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PATIENT SPECIFIC 3-D INTERACTIVE TOTAL JOINT MODEL AND SURGICAL

PLANNING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No. 62/405,814, filed
October 7, 2016, titled “PATIENT SPECIFIC 3-D INTERACTIVE SHOULDER MODEL AND
SURGICAL PLANNING SYSTEM,” U.S. Provisional Patent Application No. 62/426,081, filed
November 23, 2016, titled “PATIENT SPECIFIC 3-D INTERACTIVE SHOULDER MODEL AND
SURGICAL PLANNING SYSTEM?” each of which is incorporated herein by reference in its entirety.

FIELD
[0002] The presently disclosed subject matter relates to methods, systems and devices for virtual pre-
operatively planned implants and prostheses for use in comparison and planning of total joint
arthroplasty. More particularly, shoulder implants and prostheses for use in comparison and planning of
anatomic and reverse shoulder procedures are described. In addition, the presently disclosed subject
matter also relates to the use of such implants and prostheses in patients undergoing a selected and

planned partial or total joint surgery including anatomic or reverse shoulder surgery.

BACKGROUND
[0003] Shoulder replacement is a common surgical operation that has achieved positive results for
many patients. Indeed, approximately 10% of joint replacement procedures globally are related to the
shoulder. Many shoulder procedures are performed in a patient where substantially normally bone exists
for orientation and fixation of a prosthetic replacement, or resurfacing. In these cases, the need for the
shoulder replacement can often times be related mostly to the arthritic condition of the joint, and relative
absence of healthy cartilage.
[0004] In some patients, however, one or more of the bones of the shoulder are not only arthritic, but
have also had previous conditions that have caused bone to wear away. In such cases, there may not be
sufficient bone to adequately affix a prosthetic implant to the bone, or the bones may have been worn
such that the orientation of a joint replacement cannot be satisfactorily determined to ensure a positive
patient outcome.
[0005] There are a number of factors that complicate the selection, orientation and affixation of
prosthetic implant devices, such as glenoid implants and/or humeral implants. Failure to properly account
for each factor can lead to improperly sized, misaligned and/or poorly affixed implants that result in a
poor surgical outcome for the patient.
[0006] In order to increase the likelihood of successful patient outcomes in patients undergoing
shoulder surgery, methods, systems and devices are needed that allow for the full understanding and
incorporation of all necessary factors of a more comprehensive virtual modeling for optimization of

shoulder implant selection and placement for comparison of reverse and anatomic shoulder surgery.

-1-



10

15

20

25

30

35

WO 2018/067966 PCT/US2017/055589
Thus, a need remains for methods, systems and devices for pre-operatively planned shoulder surgery

guides and implants, such as glenoid implants and prostheses that achieve desired outcomes for a selected

anatomic or reverse shoulder procedure.

SUMMARY OF THE INVENTION
[0007] In general, in one embodiment, a computer implemented interactive patient specific surgical
planning system for a method of performing a total joint or a partial joint surgery includes: (1) performing
a virtual pre-operatively planned joint surgery to implant a prosthetic device; (2) accounting for a range of
motion desired for activities of daily living and/or standard clinical assessments of range of motion after
performing the virtual surgery; and (3) outputting results for each implant, each location, and each range
of motion activity from each virtual surgery performed.
[0008] This and other embodiments can include one or more of the following features. The
computer implemented interactive patient specific surgical planning system can further include
instructions for anatomic or reverse shoulder surgeries. The computer implemented interactive patient
specific surgical planning system can further include instructions for patient specific instruments for the
surgical preparation and implantation of humeral and glenoid implants in patients undergoing reverse or
anatomic shoulder surgery. The computer implemented interactive patient specific surgical planning
system can further include steps for designing and/or creating implantable components for a patient
specific anatomic or reverse shoulder procedure including a glenoid implant component, a humeral
implant component, shoulder surgery guide, including a glenoid implant placement guide, a humeral
implant placement guide based on pre-operative planning including patient specific bone, muscle and soft
tissue along with glenohumeral joint, scapula, clavicle kinematics can further include one or more
optimization steps. The computer implemented interactive patient specific surgical planning system can
further include optimization steps including the identification of anatomic, surgical, procedural, range of
motion, fixation, stabilization or other outcome risks based on measurements of one or more of a plurality
of factors. The computer implemented interactive patient specific surgical planning system can further
include instructions for a step in a pre-operative total joint planning method for comparison of anatomic
or reverse shoulder surgery implants or guides where the anterior edge of a glenoid implant is aligned
with an anterior edge of a glenoid bone. The computer implemented interactive patient specific surgical
planning system can further include instructions for a step in a pre-operative total joint planning method
for comparison of anatomic or reverse shoulder surgery implants or guides where the retroversion of a
glenoid implant is adjusted. The computer implemented interactive patient specific surgical planning
system can further include instructions for a step in a pre-operative total joint planning method for
comparison of anatomic or reverse shoulder surgery implants or guides where the augmentation of'a
glenoid implant is adjusted. The computer implemented interactive patient specific surgical planning
system can further include instructions for a step in a pre-operative total joint planning method for
comparison of anatomic or reverse shoulder surgery implants or guides where the inferior tilt of a glenoid

implant is adjusted. The computer implemented interactive patient specific surgical planning system can
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further include instructions for a step in a pre-operative total joint planning method for comparison of
anatomic or reverse shoulder surgery implants or guides where bone support for a glenoid implant and/or
a humeral implant is evaluated. The computer implemented interactive patient specific surgical planning
system can further include instructions for a step in a pre-operative total joint planning method for
comparison of anatomic or reverse shoulder surgery implants or guides where the medialization of a
glenoid implant is adjusted by assessing the volumetric amount of bone needed to be removed by
reaming. The computer implemented interactive patient specific surgical planning system can further
include instructions for a step in a pre-operative total joint planning method for comparison of anatomic
or reverse shoulder surgery implants or guides where fixation support in the absence of central pegs that
penetrate a vault medially is analyzed. The computer implemented interactive patient specific surgical
planning system can further include instructions for a step in a pre-operative total joint planning method
for comparison of anatomic or reverse shoulder surgery implants or guides where a joint line is analyzed
by comparing an original joint line and a new joint line. The computer implemented interactive patient
specific surgical planning system can further include instructions for a step in a pre-operative total joint
planning method for comparison of anatomic or reverse shoulder surgery implants or guides where widths
of the glenoid implant and the glenoid bone are measured and matched after reaming and aligning inferior
and superior axes of the glenoid implant and bone and including similar appropriate measuring and
matching of the humeral implant. The computer implemented interactive patient specific surgical
planning system can further include instructions for a step in a pre-operative total joint planning method
for comparison of anatomic or reverse shoulder surgery implants or guides where the diameter of a
humeral head is determined. The computer implemented interactive patient specific surgical planning
system can further include instructions for a step in a pre-operative total joint planning method for
comparison of anatomic or reverse shoulder surgery implants or guides where the height of a humeral
head is determined. The computer implemented interactive patient specific surgical planning system can
further include instructions for a step in a pre-operative total joint planning method for comparison of
anatomic or reverse shoulder surgery implants or guides where the size of a humeral or glenoid implant is
measured by computed tomography scan or other appropriate medical imaging modality. The computer
implemented interactive patient specific surgical planning system can further include instructions for a
step in a pre-operative total joint planning method for comparison of anatomic or reverse shoulder surgery
implants or guides where a best fit size of a humeral implant or a glenoid implant from a range of sizes
from one or more medical component manufacturers is determined. The computer implemented
interactive patient specific surgical planning system can further include instructions for a step in a pre-
operative total joint planning method for comparison of anatomic or reverse shoulder surgery implants or
guides where vectors are compared in three dimensions to measure the distance of relocation of humeral
tuberosity compared to the scapula. The computer implemented interactive patient specific surgical
planning system can further include instructions for a step in a pre-operative total joint planning method
for comparison of anatomic or reverse shoulder surgery implants or guides where range of motion

analysis is conducted, including virtually positioning implants through extreme ranges of motion to
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measure impact locations and compensate for necessary functional range of motion based on activities of

daily living and standard clinical assessments. The computer implemented interactive patient specific
surgical planning system can further include instructions for a step in a pre-operative total joint planning
method for comparison of anatomic or reverse shoulder surgery implants or guides where soft tissue
analysis comprising determining key soft tissue insertion points is conducted. The computer
implemented interactive patient specific surgical planning system can further include instructions for a
step in a pre-operative total joint planning method for comparison of anatomic or reverse shoulder surgery
implants or guides where penetration of the cortical wall anteriorly of the vault is assessed. The computer
implemented interactive patient specific surgical planning system can further include instructions for a
step in a pre-operative total joint planning method for comparison of anatomic or reverse shoulder surgery
implants or guides where the width of the greater tuberosity to medial head edge with an implant is
compared to the anatomic width. The computer implemented interactive patient specific surgical
planning system can further include instructions for a step in a pre-operative total joint planning method
for comparison of anatomic or reverse shoulder surgery implants or guides for viewing or displaying one
or more anatomic views of indications of coronial, sagittal or transverse anatomical planes for the
viewing of a glenoid implant or a humeral implant; views of a glenoid implant with patient-specific back-
side augmentation; views of an exemplary glenoid implant with patient-specific augmentation; views of
involved joint bone or a scapula bone and glenoid surface having depicted indicia of one or more factors
assessed by the planning system for comparison; views of a scapula with a humerus bone having a
selected implant and surgical procedure indicted; views of a glenoid implant with no back-side
augmentation and view of a glenoid implant with back-side augmentation; and/or views of patient-
specific humerus or glenoid implants each having views of customized affixation components.

[0009] In general, in one embodiment, a pre-operative planning method for a computer implemented
interactive patient specific surgical planning system includes: (1) conducting pre-operative planning of a
partial or a total joint surgery; (2) determining a best fit size of a joint implant; (3) conducting range of
motion analysis including virtually positioning a joint implant under evaluation in a patient specific
kinematic model of the joint; (4) conducting soft tissue analysis using the patient specific kinematic
model of the virtually positioned joint implant; (5) assessing and adjusting characteristics of the joint
implant withing the patient specific kinematic model; and (6) selecting patient specific instruments for
use with the selected joint implant based on the pre-operative analysis of the conducting steps.

[0010] This and other embodiments can include one or more of the following features. The method
of conducting pre-operative planning can include one or more of analyzing a joint line, including
comparing an original joint line and a new joint line, wherein the new joint line is substantially similar to
the original joint line. The method of the step of conducting pre-operative planning can include
comparing vectors in three dimensions which represent the distance and direction between tendon and
muscle insertions on the scapula and the humerus for measuring the distance of relocation of humeral
tuberosity compared to the scapula; determining the diameter of the humeral head; determining the height

of humeral head; determining the size of humeral bone implant from digital images. The method of the

-4 -



WO 2018/067966 PCT/US2017/055589
step of determining a best fit size of a joint implant can include selecting a humeral implant from a range
of sizes, wherein the range of sizes is selected from the group consisting of length of stem, size of
humeral stem, diameter of stem, size diameter of head, height of head, and offset of the center spherical
head compared to the center of the face of the humeral stem. The method of the step of conducting range
of motion analysis can include simulating motion of the virtually implanted joint through extreme ranges
of motion to measure impact locations and compensate for necessary functional range of motion. The
method of the step of conducting soft tissue analysis can further include: determining key soft tissue
insertion points, measuring distances in three dimensions for comparison to pre-operative conditions, and
assessing lengths at extreme ranges of motion, such that total soft tissue length change or contraction is
substantially maintained within anatomical ranges in order to substantially achieve most common
activities of daily living. The method of the step of assessing and adjusting the characteristics of the joint
implant can include: assessing and adjusting the thickness/height of the glenoid implant; assessing and
adjusting the depth of the glenoid fossa; and assessing and adjusting the thickness of a graft. The method
of the step of selecting patient specific instruments can include selecting a humeral implant and a glenoid
implant based on the pre-operative analysis, or assessing and adjusting a humeral head, a glenoid
thickness, a glenoid fossa depth, and a graft thickness based on the pre-operative analysis. The method
can further include instructions for a comprehensive pre-operative total joint planning method for
comparison of anatomic or reverse shoulder surgery implants or guides. The method can further include
conducting range of motion analysis, including virtually positioning implants through extreme ranges of
motion to measure impact locations and compensate for necessary functional range of motion. The
method can further include conducting soft tissue analysis, including determining key soft tissue insertion
points, measuring distances in three dimensions for comparison to pre-operative conditions, and assessing
lengths at extreme ranges of motion, such that total soft tissue length change or contraction is
substantially maintained within anatomical ranges in order to substantially achieve most common
activities of daily living. The method can further include assessing and adjusting as needed the
thickness/height of the glenoid implant. The method can further include assessing and adjusting as
needed the depth of the glenoid fossa. The method can further include assessing and adjusting the
thickness of a graft. The pre-operative planning can be done virtually based on images taken from a
subject prior to surgery. The method can further include optimizing the dimensions of fixation elements
of the glenoid implant using correspondence matrix between a three dimensional (3D) bony structure of
the patient and a statistical shape based atlas according to the following steps: (1) developing a
registration between patient bone and statistical shape model of the bone of interest; (2) extracting the
principle modes representing the patient bone; (3) defining the fixation configuration, position or
dimensions according to the corresponding modes; and (4) applying collision detection to confirm the
configuration of the bone fixation. The method can further include identifying and comparing procedural
risks between selected reverse or anatomic shoulder procedures by determining: whether a glenoid face
coverage is maximized; whether an overhang of the glenoid face is minimized; whether bone removal on

the glenoid face is minimized; whether the glenoid retroversion is less than about 5 to about 10 degrees;
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whether seating of the glenoid implant is greater than about 80% of the implant coverage area; whether
there is minimized penetration of the glenoid cortical wall anteriorily; whether there is greater than about
3 mm bone thickness behind glenoid; whether the orientation offset between the native glenoid and
implant superior/inferior axis is less than about 5 degrees; whether the superior or inferior tilt versus
native glenoid is less than 5 degrees; whether there is an absence of a humerai head overhang compared
to the cut, or prepared surface of the humeral bone; whether there is less than about 3 mm difference in
humeral head diameter between anatomic and implant; whether there is less than about 1 mm difference
in humeral head height between anatomic and implant; and whether there is less than about 2 mm greater
tuberosity to medial head edge in comparison to anatomic; whereby procedural risks are identified; and
the selection of prosthetic implants for the selected shoulder surgery are based at least in part on the
identified procedural risks. The glenoid implant can be augmented to fit a patient for which pre-operative
planning of an anatomic or reverse shoulder procedure was performed. The depth of augmentation, the
size of augmentation, and/or the radial position of augmentation can vary depending on the pre-operative
planning of a selected reverse or anatomic shoulder procedure. The augmentation can include a depth
ranging from about 2 mm to about 4 mm. The augmentation can cover about 5%, 10%, 15%, 20%, 30%,
40% or 50% of the back side of the glenoid implant. The augmentation can covers about 50%, 60%,
70%, 80%, 90%, 95% or greater of the back side of the glenoid implant. The radial location of the
augmentation on the backside of the glenoid implant can be selected from the group consisting of a
posterior location, an anterior location, a superior location, an inferior location, and combinations thereof.
The method can further include obtaining a patient specific shoulder surgery guide based upon the
selected anatomic or reverse surgical method steps. The method can further include producing a shoulder
surgery guide or a selected reverse or anatomic shoulder procedure, wherein producing the shoulder
surgery guide comprises using a 3D printing device. The method can further include a selected anatomic
or reverse shoulder procedure recommending prosthetic shoulder implants and placement positions,
selected from the group consisting of adjustments in glenoid implant size, augmentation depth, augment
position, positioning in six degrees of freedom, fixation type, fixation size, reaming depth, reaming
diameter, reaming angle(s) and/or a combination thereof. The method can further include a computer
readable medium having stored thereon executable instructions that when executed by the processor of a
computer control the computer to perform one or more of the planning method steps or a selected reverse
or anatomic shoulder procedure. The computer readable medium can have stored thereon executable
instructions that when executed by the processor of a computer control the computer can generate a
virtual three dimensional model of a glenoid implant reflecting one or more optimized parameters
determined during pre-operative planning. The computer readable medium can have stored thereon
executable instructions that when executed by the processor of a computer control the computer cam
generate a virtual three dimensional model of a selected implant reflecting one or more optimized
parameters determined during pre-operative planning for a selected reverse or anatomic shoulder

procedure.
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[0011] In general, in one embodiment, a pre-operative planning and shoulder surgery kit for a
selected shoulder surgical procedure includes a set of instructions for performing pre-operative analysis
steps and one or more guides, glenoid prosthetic devices and/or humeral prosthetic devices.

[0012] This and other embodiments can include one or more of the following features. The kit can
further include a 3-D printing device for producing a guide and/or one or more glenoid and/or humeral
prosthetic devices. The kit can further include a computer-readable medium for use in conducting the
pre-operative planning, and designing a guide, glenoid implant and/or humeral implant based on input
parameters gathered during the pre-operative planning. The devices can be customizable and/or modular
in design such that the prosthetic device can be optimized for the patient based on the pre-operative
planning analysis. The kit can include a range of glenoid implants having augmented back sides where
the augmentation is selectable in terms of the augmentation size, shape, and position, both in the
superior/inferior and posterior/anterior position. The kit can include a range of glenoid implants having
augmented back is provided where the augmentation is selectable in terms of its size, shape, and position,
where the position is defined by an angular and a radial position.

[0013] In general, in one embodiment, a computer implemented interactive patient specific surgical
planning system includes obtaining a joint specific kinematic model of a joint of a patient to be evaluated
for a total joint or a partial joint surgical procedure, operating a patient adaptation engine to modify at
least one of bone, soft tissue or landmarks in the joint specific kinematic model to render a patient
specific kinematic model by adapting the joint specific kinematic model to include one or more patient
specific conditions, operating a prosthesis testing engine to electronically perform a total or a partial joint
surgery to position a selected implant in the patient specific kinematic model and to simulate motion of
the patient joint with the selected implant while performing an activity of daily living, providing an
output of the results of the operating a patient adaptation engine and operating a prosthesis testing engine,
and selecting an actual implant for a planned surgical procedure to be performed on the patient.

[0014] This and other embodiments can include one or more of the following features. The joint
specific kinematic model can be one of a shoulder, a knee, a hip, an ankle, an elbow, a wrist, a hand or the
joints of the fingers and thumb, and a foot or the joints of the toes. The one or more patient specific
conditions can include a patient specific condition obtained from patient specific imaging, clinical
evaluation, or testing. The system can further include modifying the kinematic model by applying one or
more patient specific factors representing a bone characteristic. The system can further include
modifying the kinematic model by applying one or more patient specific factors representing a ligament
characteristic. The system can further include modifying the kinematic model by applying one or more
patient specific factors representing a muscle characteristic. The system can further include modifying
the kinematic model by applying one or more patient specific factors representing a soft tissue or cartilage
or a joint capsule or a portion of a joint capsule or patient specific fibrous or scar tissue. The system can
further include modifying the kinematic model by applying one or more patient specific factors
representing one or more additional patient specific characteristics related to the total or partial joint

surgery under evaluation. The operating a prosthesis engine step can be performed using a kinematic
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model. The system of the step of operating a prosthesis testing engine can further include the step of
electing a digital model of a prosthesis for evaluation. The system can further include a step to position a
model of the selected prosthesis using the surgical planning within the adapted patient specific kinematic
model of the joint. The system can further include performing a virtual surgery to position the selected
prosthesis within the patient specific kinematic model of the joint under evaluation. The system can
further include the step of applying motion simulation of the patient specific kinematic model based on an
activity of daily living wherein the selected prosthesis in the selected surgical location is evaluated while
the motion of an activity of daily living is imparted to the patient specific model. The process of
simulating the activities of daily living can be repeated for daily grooming, self-care and at least one
athletic or sporting activity. The prosthesis can be moved to a different location within the patient
specific kinematic model and the steps for additional simulations of activities of daily living are repeated.
The system can further include providing an output from the prosthesis testing engine that includes the
results of all simulations performed by the patient specific model including all implants tested, all surgical
sites evaluated and the results of all motions imparted by simulated activities of daily living. A computer
readable medium can be provided, having stored thereon executable instructions that when executed by
the processor of a computer control the computer to perform steps comprising generating a virtual three
dimensional model of a glenoid and/or humeral guide reflecting one or more optimized parameters
determined during a pre-operative planning method. A computer readable medium can be provided,
having stored thereon executable instructions that when executed by the processor of a computer control a
3D printing device in communication with the computer, whereby the 3D printing device prints a glenoid
and/or humeral guide, or placement guide, for use in anatomic or reverse shoulder replacement surgery in
a patient for which an optimization analysis was conducted. The system can further include a method of
creating a reverse or anatomic shoulder surgery guide including utilizing one or more steps, analyses,
optimizations and recommendations to create a patient specific shoulder surgery guide that includes
automated design and creation of a three dimensional model of a glenoid and/or humeral guide reflecting
one or more optimized parameters determined during a pre-operative planning step. Imaging data of a
patient can be obtained from or based on images or scans taken from a patient prior to surgery wherein
the imaging data is based on computed tomography (CT) imaging, x-ray imaging, positron emission

tomography (PET) imaging or ultrasound imaging.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Non-limiting and non-exhaustive embodiments of the various embodiments of the present
invention are described with reference to the following drawings, wherein:
[0016] FIG. 1 is a flow chart of an exemplary computer implemented method of a total joint surgery
planning and evaluation system.
[0017] FIG. 2 is a flow chart of an exemplary computer implemented method of selecting, placing
and testing an implant as part of a total joint surgery planning and evaluation system adapted for

evaluation of an anatomic shoulder procedure.
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[0018] FIG. 3 is a flow chart of an exemplary computer implemented method of selecting, placing
and testing an implant as part of a total joint surgery planning and evaluation system adapted for
evaluation of a reverse shoulder procedure.

[0019] FIG. 4 is a flow chart of an exemplary computer implemented method of obtaining and
comparing the results of the simulations performed in FIGs. 2 and 3 to permit comparison of anatomic
and reverse shoulder procedures for a patient.

[0020] FIG. 5 is a flow chart of an exemplary computer implemented method of providing outputs
and evaluation of previous simulations and assessments in support of conducting the planned total or
partial joint surgical procedure.

[0021] FIG. 6 is a flow chart of an exemplary computer implemented method of adapting a joint
specific anatomic and kinematic model to reflect the condition of a specific patient who is undergoing
evaluation and assessment of planning for a partial or total joint surgery as in FIGs. 1, 2 and 3.

[0022] FIG. 7 is a flow chart of an exemplary computer implemented method of importing,
selecting, placing and testing an implant as well as performing a total or partial joint surgery.

[0023] FIG. 8A is a flow chart of an exemplary computer implemented method of utilizing a total
joint surgical planning and evaluation system.

[0024] FIG. 8B is an exemplary virtual or digital component database for use with the total joint
surgical planning and evaluation system of FIG. 8A.

[0025] FIG. 8C is an exemplary scorecard or assessment output provided by the total joint surgical
planning and evaluation system of FIG. 8A.

[0026] FIG. 9A is a flow chart of an exemplary computer implemented method of utilizing a total
joint surgical planning and evaluation system.

[0027] FIG. 9B is a flow chart of additional steps for operation of a patient adaptation engine as
performed within a computer implemented method of operating a total joint replacement planning system
of FIG. 9A.

[0028] FIG. 9C is a flow chart of additional steps for operation of a prosthesis testing engine as
performed within a computer implemented method of operating a total joint replacement planning system

of FIG. 9A.

DETAILED DESCRIPTION
[0029] Patients requiring shoulder surgery may have one or more of the bones of the shoulder that
are not only arthritic, but may also have had previous conditions that have caused bone to wear away. In
such cases, there may not be sufficient bone to adequately affix a prosthetic implant to the bone during a
routine shoulder surgery. Indeed, the bones may have been worn such that the orientation of a joint
replacement cannot be satisfactorily determined to ensure a positive patient outcome.
[0030] The glenoid bone can be subject to increased wear due to bone arthritic conditions of the
joint, and due to alterations of a normal soft tissue envelope surrounding the joint. In such cases, the

orientation of the face of the glenoid portion of the scapula bone may be altered so that the humeral bone
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is no longer appropriately opposed to the glenoid surface. In the case where the glenoid is severely worn,
there can be two or more risks a surgeon must balance in an attempt to improve shoulder function and
pain relief.

[0031] First, if the optimal orientation of the diseased but treated shoulder is not found and replicated
with the prosthesis the patient may experience most operative complications related to subluxation or
dislocation of the replaced shoulder joint. This can occur either due to passive inputs to the shoulder (e.g.,
leaning against it, or lying in bed), or due to active firing of surrounding soft tissue which is not able to be
constrained by the replaced joint surfaces.

[0032] Additionally, the fixation of a replacement prosthesis, or implant, to the native patient bone
can be problematic. Frequently, in order to counteract the risks associated with joint subluxation and
dislocation described above, it can be necessary for a surgeon to orient or position the replacement
prosthesis or implant in a position better suited to resist imbalanced muscle forces. In such cases,
separation forces between the implant and the bone can increase, which in turn can increase the potential
for loosening of the joint prosthesis in the bone. Implant loosening can be related to accelerated implant
wear, bone erosion, increased tissue inflammation, joint synovitis, and pain.

[0033] In patients that have undergone shoulder replacement surgery, range of motion and strength
are dependent on shoulder kinematics, which are in turn dependent on a host of factors. Such factor can,
include for example, implant size, implant position, the design of implant shape, the joint line and soft
tissue tension. In some cases it can be difficult to predict optimal implant size and position/orientation
using currently available guides and implants. Often times a surgeon finds that there are too many
variables to manage at one time. Moreover, the size choices of implants can be limited to the lowest
practically functional groups to reduce economic burden to the health care system. Current implant
designs and methodologies are inadequate to address these challenges because they are of significant cost,
require time to develop, include increased risk of implant failure, and rely on human judgment of
potential outcomes post-operatively.

[0034] There are many factors that can affect the optimal positioning of shoulder implants during
replacement surgery. For example, such factors can include the patient size, relative bone wear, soft tissue
strength and condition, six degrees-of-freedom positioning of the glenoid and/or the humeral prosthesis,
selected implant size, preoperative patient activity and strength levels, post-operative treatment protocols,
size and density of patient bone. Additional factors can include patient smoking status, concomitant
handicaps and/or patient problems. It can be quite difficult for a surgeon to understand and balance these
factors simultaneously. In addition, only a few of these factors are able to be controlled by the surgeon.
Finally, each factor does not necessarily have an equally weighted impact on patient outcome.
Nevertheless, it is considered that the implant size, position, orientation and bone preparation of the
glenoid and the humerus can have a significant impact on the surgical outcomes.

[0035] A factor that further complicates, or makes more difficult, a surgeons task of optimally
placing a replacement component or implant to counteract these risk is the fact that the condition of the

scapula is such that few landmarks exists for the surgeon the comprehend the implant position within the

-10 -



10

15

20

25

30

35

WO 2018/067966 PCT/US2017/055589
bone. Thus, frequently a surgeon might find that the implant position is not replicating as was envisioned
during the surgical intervention.

[0036] Others have attempted to improve a surgeon's chance of providing successful patient
outcomes by providing operative techniques and tools. What is missing, however, is the ability to fully
understand and incorporate multiple factors to optimize the implant selection and placement. Specifically,
in some embodiments, the success of the surgery can be highly dependent on in the first instance, due
consideration of an anatomic or reverse procedure followed then by both the selection of the matching
prosthesis or prostheses (humeral and/or glenoid), as well as positioning of this prosthesis, as well as the
soft tissue status before the surgery.

[0037] Disclosed herein are methods, systems and devices for pre-operatively planned shoulder
surgery guides, including glenoid placement guides, and implants. Methods, systems and devices are
provided for the replacement of the shoulder joint, such as the glenohumeral joint, wherein the conditions
of the humeral and soft tissue envelop is taken into consideration. More specifically, what is considered is
that the shape and position of the glenoid implant is not based solely on what can be seen and measured
on the scapula, but can be chosen, designed, planned and placed with incorporation of the same
information related to the humerus. After all, the shoulder is a two part joint, i.e. glenoid and humeral
head, wherein both parts work in conjunction with one another, and the factors that affect performance of
the device can in some embodiments include factors from both sides of the joint.

[0038] Appropriate sizing of the prosthesis can be important to successful outcomes, knowing that
oversized or "overstuffed" replacement shoulders are more likely to dislocate, loosen, be painful, and/or
have decreased range of motion. Replaced joints where the orientation of the prostheses is improper
increases the likelihood of implant dislocation and loosening. Additionally, over-reaming, or too much
bone removal, either on the glenoid, or the humerus, can be the cause of implant loosening, "under-
stuffing" or inappropriate articular surface placement which can increase pain and decrease range of
motion.

[0039] Provided herein are some embodiments is a shoulder implant evaluation criteria to assess
match with the patient’s anatomy, including optimal humeral and/or glenoid implant size and shape, and
taking into account one or more of the following factors: assessment of the humeral implant fit to the
humeral bone; relative hardness of the patient bone preoperatively; height and diameter of the humeral
head placed on the humeral stem; orientation, or "offset" of the humeral head; and optimal bone removal
for preservation of soft tissue insertion and attachment. '

[0040] In some embodiments, a pre-operative planning method for designing and/or producing an
augmented glenoid implant, humeral implant and/or a shoulder surgery guide for either or both of an
anatomic shoulder procedure or a reverse shoulder procedure can comprise a number of comparisons
within the computer rendered model to reflect one of more of the presence, location relative to other
elements, attachment to other elements, physiologic quality or health of patient specific bone, muscle,
tendon, and soft tissue within the surgical planning envelope including kinematic relationships and

limitations to kinematics based on characteristics and factors of the above. In one specific example, there
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may be conducted within the surgical planning system electronic computer readable instructions for
comparing vectors in three dimensions to measure the distance of relocation of humeral tuberosity
compared to the scapula based on user or planning program selected prosthesis, surgical procedure or
surgeon specified criteria.

[0041] In one specific example, an embodiment of a comprehensive surgical planning model may
include 3 rotator cuff tendons that attach to the proximal humerus in the area of the greater tuberosity and
the scapula along with, optionally, the patient specific health of the tendons, attachment point specifics as
well as bone density/quality in potential implantation sites. These tendons control much of the rotation of
the humerus about the scapula as well as having a part in elevating the humerus and representation of the
movement of these tendons — as well as their potential role in load bearing, joint stabilization and other
biomechanical factors — in subsequent multi-actions kinematic simulations of a planned surgical
intervention through the a wide arrange of range of motion assessments including standard clinical range
of motion and a number of motions related to activities of daily living. The activities of daily living may
be a set of common activities for self-care as well as patient requested specific activities such as for
occupation, sports, outdoor activities or recreational activities. Still further, using the various dynamic,
interactive total joint computer planning methods described herein and enabled by the disclosed system, a
patient and a surgeon may compare the projected range of motion, stabilization, fixation and longevity of
a proposed surgical intervention — including a total joint arthroplasty procedure — based in part on a
comparison of the above factors to determine long term surgical outcomes based on optimized range of
motion of selected or patient determined activities of daily living based on the patient’s intended return to
an active post-surgical lifestyle.

[0042] In one aspect, the computer readable holistic total joint model — including modifications for
patient specific factors — may be used to perform a number of operations and simulations to provide
assessment, comparison and evaluation information for a wide array of evaluated anatomic or reverse
shoulder procedures, prosthetics, implantation locations, surgical interventions to resolve one or more or a
group of tendon changes, kinematics and kinetics of the glenohumeral joint (joint comprising the glenoid
and humerus) including resulting simulated or predicted direction of force vectors, changing wear
patterns and range of motion (ROM) of the implanted device versus the native joint including assessment
of ROM for activities of daily living and standard clinical evaluations.

[0043] Additionally, in some embodiments, the computer enabled surgical planning and assessment
system described herein permits users to change or modify or adjust the magnitude of one or more vectors
by lengthening or increasing it with a joint prosthesis that is sized relatively larger for the joint to evaluate
possible impact to or decrease of ROM, possible pain, and/or increased wear of the prosthetic
components. In still another aspect, the computer enabled surgical planning and assessment system
described herein permits users to change or modify or adjust the magnitude of one or more vectors by
decreasing or shortening it with a joint prosthesis sized relatively smaller for the joint to permit
assessment of potential or resulting unstable joint kinematics, increased probability of implant or joint

dislocation as well as possible suboptimal mechanics for elevating the humerus. It is to be appreciated
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that one or more of a GUI, UI alone, in combination or used in conjunction with computer enabled
operations and/or functions permit the various biomechanical, kinematic, wear, impingement, localization
and other factors and variations described herein and utilized in this analysis to be accomplished virtually
based on images taken from a subject or patient prior to surgery with all some or none of the various
modifications described herein. Moreover, the computer enabled patient specific total joint surgical
planning system also includes computer readable instructions to impart anatomically correct movement to
the resulting virtually planned/simulated anatomical or reverse shoulder surgical procedure producing a
virtual post-surgical model may to virtually cycled for movements representing once or repeated or
activity of any selected duration or rate for one or more activities of daily living or standard clinical
assessments, including patient specific modifications for activity for daily living.

[0044] FIG. 1 provides additional steps of an illustrative method 100. The method 100 includes
representative steps 105 — 140 of an exemplary method of conducting a patient specific pre-surgical
planning for an anatomic or reverse shoulder procedure.

[0045] In some embodiments, a pre-operative planning method utilizing the computer models
described herein may be advantageous for designing and/or producing an augmented humeral implant
and/or a shoulder surgery guide, an augmented glenoid implant and/or a shoulder surgery guide where
range of motion (ROM)analysis and the wide range of other factors described herein can be conducted,
including virtually positioning implants, surgical steps, as well as motion through ranges of motion
commensurate with ADL to measure impact locations and compensate for or recommend adjustments to
implant or location or surgical preparations to enhance a desired functional ROM outcome or to optimize
ROM based on selection criteria to prioritize higher ROM for some selected activities for daily living,
including patient specified post-surgical motions for selected activities of daily living. In some
embodiments, this iterative analysis can be accomplished virtually based on images taken from a subject
or patient prior to surgery. By measuring, assessing, evaluating and characterizing the resulting ROM
and biomechanical and kinematic envelope with respect to glenoid implants and/or humeral implants used
for selected anatomic or reverse shoulder procedures, data and information can be collected that informs
the selection of an actual glenoid implant, an actual humeral head implant, and/or supports the design and
production of one or more patient specific instruments including implant specific and patient specific
cutting or surgical guides, and/or supports the creation of anatomic or reverse shoulder surgery guides or
devices specific to the patient or subject to be treated.

[0046] In some embodiments, a pre-operative planning method for evaluating implants and surgical
location as well as for use in designing and/or producing anatomic or reverse shoulder implants and/or a
shoulder surgery guides can comprise one or more steps where soft tissue analysis is conducted virtually
on one or more muscles, tendons, or ligaments. In some aspects, soft tissue analysis can comprise
determining and/or assessing soft tissue removal, insertion, attachment or other characteristics of soft
tissue expected in the planned procedure and thereafter analyzing impacts on and/or impacts from use of
one or more implants (glenoid and/or humeral) or planned surgical procedures. In some embodiments,

four rotator cuff muscles and their attachment points can be analyzed, or fewer rotator cuff muscles may
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be included in the post-surgical model simulation depending upon clinical or surgical assessment of the
quality or characteristics of the soft tissue in question.

[0047] In some embodiments, the virtual total joint planning system permits a surgeon or user to
adjust, diminish or remove soft tissue based on surgical technique or experience. In one aspect, a virtual
analysis or interaction with the model may include the subscapularis and permit modification of an
attachment point near the lesser tuberosity and also an attachment point near the anterior glenoid. In one
aspect, a virtual analysis or interaction with the model may include the supraspinatus that attaches at an
attachment point near the anterior greater tuberosity and above the scapular spine or shoulder blade. In
still other aspects, a virtual analysis or interaction with the model may include soft tissue analysis
including the infraspinatus that attaches at the greater tuberosity (posterior to supraspinatus) and below
the scapular spine (posterior). In some aspects, a virtual analysis or interaction with the model may
include soft tissue analysis including the teres minor that attaches posterior on the humerus and on the
inferior scapular border.

[0048] In some embodiments, these and other soft tissue manipulations along with corresponding
implants and surgical sites with their corresponding analysis can be accomplished virtually based on
images taken from a subject or patient prior to surgery. It is believed that by analyzing in a more
comprehensive way than has been previously proposed for a total joint assessment including the bones,
biomechanical factors and kinematic interactions including the soft tissue around the glenohumeral joint,
data and information can be collected that informs the selection between an anatomic shoulder procedure
or a reverse shoulder procedure including for a selected procedure an appropriate glenoid implant,
humeral implant and/or using information, data and analysis to support the design and production of a
patient-specific implants, and/or supports the creation of a shoulder surgery guide device specific to the
patient or subject to be treated based on the selected implant and procedure.

[0049] Turning now to a more specific discussion of FIG. 1 which provides additional steps of an
illustrative method 100. The method 100 includes representative steps 105 — 140 of an exemplary method
100 of conducting a patient specific pre-surgical planning for replacement of a joint. The exemplary
method 100 is described for a shoulder joint. In other aspects of the inventive method, the joint
replacement planning methods and techniques described herein may be applied to other joints of the body
to provide similar beneficial results of planning and simulating different prosthetic components based on
kinematic models adapted to more accurately reflect patient anatomy and physiology including soft
tissues. Moreover, the methods described herein are beneficial for providing insights into how long term
use or wear of an implant based on kinematic and biomechanical actions from activities of daily living as
applied to the proposed surgery. Exemplary other joints include, in addition to the shoulder, the hip, the
elbow, the wrist, the ankle, the spine, the knee, the joints of the hand including the fingers and thumbs,
and the joints of the feet including the toes. The illustrative example of method 100 is for an anatomic or
reverse shoulder procedure.

[0050] First, at step 105, there is the step of obtaining patient specific imaging data of the upper

extremity including the shoulder.
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[0051] Next, at step 110, there is the step of rendering a modified patient specific computer

generated model of the joint to be surgically modified. The modification includes various steps of
manipulating a computer generated upper extremity/shoulder musculoskeletal model that includes bones,
muscles and ligaments to reflect the patient specific condition. Modifications to the general computer
model may be obtained from examination of the patient or other patient specific data including
information obtained from the patient specific imaging data. Patient specific imaging data or other
obtained patient data includes one or more of bone density, muscle tension/quality, ligaments and
muscular attachment points, disease state or other clinical inputs. Additional patient joint specific soft
tissue information or characteristics such as condition of cartilage or joint capsule may also be collected
and indicated in the patient specific model.

[0052] Next, at step 115, there is the step of selected a joint based surgical procedure. In this
example, the surgical decision involves shoulder surgery along with the decision for performing an
anatomic shoulder surgery or a reverse shoulder surgery. The determination of anatomic or reverse is one
of organization as the other surgical selection could be made as part of the additional actions assessed as
part of step 135.

[0053] Next at step 120 is the step of selecting a prosthetic implant, an implant location and degree,
amount, type of surgical intervention. This step includes the computer based or electronic alteration of
the patient specific model to reflect the surgical modification to the joint to position and secure the
selected prosthetic implant.

[0054] Next at step 125 is the step of performing kinematic simulation for one or more activities of
daily living and/or one or more standard clinical assessments. This step provides information about the
durability of the selected implant in the planned position as a variety of different motions are imparted to
the modeled joint. The different motions relate to various activities of daily living including sports
related activities and self-care activities among others to aid in determining the best fit implant and
location. will

[0055] Next at step 130 is the output of the results of the operation of the patient specific kinematic
model based on those actions evaluated in step 125. This step provides an output assessment including
scoring, rating, characteristic, quality ranking for the selected implant-location-procedure evaluated in
step 125.

[0056] Next, at step 135, repeat steps 115, 120, 125, and 130 for all selected implants, locations or
procedures for the patient specific joint surgery. In this way, information obtained from prior implant
selections or proposed surgical locations may be further refined or altered in order to provide a range of
suitable surgical options for consideration based on patient specific conditions and expected or desired
post-surgical activities of daily living.

[0057] Finally, step 140 reflects the output of the method as an assessment of all tested implants and
surgical locations. There is a summary output that includes the ranking, scoring, comparison graphics for

all selected or evaluated implants, locations or procedures.

- 15 -



10

20

25

30

35

WO 2018/067966 PCT/US2017/055589
[0058] FIG. 2 provides exemplary steps of an illustrative method 200 related to additional details of
a computer planned or virtual shoulder procedure described in FIG. 1. Method 200 relates to an
anatomical shoulder arthroplasty procedure and method 300 relates to a reverse shoulder arthroplasty
procedure.

[0059] First, at step 205, there is a step of importing computer generated model of selected
prosthesis manufacturer, model and size for planning of an anatomic shoulder arthroplasty.

[0060] Next, at step 210, there is a step of placing the selected prosthesis on the modified patient
specific model in an estimated anatomic shoulder implantation location.

[0061] Next, at step 215, there is a step of simulating motion of the patient specific model to reflect
the movement of the upper extremity during an activity of daily living or a standardized clinical test.
[0062] Next, at step 220, there is a step performed during the movement of the patient specific model
for activity of daily living to obtain an indication of a number of performance factors. Examples of
performance factors include bone quality, forces generated, muscle performance and tension, fixation
stability.

[0063] Next, at step 225, there is a step to output an overall assessment for activity of daily living or
clinical test.

[0064] Step 230 is a decision step to conduct additional movements and cycles of the tested implant
for another activity of daily living or a clinical test. If the answer to the decision at step 230 is “YES”
then the method returns to step 215. In this case, the method loops back to testing cycles for each of the
activities of daily living or clinical tests as desired by the health care provider or assessment. However, if
the answer to the decision at step 230 is “NO” then the method continues to step 235.

[0065] Next, at step 235, there is a decision about whether to test another estimated implantation
location or surgeon adjustment to the implant location. If the answer at 235 is “YES” then the method
returns to step 210 and the prosthesis is positioned at another location. If the answer at 235 is “NO” then
the method continues on to step 240.

[0066] Next, at step 240, there is a determination of whether to select a different prosthesis,
manufacturer, model, size or further surgeon based input to modify location, size or other factors for the
surgical procedure being evaluated. If the answer at 240 is “YES” then the process loops back to step to
decision 205 for selecting a new prosthesis for testing and then method repeats for that additional
prosthesis. If the answer at 240 is “NO” then the process continues to step 245.

[0067] At step 245, there is an output of all of the patient specific assessments collected during the
steps 205-240. This comprehensive output includes bone quality, impingements, forces generated,
muscle performance, impingement, wear and other characteristics useful for the evaluation and
comparison of an implant and a proposed surgical site. Moreover, the output includes the impact on
selected activity of daily living and standard clinical tests for all selected prosthesis manufacturer, models
and sizes for each tested implantation site.

[0068] FIG. 3 provides exemplary steps of an illustrative method 300 related to additional details of

a reverse shoulder procedure described in FIG. 1.
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[0069] First, at step 305, there is a step of importing computer generated model of selected

prosthesis manufacturer, model and size for planning of a reverse shoulder arthroplasty.

[0070] Next, at step 310, there is a step of placing the selected prosthesis on the modified patient
specific model in an estimated reverse shoulder arthroplasty implantation location.

[0071] Next, at step 315, there is a step of simulating motion of the patient specific model to reflect
the movement of the upper extremity during an activity of daily living or a standardized clinical test.
[0072] Next, at step 320, there is a step performed during the movement of the patient specific model
for activity of daily living to obtain an indication of a number of performance factors. Examples of
performance factors include bone quality, forces generated, muscle performance and tension, fixation
stability.

[0073] Next, at step 325, there is a step to output an overall assessment for activity of daily living or
clinical test.

[0074] Step 330 is a decision step to conduct additional movements and cycles of the tested implant
for another activity of daily living or a clinical test. If the answer to the decision at step 330 is “YES”
then the method returns to step 315. In this case, the method loops back to testing cycles for each of the
activities of daily living or clinical tests as desired by the health care provider or assessment. However, if
the answer to the decision at step 330 is “NO” then the method continues to step 335.

[0075] Next, at step 335, there is a decision about whether to test another estimated implantation
location or surgeon adjustment to the implant location. If the answer at 335 is “YES” then the method
returns to step 310 and the prosthesis is positioned at another location. If the answer at 335 is “NO” then
the method continues on to step 340.

[0076] Next, at step 340, there is a determination of whether to select a different prosthesis,
manufacturer, model, size or further surgeon based input to modify location, size or other factors for the
surgical procedure being evaluated. If the answer at 340 is “YES” then the process loops back to step to
decision 305 for selecting a new prosthesis for testing and then method repeats for that additional
prosthesis. If the answer at 340 is “NO” then the process continues to step 345.

[0077] At step 345, there is an output of all of the patient specific assessments collected during the
steps 305-340. This comprehensive output includes bone quality, impingements, forces generated,
muscle performance, impingement, wear and other characteristics useful for the evaluation and
comparison of an implant and a proposed surgical site. Moreover, the output includes the impact on
selected activity of daily living and standard clinical tests for all selected prosthesis manufacturer, models
and sizes for each tested implantation site.

[0078] It is to be appreciated that the use of this standardized approach to a common patient specific
kinematic model provides a more complete picture of the comparison and potential benefits to a patient
when selecting between anatomic or reverse shoulder arthroplasty. Still further, in some embodiments,
the disclosed pre-operative planning methods can further comprise identifying a prosthetic shoulder
implant for use during an anatomic shoulder or a reverse shoulder total or partial arthroplasty, including

designing a patient-specific augmented humeral implant, patient specific augmented glenoid implant,
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and/or identifying a placement position for the prosthetic shoulder implant including anatomic or reverse
procedures and including options for digital models of standard sized implants, custom implants or
patient derived implants. The design and/or identification of one or more prosthetic shoulder implant
components for reverse or anatomic procedures and various placement positions considered take into
consideration one or more of the factors selected from the group consisting of adjustments in glenoid
implant size, augmentation depth, augment position, positioning in six degrees of freedom, fixation type,
fixation size, reaming depth, reaming diameter, reaming angle, and/or a combination thereof. Moreover,
in additional to the above method, additional factors include steps of recommending implants and
placement positions for glenoid and humeral components, with recommended adjustments in humerus
stem size, length, head diameter, head height, head offset and rotation (axial). A prosthetic shoulder
implant can in some embodiments comprise a glenoid implant component and a humeral implant
component each adapted for use in an anatomic or a reverse shoulder arthroplasty procedure. Additional
details of the above and of the various aspects of embodiments of a surgical planning system are
contained in “How Computer Models Can Help Prosthesis Implantation With The Best Mobility and
Minimum Impingement,” by Andreas Kontaxis, Julien Berhouet, and Lawrence Gulotta; “Pre-Operative
Planning and Accurate Implantation Can Increase Free Range of Motion in Reverse Shoulder
Arthroplasty; Cadaveric Validation,” by Andreas Kontaxis, Julien Berhouet, Daniel Choi, Xiang Chen,
David Dines, Russell Warren and Lawrence Gulotta; “Humeral Version in Reverse Shoulder Arthroplasty
Affects Impingement in Activities of Daily Living,” by Andreas Kontaxis, Julien Berhouet, Daniel Choi,
Xiang Chen, David Dines, Russell Warren and Lawrence Gulotta; “Humeral Version Affects
Impingement in Reverse Shoulder Arthroplasty (RSA),” by Andreas Kontaxis, Julien Berhouet, Daniel
Choi, Xiang Chen, David Dines, Russell Warren and Lawrence Gulotta; “Version Correction
Compromises Remaining Bone Quality After Eccentric Reaming in B2 Glenoids,” by X. Chen, A. Reddy,
A. Kontaxis, D. Choi, T. Wright, D. Dines, R. Warren and L. Gulotta; “Planning Software and Patient-
Specific Instruments in Shoulder Arthroplasty,” by J. D. Wylie and R. Z. Tashjan; and “Dynamic Three-
Dimensional Shoulder MRI During Active Motion For Investigation of Rotator Cuff Diseases,” by C.
Tempelaere, J. Pierrant, M. Lefevre-Colau, V. Vuillemin, C. Cuenod, U. Hansen, O. Mir, W. Skalli and
T. Gregory each of which is incorporated herein by reference in its entirety for all purposes and
previously identified as Appendixes A-F. Still further, additional details of the above and of the various
aspects of embodiments of a surgical planning system are further described in US Patent Application
Publication US 2016/0270854 and US Patent Application Publication US 2010/0125336, each of which is
incorporated herein by reference in its entirety for all purposes.

[0079] FIG. 4 provides exemplary steps of an illustrative method 400 related to additional details of
the method 100 described in FIG. 1 in order to compare the results obtained for the anatomical
arthroplasty surgical options (FIG. 2) and the reverse shoulder arthroplasty options (FIG. 3).

[0080] First, at step 4035, is obtaining the output of a patient specific assessments for all anatomic
shoulder arthroplasty procedures evaluated. This output includes bone quality, tissue impingements,

forces generated and how borne by the implant, muscle performance, bone impingements, wear, soft
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tissue balancing, and other factors assessed in the method 200. Moreover, the output includes the results
for operation of the patient specific kinematic model for the selected activities of daily living and standard
clinical tests (i.e., ADL) for all selected prosthesis manufacturer, models and sizes.

[0081] Next, at step 410, is obtaining the output of a patient specific assessments for all reverse
shoulder arthroplasty procedures evaluated. This output includes bone quality, tissue impingements,
forces generated and how borne by the implant, muscle performance, bone impingements, wear, soft
tissue balancing, and other factors assessed in the method 300. Moreover, the output includes the results
for operation of the patient specific kinematic model for the selected activities of daily living and standard
clinical tests (i.e., ADL) for all selected prosthesis manufacturer, models and sizes.

[0082] Next, at step 415, the surgeon reviews results based on those evaluated shoulder procedures
from steps 405, 410. The surgical evaluation and assessment is based on a wide array of factors, such as,
for example, joint contact force and stability, muscle force, patient specific wear, kinematic factors of
impingement, mechanical stability, fixation strength, soft tissue factors of comprehensive shoulder
prosthesis function, standardized clinical tests, clinical assessment of patient health factors, patient
prioritized activities of daily living. Still further, other characteristics and qualities may be used to
evaluate suitable surgical options and prosthesis elected for this patient, as well as provide for
modification of any evaluated plans.

[0083] Next, at step 420, based on the decision arrived above at step 415, the surgical planning
system will output or transmit a Plan for Surgery. A Plan for Surgery includes various steps of ordering
implants, obtaining any 3D printed or other patient specific implant guides, operating room and patient
scheduling, and other activities to proceed with the selected and planned joint replacement surgical
option. Additionally, the total joint planning system may provide optional assessment reports for use
with patient consultation, information and informed consent.

[0084] In some embodiments, the methods described herein of designing and/or creating implantable
components for a patient specific anatomic or reverse shoulder procedure including a glenoid implant
component, a humeral implant component, shoulder surgery guide, including a glenoid implant placement
guide, a humeral implant placement guide based on pre-operative planning including patient specific
bone, muscle and soft tissue along with glenohumeral joint, scapula, clavicle kinematics can further
comprise one or more optimization steps. Such optimization steps can comprise the identification of
anatomic, surgical, procedural, range of motion, fixation, stabilization or other outcome risks based on
measurements of one or more of a plurality of factors. Such factors can in some embodiments comprise
indicia of glenoid face coverage, the overhang of the glenoid face and/or the bone removal on the glenoid
face, the glenoid retroversion, the seating of the glenoid implant and degree the back side of the glenoid
implant is supported by or touching bone, minimized penetration of the glenoid cortical wall anteriorly
and/or the depth of any glenoid implant augment feature, indicia of less than about 1 mm of difference
between the anatomic joint line and the new joint line with implants, indicia of minimized penetration of
the glenoid cortical wall anteriorly, and/or indicia of maximized bone thickness behind the glenoid,

indicia of the orientation offset between the native glenoid and implant superior/inferior axis, indicia of
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the superior or inferior tilt versus native glenoid, and indicia of changes in soft tissue length at extreme

ranges of motion, motion during activities of daily living or in standard clinical evaluations of motion,
indicia of an absence of a humeral head overhang compared to the cut, or prepared surface of the humeral
bone, there is minimal difference in humeral head diameter between anatomic and implant, and indicia of
the difference in humeral head height between anatomic and implant, In some embodiments, such indicia
of surgical and procedural risks above or described elsewhere herein including appropriate corresponding
considerations for humeral implant site preparation, surgical interaction and implantation characteristics -
can be determined virtually based on images taken from a subject prior to surgery including as well the
herein described patient specific total joint model including bone, muscle, tendon, soft tissue and
appropriate kinematics as selected for rendered for a particular surgical situation, procedure or patient
situation or episode of care.

[0085] In some aspects, there are included additional virtual model modifications to include a
surgical input after a physical examination of the patient or during surgeon planning such that a tendon or
a muscle group identified for the repair. Thereafter, the model can remove or diminish the contribution of
the identified tendon or muscle group to maintenance of the load on the joint provided by the identified
tendon or muscle group. Additionally, if a surgeon believes that the actual procedure includes a step of
modifying a tendon or muscle group such as for example using the deltoid to stretch up and attach to the
joint then that expected actual modification to deltoid attachment may be factored into the overall model.
In this instance, the planning model indicates where a physician specific indication of surgical preference
can be included into the model before the model is cycled to assess the various factors of a selected
surgical procedure. Such a modification would allow a surgeon to experiment with long-term fixation and
stabilization based on decisions made about soft tissue management and the use of a specific prosthesis or
long-term stability, fixation and wear. In addition, a surgeon may indicate as a factor included in the
system output a level of prior experience in the use of, confidence factor in or other subjective selection
criteria or factors related to a specific manufacturer or a specific model of prosthesis under consideration.
Additionally, a surgeon may indicate a subjective evaluation that design qualities or engineering features
of a specific manufacturer prosthesis or model would be particularly suited to a patient procedure under
evaluation.

[0086] In still another aspect, the virtual model of planned patient intervention optionally provides
that one or more muscles, ligaments, tendons can be dropped or manipulated by the surgeon with respect
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