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GENERATING PATIENT SPECIFIC
INSTRUMENTS FOR USE AS SURGICAL AIDS

Cross-Reference to Related Application

This application claims the benefit of U.S. Provisional Patent Application

No. 61/484,926, filed May 11, 201 1, the entire contents of which are incorporated

herein by reference.

Technical Field

The present invention relates to a preoperative planning system and, more

particularly, to a system for generating patient specific instruments (PSIs) for use

as surgical aids.

Background of the Invention

For treatment of various problems with the shoulder, hip, or other body

joint or bone (such as degenerative arthritis and/or traumatic injury), one method of

providing relief to a patient is to replace the articulating surfaces with an artificial

or prosthetic joint. In the case of a shoulder, the humerus and glenoid vault

articulating surfaces are replaced. In the case of a hip, the femur and acetabulum

articulating surfaces can be replaced. Both of these examples are of ball-and-

socket type joints. Hinge-type joints, such as the knee or elbow, and static/fixed

skeletal components, such as the long bones of the arm or leg, as well as interfaces

such as those between spinal vertebrae and intervertebral discs, could also be

subject to replacement and/or repair by the implantation of artificial or prosthetic

components or other fixation devices related to the treatment of fractures, the

sequelae of trauma, congenital pathology, or other issues causing a lack of ideal

function. In such surgical procedures, pain relief, increased motion, and/or

anatomic reconstruction of the joint are goals of the orthopedic surgeon. With

multiple variations in human anatomy, prosthetic systems must be carefully

designed, chosen, and implanted to accurately replicate the joints that they replace

or the bone structures that they aim to change.



Summary of the Invention

In accordance with a first aspect of the present invention, a non-transitory

computer readable storing machine readable instructions is provided for generating

a patient specific instrument (PSI) for use as a surgical guide. The machine

readable instructions include a region modeling component configured to provide a

three-dimensional model of a region of interest within a body from at least one

imaging scan of the region of interest. A surgical planning component is

configured to display a model of a selected implant and the three-dimensional

model of the region of interest to a first user and allow the first user to position the

model of the selected implant within the three-dimensional model of the region of

interest. The model of the selected implant has at least one hidden attribute that is

not visible to the first user. A PSI design component is configured to provide a

patient specific instrument model from a generic PSI model according to the

position of the model of the selected implant within the three-dimensional model

of the region of interest and the at least one hidden attribute.

In accordance with another aspect of the present invention, a

computer-implemented method is provided for generating a patient specific

instrument (PSI) for use as a surgical guide. A region of interest within a body of a

patient is scanned to provide a three-dimensional model of the region of interest.

A first user is allowed to position a model of a selected implant with the

three-dimensional model of the region of interest via a graphical user interface. A

patient specific instrument model is generated from a generic PSI model according

to the position of the model of the selected implant within the three-dimensional

model of the region of interest and the position of at least one extension of the

model that is not visible to the first user. The patient specific instrument is

fabricated according to the patient specific instrument model.

In accordance with yet another aspect of the present invention, a system is

provided for generating a patient specific instrument (PSI) for use as a surgical

guide. The system includes a non-transitory computer readable medium storing

machine readable instructions for performing a method, and a processor configured

to execute the machine readable instructions. The method includes allowing a first

user to position a model of a selected implant with the three-dimensional model of

the region of interest, and allowing a second user to alter a first attribute of the



model of the selected implant that is not visible to the first user. A patient specific

instrument model is generated from a generic PSI model according to the

positioning of the model of the selected implant by the first user, the alteration of

the first attribute by the second user and a second attribute that is not visible to the

first user or the second user.

Brief Description of the Drawings

For a better understanding of the invention, reference may be made to the

accompanying drawings, in which:

Fig. 1 illustrates a system for defining patient specific instrument

assemblies in accordance with an aspect of the present invention;

Fig. 2 illustrates a method for generating one or more patient specific

instruments (PS Is) for use as surgical aids in the installation of a stock implant

within a region of interest within a body of a patient;

Fig. 3 illustrates a first physical instantiation of a patient specific

instrument model in accordance with an aspect of the present invention;

Fig. 4 illustrates a second physical instantiation of a patient specific

instrument model in accordance with an aspect of the present invention;

Fig. 5 illustrates one example of a prosthetic implant device;

Fig. 6 illustrates an example of a device model for the prosthetic device

illustrated in Fig. 5 as it might appear to a first user using a system in accordance

with an aspect of the present invention;

Fig. 7 illustrates the device model of Fig. 6 with all of its associated

attributes shown;

Fig. 8 illustrates the model of Fig. 6 overlaid on a model of a region of

interest in a patient;

Fig. 9 illustrates the device model overlaid on the model of the patient's

scapula as the device model would appear to a second user;

Fig. 10 illustrates a selection of a surface on a region of interest;

Fig. 1 1 illustrates a surface model of the region of interest created from the

selected surface of Fig. 10;

Fig. 12 illustrates one example of a generic PSI model in accordance with

an aspect of the present invention;

Fig. 13 illustrates the generic PSI model of Fig. 12 after configuration;



Fig. 14 illustrates the generic PSI model of Figs. 12 and 13 positioned

within the region of interest including attributes visible to a second user;

Figs. 15 and 16 illustrate the generic PSI model before prior to the

execution of a script for creating a final patient specific instrument;

Figs. 17 and 18 illustrate the generic PSI model of Figs. 15 and 16 after a

union with a model of two hex nuts;

Figs. 19 and 20 illustrate the generic PSI model of Figs. 17 and 18 after the

subtraction of two drill guides;

Figs. 2 1 and 22 illustrate the generic PSI model of Figs. 19 and 20 after the

subtraction of a surface model from one surface of the generic PSI model; and

Fig. 23 is a schematic view of a computer system that can be employed to

implement systems and methods described herein, such as based on computer

executable instructions running on the computer system.

Description of Embodiments

A system in accordance with an aspect of the present invention is

configured to allow a user, such as a surgeon, to place a simulated implant

component into a model of a region of interest on a patient. It will be appreciated

that the region of interest can comprises any region of a human or non-human

patient's body in which it might be desirable to perform a surgical intervention.

The model of the region of interest can include any form of tissue that might be of

interest in conducting the surgical intervention. The patient model can be derived

from a preoperative imaging procedure, such as a computed tomography (CT)

scan, ultrasound imaging, a magnetic resonance imaging (MRI) procedure, a

structured light, 3-D scan, a laser imaging procedure, or from a composite of

multiple images derived from such scans, including stereo graphic composites.

Some implants are an assembly of multiple interdependent pieces, and in these

cases the implant assembly can be configured according to manufacturer

specifications. The location and configuration of the implant in the virtual tissue

can represent a preoperative surgical plan, allowing the user to customize the

placement of the implant to the anatomy of the patient.

To this end, the system can extract a representation of the region of interest

from the imaging data. A user can place a generic model, referred to as a "blank,"

onto a surface of the region of interest. If the blank has multiple pieces, those



pieces can also be configured. The system can then create a single object from the

blank and all its pieces in its current configuration and digitally subtract the surface

of the region of interest from the object to create a unique "template" model that

exactly fits the a contour of the tissue, such as a surface of a bone, in a single

location. In another implementation, the blank can be generated directly from the

region of interest by selecting a portion of the tissue surface and extruding it along

the surface normal, or in another direction, to provide a model that fits the surface.

The system can then augment the template, adding or subtracting features

(e.g., bosses, holes, slots or platforms) according to the specification of the implant

in order to create a "Patient Specific Instrument" model. It will be appreciated that

some or all of these features can be produced from "hidden" attributes of the

simulated implant component that are not visible to one or more users of the

system, but interact with the object to create a template useful for guiding the

surgical procedure. It will be appreciated that the hidden attributes of a given

component can be inherent to the component, such that they are not added by any

of the plurality of users. Some hidden attributes will be visible to and configurable

by one or more users, but attributes can be hidden from all users. This PSI model

can be manufactured using rapid prototyping technology to create a physical part.

This part will fit on the patient bone in one specific location, allowing standard

reusable instruments to use the PSI guiding structures, such as drill holes, guide

holes for insertion of other structures, cutting slots, protrusions, bridges, and labels,

as landmarks in order to prepare the bone so the selected implant can be placed

according to the plan.

The term "stock" is used herein to indicate that the component indicated is

not custom-manufactured or configured for the patient, but is instead provided as a

standard inventory item by a manufacturer. A particular stock component may be

selected automatically by the system or manually by the user from a product line

range of available components, optionally with the user specifying a desired

configuration, general or particular size (e.g., small, medium, large, or a specific

measurement), material, or any other characteristic of the component. Indeed, the

stock component could be manufactured only after the user has selected the desired

options from the range of choices available. However, the stock component is

differentiated from a custom-manufactured component in that the stock component

is agnostic regarding a particular patient anatomy during the design and



manufacturing processes for an instrument, prosthetic implant, or other component

intended for that patient, while the patient anatomy is an input into at least one

design and/or manufacturing process for a custom-manufactured component. The

following description presumes the use of a stock prosthetic implant and stock

instrument, though one of ordinary skill in the art will be able to provide for the

use of the present invention with a custom-manufactured prosthetic implant or

instrument, instead.

Fig. 1 illustrates a system 10 for defining patient specific instrument

assemblies in accordance with an aspect of the present invention. The system

includes a processor 12 and a non-transitory computer readable medium 20

configured to store data and machine readable instructions. It will be appreciated

that by a "non-transitory computer readable medium," it is meant one or more

physical computer readable media, local to the processor or connected via an

appropriate bus or network connection, storing the data and instructions associated

with the illustrated system 10. The non-transitory computer readable medium

stores a device library 22 containing a plurality of device models representing

potential devices for insertion into a region of interest on a patient or for use in

performing the insertion of another device. It will be appreciated that each device

model can be explicitly defined as a three-dimensional figure having defined

boundaries within a local coordinate system or implicitly defined according to a

generic model and a set of parameters defining a particular instance of the generic

model. For example, a cylindrical device model might be stored as a set of

parameters representing the radius, length, and number of sides for a generic

cylinder model. In one implementation, each implant model is represented as a

mesh object.

Imaging data representing the region of interest can be provided to the

system from an external imaging device (not shown) and stored on the non-

transitory computer readable medium as a patient model 24. Specifically, the

patient model 24 can comprise a three-dimensional representation of one or more

structures in the region of interest. In one implementation, the patient model can

be an object representing a bone or joint of the patient.

A region modeling component 26 is configured to provide a three-

dimensional representation of the region of interest, including at least a portion of

the patient model 24 and device models from the device library 22. In accordance



with an aspect of the present invention, a graphical user interface 28 is provided to

allow a first user to view the device models and the patient model 24 at an

associated display 32 and manipulate the position and orientation of at least one of

the device models within the region of interest via an appropriate input device 34,

such that the relative position and orientation of the at least one device model and

the portion of the patient model 24 are altered. For example, the first user can

review the portion of the patient model 24 and manipulate the position and

orientation of the device model as to simulate the placement of an implant within

the bone or joint represented by the patient model 24. In one embodiment, the first

user can be a member of a surgical team responsible for implantation of the

implant.

A given device model can have one or more attributes, that is, portions of

the device model that do not directly correspond to the real-world device.

Attributes can include extensions to the three-dimensional device model, apertures

or depressions in the surface of the device model, additional models associated

with the model, point locations, direction vectors, planes, labels, and categories. In

accordance with an aspect of the invention, a model can include attributes that are

not visible to one or more users, referred to as "hidden attributes". It will be

appreciated that a hidden attribute of a model can be made selectively visible to

users, such that an attribute can be visible to the first user but not to a second user.

Some hidden attributes can be hidden from all users, for example, when adjustment

of these attributes by a surgeon or technician would not be helpful. And, of course,

some attributes can be visible to all users. To this end, an attribute filtering

component 36 restricts the display of each model according to associated privileges

of the user, such that the model displayed to the user contains no attributes hidden

from the user.

In one implementation, the first user, generally a surgeon, can position the

implant at a desired location with the model of the region of interest, and a second

user, generally a technician, can manipulate one or more attributes associated with

the implant and position a patient specific instrument (PSI) blank at a point within

the region of interest suitable for placement of a physical patient specific

instrument. It will be appreciated, however, that a "user" can also be an automated

program for performing a particular function. Attributes can be hidden from an

automated "user" simply by providing the automated system with a representation



of the device model lacking the hidden attributes. For some applications, the

attribute filtering component 36 can also work to prevent a given user from altering

certain model attributes that are visible to the user. For example, the technician

may be prohibited from altering one or both of the placement and orientation of an

implant model placed by the surgeon even though the implant model is visible to

the technician,

Once the PSI blank has been placed, the model is provided to a PSI design

component 38 to generate a PSI for the implant. The PSI design component 38 can

generate a model of the PSI from the PSI blank, the placement of the implant and

its associated attributes, and the patient imaging data. In the illustrated

implementation, the PSI blank is represented as a mesh object, and the PSI model

can be formed through a series of geometry processing operations, on the patient

imaging data, the implant and its various attributes, and the blank. It will be

appreciated that the geometry processing operations can include Boolean

operations between mesh objects, mesh "cleaning" operations, such as patching

holes, removing extraneous disconnected surfaces, and similar processes,

movement, scaling, rotation, or transformation (e.g., via a parameterized transform

function) of objects or portions of objects, and creating a specific object from a

parametric/implicit representation in a generic model. A series of geometry

processing operations necessary to perform a discrete task (e.g., to create a blank

having a desired , shape and size, contour the blank to a portion of the patient's

anatomy, etc.) can be stored as a script within a library of scripts 40. Accordingly,

to produce a PSI model for a given implant, one or more scripts associated with the

implant can be executed, representing the series of geometry processing operations

necessary to produce a PSI specific to the patient's anatomy, the selected

placement of the implant, and the placement of any structures auxiliary to the

implant (e.g., guide pins, hex bosses, etc.). The resulting PSI model can be

displayed to a user through the user interface 28 and saved in an appropriate format

for use in fabricating the modeled PSI. In one implementation, the PSI model can

be provided directly to a three-dimensional printer to produce the modeled implant.

In one implementation, the PSI blank can be a configurable mesh object,

but it will be appreciated that the PSI blank can be implemented as an implicit

model, such as a brep (boundary representation) or nurbs (non- uniform rational b-

spline surface). Where the PSI blank is an implicit model, the PSI model can be



created using brep objects, with the formation and combination of some of the brep

objects would be determined by the hidden attributes and/or the script in a manner

similar to the mesh model described above. Alternatively, the PSI model could be

produced subdividing and "warping" a surface to conform to a specific shape, or

generating a surface procedurally from the implicit model. In another

implementation, the PSI blank can be generated dynamically by selecting and

extruding a portion of the surface. In such a case, there is no need to then subtract

the surface from the blank, because after extrusion, the surface-facing region is the

same as the surface itself. This "surface-matched'' blank would still be augmented

with the attributes in a manner similar to the mesh model.

Fig. 2 illustrates a method 50 for generating one or more patient specific

instruments (PSIs) for use as surgical aids in the installation of a stock implant

within a region of interest within a body of a patient. It will be appreciated that the

illustrated method 50 can be implemented as machine executable instructions

stored on one or more non-transitory computer readable media and executed by an

associated processor. At 52, the region of interest is scanned to provide a three-

dimensional model of the region of interest. One or more appropriate imaging

modalities can be used to provide the scan data, and the scan data can be utilized to

create the three-dimensional model as a model of the region of interest. The region

of interest can be any portion of the body in which an implant device can be

installed. For example, the region of interest can represent a shoulder joint or a hip

joint of the patient.

At 54, a first user is allowed to position a model of a selected implant with

the three-dimensional model of the region of interest. For example, the model of

the selected implant can be displayed to the user via a graphical user interface, and

the user can manipulate the position and orientation of the model using one or

more input devices. In accordance with an aspect of the present invention, the

model of the selected implant can have a number of associated attributes, including

extensions to the three-dimensional device model, additional models associated

with the model, point locations, direction vectors, planes, labels, and categories.

Some of these attributes can be hidden from the first user, such that the display of

the implant model to the first user includes only a first proper subset of the

attributes associated with the model.



Once the implant model has been placed, a second user can configure one

or both of the implant model and one or more generic patient specific instrument

(PSI) models at 56. The display of the implant model to the second user can

include a second proper subset of attributes, and the second user can be permitted

to alter one or more of the displayed attributes. For example, the second user can

configure one of the size and position of an extension of the model of the selected

implant that was not visible to the first user. It will be appreciated that the

attributes associated with a given implant model can include attributes visible to

the first user but not visible to the second user, attributes visible to the second user,

but not visible to the first user, attributes visible to both users, and attributes not

visible to either user.

In one implementation, the second user can position and configure the one

or more generic PSI models on the region of interest. As part of the configuration

process, the second user can alter at least one of the size and the shape of each

generic PSI model as well as the size and shape of any extensions from the model.

In one implementation, the generic PSI model can include a cylindrical base

portion and one or more extensions that can be rectangular or wedge-shaped. The

second user can position the base portion, adjust its diameter and thickness, as well

as determine an associated width, length, and shape of the extensions as part of the

configuration process.

At 58, patient specific instrument models are generated from corresponding

generic PSI models. For example, the PSI models can be generated according to

the position of the generic PSI models, the position and orientation of the model of

the selected implant within the three-dimensional model of the region of interest,

and the position of at least one extension of the model that is not visible to the first

user.

In one implementation, each of the three-dimensional model, the generic PSI

models, and the implant model can be represented as mesh models, and the patient

specific instrument models can be created via a series of geometry processing

operations. For example, each model can be represented by an associated script

implementing a Constructive Solid Geometry (CSG) technique. The script

language is designed to be easy to parse, as to make the language comprehensible

to users without significant programming experience. It will be appreciated,

however, that the script language herein is provided merely for the sake of



example, and that other means for implementing the systems and methods

described herein, including script languages having different grammars, can be

utilized. For example, in one implementation, an implant model or generic PSI

model can be implicitly defined according to one or more generic models and a set

of parameters defining a specific instance of the generic model. The script can

include comments, indicated by a double slash (//) to document the script and make

it easier to understand the intent of each command, as well as arguments, indicated

by dollar signs ($) representing mesh objects called from other locations by the

script. Depending on the script, the mesh comprising each object can be used in

operations and/or overwritten. Variables are mesh objects created local to the

scope of script execution. They hold temporary meshes created by and used in

operations. Models describe the location, relative to the root of the component

assembly tree, of a specific model attribute, which is a mesh object. Some nodes

in the tree have exactly one active "branch" at a time. For these nodes, a "?" in the

path indicates that the currently active branch should be used when evaluating the

remainder of the path. Functions allow a more complex operation to be applied to

a mesh object, such as an argument, variable or model. One example is a

smoothing operation. An associated argument is passed to the function to control

its behavior. Another example is a transfonn function that can be applied to all or

a selected portion of the geometry of the PSI model to produce a desired

deformation in the PSI model. Finally, union (+), difference (-), and intersection

(&) operators are used to combine two mesh objects via a Boolean operation.

Table 1 describes the grammar of the scripting language in more detail.



Table 1

The final model for each patient specific instrument can be created by

performing a series of geometry processing operations on the model of the selected

implant, the at least one extension of the model, the three-dimensional model of the

region of interest, and the generic PSI model as defined by a script associated with

each implant model. In this way, the same generic PSI model can be used to create

PSIs for multiple implant choices, with each implant defining how to make the

final patient specific instrument model from the blank.

A number of features can be added to a given generic PSI model through

these geometry processing operations. For example, one operation can comprise

subtracting a portion of intersection between the three-dimensional model of the

region of interest and the generic PSI model from the generic PSI model such that

a first surface of the generic PSI model is contoured to a portion of a surface of the

three-dimensional model of the region of interest. Similarly, a portion of

intersection between an extension of the model and the generic PSI model from the

generic PSI model can be subtracted from the generic PSI model as to form at least

one guide structure in the generic PSI model. For example, the guide structure can

represent an aperture or protrusion on the PSI model for maintaining one of an

instrument and an implant in a desired orientation relative to the region of interest.



Accordingly, each implant model can have its own built in guide extensions, for

example, for its own placement or for guiding an associated instrument, hidden

from the first user during placement of the implant, that define the positions of the

guide structure in the patient specific instrument according to the first user's

placement of the implant model.

Another operation can include taking the union of an extension of the

model and the generic PSI model as to add a cylindrical bushing represented by the

first extension to the generic PSI model. For example, the implant model can

include an associated guide pin, and the cylindrical bushing can represent a hidden

attribute of the model at the guide pin, such that placement of the guide pin by the

first user can define the position of the bushing. The bushing can provide guidance

for a drilling operation for placing the guide pin, while also minimizing lateral

movement of the drill. For patient specific instruments in which the bone contour

is not available for a guide, such as those intended to rest on the surface of a given

stock implant, the guide pin can have hidden attribute representing a notched guide

bar for orienting the patient specific implement relative to the guide pin, and the

series of mesh operations can include taking the union of the guide bar and the

generic PSI model as to add the guide bar to the generic PSI model. Table 2 shows

one example of a script for making two patient specific instrument models from

two generic PSI models, $blank and $locator. It will be appreciated that these

examples are given merely as illustrations, and that the hidden attributes and

associated geometry processing operations associated with a given implant

procedure will vary with the position within the body, the type of implant, and the

requirements of a particular surgical procedure. It will be further appreciated that

the script could contain further instructions to add details such as engraved or

embossed text, or further refine or process the mesh object.



Table 2

At 60, a patient specific instrument is fabricated according to each patient

specific instrument model. The patient specific instrument may be made by any

suitable method such as, but not limited to, selective laser sintering ("SLS"), fused

deposition modeling ("FDM"), stereolithography ("SLA"), laminated object

manufacturing ("LOM"), electron beam melting ("EBM"), three-dimensional

printing ("3DP"), contour milling from a suitable material, computer numeric

control ("CNC"), other rapid prototyping methods, or any other desired

manufacturing process.

Fig. 3 illustrates a physical instantiation 70 of a glenoid template model

created by the script of Table 2 . The model includes a first drill guide 72

indicating a desired location for a center pin associated with an implant, and a

second drill guide 74 indicating a desired location for an auxiliary pin associated

with an implant. It will be appreciated that components commonly utilized in

combination with a given implant can be included in the model of the implant to

facilitate configuration of auxiliary components. One surface of the glenoid

template 70 can be contoured to mate with a surface of a bone of a patient,



allowing the drill guides 72 and 74 to be positioned correctly when the template is

mounted to an appropriate location on the bone.

Fig. 4 illustrates a physical instantiation 80 of a metaglene guide model

created by the script of Table 2. The illustrated metaglene guide 80 is configured

to fit into an off-the-shelf implant to guide the placement of the implant. The

guide 80 includes a plurality of holes 82-85 for dictating the position and trajectory

of screws used to fasten the implant to the bone. Accordingly, when the guide 80

is positioned properly on its associated implant, any screws inserted through the

holes 82-85 will be positioned as planned by a user, such as a surgeon, during

generation of the guide model. Since the metaglene guide 80 does not directly

mate with the bone surface, a guide bar 90 is included to allow for proper

orientation of the device. A notch 92 in the guide bar is configured to engage with

an auxiliary pin placed using the glenoid template of Fig. 3, such that when the

notch is engaged with the auxiliary pin, the orientation of the metaglene guide is

correct.

Figs. 5-22 collectively illustrate the operation of a system in accordance

with an aspect of the present invention. The application described herein is

directed toward planning the surgical implantation of a prosthetic implant into the

glenoid vault of the scapula, but it will be appreciated that the system can be used

to plan any of a number of procedures, including, but not limited to, implants for

use in hip joints, shoulder joints, knee joints, ankle joints, phalangeal joints,

metatarsal joints, spinal structures, long bones (e.g., fracture sites), or any other

suitable environment. For example, the implanted prosthetic device could be an

internal fixation device (e.g., a bone plate), a structure of a replacement/prosthetic

joint, or any other suitable artificial device to replace or augment a missing or

impaired part of the body.

To facilitate preoperative planning, a first user, such as a surgeon, can view

the imaging data for a given patient, for example, as a three-dimensional model of

a region of interest, and based upon knowledge of other patient characteristics

(such as, but not limited to, height, weight, age, and activity level), choose a

desired prosthetic device from a library of device models available for use in the

surgical procedure. Fig. 5 illustrates one example of a prosthetic device 100, with

the illustrated device 100 being configured for implantation into a scapula. Upon

selection of the desired prosthetic device, a device model can be retrieved to



represent the selected device and displayed to the first user. Fig. 6 illustrates an

example of a device model 102 for the prosthetic device illustrated in Fig. 5 as it

might appear to a first user, such as a surgeon, using a system in accordance with

an aspect of the present invention.

The surgeon can place the device model 102 into a position and orientation

relative to a model of a region of interest within a patient to simulate a final

placement of a corresponding stock implant device after the surgical procedure.

An orientation of a structure, as used herein, includes both the absolute location of

the structure upon or with respect to another structure and the arrangement or

positioning in space of the structure (e.g., rotation, pitch, yaw, camber, or any other

placement-related variable of the structure) in practice, there may be some

overlap or superposition between the device model 102 and the modeled tissue.

This superposition is permissible in the virtual environment of the described

system and may help to indicate areas of the patient's tissue which could be

targeted for alteration during placement of the stock implant.

Fig. 7 illustrates the device model 102 of Fig. 6 with all of its associated

attributes shown. For example, the device model 102 includes several cylinders

104 and 106 representing the position of drill holes within the bone of the patient

that facilitate affixing the implant. The device model 102 is illustrated in Fig. 8

overlaid on a model of a region of interest in the patient, specifically, a portion of a

patient's scapula. In Fig. 8, the device model 102 is depicted as the model would

appear to a surgeon, such that many of the attributes shown in Fig. 7 are hidden.

During such a simulation, the surgeon can adjust or reorient the position of the

device model 102 with respect to the modeled region of interest, even to the extent

of simulating the dynamic interaction between the two, as may be helpful to refine

the selection, placement, and orientation of the selected prosthetic device for a

desired patient outcome. It will be appreciated that, in the illustrated

implementation, the guide pin 110 is visible, and that the surgeon can also select

the placement of the guide pin relative to the implant 102.

In one implementation, the surgeon can also make changes to the model of

the region of interest of the patient to facilitate placement of the implant. For

example, native patient tissue could be drilled, planed, reamed or otherwise

removed, or the native patient tissue could be built up using bone grafts or other

substances.



Fig. 9 illustrates the device model 102 overlaid on the model of the

patient's scapula as the model would appear to a second user, specifically a

technician, such that the displayed attributes are different from those shown in Fig.

8 . In the illustrated implementation, the position and orientation of the device

model 102 cannot be changed by the technician, but attributes hidden from the

surgeon are displayed. For example, the device model 102 includes a first hex

boss 112 attached to a center axis of the device model and a second hex boss 114

attached to the guide pin 110. The technician can translate and resize each hex

boss 112 and 114 along their respective axes.

Once the surgeon and technician are satisfied with the placement of the

device model 102 and its associated attributes, models representing one or more

patient specific instruments (PSIs) for performing the implantation of the

prosthetic are generated. One step in the PSI generation process is illustrated in

FIGS. 10 and 11. In Fig. 10, a relevant portion 120 of a region of interest,

specifically on the patient's scapula, is highlighted. For example, the relevant

portion can be selected by the system in response to the positioning of the implant

or selected manually by one of the surgeon and the technician. Fig. 11 illustrates

the surface model 122 extracted from the relevant portion of the region of interest.

The surface model 122 can comprise a mesh model of the relevant portion of the

region of interest that represents the surface features of the region.

In one implementation, the surface model 122 can be altered to remove

features that could interfere with the generation of a PSI model that would engage

with the surface of the region of interest. For example, the system can remove

"underhanging features," which are protuberances on or near a surface of the

surface model that is intended to be in contact with the patient specific instrument

that lack local support. In other words, underhanging features form gaps in the

surface model structure beneath the surface intended to be in contact with the

patient specific instrument. Avoiding underhanging features is desirable, because

they can cause unnecessary extensions of a patient specific instrument that would

prevent it from attaching it to the bone surface. Underhanging features can be

removed, for example, by propagating the mesh of the surface model 122 in the

direction of the implant axis to remove the gap formed by the underhanging

feature. Other modifications can include filling/fixing holes and defects in the

model, smoothing the model surface, and adding or removing material to a region



of the surface model 122. In practice, any operation or filter that can alter the

model, in whatever format the model is represented, can be used to create the

surface model, and the specific method will vary with the implementation.

Once the surface model has been created, a generic PSl model can be

selected and positioned relative to the surface model of the region of interest. For

example, the generic PSI model can be selected and placed by the system in

response to the selection and placement of the device model or selected and placed

by a technician. Fig. 12 illustrates one example of a generic PSI model 124 in

accordance with an aspect of the present invention. The illustrated generic PSl

model 124 is a model comprising a cylinder 126 and two "wedge" shapes 128 and

129. Each wedge 128 and 129 can be set to one of several predefined shapes,

including a rectangular "bar" or a substantially triangular "pie" shape, or disabled

such that it does not appear in the generic PSI model 124.

The generic PSI model 124 can be configured by the system or a technician

at the time of creation. Fig. 13 illustrates the generic PSI model 124 after it has

been configured. During configuration, the width of the cylinder 126 and the

length of the cylinder along major and minor axes can be selected to adequately

cover a desired portion of the region of interest. Similarly, the wedges 128-129

can be changed in shape (e.g., rectangular, "pie shaped", etc.), opening angle,

position on the cylinder, length, width, or any other appropriate parameter to better

match the generic PSI model 124 to an associated region of interest and device

model.

Fig. 14 illustrates the generic PSI model 124 of Figs. 12 and 13 positioned

within the region of interest. In the illustrated diagram, the generic PSI model is

shown with the device model 102 of FIGS. 6 and 7, with only the attributes visible

to a technician shown, including a center hex boss 132 and a guide pin hex boss

134. It will be appreciated, however, that the generic PSI model 124 has been

configured such that the first wedge 128 is an elongated rectangular wedge

extending to the guide pin boss 134, and the second wedge 129 is configured as a

short pie-shaped wedge extending from the cylinder 126.

In general, the technician will position and configure the generic PSI

model 124 to satisfy two criteria. To begin with, the generic PSI model 124 must

serve as a bridge to connect the various components of an implant, including

ancillary components associated with the implant. In the illustrated example, the



generic PSI model 124, particularly the first wedge 128, is configured to join the

center hex boss 132 and the guide pin hex boss 134. in addition, the generic PSI

model 124 is configured to cover the relevant portion of the region of interest such

that, after the modeling process is completed, the generic PSI model 124 will have

a substantially unique complimentary surface to engage with a surface of the

region of interest.

Once the generic PSI model 124 has been configured, one or more patient

specific instrument models can be designed from the generic PSI model, and

fabricated to serve as guides to the surgical procedure. The patient-specific

instrument may be, for example, the type disclosed in co-pending U.S. Patent

Application No. 13/282,509, filed October 27, 201 1 and titled "System and

Method for Association of a Guiding Aid with a Patient Tissue", the entire

contents of which are incorporated herein by reference.

Figs. 15-22 illustrate the creation of a patient specific instrument model

from a generic PSI model according to a script associated with a stock implant

model such as that illustrated in Figs. 6 and 7. One example of a script is provided

herein as Table 3 .

Table 3

Fig. 15 illustrates the generic PSI model 124 positioned within the

three-dimensional model of the region of interest. At this point, each of the

implant model and the generic PSI model have been positioned and configured by

the first and second users, and the script of Table 3 can be applied to form the final

patient specific instrument model. Along with the generic PSI model itself,

designated in the script as Sblank, the script uses attributes of the implant model

hidden from the surgeon, specifically the drilljioles object and the hexjiuts



object. Fig. 16 illustrates the generic PSI model 124, prior to the execution of the

script, as a mesh model.

Figs. 17 and 18 illustrate the generic PSI model 124 of Figs. 15 and 16 after

execution of a union between the generic PSI model and the hexjnuts object. The

union with the hex_nuts object adds a first hexagonal nut 142 associated with a

center pin and a second hexagonal nut 144 associated with an auxiliary pin to the

generic PSI model 124. Figs. 19 and 20 illustrate the generic PSI model 124 of

Figs. 17 and 18 after subtraction of a drill_holes object from the generic PSI

model. The subtraction provides a first drill guide 146 to facilitate placement of

the center pin and a second drill guide 148 to facilitate placement of the auxiliary

pin.

Figs. 2 1 and 22 illustrate the generic PSI model 124 of Figs. 19 and 20 after

subtraction of a bone surface from the generic PSI model to create a final patient

specific instrument model. The subtraction produces a contoured surface that will

conform with the surface of the bone within the patient. It will be appreciated that

this contoured surface can be used to guide the placement of a patient specific

instrument made from the illustrated model, which, in turn, can guide the

placement of the center pin and guide pin of a stock implant. Accordingly, the

insertion of the stock implant can be performed with enhanced accuracy. A final

instruction in the script executes a function that takes the template and keeps only

the largest connected object. This eliminates any disjoint surfaces created via

subtractions. The function cleans up the model by only keeping a largest portion

(e.g. the portion with the most triangles).

Fig. 23 illustrates a computer system 200 that can be employed to

implement systems and methods described herein, such as based on computer

executable instructions running on the computer system. The user may be

permitted to preoperatively simulate the planned surgical procedure using the

computer system 200 as desired. The computer system 200 can be implemented

on one or more general purpose networked computer systems, embedded

computer systems, routers, switches, server devices, client devices, various

intermediate devices/nodes and/or stand alone computer systems. Additionally,

the computer system 200 can be implemented as part of the computer-aided

engineering (CAE) tool running computer executable instructions to perform a

method as described herein.



The computer system 200 includes a processor 202 and a system

memory 204. Dual microprocessors and other multi-processor architectures can

also be utilized as the processor 202. The processor 202 and system memory 204

can be coupled by any of several types of bus structures, including a memory bus

or memory controller, a peripheral bus, and a local bus using any of a variety of

bus architectures. The system memory 204 includes read only memory (ROM)

206 and random access memory (RAM) 208. A basic input/output system (BIOS)

can reside in the ROM 206, generally containing the basic routines that help to

transfer mformation between elements within the computer system 200, such as a

reset or power-up.

The computer system 200 can include one or more types of long-term data

storage 210, including a hard disk drive, a magnetic disk drive, (e.g., to read from

or write to a removable disk), and an optical disk drive, (e.g., for reading a CD-

ROM or DVD disk or to read from or write to other optical media). The long-

term data storage 210 can be connected to the processor 202 by a drive interface

212. The long-term data storage 210 components provide nonvolatile storage of

data, data structures, and computer-executable instructions for the computer

system 200. A number of program modules may also be stored in one or more of

the drives as well as in the RAM 208, including an operating system, one or more

application programs, other program modules, and program data.

A user may enter commands and information into the computer

system 200 through one or more input devices 222, such as a keyboard or a

pointing device (e.g., a mouse). These and other input devices are often

connected to the processor 202 through a device interface 224. For example, the

input devices can be connected to the system bus by one or more a parallel port, a

serial port or a universal serial bus (USB). One or more output device(s) 226,

such as a visual display device or printer, can also be connected to the processor

202 via the device interface 224.

The computer system 200 may operate in a networked environment using

logical connections (e.g., a local area network (LAN) or wide area network

(WAN) to one or more remote computers 230. A given remote computer 230

may be a workstation, a computer system, a router, a peer device or other

common network node, and typically includes many or all of the elements

described relative to the computer system 200. The computer system 200 can



communicate with the remote computers 230 via a network interface 232, such as

a wired or wireless network interface card or modem. In a networked

environment, application programs and program data depicted relative to the

computer system 200, or portions thereof, may be stored in memory associated

with the remote computers 230.

While aspects of the present invention have been particularly shown and

described with reference to the preferred embodiment above, it will be understood

by those of ordinary skill in the art that various additional embodiments may be

contemplated without departing from the spirit and scope of the present invention.

For example, the specific methods described above for using the described system

are merely illustrative. Any of the described structures and components could be

integrally formed as a single piece or made up of separate sub-components, with

either of these formations involving any suitable stock or bespoke components

and/or any suitable material or combinations of materials; however, the chosen

material(s) should be biocompatible for most applications of the present

invention. The mating relationships formed between the described structures need

not keep the entirety of each of the "mating" surfaces in direct contact with each

other but could include spacers or holdaways for partial direct contact, a liner or

other intermediate member for indirect contact, or could even be approximated

with intervening space remaining therebetween and no contact. Though certain

components described herein are shown as having specific geometric shapes, all

structures of the present invention may have any suitable shapes, sizes,

configurations, relative relationships, cross-sectional areas, or any other physical

characteristics as desirable for a particular application of the present invention. A

given patient-specific instrument may include a plurality of structures

cooperatively forming the base body and temporarily or permanently attached

together in su ch a manner as to permit relative motion (e.g., pivoting, sliding, or

any other motion) therebetween. Any structures or features described with

reference to one embodiment or configuration of the present invention could be

provided, singly or in combination with other structures or features, to any other

embodiment or configuration, as it would be impractical to describe each of the

embodiments and configurations discussed herein as having all of the options

discussed with respect to all of the other embodiments and configurations. Any of

the components described herein could have a surface treatment



(e.g., texturization, notching, etc.), material choice, and/or other characteristic

chosen to provide the component with a desired interaction property (e.g., tissue

ingrowth, eluting of a therapeutic material, etc.) with the surrounding tissue. The

system is described herein as being used to plan and/or simulate a surgical

procedure of implanting one or more prosthetic structures into a patient's body,

but also or instead could be used to plan and/or simulate any surgical procedure,

regardless of whether a non-native component is left in the patient's body after the

procedure. A device or method incorporating any of these features should be

understood to fall under the scope of the present invention as determined based

upon the claims below and any equivalents thereof.

Other aspects, objects, and advantages of the present invention can be

obtained from a study of the drawings, the disclosure, and the appended claims.



Having described the invention, we claim:

1. A non-transitory computer readable storing machine readable

instructions for generating a patient specific instrument (PSl) for use as a surgical

guide, the machine readable instructions comprising:

a region modeling component configured to provide a three-

dimensional model of a region of interest within a body from at least one imaging

scan of the region of interest;

a surgical planning component configured to display a model of a

selected implant and the three-dimensional model of the region of interest to a first

user and allow the first user to position the model of the selected implant within the

three-dimensional model of the region of interest, the model of the selected implant

having at least one hidden attribute that is not visible to the first user; and

a PSl design component configured to provide a patient specific

instrument model from a generic PSl model according to the position of the model

of the selected implant within the three-dimensional model of the region of interest

and the at least one hidden attribute.

2. The non-transitory computer readable medium of claim 1, each of

the model of the selected implant, the model of the region of interest, and the

generic PSl model comprising a model, and the PSl design component being

configured to provide the patient specific instrument model as a series of geometry

processing operations on the model of the selected implant, the model of the region

of interest, and the generic PSl model.



3. The non-transitory computer readable medium of claim 1, each of

the model of the selected implant and the generic PSI model comprising a model

and the at least one hidden attribute comprising a model extension on the model of

the selected implant, the PSI design component being configured to provide the

patient specific instrument model as a series of geometry processing operations on

the at least one hidden attribute and the generic PSI model.

4. The non-transitory computer readable medium of claim 3, the at

least one hidden attribute comprising an extension of the model of the selected

implant representing at least one guide structure in the patient specific instrument

model for maintaining one of the selected implant and an instrument associated

with the selected implant in a desired orientation relative to the region of interest.

5 . The non-transitory computer readable medium of claim 4, the guide

structure representing one of a drill hole, a guide hole for insertion of other

structures, a cutting slot, a protrusion, a bridge, and a label.

6. The non-transitory computer readable medium of claim 1, the PSI

design component further configured to select a portion of a surface within the

region of interest and extrude the surface in a determined direction to provide the

generic PSI model.

7. The non-transitory computer readable medium of claim 1, wherein

the region of interest is a shoulder joint and the region modeling component

configured to provide a three-dimensional model of at least one bone within the

shoulder joint.

8. The non-transitory computer readable medium of claim 1, wherein

the region modeling component is configured to modify the three-dimensional

model of the region of interest to eliminate any underhanging features on a portion

of the three-dimensional model of the region of interest representing a bone.



9. The non-transitory computer readable medium of claim 1, wherein

the at least one hidden attribute comprises a first attribute thai is visible to a second

user.

10. The non-transitory computer readable medium of claim 1, wherein

the at least one hidden attribute comprises a second attribute that is not visible to

either of the first user and the second user.

11. A computer-implemented method for generating a patient specific

instrument (PS I) for use as a surgical guide comprising:

scanning a .region of interest within a body of a patient to provide a

three-dimensional model of the region of interest;

allowing a first user to position a model of a selected implant with

the three-dimensional model of the region of interest via a graphical user interface;

generating a patient specific instrument model from a generic PSI

model according to the position of the model of the selected implant within the

three-dimensional model of the region of interest and the position of at least one

extension of the model of the selected implant, wherein a first extension of the at

least one extension of the model is not visible to the first user; and

fabricating the patient specific instrument according to the patient

specific instrument model.

12. The method of claim 11, wherein generating a patient specific

instrument model from a generic PSI model comprises performing a series of

geometry processing operations on the model of the selected implant, the at least

one extension of the model of the selected implant, the three-dimensional model of

the region of interest, and the generic PSI model.

13. The method of claim 12, wherein performing the series of geometry

processing operations comprises subtracting a portion of intersection between the

three-dimensional model of the region of interest and the generic PSI model from

the generic PSI model such that a first surface of the generic PSI model is

contoured to a portion of a surface of the three-dimensional model of the region of

interest.



14. The method of claim 12, wherein performing the series of geometry

processing operations comprises subtracting a portion of intersection between an

extension of the at least one extension of the model of the selected implant and the

generic PSI model from the generic PSI model as to form at least one guide

structure in the generic PSI model.

15. The method of claim 12, wherein the at least one extension

comprises a guide structure that is not visible to the first user, and performing the

series of geometry processing operations comprises taking the union of an

extension of the at least one extension and the generic PSI model as to add a guide

structure to the generic PSI model.

16. The method of claim 12, applying a parameterized transform

operation to at least a portion of the generic PSI model to produce a desired

deformation in the generic PSI model.

17. The method of claim 11, further comprising generating one of the

model of a selected implant and the generic PSI model as a specific instance,

represented by an appropriate set of parameters, of an implicitly defined model.

18. The method of claim 11, further comprising modifying the three-

dimensional model of the region of interest to eliminate features on a portion of the

three-dimensional model of the region of interest expected to interfere with the

engagement of the model with the region of interest.

19. The method of claim 11, further comprising allowing a second user

to configure the generic PSI model to alter at least one of the size and the shape of

the generic PSI model.

20. The method of claim 11, further comprising allowing a second user

to configure the model of the selected implant to alter one of the size and position

of a first extension of the at least one extension of the model of the selected

implant.



2 1. The method of claim 11, wherein generating a patient specific

instrument model from a generic PSI model comprises executing a script in an

associated script language.

22. A system for generating a patient specific instrument (PSI) for use

as a surgical guide comprising:

a non-transitory computer readable storing machine readable

instructions for performing a method comprising the steps of:

allowing a first user to position a model of a selected implant with

the three-dimensional model of the region of interest;

allowing a second user to alter a first attribute of the model of the

selected implant that is not visible to the first user; and

generating a patient specific instrument model from a generic PSI

model according to the positioning of the model of the selected implant by the first

user, the alteration of the first attribute by the second user and a second attribute

that is not visible to the first user or the second user; and

a processor configured to execute the machine readable instructions.



AMENDED CLAIMS
received by the International Bureau on 25 September 2012 (25.09.2012)

1. A system for generating a patient specific instrument (PSI) for use

as a surgical guide for installing a selected implant, the machine readable

instructions comprising:

a processor; and

a computer readable medium storing machine readable instructions

comprising:

a region modeling component configured to provide a three-

dimensional model of a region of interest within a body from at least one imaging

scan of the region of interest;

a surgical planning component configured to display a model of the

selected implant and the three-dimensional model of the region of interest to a first

user and allow the first user to position the model of the selected implant within the

three-dimensional model of the region of interest, the model of the selected implant

having at least one hidden attribute, wherein a hidden attribute is a portion of the

model of the selected implant that does not directly correspond to a portion of the

selected implant and is not visible to the first user; and

a PSI design component configured to provide a patient specific

instrument model from a generic PSI model according to the position of the model

of the selected implant within the three-dimensional model of the region of interest

and the at least one hidden attribute.

2. The system of claim 1, the PSI design component being configured

to provide the patient specific instrument model as a series of geometry processing

operations on the model of the selected implant, the model of the region of interest,

and the generic PSI model.



3. The system of claim 1, each of the model of the selected implant

and the generic PSI model comprising a model and the at least one hidden attribute

comprising a model extension on the model of the selected implant, the PSI design

component being configured to provide the patient specific instrument model as a

series of geometry processing operations on the at least one hidden attribute and

the generic PSI model.

4. The system of claim 3, the at least one hidden attribute comprising

an extension of the model of the selected implant representing at least one guide

structure in the patient specific instrument model for maintaining one of the

selected implant and an instrument associated with the selected implant in a

desired orientation relative to the region of interest.

5. The system of claim 4, the guide structure representing one of a drill

hole, a guide hole for insertion of other structures, a cutting slot, a protrusion, a

bridge, and a label.

6. The system of claim 1, the PSI design component further configured

to select a portion of a surface within the region of interest and extrude the surface

in a determined direction to provide the generic PSI model.

7. The system of claim 1, wherein the region of interest is a shoulder

joint and the region modeling component configured to provide a three-

dimensional model of at least one bone within the shoulder joint.

8. The system of claim 1, wherein the region modeling component is

configured to modify the three-dimensional model of the region of interest to

eliminate any underhanging features on a portion of the three-dimensional model

of the region of interest representing a bone.

9. The system of claim 1, wherein the at least one hidden attribute

comprises a first attribute that is visible to a second user.



10. The system of claim 1, wherein the at least one hidden attribute

comprises a second attribute that is not visible to either of the first user and the

second user.

11. A computer-implemented method for generating a patient specific

instrument (PSI) for use as a surgical guide comprising:

scanning a region of interest within a body of a patient to provide a

three-dimensional model of the region of interest;

allowing a first user to position a model of a selected implant with

the three-dimensional model of the region of interest via a graphical user interface;

generating a patient specific instrument model from a generic PSI

model according to the position of the model of the selected implant within the

three-dimensional model of the region of interest and the position of at least one

extension of the model of the selected implant, wherein a first extension of the at

least one extension of the model is not visible to the first user; and

fabricating the patient specific instrument according to the patient

specific instrument model.

12. The method of claim 11, wherein generating a patient specific

instrument model from a generic PSI model comprises performing a series of

geometry processing operations on the model of the selected implant, the at least

one extension of the model of the selected implant, the three-dimensional model of

the region of interest, and the generic PSI model.

13. The method of claim 12, wherein performing the series of geometry

processing operations comprises subtracting a portion of intersection between the

three-dimensional model of the region of interest and the generic PSI model from

the generic PSI model such that a first surface of the generic PSI model is

contoured to a portion of a surface of the three-dimensional model of the region of

interest.



14. The method of claim 12, wherein performing the series of geometry

processing operations comprises subtracting a portion of intersection between an

extension of the at least one extension of the model of the selected implant and the

generic PSI model from the generic PSI model as to form at least one guide

structure in the generic PSI model.

15. The method of claim 12, wherein the at least one extension

comprises a guide structure that is not visible to the first user, and performing the

series of geometry processing operations comprises taking the union of an

extension of the at least one extension and the generic PSI model as to add a guide

structure to the generic PSI model.

16. The method of claim 12, applying a parameterized transform

operation to at least a portion of the generic PSI model to produce a desired

deformation in the generic PSI model.

17. The method of claim 11, further comprising generating one of the

model of a selected implant and the generic PSI model as a specific instance,

represented by an appropriate set of parameters, of an implicitly defined model.

18. The method of claim 11, further comprising modifying the three-

dimensional model of the region of interest to eliminate features on a portion of the

three-dimensional model of the region of interest expected to interfere with the

engagement of the model with the region of interest.

19. The method of claim 11, further comprising allowing a second user

to configure the generic PSI model to alter at least one of the size and the shape of

the generic PSI model.

20. The method of claim 11, further comprising allowing a second user

to configure the model of the selected implant to alter one of the size and position



of a first extension of the at least one extension of the model of the selected

implant.

21. The method of claim 11, wherein generating a patient specific

instrument model from a generic PSI model comprises executing a script in an

associated script language.
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