED that is centrally disposed within the LED array 26. In the preferred embodiment the

predefined [lalgRSHIPR ISR I YAHR SBIGASTINRLIBIANES SIOWRNE NAthRT bodiments

other relationships, such as the 10 current orientation forming a predefined angle relative to the
reference piasrireaigioninsapeadeaniser tleraisbaudorpxalimpienenipiee il Ay sTReOITB iR is

selected degiegﬁg &W&r?qﬁetgggigggéﬁ%gt;yity and the desired accuracy of orientation. A typical
int I

tolerance use e preterred embodiment is to within 1, 2 or 3 degrees. 15In another embodiment
which dispenses with the need for a memory, the outputs of the sensors are zeroed during calibration.

These gutputs then-assuipe nofZespvalnes-during subseauentmanirylatieriefihe implement 1 and

attached monitor 2. During the subsequent manipulation, the sensor outputs are monitored to check
whether theineghidsdletyrtams)znd el vdehiarthes rakaliahtapleraneds s WRRIpPoaldes return to zero,

it 20means thay M Menitehhas,asaHRed Birfaferansamarerigionand amindicationisypvided to the
surgeon viaEthe gree@r?%PED P The monitorﬂz IS E%%Nered tr)g@g rechargﬁeé;lble 9 volt battery 28 and

includes anBwefisws 29xincloratdisphotrarhepRilinidBIo deissHEaa Tustbe 61BTrA. sold by
25Microchih AN A, AINRIBREHIAIREE. o R AAHEY AR FepRAGE AR Kl wak power

source via an inductive coupling arrangement. As best shown in figure 8, the architecture of the
monitdP congisessofa upndefof sheemitgiyiiregeonmscretievelBheteshwfiwhichdHas e or more of

the compongpts teauirethforhe AParaton af the-NeniRn %A RN iting sxamele £f the,BASIC code

for programming of the microprocessor 32 is 3 Oset out below in Anne.xure A. This programme is
compiled ariseRedhifito the microcontroller 32 as protected code. The electronics for the monitor 2
are housed within a hermetically sealed outer casing 7. WO 2010/031111PCT/AU2009/001213 12.

The main electrical components shown in the circuit diagram of figure 5 are as ,
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



follows: SENSORS IA: Dual axis Accelerometer - ADXL213EB U2: Angular Rate Gyroscope -

ADXRS15QBINAESFRATED CIRCUITS ICI: CMOS Op Amp - Uv16062 d@Ka2iMisEe15@ntroller -
PIC16F877A IC3: Voltage Regulator - LM7805T 1C4: Voltage Regulator - LM78L05CZ RESISTORS
RI, R4: 100K, 0,25W, Metal Film R2, R3: 47K, 0.25W, Metal Film R5, R7: 22K, 0.25W, Metal Film
R6, RS: 1K5, 0.25W, Metal Film R8-R22: 100K, 0125W, Metal Film 20Viii: Cermet Tiimpot - 10K
CAPACITORS ClI, C2: 10uF 16V, Tant C3, C7, C9: 22uF, 16V, Tant 25C4: | uF, 50V, Cer C5:

au7k, 16V. famdfs ga&ﬁ)\{] LA BHEEMIAT NG %8%%1%9 g%‘h AR PI, D12:

LEDs - 5mm, Super Brig t Re 2, D3, D6, D7, D10, D11: LEDs - 5min, Super Bright, Yellow D21,
1)22: LEDsh@mmgummw{tL@Eééaﬂwms@ Qﬁstezb@@mfta@mﬁmm%mrﬁus?hswmof SPST Sw:

Toggle SWi'fﬁljS%%J&%Eﬁ%ﬂ&,@’mg&ﬁ&)’&%&%@ as shown in figures 4 and 5 to provide an

indication to the surgeon when the subsequent orientation of the monitor 2 has a
5  predefined relationship relative to the reference orientation. This indication is provided

by lighting a green LED that is centrally disposed within the LED array 26.

In the preferred embodiment the predefined relationship is equality to within a
predefined tolerance. However, in other embodiments other relationships, such as the
10  current orientation forming a predefined angle relative to the reference plane to within a
predefined tolerance, for example, may be utilized. The tolerance is selected dependant
upon the desired sensitivity and the desired accuracy of orientation. A typical tolerance

used in the preferred embodiment is to within 1, 2 or 3 degrees.

15 In another embodiment which dispenses with the need for a memory, the outputs
of the sensors are zeroed during calibration. These outputs then assume non-zero values
during subsequent manipulation of the implement 1 and attached monitor 2. During the
subsequent manipulation, the sensor outputs are monitored to check whether their values
return to zero (to within the relevant tolerances). When the values return to zero, it

20  means that the monitor has assumed the reference orientation and an indication is

provided to the surgeon via the green LED.

The monitor 2 is powered by a rechargeable 9 volt battery 28 and includes an
on/off switch 29, one or more programmable microprocessors 32 (PIC16F877A, sold by
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 1s 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.



40As described in the preceding paragraphs, during manipulation of the implement 1, the monitor 2
provides adn@igatiamto the surgeon when a subsequent orientation of the-mepapddisesiual to the
reference orientation to within the relevant tolerance by illuminating a green LED. The relative
geometry of the brace 3 (including the docking WO 2010/0311UPCT/AU2009/001213 13. station 6,
and the angle at which the acetabular cup is conhécted to the implement 1) is selected such that the
indication is provided to the surgeon when the acetabular cup is in an anatomically desirable
orientation for insertion into the reamed acetabulutin. Hence, when the cup is positioned adjacent the
reamed acetabulum, and the indication is given, 3the surgeon impacts the cup into the reamed
acetabulum. Whilst the faistelestiiephsoriprept el iselst irDY fagravidé deisuaifditation to the
surgeon, it wifj he,appreciated that any other suitable display means may be utilized. For example, the
LED array 26 may be replaced with a Liquid Crystal 10Display that is adapted to display an indication
to assist the surg@BN¥®Echieve the desired orientation, such as an arrow, a pointer, a bubble, or the
like. 5 Inan akdmadvgd ertbOeMERNRSE itlustated) RS hardware used to provide a visual
indication to the $lfgebreidaidtalispossaas théBiERPdAlESrientation monitor 2. 15Rather, the
electronic orientation monitor 2 communicates data to drive a display on a remote display means, such
as a monitor, whibNFB@RASERYC AR 38 Pabove the patient within a convenient line of sight for the
surgeon. It will bé@b?p Q@@Bﬁﬁ’@se%%ﬁ@@%n the art that the type of communication must be
non-ifviasive so d686 AP iRETiisg WK &S drdctronic equipment that may be present in the
operating theatrel §3 o Keeh R atil-MaAsddiment, the communication is via a wireless protocol
for exchanging dafftovéelispdesikioncd pérebRalarea network. An example of such a wireless
protocol is known to those skilled in the art as "Blue Tooth". The use of a remote display such as a
monitor allows foRIBIEHeRfed visual indications to be provided to the surgeon. It also avoids the
possiBifity that m&HipBridABEtAe iMpIMashElMay rotate the array of 25tight emitting diodes (LEDs)
26 that would othBRviBa:be7HisPasdd, dhctabldlartronic orientation monitor 2 out of the line of sight of
the surgeon. AnoliarbivaAkade2ad€eMateldbilith separating the display from the electronic orientation
monitor 2 is that décR&nid&AetessinMeidiVEthe display does not have to be sterilized between
operations. Such%&ﬁ%ﬂé@p&&@é Mttahfitvvive the use of high temperatures, 3 Owhich may
damagé some ofWél@@t?@ﬁFcTéBﬁ?ﬁbné% in the display. Yet another embodiment of the electronic

orientation monitor incorporates a
CAPACITORS

C1, C2: 10uF, 16V, Tant

C3, C7,C9: 22uF, 16V, Tant
25 C4: 1uF, 50V, Cer

C5: 4u7F, 16V, Tant

C6, C8: 100uF, 16V, Tant

LIGHT EMITTING DIODES

30 D1, D4, D5, D8, D9, D12: LEDs — Smm, Super Bright, Red
D2, D3, D6, D7, D10, D11: LEDs — Smm, Super Bright, Yellow
D21, D22: LEDs ~ Smm, Super Bright, Green

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



WO 2010/031111PCT/AU2009/001213 14, speaker to provide an audible indication to the surgeon to
assist in thygpofigsiatieny process. In this embodiment the audible indicatiopcagrsisi® b g 3eeping noise,
with the frequency of the beeping increasing as the surgeon manipulates the implement towards to the
desired orientation for insertion into the reamed acetabutum. Whilst the desired 5orientation is being
maintained to within the relevant tolerances, the b&eping noise changes to a constant tone to indicate
to the surgeon that the acetabulum is correctly oriented for insertion into the patient. The assistance

provided togthesusoean Ry thgisystercrlithefreinraddparbabineniadvantisearusly)alows accurate

orientation of the acetabular cup despite the minimal vision of the acetabulum afforded by minimally

invasive sufgiegFtertidadhsenisaiveihaievidedderiiesstrer whrashenesrer e R Mbbdiment
advantageqysly allaws fry accuiate.pHsRiaicR Pl g @seirRUIR uR desritethadimitedadsibility

afforded to the surgeon through a relatively short incision. In addition to providing the surgeon

with an inditag8ihwIsER theadBigred adierratitls isamschrsq By ivmmanstilg tRE Giauhit EM°4s described

above gthe m@@gg@@@mﬁ%{mg%@?&g@@q@mig@mo as to guide manipulation of the
implement 1 towards the desired orientation. This minimizes the guess work and time required to

20manipulate the implement | into the desired orientation. This indication is provided '4, a the LED

display array 26, whigh gxtensiait-a&oupip ahiirections Jsepseerihthe prRIRERIuMUS be rotated in
a specific rotational direction to achieve the desired orientation, then a LED indicative of that rotational

direction is indifatiatetp thaesHrRgaRdS GRS ARMRRAEY PRED RO SEBRIFAEPIRE BR2RF 4 dicative of

the amountpf (piptian 2Rreduirad t@achisve e desiredorigniationihiensguasthgdmplement 1 is
rotated progressively closer to the desired orientation, LEDs that are progressively closer to the centre

of thelarrayDispss thamifrmsterichbisnanyntdicoiion & iust o sergsariivehénihanssiitt of rotation

required to gﬁ@@g@omesgg%eg&wgy%h%%%@g bE#s indicate that a large rotation is required
and yellow LEDs indicate that a lesser amount of 30 rotation is required. When the implement 1 is in

the desired orientation at least, to within the relevant tolerance), the central green LED is illuminated to

indicate to the surggpn thatthe-RcallaRRMP MANIRRIRArIRd INOIhR acaiabyhsmdelp.  For

maximum possible accuracy, the monitor 2 should not be moved around more than necessary once it

has been caliBtat e iaHARARANG SHRECamME BRbRSBASEAIMH R SHPHERIGRGHAR MARLSHion to impact
the agetabujaryeaio SR Rs: P iNiizadnBath e thesppresRutiNE ALl VDIRprigniational

inaccuracies that may 5 otherwise creep into the functioning of the electronics in the monitor 2. If, for

some reasoRE FISPIIOReR VNS ACBSeTy Hhish ca bty Sispened 1o & dmpyigh elay prior

to its use, aGGHIRACY BRYREAE S Y RYLSIHPIN Sacaliiating e dappiterate sy ANoH KA & tO the
monitor 2 described above, different electronic 10orientation manitors may be used in other

embodim en%e@rfﬁ]éaﬁ'tggémqlwéﬁw}@aﬁuon must be non-invasive so as to avoid interfering

with other electronic equipment that may be present in the operating theatre. In one such
20  alternative embodiment, the communication is via a wireless protocol for exchanging

data over a short distance personal area network. An example of such a wireless protocol

is known to those skilled in the art as “Blue Tooth”. The use of a remote display such as

a monitor allows for more detailed visual indications to be provided to the surgeon. 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



example, the monitor that is disclosed in International Patent Application No. PCT/US2004/018244,

publishedgp 28 deG¢ember 2004 under publication number WO 2004/112¢6kM meybeirsed. The
contents of WO 2004/112610 are hereby incorporated in their entirety by way of reference. 15 In

summary, use of the preferred embodiment of the present system as illustrated in figures Ito 6 to assist
a surgeon to orient a prosthetic component relativ® to a patient's anatomy involves the following steps
(whether in the order shown, or otherwise): Releasably attaching a prosthetic component and the

electronic 20adentatign, MeniiPhiitithadiepiRmentte iliskhashieyadusinetbaaaingaens30 that is

disposed at a distal end of the handle 27; a Clamping the patient to the brace 3 so as to define an

external refErépeepomtiBTR Shr/audibireipdigaies eyt @ beeping nqigny thdhefEHd& Hoint 4 to
orient the elaGiroRic. AHERAHORIMONIAE 2 3Rl ARG IRIGRE G BRI GRlRIgEne the electronic

orientation monitor Z by acquiring reference orientation information whilst the monitor 2 is in the
reference ofiesitadigrientation éi‘?ﬁﬁ%ﬂﬁ’ﬁ@tﬁ’éoi et cfRhuture WpibhiBRcrsBisically 30separate
from the brace sualfhab il RIosGc GomRaneMis-adiacanidhadelavanieapaonyse Using the

electronic orientation monitor 2 to provide an indication so as Amended Sheet IPEAJAU WO
2010/0311 ChPEEAD 2009801 o8 16 Inighifde HMasiBaraidhaipesRpBHBNS f¥ikA that the

implement 1,5 guifed iowalgs ddredsfingdselationship relative to the reference orientation; and
Using the electronic orientation monitor 2 to provide an indication when the subsequent orientation of

the monitor 2 has a predefined relationship relative to the reference orientation. One potential
difficulty that may be-gxperiencedwithiisenhiha iaser? asilystratedin figuesio 3 is positioning of
the patient across the solid base t3.

10  embodiment advantageously allows accurate orientation of the acetabular cup despite the
minimal vision of the acetabulum afforded by minimally invasive surgical techniques
such as “keyhole” surgery. In other words, the preferred embodiment advantageously
allows for accurate orientation of the acetabular cup despite the limited visibility afforded
to the surgeon through a relatively short incision.

15

In addition to providing the surgeon with an indication when the desired
orientation is reached by illuminating the green LED as described above, the preferred
embodiment also provides an indication so as to guide manipulation of the implement 1
towards the desired orientation. This minimizes the guess work and time required to

20  manipulate the implement 1 into the desired orientation. This indication is provided via
the LED display array 26, which extends in a couple of directions. Hence, if the
implement 1 must be rotated in a specific rotational direction to achieve the desired
orientation, then a LED indicative of that rotational direction is illuminated. The distance
of the illuminated LED from the centre of the array is indicative of the amount of rotation

25  required to achieve the desired orientation. Hence, as the implement 1 is rotated
progressively closer to the desired orientation, LEDs that are progressively closer to the
centre of the array 26 are illuminated. Additionally, the colour of the LED is indicative
of the amount of rotation required to achieve the desired orientation, whereby red LEDs
indicate that a large rotation is required and yellow LEDs indicate that a lesser amount of

30  rotation is required. When the implement 1 is in the desired orientation (at least, to
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.



10Typically the brace 3 is firstly placed onto a surface such as a bed such that the base 13 is
supported by the bed. The patient, who may be anesthetized at this point, is then lifted onto the base
13. This can he difficult, particularly if the patient is unconscious and therefore unable to assist in the
movement process. An alternative embodimenty@#ot illustrated) of the brace at least partially
addresses this problem by splitting the base in 15half to form two selectively interengagable base
members. Mechanical interengagement means are provided on the ends of the base members. This
allows the patient fopaixémyim aestbim s e Be thamratienAdhrst b RsanashBE By be slid under

the patient fromgifhar side-YWhen they Resk s mechanicabinereneagamaniaigans on the wo base

members interengage to form a rigid base. Once the surgery is concluded, the two base 20members

are selectiveljbeitiengadsereivinzshenndisaiomie smpattheoractatidasar gromé batient. An
alternative ﬁ@ﬂﬁ{?&ﬁ?@o@é heiRacr.asilbtieddn igirsseifibtaniavides.aretheraption for

addressing the difficulty in placement of a patient onto the 25brace of figures 1 to 3. In this
embodimeetisfttiecrzep 00 the Slondening af b esmeriasimtbermamies AnkifRefeBKhects the front

end 42 and fhe reqlSped3,of e BrareAlsdn anspuchemaodiment e drme-hasaigenerally

rectangular cross section, with dimensions of approximately 25mm by IOrnm. Due to its narrow
dimensiongleias Praeneodts nsayaseusessitioricbiesssieres b EmPhekvedivtHing e maniiys: Hence, using
this 30embodiment 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 suieriorliaRag e drnnaiisad desibrecen wy O HorDi A PISC T/A112009/001213
L. i&BON%?%M%H%ﬁﬂﬂS&%%&&é&%ﬁ GachafRads dk 4T fRd ASAremarRied:an a plate 60,
which is connected to t

e front end 42 of the frame 41. The handle 47 is then used to rotate externally

threaded steafmgsyitrimienisaiahgt dsdiselesen sadntonwsianald atep e hs#isn Mward the patient so as
to clampinoly 0396016 RIUISARGE B BYDbASAA? Ineeanec puiRdhpAsRnam 43 of the frame

41. The embodiment of the brace 40 as illustrated in figures 9 to 11 also solves a second problem

that may beMaSs¥i4tbirith mevdnbemsimEhr arnseniter] W Atied 11es ) s derebitith the embodiment
illustrated infigWresddamiiedinad t3thaserisrdelipes 10the orientation of the brace 3 as it rests flat

on the bed. This may be undesirable, particularly if the patient moves but the geometry of the base 13
doesritPallow the brace 3 to move with the patient. However, it is not necessary for any part of the

brace 40 as illustratgiip fighre i 16y e IR SRRUPRATSHRMING BRI BRI stbR RO sliefaad
oric_entqti_on of the brace 40 whiist in use is substantially defined by the patient's pelvic 15re,%ion to
which it is Clﬁrﬁﬁé@? 1 to 6 to assist a surgeon to orient a prosthetic component relative to a patient
anatomy involves the following steps (whether in the order shown, or otherwise):
e Releasably attaching a prosthetic component and the electronic
20 orientation monitor 2 to the implement 1. This is achieved using the
connector 30 that is disposed at a distal end of the handle 27;
¢ Clamping the patient to the brace 3 so as to define an external reference
point 4 relative to the patient’s anatomy;
J Ué'mg the reference point 4 to orient the electronic orientation monitor 2
25 into a reference orientation;
¢ Calibrating the electronic orientation monitor 2 by acquiring reference
orientation information whilst the monitor 2 is in the reference
orientation;
¢ Manipulating the implement 1 whilst the implement is physically
30 separate from the brace such that the prosthetic component is adjacent

the relevant anatomy;

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

Amended Sheet
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Another potential issue that may be associated with the embodiment of the brace 3 as illustrated in
figures 1 {3 fakpgs11Q patients who have a natural tilt to their pelvis, eitherfansasdacsBackwards. 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 | to 3 has been
designed for use with patients having a verticallylligned 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). Hengg, Jf, s biaceidiissemhians Ratisnt whthas asignficaeh2bpelvic tilt, then

the resulting hip joint may suffer due to mis-alignment of the prosthetic femoral head with the
prosthetic ascetabular cupguies @vaedisaarigrssiaed Ky HrEE B0 Hs 1 thsrstetFistigures 9 to 11. In
this brace 40, the dockingoggﬁitgﬂgll, Is gotatably 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 8058 diefithssclisetiais of iesation BIOMHER TR Aridecit i eERMY R¢ation 51.
Jois axis of rotation ' parglieligadlans.aeniaiipdeetioning pads dhrtoand dGa iy
2010/031111PCT/AU2009/011121 In use, the surgeon firstly ascertains the neutral pelvic tilt
angle of the patent's pelvischytifermithy seforanseimigeatpthe patient's pelvis as viewed from the side.
This x-ray image is formed whilst the patient stands with their pelvis held at a neutral and comfortable
tilt angle (i.e. the patient is asked not to deliberately tilt their pelvis either 5forwards or backwards). The

pelvis in such an infagensttike dffippeathsinmilay bs HeptnsGs tbpiasd frefyase BasThe patient's
pelvic tit anglg i @3artARG] MM R SIamade Ry (MeasIanRnholha padle petween a Line 56

representing the vertica line 57 extending from the patient's anterior superior iliac spine 54 to

the pafient'd pribidlpitbstts;ead sty aiafigd B, a surface cbapabedty@elie e hatid hids been
ascertainedgughe]\of?% fie baintafheRace dOWHIGD iadibeAQrm afi IpsHING Sitiqted, is rotated
e

by the ascert angle. In some such embodiments an angular scale is depicted adjacent to the pin
53 for easecwtodherbmeel Whildtscritihg dHé edsKipg seaibnib thepabentie Wrsipdosatish has been

rotated by e garliesanale, e brage Abvasadindhe remangayalaal iERs i manner

described above with reference to the brace illustrated in figures 1 to 3. However, rather than providing
a fixed refetingieatbdt ¢ lpraaitabledrratiaticafgratign b pprof qashis Pt easdrfoddedte 3), the

b \ ; i e S e
ocking stafion %ﬁﬁﬁe&%ﬁfé@&f%gﬁﬁ&&@&g%@%@@&ﬂm@@@m&%ﬂgsﬁr%éepb%g@%%ga&ém ividua

requirements as y the 20rheasurement of their pelvic tilt. _ illustrated in
figures 13 tontBisage peraipdimithe endsarfshowessrmirubes 9 This 21aith thepaiieapliort SFHE docking

station 71 aglqc%l?om%fm@wa which.theflocking statigmhbkisAlachad inthe semainderehihe brace 70.

In this embodiment the docking station 71 takes the form of a half-cylindrical cradle 72, which is

shaped to rettbiveidecolYaspshelinghe ey drreampisABINT S EFBETIBRIHC TN PTERR REYY. As best
shown In figighérAdUaCRI RIOIBAE GIDihG. LR ORE! ¢ 20 a5 {0 Bale Ml ARARRITbIR 76 thal is

disposed in the cradle 72. These componénts are aligned such that when the member 73 is in the
cradle 72 amethecls g PsHemiively apergrecrsirtie sashIehentosiidiqudiga skhsteieYrihtation with
respect to t}ggt%qj,ent 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.

An alternative embodiment of the brace, as illustrated in figures 9 to 11,

provides another option for addressing the difficulty in placement of a patient onto the

25  brace of figures 1 to 3. In this embodiment of the 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




WO 2010/031111PCT/AU2009/001213 19. The channel 72 of the docking station 71 is disposed
on a first shafoidodiigeking means 78 connects the first shaft 77 to a seggngashabiol@11100sening of
the knob 80 of the locking means 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 remainder of the brace
70 about an axis of rotation that is parallel to the téntral 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 pors, detalliabaue, hen theeradle. 72salitheidesirad anole, hakadistightened

such a. 0 that the Locking means 78 resists any further relative rotation between the first and second

shafts 77 aplPSaruhist Hrrpmpgdrsiediofat e dhafdhofiansetbiorashatiiettite e the
remainder of fhe brace e N qhibaisecpnd 8hafuf3 s seleasalivalladkableigtheremainder of

the 15brace 70 via attachment mechanism 81. More particularly, a projection on the end of the second

shaft 79 is KESRAFMBEhOO 60 BABAhhRARACHNIE R AIRBREESAT L B0t B RAHRAIS SRSt JFthe second

shaft 79 relgfjve o the atlachmentmeshanism Slseneethgelectronic 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 2 Cmechanism Si, This removes the following components from the
brace 70: the seconghshaftéQidhaeckind means £81ithe-fiest shabret and theissadie 2. Removal of

these components allows the surgeon additional room to move and thereby lessens the risk of the
surgeon actfaentampblsmpin BrERsqgiaky sithdasmbrdimeshibpiiertd Higusetdfming the

remainder ofi{he OREIAURAN embod THEMRleMEN if4ithatisidepictrd irofiguresd4 andidénis adapted for
use in some minimally invasive surgical techniques. The electronic orientation monitor 82 of this

impledfent Taigrigpseiiemiabtisebrmermbey if Soviallaiekdli Sathivdrsdanivife 88dtsHaksmple a ball joint.
Hence, when the,lapkable UpivRinahiiel B3 indIpleskasy tram GalectapiaOHeNtAien: mopiar 82 may

be manipulated into a desired orientation, for example in order to ensure that the display array 26 will

be visible tdHBOYEYEGHRe MR HATEHTE HdsBYUISFEOR BAMB R hatitisty tea et acetabulum. It
will be WO 2010403011 14416 LAH2009/084 213 sppdasiatrcbiat puehman pdatianad the electronic

orientation monitor 82 should only take place prior to the calibration process. Once the electronic
orientation PIEFHBHE HdbuarccHliBrakstinmec orametatledsinshb e s matifdrem&iifocked until
such ime ag e wsiheticcemRaneat 84 has been inserted into the patient. If the lockable universal
3joint 83 is accidentally unlocked aftter calibration, the lockable universal joint 83 should be re-locked
and the calibration process commenced afresh,

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.



In another embodiment (not illustrated) the display array 26 is tiltably mounted on the electronic
orientatioRygyapisx1Hhis allows for adjustment of the angle from 10whigiyihgidaplayiaisay 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 diffefs. In this embodiment 15the implement 90 is adapted
for use in traditional open hip replacement surgical procedures. The electronic orientation monitor 91 is

attached to a first mgmben2\viaalockablewniversahioieh 83 thateerfosmsdbe mamadinction as the

lockable universal joint 83 which'was described in relation to the preceding embodiment 20The first
member 92PR dttheHO A FesoRY Meas e RAIHAIsIABIE ntta dapR iRfett fnebhaism 95

having a '095;%5 CASRMA KRoR 98: ghﬁem%mﬁw@mang@msiﬂeq@eatarmmﬁ%@buIar cup 96, is
a .

releasably atfachable to a distal end of the second member 94. An impaction surface 97 is disposed
on the proxeeTafeisbls tifealedihg iermpiimyas sskefainddniidibraiel Yorkifg FaelydemifBAt knob 98
unlocks thergrgiiar Adiystmerism Ism 99 sddiisupllens ionfetptionphdhesacant member 94

about an axis of rotation that is parallel to the elongate axis of the first member 92. Rotation about this
axis allows PebanifsteriptedfitazapRiBction AABfa Gt RRIER iHanglstiniRer GiRr O 6 B & 0inserted

into the patiﬁ{ggyﬁ}p‘%m&mﬁ @f‘%‘%@QWH%@%W%{%@&@@@'Q%&QI dRdatinReof the

second member 94 about an axis of rotation that is parallel to the central axis of the locking
releasement keeB IR0 GREeAN Ghe AFEER i UL RNBIGS RS 7Pt 08 11 PREH A DBM0OIRG1213
adjustment 9§ the apteyersign.angle at which the acetabular cup 96 is to be inserted into the patient,
Once these angles have been set to their desired settings, the knob 98 is tightened to ensure that the
angulaf adjustment mechanism 95 maintains the first and second members 92 and 94 in the desired

angular configuratiofnce pai&ait {hR1SW geom cRlbIaIRS theslesHanimerisRiaHENJBRREEER] to
establish the reference orientation. The surgeon then moves the implement 90 and detaches the

cradle 99, theasetGrvehidisria Sisafesm of dasinestakentfé v rivals esHiRsdiegiachment
mechanismy1Qg,p Eﬁg}{i%@aﬁ{ﬁéﬁg%@ﬂ@ﬂ\iﬁs&@@i@%@ﬁﬁ&@!ﬁé@%@ﬁ&ﬁ@%lmiéw adjacent

the patient's reamed acetabulum and the orientation of the implement 90 is manipulated in accordance

with the indFeSRISRSEBdA B HRS Biprslias ap oy @nc@%"e@ﬁ%@éﬂ%ﬁ%?f@h@éﬁ@ﬁ%f the monitor 91
is equal to theieferenge Qugatianto withindbageleyantiplgeansRithe, Mepitar §éRravides an
indication to the surgeon, who then impacts a hammer against impaction surface 97 so as to impact
the acetabuldregp Gycribed 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.



15into the patient's reamed acetabulum. Once the operation has been completed it is typically

necessaryo staiserthe equipment so as to prepare for the next operatipor@ueomaihiagsfor
performing such sterilisation is to place the equipment into an autoclave and heat it to a suitable

20temperature and pressure for a pre-determined time period, for example 132C at 30 psi for 10
minutes. In order for the electronics contained witifin 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 providing the heat resistance is to select the individual electronic

components that arésgitithif? ictelarbiis Hadatalibis HEPRESE 2Hrd i siiibé! cédmponents that
are known ﬁ%éﬁ%{% AdNgheT thananatrasheahioerange.Mhilsramuobes okpigiesresemppdiments

have been described, it will be 30appreciated by persons skilled in the art that numerous variations

and/or modffftafigidPrkipe@raatd Ry fribettishhathdu ey aiifrtismierbestsrrst Lebe of the

inventign agdropdly:deserkadnd hespiesentembedipants aanthateiere, ieibeeapsidered in all
respects as illustrative and not restrictive. WO 2010/031111PCT/A1.12009/001213 92, Annexnre A -
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saltiest oft)' 'set ail Port 8 pins to In gell LEDs off)' 4 o initksbre 23. i )
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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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



"-assumes al- VatiattSts ero awSia No tot earth at roans tst. NETL:'4=arroivArike, tskwe-suitsof etaiiist

axis inner {y@pP6aan1t->9t; unused loop nottates, bitip-Mb'etved for iit,ftpSag tldssaneided forYSs
OK fliktf Eaxhs desk titWtie Is i-ecient in wO dun g ands, subrolitine*"" Zasis S.1811.vatue resides in

wi during Zags subrositnestt-" NB& value resides in w2 duSw Laxis subrastise"-- and LEDs tthes take
appsox 25 tisBess including the seectd instrechphlthe tnoizi Lists acquisSian ioutitte™""*"th*"6""""
main; gdisth Zgo Xgs:.Iskrt h:iiw :ow 2 i0W peek 500,b0 peek. al :1)1 reaciaditi 0 0, we :ts tat

vieLN-w.19416 {56 bMAIHAR GQtSor3ha0H iehitxditiOR dBtsaniupsdas to be inserted into
the patient. Once these angles have been set to their desired settings, the knob 98 is

tightened to ensure that the angular adjustment mechanism 95 maintains the first and

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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euhroutinie’ cittic,-arcarfssw.ewstswwws.sc-- M£SLLP 26. THE CLAIMS DEFINING THE
INVENTION ARE AS FOLLOWS: I.A surgical orientation system for assisting a surgeon to orient a
prosthetic component relative to a patient's anatomy, the system including: 5an implement for
releasable Xﬂﬁaﬁﬂé@gﬁ QW@%& E&@d%%ﬁ?‘ %éﬁ%é%ﬁ%&%ﬁ’ﬁionitor attachable to the
implement; and a brace for releasable attachment to the patient so as to define a reference point
relative to said anatomy, said reference point heing disposed in use externally of the patient and being

adapted forlorientafiotHET fALEIEUF BTSSP EM Ao HibMEGT THESSAT MIFte Posifsitiation,  wherein

the electronigpsiaptatienmeniarjsRdaptef dhacareyseisrangedientation information whilst in said
reference orientation, and wherein said electronic grientation monitor is adapted to acquire

subsequent orientatBHMRISTHAREER WAIEEPIR AHASREBh B A RE MRS EmPRR: the implement is

15physically separai digshdhie brastien HeursicrlRHenationsysiammascarding to claim 1 wherein
the electronic orientation monitor is adapted to provide an indication when a subsequent orientation of

the electrorfiCBifedBaTBls AR BRI e dhrRaisEIstion Shil Tomave erhse paiet&re’vsdBrientation.
3. A surgicalHigtHaiieD syiesrAsrersbng triskaimgovdasieiRdheaipaisonieeriantatiangnonitor is

adapted to grovide an indication so as to guide manipulation of the implement such that a subsequent

orientation i ARG ARE SREHELEO P HiBR R IOB B R RO HOR SO i At s FSBS e lationship relative
to theyreferengg@rgntation.

wherein the electronic orientation monitor is adapted to acquire reference

orientation information whilst in said reference orientation, and
wherein said electronic orientation monitor is adapted to acquire subsequent
orientation information during manipulation of the implement whilst the implement is

15  physically separate from the brace.

2. A surgical orientation system according to claim 1 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

20  orientation.

3. A surgical orientation system according to claim 2 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

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

4, 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

30 inclinometer.

5. A surgical orientation system according to any one of the preceding claims
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4. A surgical orientation system according to any one of the preceding claims wherein th Ceéqg}gpnic
orientation monitor includes at least one of: an inertial sensor; an accelerometer; a gyroscope,
a magnetometer and/or an 3 Qinclinometer. 5.A surgical orientation system according to any one of
the preceding claims MCSLLP 27. wherein the rgference point includes a surface defining a reference
plane. 6. A surgical orientation system according to claim 5 wherein the surface is part of a docking
station adapted to receive the electronic orientation monitor and to thereby 5orient the electronic
orientation wiamitortintocfleeeneégreint énohigietationr fage Acuigival Srwntstidarsystem according to claim 6
wherein the docking station is rotatably disposed on the brace. 108.A surgical orientation system
according to any one of the preceding claims wherein the brace includes a movable jaw for clamping
engagemerst with the patieat orieStaficusgitaharemdiigrisysiont adooetirthasuwcfaimis pehergin the
movable jaw is %Iﬁs osed at a rear, end of.the brace, said movable jaw havin I ne positionin
pad 15for c'?a?kﬁb ées ﬂ%ﬁ‘e%%t? %zﬂ’ggg%ltv t(lel%g%gtr{ glgggr%nr?]alﬁ%wrgl%é%ga ori%?ﬁ?g‘tgi%n system )
according toritainth8 sidveraiic ariesstiomenpositioninglpadfsadisposedagba. front end of the brace for
clamping engagement adjacent the patient's pubic crest. 20 11. A surgical orientation system
according to claim 10 including two further positioning pads disposed at the front end of the brace for
clamping efflgagementadgjadeni dhatpatieyt ematenolisg periemiliaw spicie. 1S i7ckisgyimndsientation
system accordi%?ﬂto ache%f cla%'hm% 7, 8,9, 10 and 11, wherein the rotatable docking station defines an
axis of rotafioR thaY IS arafiel o s pfgﬁeé containing said at least one positioning pad and said two
further positioning pads. 13.A surgical orientation system according to claims 9 and 10 wherein the
brace_3 Oinc¢Judes a pase extending.intermediate and interconnecti froR: the rear end,
said blaose being adégtséﬁ%‘r? aéé)él c?%l?élasgfsp%nrlt% ff g%%%%%rtt egggﬁgg%_g*}gegg@&gr@aﬁgg

wherein the brace includes a movable jaw for clamping engagement with the patient.

9. A surgical orientation system according to claim 8 wherein the movable jaw is
disposed at a rear end of the brace, said movable jaw having at least one positioning pad

15  for clamping engagement adjacent the patient’s sacrum.

10. A surgical orientation system according to claim 9 wherein at least one
positioning pad is disposed at a front end of the brace for clamping engagement adjacent

the patient’s pubic crest.

20
11. A surgical orientation system according to claim 10 including two further
positioning pads disposed at the front end of the brace for clamping engagement adjacent
the patient’s anterior superior iliac spine.

25 12. A surgical orientation system according to each of claims 7, §, 9, 10 and 11,

wherein the rotatable docking station defines an axis of rotation that is parallel to a plane

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

13. A surgical orientation system according to claims 9 and 10 wherein the brace
30 includes a base extending intermediate and interconnecting the front end and the rear end,

said base being adapted in use to at least partially support the patient.
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MCSLLP 28. 14. A surgical orientation system according to claim 13 wherein said base comprises at
least two selectively interengagable base members. 15. A surgical orientation system acqm(gﬂgp;o
claims 9 and 10 wherein the brace includes an elongate frame extending intermediate and
interconnecting the front end and the rear end, sgid elongate frame being adapted in use for
disposition between the patient's legs. 16. A method of assisting a surgeon to orient a prosthetic
component relative to a 10patient's anatomy, said method includingiéhe_ steps, of: providing an

implement r releAsaHIB G QBITRIEIR bSO 2A5REHYL A SHHBNT S SERESFIDH R SREH RN 75 electronic

orientation eRitadisprserkiDerershgagable HIRARBRINAitaching 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

15patient; using the reference point to orient the electronic orientation monitor into a reference

orientation; s usingthg aleciEoRis SlgRIsHCREBRRIR L REANIeHRfeIERRE- QHeRdatIRE: Information
whilst in the reference orientation; 20manipulating the implement whilst the implement is physically

separate friei4Aes Braglengisn TRRCRE oS BErRSHAG R, RigdpHrsstinadafans sid 4ad. using

the electrogig fer&?e&'atj@ﬂm&i@ité%ﬁﬁ%%gm&a?{e@m%M&nd@sﬁaﬁﬁeﬁ went&iantation of the
electronic orientation monitor has a predefined relationship relative to the reference orientation. 25 17.

A method é@é@?ﬂiﬁé‘fﬁﬁclaim 16 further including the step of using the electronic 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 okfentatioh MBhed R histisiace CBRAAY DTN SHIEAFIRRPRILETRY & L8 of
asce@@iningﬁé}g%tgg;agghggg&k@qggdﬁogfimgl@@tgﬂ{éssg@yﬁand rotating the reference point by an angle
MCSLLP 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
15 patient;
using the reference point to orient the electronic orientation monitor info a
reference orientation;
using the electronic orientation monitor to acquire reference orientation
information whilst in the reference orientation;
20 manipulating the implement whilst the implement is physically separate from the
_brace such that the prosthetic component is adjacent said anatomy and,;
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.

25
17. A method according to claim 16 further including the step of using the electronic
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.

30

18 A method according to claim 16 or 17 further including a step of ascertaining a

neutral pelvic tilt angle of the patent’s pelvis and rotating the reference point by an angle
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corresponding to said neutral pelvic tilt angle. 19.A method according to claim 18 wherein the step of
asqertaining a neutral pelvic tilt angle of the patent's pelvis includes forming an x-ray imagg@fdpep
patient's pelvis as 5viewed from the side and ascertaining from the x-ray image an angle between a

line representing the vertical and a line extendin@from the patient's anterior superior iliac spine to the
patient's pubic crest. 10 '

corresponding to said neutral pelvic tilt angle.

19. A method according to claim 18 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
5  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.

10
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