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CLAIMS

i A method, comprising:

determining, via & processor, a sagittal acetabular cup position 1o the form of a standing
Anteinclination (Al), a seated Al and a SacroAcetabular Angle {SAA) based on at least one of (i)
a standing sacral slope (85) of a first patient relative 1o g normative 88, (1) a delta of the sacral
slope (dS8) of the first patient between a standing position of the Grst patient and au wpright
seated position of the first patient, (111} g femoral version of the first patisnt, whes the femoral
versinn corresponds to a fervoral version outhier position, and {iv) a pelvic femoral angle (PFA)
of the first patient that corresponds to a PFA cutlier position i at least one of the standing
position, the upright seated position, or a delta between the standing position and the upright
seated position;

determining, vig the processor, a coronal acetabilar cup position in the form of a supine
coronal anteversion and at least one of a supine or a standing coronal inclination and anteversion
based on the sagittal acetabular cup position; and

determusng, via & progessor, a post-operative standing Al and'a posteoperative seated Al

based on at least the coronal acetabular cup position

2. The method of claim 1, further comprising:
sending, via the processor, at least one of the sagitial acetabular cup position and the
coronal acetabular cup position 10 8 remste processor slectrcally cotpled to at lastons of

preoperative templating apparatus or a navigation device.
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3 The method of any one of claims 1-2, whergin the processor is electrically

coupled to at least one of a preoperative templating appatatus or a navigation device.

4. The method of any one of claims I-3, further comprising

recetving, viathe processor, a plurality of biomechanical values comprising a pelvic
ncidence (P}, the sacral slope (38}, a pelvic tlt (P17}, the delta of the sacral slope (dS8), the
pelvic femoralangle (PEA). a leg length, ¢ hipoffset, g hip center of rofation, and the femoral

version based on images of the first patient.

3. The method of claim 4, whergin receiving, vig the processor, the plurghity of
hinmechanical values comprising the pelvic incidence (P1), the saceal slope (88), the pelvic tilt
{PT), the delta of the sacral slope (dS8), the pelvic fomoral angle (PFA), the leg length, the hip
offset, the hip center of rotation, and the femoral version hased on the images of the first-patient
comprises:

regeiving, via the processor, one or more digitized votee conunands that include one oy

maore of the pharality of biomechanical values.

8. The miethod of claim 3, whetein the processor is glectrically coapled 1o an audio-

digital converter contigtied to digitize the oneg or more voice ¢onunands,

7. The method of claim 4, wherein receiving, via the processor, the plurality of
twomechanical valugs comprising the pelvic incidence (P1), the sacral sfope (83), the pelvic tils

{PT), the delta o the sacval slope (d85), the pelvic fomoral angle (PFA), the Jeg length, the hup
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offset, the hip center of rotation, and the femoral version hased on the images of the first patient
comprises:
receiving, via the processor, one'ormore signals from a user input mndule, whereinthe

one or move signals mclude one or more of the phurality of hicmechanical values,

8. The method of any one of claims 1-7, furthey comprising:

detenmining of rgceiving, via the processor, a plurality of binmechanical values
comprising a pelvic incidence (P1, the standing sacral slope {SS), a pelvic tilt {PT), the delta of
the sacral slope (dS8), the pelvic femoral angle (PFAJ, a leg length, a hip offset, 2 hip caivter of
rotation, and the femoral version based on one or more images comprising the first patient
showing a standing lateral view from an L1 lumbar vertebra to an upper fifth of a femur, a seated
lateral view from the L1 hunbar vertebra to the upper fifth of the feroue, g standing
anteroposterior {AP) pelvis view, an AP view of a hip, a lateral view of the hip and a modified

Budm view

9. The method of any one of claims 1-8, wherein forther comprising:
providing, sda gt least one of a display or an audiosdigital converter, intraoperative
guidance orcontrol of a navigation device hased on atleast one of the sagital acetabular cup

position and the coroval acetabulat cup position,

10, The method of claim 9, wherein determining the post-operative standing Al and
the post-operative seated Al based o at least the coronal acetabular eup posttiony conyprises

tracking, via the processor, anatomy of the first patient and the acetabular cup in real-time,
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wheretnt a plurality of sensors are coupled toone or mwore of the acetabular cup, the anatonyy of
the firet patient and the navigation device and the plurality of sensors are electrically coupled to

the processor.

11, The method of any one of claims 9-10, wherein the sudio-dipital converter s

configured to pernut two-way conununication betwean a surpeon and the processar,

12, The method of any one of claims 911, further comprising:
providing, via the display, images showing a spatial position and an orientstion of the

acetabular cup i real-time.

13, The method of claim 12, figther comprising:

determining. via the processor, an orentation of a femoral component.

4. The method of any ong of clasms 1-13, farther comprising:

registering, via the processor,; anatomy of the first patient to an OR table.

18, The method of claim i4, fusther comprising:
svachronizing, via the processor, the registered anatomy of the first patient to a treatment
path of arobotic arm of a navigation device and to at least one of the saginal acetabular cup

position and the coronal acetabular cup position.

16.  The method of any one of claims 1-~15, farther comprising:
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afier ipplanting an acetabular cup iy the fivst patient, confirming, via a locahization

device, & pluraity of placement parameters ins plurality of planes.

17.  The method of any one of claims -1, further comprising
after tmplanting an acetabular cup 1 the frst patient, measuring, via a localization

device, changes i a post-operative state relative o a pre-operative state.

I8, The method of any one of claims 1-17, further comprising:

determining, via the processar, at least one reconunendation for a type of iniplant, a
treatment plan or a surgical tip based on historical data from a plurality of patients, wherein the
historical data comprises a plurahity of coronal acetabular cup positions, a plurality of coronal or
sagittal blomechanical vahtes and measured changes i a post-operative state relative o a pre-
operative state; and

providing the at least one determined recommendation, via at least one of a display or

gudio-digital converter, to & surgeon.

19.  The method of any one of claims 1-18, further comprising:
stormyg, via the processor, data associated with the fiest patient; the data comprising the
coronal acetabudar cap position, & plurality of coronal or sagittal blomechanical valués and

measured changes in & post-operative state relative to a pre-operative state.

20, Anon-transitory computer-readable mediont having stored thereon program

mstractions that upon execution by a processor, cause performance of a method comprising:
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the processor determuning a sagittal scetabular cup position i the form of a
stancding Antemclination (A1), a seated Al and a SacroAcetabular Angle (SAAY based on
at least one of (1) a standing sacral slope (58) of & first patient relative to a normative SS,
{11} a delta of the sacral slope (dSS) of the first patient between a standing position of the
first patient and an upright seated posttion of the frst patient, (1Y) a fervoral version of the
first patient, when the fempral version corresponds to'a femoral version outlier position,
and (v} a pelvic femoral angle (PFAY of the first patient that corresponds to a PFA outlier
position in at least one of the standing position, the upright seated position, or a delta
hetween the standing position and the upright seated positior

the processor determining a coronal acetabular cup position in the form of a
supine coronal anteversion and at least one of a supine or a standing coronal inclination
and anteversion based on the sagittal acetabudar cap position; and

the processor deternsning a post-operative standbie Al and a posteoperative seated

Al based on at least the coronal acetabular cup position,

21, The non~transitory computer-readable mediam of claim 20, wherein the method
further comprises:
the processor sendimg at least one of the sagittal acetabular cup position‘and the
coronal acetabugdar cop position 1o a teminte processor electrically coupled 1o at least one

of a preoperative templating apparatus ot a navigation device,

22, The non-transitory computer-readable medium of any one of clanns 20-21,

wheremn the method farther comprises:

da
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the procsssor recerving a plurality of biomechanical values comprising a pelvic
incidence (PI}, the sacral slope {88}, a pelvic tilt (PT), the delia of the sacral slope (d88),
the pelvic femoral angle (PFA), a Igg length, a hip offset, a hip center of rotation, and the

femoral version hased on imgges of the first patient.

23, The non-transitory computer-readable medium of ¢laim 22, wherein the processor
recerving the plurality of bicsnechanical values comprising the pelvic incidence (P, the sacral
slope (88), the pelvic tlt {PT), the delta of the sacral slope (dSS), the pebvic fomoral angle
(PFA), the Tep lenpth, the hip offset, the hip center of rotation, and the femoral version based on
the images of the first patient comprises:

the progessor receiving ong or more digitized voice commands that include one or

more of the plurality' of bromechanical values.

24, The non-trausitory computer-readable mediom of claim 23, wherein the processor
15 slectrically coupled to an audio-digital converter configured to digitize the ope or more voice

conunands,

28, The non~transitory computerreadable mediam of ¢laim 22, wherein the processor
recetving the plorality of biomechanical values comprising the pelvie incidence (P1), the sacral
slope (88}, the pelvic tilt (BT), the delia of the sacral stope (d883, the pelvic femoral angle
{PFA}, the leg length, the hip offset, the hip center of rotation, and the femoral version based on

the images of the first patient comprises:
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the Provessor receiving one or more signals from a user mput module, wherein the
o or more signals iscinde one or more of the phurabity of blomechanical values,
26, The non-transitory computer-readable mediim of any one of claims 20-25,
wherein the method further comprises:
the processor determining or récewving a plurality of bicmechanical valuss
comprising & pelyvie incidence (PI), the standing saceal slope (835), a pelvic 6l (PT), the
delta of the sacral slope (dSS), the pelvic femoral angle (PFA), a leg length, a lup offser. a
hip center of rotation, and the femoral version based on one or miore images coraprising
the first patient showing a standing lateral view from an L1 lumbar vertebra to an upper
fifth of a femur, a seated lateral view from the L1 lumbar vertebra to the upper fifih of the
fermu, » standing anteroposterior (AP} pelvis view, an AP view of a hip, alaterab view of

the hip and a modified Budin view.

27, The non-transitory computer-readable medtam of any one of claimes 2026,
wherein the method firther comprises:
at least one of a display or an audio-digital converter providing intraoperative
suidance or controlof a navigation deviee based on af least one of the sagitial acetabular

cap position and the coronal acetabuolar cup position.

28 The non~transitory computer-readable mediom of claim 27, wherein the processor
detenmining the post-operative standing Al and the post-operative seated Al based on at least the

coronal acetabular cap position comprises the processor tracking anatomy of the first patient and
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the geetabular cup o real-time, wherein a plurality of sensors arg coupled 1o oneor nuwe of the
acetabular cup, the anstomy of the first patient and the navipation device and the plosality of

sensors are electrically coupled to the processor.

29, The non-transitory computersreadable medinm of any one of clatms 27-28,
wheregin the audio-digital converter 1s configured o patmit two-way communication between a

surgeon and the processor.

30, The non-transitory computer-readable medium of any one of claims 27-29,
wherein the method further comprises:
the display providing images showing a spatial position and an orientation of the

acetabular cup 1 real-time.

31, The non-transitory computer-readable medium of clatm 30, wherein the method
fusther comprises:

the processor determining an orientation of a femoral component.

32, The non~trausitory computeryeadable mediam of any one of claims 2031,
wherein the method forther comprises:

the processor registering anatamy of the first patient to an OR table.

330 The non-transitory compiter-readable medium of clamm 32, wherein the method

further comprises:
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the provessor synchronizing the registered anatomy of the first patient o a
sreatment path of a robotic arm of a pavigation device and to af least one of the sagittal

acetabular cup position and the coronal acetabular cup position.

34, The non-transitory computer-readable medtanm of any one of clatms 20-33,
wherein the method further comprises
after implanting an acetabular cup in the first patient, 8 localization device

confiviming a plurality of placement parameters in a plurality of planes.

’

e

35 The non-ransitory computersreadable miedinm of any one of clatms 20-34,
wherein the method further comprises:
after tmplanting gn acetabulat cup @ the frse patient, g localtzation devige

measwring changes wy # post-operative state relative to a pre-operative state.

36, The non-tramsitory computer-readable mediom of any one of clapms 2035,
wherein the method firther comprises:

the processor determining at Jeast one recommendation for a type of implant, a
freatment plan or 8 surgieal tip based on historical data fromya plorality of patients,
wherein the historical data comprises a plurality of coronal acetabular cup positions, a
plurality of coronal or sagittal biomechanical values and measured changes in & post-
operative state relative 1o a pre-operative state; and

at least one of a display or audio-digital converter providing theat least one

determmed recommendation to & sargeon,

3
NE



WO 2021/046268 PCT/US2020/049275

37 The non-wransitory compuier-readable mediiom of any one of claims 20-38,
whetein the method further comprises:

the procsssor storing data associated With the first patient, the data comprising the

coronal acetabular cup position, a phuality of coronal or sagittal biomechanical values

and measured changes in a post-operative state relative to a pre-operative state.
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