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configured to operate with a tracking system, whereby
collected data is obtainable and clinical performance
in relation to the at least one surgical task is quantitat-
ively evaluable and progressively improvable.
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MULTI-METRIC SURGERY SIMULATOR AND METHODS
TECHNICAL FIELD

[0002] The subject matter of the present disclosure generally relates to the field of surgery
simulators. More particularly, the subject matter of the present disclosure technically relates to
the field of surgery simulators in relation to image guided medical procedures. Even more
particularly, the subject matter of the present disclosure technically relates to the field of surgery

simulators in relation to image guided medical procedures with surgical navigation.
BACKGROUND

[0003] In the related art, surgery, such as neurosurgery, for example, brain tumors are typically
excised through an open craniotomy approach guided by imaging. The data collected in these
solutions typically consists of CT scans with an associated contrast agent, such as iodinated
contrast agent, as well as MRI scans with an associated contrast agent, such as gadolinium
contrast agent. Also, optical imaging is often used in the form of a microscope to differentiate
the boundaries of the tumor from healthy tissue, known as the peripheral zone. Tracking of
instruments relative to the patient and the associated imaging data is also often achieved by way
of external hardware systems such as mechanical arms, radiofrequency, or optical tracking
devices. As a set, these devices are commonly referred to as surgical navigation systems and are

often cumbersome and provide inaccurate tracking.

[0004] Port-based surgery is a minimally invasive surgical technique where a port is introduced
to access a surgical region of interest using surgical tools. Unlike other minimally invasive
techniques, such as laparoscopic techniques, a port diameter is larger than a tool diameter.
Hence, the tissue region of interest is visible through the port, wherein exposed tissue in a region
of interest, at a depth few centimetres below the skin surface, is accessible through a narrow

corridor in the port.

[0005] Several related art problems generally preclude or impair the ability to perform port-
based navigation in an intra-operative setting. For example, the position of the port axis relative
to a typical tracking device (TD) is a free and uncontrolled parameter that prohibits the

determination of access port orientation. Further, the limited access which is available, due to
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the required equipment for the procedure, causes indirect access port tracking to be impractical
and unfeasible. Also, the requirement for angulation of the access port to access many areas
within the brain during a procedure makes navigation of the access port a difficult and

challenging problem that has not yet been addressed.

[0006] Additionally, the climbing costs of healthcare, coupled with alarming rates of malpractice
suits, have highlighted the need for an efficient and effective method of surgical training in the
related art, e.g., in relation to neurosurgery. Gross malpractice payments aside, surgical errors
increase hospitalization time and adversely affect the health of patients, resulting in death or
injury. The majority of these errors have been attributed to lack of skill and experience on the

part of medical personnel. A number of simulation tools have been used in the related art.

[0007] For instance, U.S. Patent Publication No. 20150347682 involves simulation by acquiring
2-D images, optionally including using X-rays, to generate 3-D or 4-D imaging. U.S. Patent
Publication No. 20150347682 involves simulation by acquiring medical imaging data encoded in
a standard video format. U.S. Patent Publication No. 20150086955 involves simulation of a
tissue model configured so that one or more of the layers are in the form of a lattice structure

rather than fully solid layers using silicone with 3-D printing.

[0008] In another example, U.S. Patent Publication No. 20140378995 involves a simulator
having a surgeon's console with a software suite to simulate a surgical instrument and a training
environment. This related art simulator has training exercises corresponding to difficulty levels,
wherein, upon completion of a task, the user receives a report describing performance metrics

and a composite score is calculated from these metrics in relation to the user's own performance.

[0009] In addition, in the related art, phantoms or simulators are used in surgical training.
Certain sub-anatomical features present a development / manufacturing challenge in the related
art. For example, brain ventricles are negative spaces within the brain that allow cerebral spinal
fluid (CSF) to circulate and nourish the brain and provide protection against compression. A
number of related art methods for preparing these structures have experienced many challenges,
such as a related art method of creating voids or negative spaces, wherein balloons are inflated

within a liquid hydrogel and subsequently cooled. After one freeze-thaw cycle (FTC), the
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balloon is removed from the hydrogel, whereby a scar is formed on the surface, thereby
necessitating post-processing, such as back-filling with water and removal of air pockets that

develop.

[0010] Accordingly, challenges experienced in the related art include inaccuracy in training
surgeons to perform neurosurgery, especially in relation to situations involving real-time
registration of a surgical trajectory in relation to the unique characteristics of a particular tissue
types or sub-types, such as in relation to cerebral tissue. Therefore, a need exists for a surgery
simulator that provides feedback in relation to the user's own performance, other users;
performance, other statistical data, and ultimate performance goals, by way of a variety of

metrics.
BRIEF SUMMARY

[0011] In accordance with embodiments of the present disclosure, a variety of solutions address
at least the related art challenges, in multi-metric devices, apparatuses, systems, and methods that
provides feedback in relation to the user's own performance, other users; performance, other
statistical data, and ultimate performance goals, by way of a variety of metrics that include, that
provides training in conjunction with surgical navigation systems for improving minimally
invasive surgical procedures, such as an improved system and method for mapping navigation
space to patient space modeling in relation to a given medical procedure, and that provides
modeling of the unique characteristics of a particular tissue types or sub-types, for example,
cerebral tissue, as well as modeling of pathological tissue, wherein simulated tissue samples
comprises a 3-D print or a rapid-prototype. By capturing the metrics of surgical training in
relation to a variety of other metrics, as well as the user's metrics (multi-metric approach), data,
and information, a surgeon’s skill can be objectively evaluated in the embodiments of the present
disclosure. The multi-metric devices, apparatuses, systems, and methods ensure that training
sessions are more than just simulated "experiences" as multi-metric simulation provides a
quantitatively validated clinical function. To date, such capabilities have been hitherto unknown

in the related art.
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[0012] In accordance with an embodiment of the present disclosure, a multi-metric surgery
simulator system, comprises: at least one sensor configured to collect surgical training
performance data relevant to at least one surgical task, the at least one sensor configured to
operate with a surgical navigation system comprising a processor, the processor configurable, by
way of a set of executable instructions storable in relation to a non-transitory medium, to perform
at least one of analyze collected data, transform the collected data, and provide feedback in
relation thereto; and at least one surgery simulator apparatus operatively coupled with the at least
one sensor, the at least one surgery simulator apparatus configured to operate with a tracking
system, whereby collected data is obtainable and clinical performance in relation to the at least

one surgical task is quantitatively evaluable and progressively improvable.

[0013] In accordance with another embodiment of the present disclosure, a method of fabricating
a multi-metric surgery simulator system, comprises: providing at least one sensor, providing the
at least one sensor comprising: configuring the at least one sensor to collect surgical training
performance data relevant to at least one surgical task, and configuring the at least one sensor to
operate with a surgical navigation system comprising a processor, the processor configurable, by
way of a set of executable instructions storable in relation to a non-transitory medium, to perform
at least one of analyze collected data, transform the collected data, and provide feedback in
relation thereto; and providing at least one surgery simulator apparatus, providing the at least one
surgery simulator apparatus comprising: operatively coupling the at least one surgery simulator
apparatus with the at least one sensor, configuring the at least one surgical simulator to operate
with a tracking system, whereby collected data is obtainable and clinical performance in relation

to the at least one surgical task is quantitatively evaluable and progressively improvable.

[0014] In accordance with yet another embodiment of the present disclosure, a method of
quantitatively evaluating and progressively improving clinical performance of at least one
surgical task by way of a multi-metric surgery simulator system, comprises: providing the
metric surgery simulator system, comprising: providing at least one sensor, providing the at least
one sensor comprising: configuring the at least one sensor to collect surgical training
performance data relevant to at least one surgical task, and configuring the at least one sensor to
operate with a surgical navigation system comprising a processor, the processor configurable, by

way of a set of executable instructions storable in relation to a non-transitory medium, to perform
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at least one of analyze collected data, transform the collected data, and provide feedback in
relation thereto; and providing at least one surgery simulator apparatus, providing the at least one
surgery simulator apparatus comprising: operatively coupling the at least one surgery simulator
apparatus with the at least one sensor, configuring the at leaSt one surgical simulator to operate
with a tracking system, whereby collected data is obtainable and clinical performance in relation
to the at least one surgical task is quantitatively evaluable and progressively improvable; and
using the metric surgery simulator system, thereby collecting surgical training performance data
relevant to the at least one surgical task, obtaining the collected data, analyzing the collected
data, transforming the collected data, providing the feedback in relation thereto, and

quantitatively evaluating and progressively improving the clinical performance.

[0015] Benefits of the multi-metric devices, apparatuses, systems, and methods of the present
disclosure, using a multi-metric performance characterization, include, but are not limited to,
establishing a benchmark level of proficiency for which a trainee must demonstrate at least
competence, and preferably proficiency, before proceeding to further training. The multi-metric
approach ensures that in graduating trainees have a homogeneous skill-set; and the multi-metric
approach is applicable to any level of training and any surgical procedure as the multi-metric
simulator devices, system, and methods are reconfigurable for a plurality of tools and sensing or
tracking devices in relation to the tools for quantifying relevant training milestones. Prospective,
randomized, and blind clinical studies relating to the multi-metric approach of the present
disclosure have shown that trainees acquiring skills thereby perform significantly better in vivo

as compared to traditionally trained colleagues using related art simulators.

[0016] Some of the features in the present disclosure are broadly outlined in order that the
section entitled Detailed Description is better understood and that the present contribution to the
art may be better appreciated. Additional features of the present disclosure are described
hereinafter. In this respect, understood is that the present disclosure is not limited in its
application to the details of the components or steps set forth herein or as illustrated in the
several figures of the being carried out in various ways. Also, understood is that the phraseology
and terminology employed herein are for the purpose of the description and should not be

regarded as limiting.
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BRIEF DESCRIPTION OF THE DRAWING

[0017] The above, and other, aspects, features, and advantages of several embodiments of the
present disclosure will be more apparent from the following Detailed Description as

presented in conjunction with the following several figures of the Drawing.

[0018] FIG. 1 is a schematic diagram illustrating a multi-metric surgery simulator system,
comprising at least one of an optical task training apparatus and a Raman spectroscopic
identification training apparatus, configured to perform at least one of multi-metric data

collection and data visualization, in accordance with an embodiment of the present disclosure.

[0019] FIG. 2 is a schematic diagram illustrating workflow relating to five visuomotor tasks
related to a given surgical procedure in relation to an optical task training apparatus, by

example only, in accordance with an embodiment of the present disclosure.

[0020] FIG. 3 is a schematic diagram illustrating a multi-metric surgery simulator system,
comprising an optical task training apparatus, as shown in FIG. 2, configured to perform at
least one of multi-metric data collection and data visualization, in accordance with an

embodiment of the present disclosure.

[0021] FIG. 4 is a schematic diagram illustrating workflow relating to three visuomotor tasks,
such as a craniotomy, a cannulation, and a resection, related to a given surgical procedure in
relation to a Raman spectroscopic identification training apparatus, by example only, in

accordance with an embodiment of the present disclosure.

[0022] FIG. 5 is a schematic diagram illustrating a multi-metric surgery simulator system,
comprising Raman spectroscopic identification training apparatus, as shown in FIG. 4,
configured to perform at least one of multi-metric data collection and data visualization, in

accordance with an embodiment of the present disclosure.

[0023] FIG. 6A is a diagram illustrating a 2-D spiral training feature incorporable as an initial
exercise feature and/or reconfigurable in relation to a simple surgical task portion as included in
a surgery simulator apparatus of a multi-metric surgery simulator system, showing a user's

tracing by way of a pen-tipped tool or stylus, by example only, in accordance with an
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embodiment of the present disclosure.

[0024] FIG. 6B is a diagram illustrating a 2-D spiral training feature incorporable as an initial
exercise feature and/or reconﬁgurablé n relation to a simple surgical task portion as included in
a surgery simulator apparatus of a multi-metric surgery simulator system, showing another
user's tracing by way of a pen-tipped tool or stylus, by example only, in accordance with an

embodiment of the present disclosure.

[0025] FIG. 7 is a diagram illustrating an exploded perspective view of a surgery simulator
apparatus of a multi-metric surgery simulator system, the surgery simulator apparatus
comprising at least one of a simple surgical task portion and a complex surgical task portion, in

accordance with an embodiment of the present disclosure.

[0026] FIG. 8A is a diagram illustrating a side view of a surgery simulator apparatus of a multi-
metric surgery simulator system, as shown in FIG. 7, in accordance with an embodiment of the

present disclosure.

[0027] FIG. 8B is a diagram illustrating a front view of a surgery simulator apparatus of a
multi-metric surgery simulator system, as shown in FIG. 7, in accordance with an embodiment

of the present disclosure.

[0028] FIG. 9 is a diagram illustrating a cross-sectional view of a surgery simulator apparatus
of a multi-metric surgery simulator system, as shown in FIG. 7, in accordance with an

embodiment of the present disclosure.

[0029] FIG. 10 is a diagram illustrating an exploded side view of a surgery simulator apparatus
of a multi-metric surgery simulator system, the multi-metric surgery apparatus comprising at
least one of a simple surgical task portion and a complex surgical task portion, in accordance

with an embodiment of the present disclosure.

[0030] FIG. 11 is a diagram illustrating a top perspective view of a guide training feature
having threaded eyebolts for guiding loops, as included in a simple surgical task portion shown

in FIG. 10, by example only, in accordance with an embodiment of the present disclosure.

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 2017/173518 PCT/CA2016/050389

[0031] FIG. 12 is a diagram illustrating a top perspective view of a target training feature
having pin holders, as included in a simple surgical task portion shown in FIG. 10, by example

only, in accordance with an embodiment of the present disclosure.

[0032] FIG. 13 is a diagram illustrating a top perspective view of an incision training feature, as
included in a complex surgical task portion shown in FIG. 10, by example only, in accordance

with an embodiment of the present disclosure.

[0033] FIG. 14 is a diagram illustrating a top perspective view of a task cup configured to
accommodate a suture training feature, as included in a complex surgical task portion shown in

FIG. 10, by example only, in accordance with an embodiment of the present disclosure.

[0034] FIG. 15 is a diagram illustrating a top view of a simple surgical task portion comprising
at least one of a 3-D spiral training feature, as included in a multi-metric surgery apparatus of a
multi-metric surgery simulator system, in accordance with an embodiment of the present

disclosure.

[0035] FIG. 16 is a diagram illustrating a top view of a simple surgical task portion comprising
at least one of a 3-D spiral training feature, as included in a multi-metric surgery apparatus of a
multi-metric surgery simulator system, in accordance with an embodiment of the present

disclosure.

[0036] FIG. 17 is a diagram illustrating an alternative cut-away interior perspective view of a
simple surgical task portion comprising at least one of a 3-D spiral training feature, as included
in a multi-metric surgery apparatus of a multi-metric surgery simulator system, in accordance

with an embodiment of the present disclosure.

[0037] FIG. 18 is a diagram illustrating several altemnative color-code features, such as effected
by way of 3-D printing or rapid-prototyping, relating to the simple surgical task portion, as

shown in FIG. 15, in accordance with an embodiment of the present disclosure.

[0038] FIG. 19 is a diagram illustrating perspective views of color-code features, such as
effected by way of 3-D printing, relating to the simple surgical task portion or any other
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component of the multi-metric surgery apparatus, as shown in FIG. 10, by examples only, in

accordance with alternative embodiments of the present disclosure.

[0039] FIG. 20 is a diagram illustrating a perspective view of a component comprising color-
code features, such as effected by way of 3-D printing, relating to another component of the
multi-metric surgery apparatus, as shown in FIG. 10, by example only, in accordance with

alternative embodiments of the present disclosure.

[0040] FIG. 21 is a flow diagram illustrating a method of fabricating a multi-metric surgery

simulator system, in accordance with an embodiment of the present disclosure

[0041] FIG. 22 is a flow diagram illustrating a method of quantitatively evaluating and
progressively improving clinical performance of at least one surgical task by way of a multi-

metric surgery simulator system, in accordance with an embodiment of the present disclosure.

[0042] Corresponding reference numerals or characters indicate corresponding components
throughout the several figures of the Drawing. Elements in the several figures are illustrated
for simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be emphasized relative to other elements
for facilitating understanding of the various presently disclosed embodiments. Also, common,
but well-understood, eclements that are useful or necessary in commercially feasible
embodiment are often not depicted in order to facilitate a less obstructed view of these various

embodiments of the present disclosure.
DETAILED DESCRIPTION

[0043] The multi-metric simulator devices, apparatuses, systems, and methods of the present
disclosure enhance the acquisition and maintenance of surgical skills in the realm of surgical
training, wherein learning is optimized by way of the multi-metric feedback. The multi-metric
feedback unambiguously characterizes a plurality of important aspects corresponding to each
procedure of a plurality of surgical procedures. The multi-metric feedback is generated by
analyzing each surgical task of each surgical procedure for a given training session or training

curriculum. Further, the multi-metric simulator devices, system, and methods involve a self-
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reconfiguring feature, wherein the multi-metric feedback and/or the analysis related thereto also

configure or reconfigure a given simulation in terms of visible presentation as well as function.

[0044] The subject matter described herein are useful in the field neurosurgery as well as the
training thereof, including oncological care, neurodegenerative disease, stroke, brain trauma, and
orthopedic surgery. However, the subject matter of the present disclosure may extend or apply
to other conditions or fields of medicine; and such extensions or applications are encompassed
by the present disclosure. The systems and methods described herein encompass surgical
processes that are applicable to surgical procedures for brain, spine, knee, and any other region
of the body that will benefit from the use of an access port or small orifice to access the interior

of an animal body, such as a human body.

[0045] Various systems, apparatuses, devices, or processes are below-described and provide
examples of the navigation systems and methods embodiments, in accordance with
embodiments of the present disclosure. None of the below-described embodiments limits any
claimed embodiment; and any claimed embodiment may also encompass systems, apparatuses,
devices, or processes which may differ from below-described examples. The claimed
embodiments are not limited to systems, apparatuses, devices, or processes having all of the
features of any one of the below-described systems, apparatuses, devices, or processes or to
features common to some or all of the below-described systems, apparatuses, devices, or

processes.

[0046] Furthermore, this Detailed Description sets forth numerous specific details in order to
provide a thorough understanding of the various embodiments described throughout the present
disclosure. However, understood is that the embodiments described herein may be practiced
without these specific details. In other instances, conventional methods, procedures, and
components have not been described in detail to prevent obscuring the embodiments of the

present disclosure.

10
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[0047] Referring to FIG. 1, this schematic diagram illustrates a multi-metric surgery simulator
system S, comprising at least one surgery simulator apparatus 100, the at least one surgery
simulator apparatus 100 comprising at least one of an optical task training apparatus and a
Raman spectroscopic identification training apparatus, the Raman spectroscopic identification
training apparatus comprising a modular Raman training feature, configured to perform at least
one of multi-metric data collection, whereby collected data 20 is obtainable, and data
visualization, whereby a data visualization dashboard 200 is displayable, e.g., via a display
device (not shown), in accordance with an embodiment of the present disclosure. The optical
task training apparatus comprises an Optical Task Trainer (OTT) or Clinical Skills Trainer
(CST); and the Raman spectroscopic identification training apparatus comprising a modular
Raman training feature, such as a Raman Spectroscopic Identification Trainer (RSIT). By
using the OTT, the multi-metric surgery simulator system S is configured to educate surgical
trainees, further educate practicing neurosurgeons, and other healthcare professionals on the
specific utility of the optics system, such as the Synaptive® brightmatter™ guide system. The
OTT comprises a tabletop tool configured to operate with the Synaptive® brightmatter™
navigation system 250, the Synaptive® brightmatter™ drive system, and the Synaptive®

brightmatter™ optics systems for synergistically combining the features thereof.

[0048] Still referring to FIG. 1, a multi-metric surgery simulator system S, comprises: at least
one sensor 10 configured to collect surgical training performance data relevant to at least one
surgical task, the at least one sensor 10 configured to operate with a surgical navigation system,
such as Synaptive® brightma\tterTM navigation systemn, comprising a processor, the processor
configurable, by way of a set of executable instructions storable in relation to a non-transitory
medium, to perform at least one of analyze collected data 20, transform the collected data 20,
and provide feedback 30 in relation thereto; and at least one surgery simulator apparatus 100
operatively coupled with the at least one sensor 10, the at least one surgery simulator apparatus
100 configured to operate with a tracking system, such as the Synaptive® brightmatter™ guide
system, whereby the collected data 20 is obtainable, and whereby clinical performance in
relation to the at least one surgical task is quantitatively evaluable and progressively

improvable, in accordance with an embodiment of the present disclosure.

11
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[0049] Still referring to FIG. 1, the multi-metric surgery simulator system S further comprises a
tracking feature 40 (FIGS. 7-10) coupled with the at least one surgery simulator apparatus 100
and configured to receive at least one signal from the at least one sensor 10 and to transmit at
least one signal to the at least one processor (not shown), the tracking feature 40 comprising at
least one of an optical tracking feature operable with a pointer tool and a Raman spectroscopic

tracking feature operable with a Raman probe tool, e.g., the RSIT, by example only.

[0050] Still referring to FIG. 1, the processor (not shown) is further configured to transmit at
least one of the collected data 20, the transformed collected data, and the feedback 30 to at least
one of a user interface 50 and a storage medium. The user interface 50 is configured to provide
access to at least one of the collected data 20, the transformed collected data, and the feedback
30 by at least one of at least one trainee T, at least one trainer (not shown), and at least one peer
(not shown) via at least one of a server-based application, an Intemet-based application, a

cloud-based application, a mobile application, and a social media application.

[0051] Still referring to FIG. 1, the user interface 50 comprises a display device, such as a
portable eiectronic device, e.g., a laptop 51 and a handheld device 52, e.g., a cellular phone and
a smart phone. The storage medium comprises an informatics cloud, such as a non-transient
memory device (not shown) and a cloud server, e.g., an informatics cloud server 60. The
feedback 30 further comprises a plurality of feedback cycles, the plurality of feedback cycles
comprising consultation information from at least one of the at least one trainer and the at least

one peer after a training session, whereby convergent training is facilitated.

[0052] Still referring to FIG. 1, the at least one sensor 10 comprises at least one of at least one
USB sensor 11, at least one pressure sensor 12, at least one capacitance switch 13, as least one
potentiometer 14, at least one optical switch 15, at least one navigation tool sensor 16, and the
like. The at least one surgery simulator apparatus 100 is further operable with a spectral biopsy
probe (not shown), a broadband probe (not shown), a near-infrared probe (not shown), a
fluorescent probe (not shown), a parallel imaging probe (not shown), a magnetic resonance
imaging probe (not shown), a structured light scanning probe (not shown), and an augmented

reality tool (not shown).

12
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[0053] Still referring to FIG. 1, the processor is further configured to transmit information to
the user interface, the information comprising: a prompt for a user's login information; a
dashboard for facilitating visualization of data; a display of a user's profile; a display of a
trainee's visuomotor training task statistics; a display of a trainee's training records; and a
display of a trainee's current training session data in relation to at least one dataset of: initial
threshold data relating to the surgical task, a trainee'’s past training session data, at least one
other trainee's past training session data, and transformed threshold data relating to the surgical
task, the transformed threshold data comprising an iterative computation relating to at least one
of the initial threshold data relating to the surgical task, the trainee’s past training session data,
and the at least one other trainee's past training session data, wherein the at least one dataset

comprises at least one parameter of a merit point, a demerit point, and a task completion time.

[0054] Still referring to FIG. 1, the multi-metric surgery simulator system S is configured to
provide improved surgical fidelity in relation to a plurality of imaging tools or visualization
tools, wherein surgical fidelity comprises the ability of a visualization tool to provide a trainee
or a surgeon with visual input that results in the precise performance of a motor task in relation
to initial exercise using basic endoscopes and basic microscopes, and in relation to subsequent
exercises using the plurality of imaging tools. The multi-metric surgery simulator system S is
configured to provide surgical training my way of a series of approximately six (6) exercises,
by example only, whereby performance data is collected (collected data 20) and transformed in
relation to a trainee or a surgeon. The collected data 20 is transformed for generating
conclusions relating to surgical fidelity as a function of experience level and imaging tool type.
The collected data 20 is transformed to generate the feedback 30, the feedback 30 comprising at
least one demerit for inaccuracy in surgical tool positioning and a period of time for completion

of each respective surgical task.

[0055] Still referring to FIG. 1, the feedback 30 further facilitates development of surgical
skills by providing information to a user relating to visuomotor skills for surgical accuracy
improvement over time regarding a trainee or a surgeon and by providing information to a user
relating to the manner in which the skill improvement differs regarding a trainee or a surgeon,
e.g., in relation to the trainee or surgeon, in relation to other trainees or surgeons, and/or in

relation to historical data from at least one database. The feedback 30 further facilitates
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updating of planned trajectories, e.g., during an actual surgical procedure as well as a
simulation thereof. The multi-metric surgery simulator system S, being configured to provide
improved surgical fidelity in relation to a plurality of imaging tools, improves a trainee's or a
surgeon's ability to use indirect cues, such as motion parallax, relative size of structures, in-and-
out movements, familiarity with image distortion, and the like, to compensate for lack of true

three-dimensional perception, thereby decreasing learning curves.

[0056] Still referring to FIG. 1, the multi-metric simulator devices, apparatuses, and systems, are
configurable and/or reconfigurable for a specific medical or surgical procedure. The mufti-
metric simulator system S comprises sensors 10 that collect data relevant to specific tasks being
performed by a surgical trainee, such as the trainee T. The collected data 20 are stored, e.g., in
cloud storage, such as via a Synaptive® system's informatics-cloud; and feedback based on the
collected data 20 is visible (displayable) to a user, e.g., a trainee T and/or other relevant party at
his’her convenience. After a training session, through feedback 30 from the Synaptive® system's
ecosystem during a training session, reference to a user’s training performance data, and
consultation with at least one of at least one trainer and at least one peer, a trainee T experiences
significantly more feedback cycles relating to his/her training than provided by related art
simulators. By coupling this type of infrastructure with Synaptive® surgical simulators, €.g., the
system S, of various kinds, e.g., using Synaptive® surgical navigation systems, Synaptive®
tracking systems, and the like, the trainee T would be able to see progressive improvement in
key visuomotor skills before in vivo skill testing and at significantly more convenience and lower

cost than by using cadavers.

[0057] Still referring to FIG. 1, the multi-metric simulator system S of the present disclosure is
used as a skill development tool for training surgeons and obtaining quantitative metrics on their
progress in conjunction with a Synaptive® technology suite, whereby the multi-metric simulator
system S is configured to link thereto via the Synaptive® brightmatterTM Guide 80 to the
Synaptive® brightmatter™ Bridge 90 for facilitating storing performance data in a database 95,
e.g., a web-app-accessible database. This linking feature enables users, training centers, and
clinical administrators to log-in, evaluate, and share performance statistics for better
understanding as to the manner in which a trainee's performance compares with a trainee's

previous performance as well as with peers or to historical averages, whereby social components
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are incorporable into the multi-metric simulator system S, e.g., via competition features and prize

features to motivate surgical residents to strive for the utmost in surgical proficiency.

[0058] Still referring to FIG. 1, the multi-metric simulator system S of the present disclosure is
configured to demonstrate all Synaptive® hardware/software and could scale for integration with
magnetic resonance (MR), combined Raman Spectroscopy (RS) and Optical Coherence
Tomography (OCT) ("Raman-OCT"), and a myriad of other current and future devices. The
datasets generated by the multi-metric simulator system S are useable for collecting historical
statistical data on how surgeons use our tool which could aid in verification and validation
(V&V) procedure, generation marketing, the manner in which a surgeon’s performance is
improvable by reconfiguration or self-reconfiguration of the multi-metric simulator system via
additional product variables, e.g., feature offerings, that are identifiable via operation of the
multi-metric simulator system. The multi-metric simulator devices, apparatuses, systems, and
methods of the present disclosure encompass general workflow application, wherein the multi-
metric simulator apparatus comprises at least one of optical task trainer (OTT) and a Ramen-

Spectroscopy identification trainer (RSIT).

[0059] Referring to FIG. 2, this schematic diagram illustrates workflow WF relating to five
visuomotor tasks related to a given surgical procedure in relation to a surgery simulator
apparatus 100 comprising an optical task training apparatus having an optical tracking feature,
by example only, in accordance with an embodiment of the present disclosure. For a surgery
simulator apparatus 100 comprising an optical task training apparatus having an optical
tracking feature, the at least one surgical task comprises at least one training routine of a spiral
target routine (FIGS. 6A and 6B), a fiducial marker point routine, a blind target routine, and a
suturing routine (FIG. 14), by example only. The optical task training apparatus, having an
optical tracking feature, is iteratively operable in relation to one through five of five tasks for
generating two performance datasets, e.g., indicating total demerit points and task completion
time, in accordance with an embodiment of the present disclosure. The optical task training
apparatus OTT is configured to communicate with navigation system 250; and the navigation

system 250 is configured to communicate with a planning system 255.
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[0060] Still referring to FIG. 2 and ahead to FIGS. 15-17, by example only, the workflow WF
relating to five visuomotor tasks comprises a first simple visuomotor task (Visuomotor Task 1),
the first simple visuomotor task comprising: guiding or tracing, using a tool with a pen tip,
along a 2-D spiral path of the 2-D spiral training feature 128; and observing the tracing via a
microscope and subsequently an endoscope, wherein a demerit point is assigned for each
instance that the tracing overlaps a designated boundary region of the 2-D spiral training
feature 128, e.g., a darkened area, and wherein the number of demerit points is inversely related
to a performance score, wherein a time period for completion of a surgical task is measured and
recorded, and wherein the time period is inversely related to the performance score, and
guiding (or tracing) (line series) a tool with a pen tip along a 3-D spiral path of the 3-D spiral
training feature 128'; and observing the tracing via a microscope and subsequently an
endoscope, wherein a demerit point is assigned for each instance that the tracing overlaps a
designated boundary region of the 3-D spiral training feature 128', e.g., a darkened area,
wherein the number of demerit points is inversely related to a performance score, wherein a
time period for completion of a surgical task is measured and recorded, and wherein the time

period is inversely related to the performance score.

[0060] Still referring to FIG. 2 and ahead to FIGS. 15-17, by example only, the workflow WF
relating to five visuomotor tasks further comprises a second simple visuomotor task
(Visuomotor Task 2), the second simple visuomotor task comprising: guiding or tracing a tool
with a pen tip to locate a plurality of fiducial markers, wherein a portion of the plurality of
fiducial markers are disposed deeper than another portion of fiducial markers, wherein at least a
portion of the fiducial markers are disposed away from the trainee line of sight, wherein a
demerit point is assigned for each instance that the tracing fails to coincide with fiducial
markers, wherein the number of demerit points is inversely related to a performance score, and
wherein a time period for completion of the second simple visuomotor task is measured and

recorded.

[0061] Still referring to FIG. 2 and ahead to FIGS. 15-17, by example only, the workflow WF
relating to five visuomotor tasks further comprises: a third simple visuomotor task
(Visuomotor Task 3), the third simple visuomotor task comprising: guiding or tracing, using a

tool with a pen tip, to locate a plurality 2-D, wherein at least a portion of the plurality 2-D lines

16

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 2017/173518 PCT/CA2016/050389

are disposed away from the trainee line of sight, wherein a demerit point is assigned for each
instance that the tracing fails to coincide with the 2-D lines, and wherein a time period for
completion of the third simple visuomotor task is measured and recorded; and a fourth simple
visuomotor task (Visuomotor Task 4), the fourth simple visuomotor task comprising: guiding
or tracing, using a tool with a pen tip, to locate a plurality 3-D, wherein at least a portion of the
plurality 3-D lines are disposed away from the trainee line of sight, wherein a demerit point is
assigned for each instance that the tracing fails to coincide with the 3-D lines, and wherein a

time period for completion of the fourth simple visuomotor task is measured and recorded.

[0062] Still referring to FIG. 2 and ahead to FIGS. 15-17, by example only, the workflow WF
relating to five visuomotor tasks further comprises: a fifth simple visuomotor task (Visuomotor
Task 5), the fifth simple visuomotor task comprising: performing suturing exercises, using an
untracked tool around two small parallel pillars disposed in a perpendicular orientation relative
to the trainee's line of sight, wherein at least a portion of the plurality 2-D lines are disposed
away from the trainee line of sight, wherein a time period for completion of the third simple

visuomotor task is measured and recorded.

[0063] Referring to FIG. 3, this schematic diagram illustrates a multi-metric surgery simulator
system S, comprising a surgery simulator apparatus 100 comprising an optical task training
apparatus having an optical tracking feature, as shown in FIG. 2, configured to perform at least
one of multi-metric data collection and data visualization, in. accordance with an embodiment
of the present disclosure. By using the optical tracking feature, such as the OTT, a merit point
is determined for the pointer tool moved within a predetermined boundary, a demerit point is
determined for the pointer tool moved outside the predetermined boundary, and a task

completion time is determined for each at least one training routine, by example only.
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[0064] Referring to FIG. 4, this schematic gliagram illustrates Raman task workflow RTWF
relating to three visuomotor tasks, such as a craniotomy, a cannulation, and a resection, related
to a given surgical procedure in relation to a surgery simulator apparatus 100, as included in a
multi-metric surgery simulator system S, comprising a Raman spectroscopic identification
training apparatus having a Raman spectroscopic identification feature, e.g., a Raman task
trainer RTT, by example only, in accordance with an embodiment of the present disclosure.
By using the Raman spectroscopic tracking feature, the at least one surgical task comprises at
least one of incision, craniotomy, cannulation, resection, transplantation, suturing,
decannulating, and closing for each data type, such as data relating to the mass of removed
simulated tour, the mass of removed simulated healthy tissue, and the duration for task

completion (FIG. 5).

[0065] Still referring to FIG. 4, the surgery simulator apparatus 100, as included in a multi-
metric surgery simulator system S, comprising a Raman spectroscopic identification training
apparatus having a Raman spectroscopic identification feature comprises surface-enhanced
Raman scattering (SERS) nanoparticles configured to generate distinct spectra and are
potentially useful as bright contrast agents for molecular diagnostics, in accordance with an
embodiment of the present disclosure. Similarly, large volume liquid tissue "phantoms” that
simulate breast and prostate cancerous tissue for Raman identification have been made using an
intralipid (scattering agent), Indian ink (absorption agent), and synthesized calcification powder
(calcium hydroxyapatite) and are encompassed by the present disclosure. The system S is
configured as a Ramen tissue simulator to accommodate a large volume tissue "phantom" or
simulated tumour inserts, e.g., simulated cancerous tissue inserts, that contain elements that are

responsive to Ramen spectroscopy tools in a manner that is quantitatively evaluable.

[0066] Still referring to FIG. 4, the simulated tissue, e.g., a PVA-hydrogel doped with SERS
nanoparticles, such as in the form of simulated brain tissue, is modeled to incorporate simulated
imbedded tumor targets comprising Raman-spectroscopy-tunable and responsive to a Raman
spectroscopy instrument, such as a spectroscopy probe 400, wherein the simulated brain tissue
is cannulable, having an identifiable spectra, inspectable with the Raman-probe, and resectable.

For example, the surgery simulator apparatus 100, comprising a Raman spectroscopic
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identification training apparatus having a Raman spectroscopic identification feature, e.g., a
Raman task trainer RTT.

[0067] Referring to FIG. 5, this schematic diagram illustrates a multi-metric surgery simulator
system S comprising a surgery simulator apparatus 100, the surgery simulator apparatus 100
comprising a Raman spectroscopic identification training apparatus having a Raman
spectroscopic identification feature, e.g., a Raman task trainer RTT, as shown in FIG. 4,
configured to perform at least one of multi-metric data collection and data visualization, in
accordance with an embodiment of the present disclosure. For surgery simulator apparatus
100, comprising the Raman spectroscopic tracking feature, for each at least one surgical task, a
merit point is determined for resection of the at least one simulated pathological tissue feature
by using data 501 collected in relation to the mass of the simulated pathological tissue feature,
e.g., a simulated tumour, a demerit point is determined for resection of any portion of the at
least one simulated healthy tissue feature by using data 502 collected in relation to the mass of
the simulated healthy tissue feature, and a task completion time is determined by using data 503
collected in relation thereto. As such, three types of data 500 are collected and transmitted as
collected data 20 to the guidance system, such as the Synaptive® brightmatter™ guidance
system 80.0

[0068] Still referring to FIG. 5, the surgery simulator apparatus 100 comprises a Raman
spectroscopic identification training apparatus having a Raman spectroscopic identification
feature, €.g., a Raman task trainer RTT. The system S, comprising the surgery simulator
apparatus 100, is compatible with any data-generating input and is linkable to any and all
Synaptive® hardware, firmware, or software tools and incorporable in relations to a plurality of
training simulation programs. For example, the system S is linkable to at least the following
tools or equipment: the Synaptive® Spectral Biopsy Probe, the Synaptive® Spectroscopy Probe
(broadband, NIR, Raman, Fluorescence, etc.), the Synaptive® parallel imaging probe, MRI
equipment, structured light scanning equipment, the Synaptive® Mixed-Medical Reality
hardware/software tools, the Synaptive® laser-ablation phantom, the Synaptive® Hematoma
Task Trainer Phantom, the Synaptive® tumor resection phantom, the Synaptive® deep brain
stimulation phantom, the Synaptive® endonasal procedure phantom, the Synaptive® lower

lumbar procedure phantom, the Synaptive“’ orthopedic procedure phantom, and the like. In the
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embodiments of the present disclosure, the collected data is transformed for providing feedback
comprising key surgical performance indicators, wherein the system S is reconfigurable and

scalable for simulating and training any medical device-coupled procedure.

[0069] Referring to FIG. 6A, this diagram illustrates a 2-D spiral training feature 128
incorporable as an initial exercise feature and/or in relation to an upper surface 111a of a
simple surgical task portion fastener 111 for the simple surgical task portion 110 (FIG. 7), as
included in a surgery simulator apparatus 100 of a multi-metric surgery simulator system S,
showing a user's tracing 129a by way of a pen-tipped tool (not shown) or stylus (not shown), by
example only, in accordance with an embodiment of the present disclosure. Initially, training
may commence with a simple visuomotor task performed under a microscope and subsequently
performed via an endoscope. For example, a first simple visudmotor task comprises guiding
(or tracing) (line series) a tool with a pen tip along a 2-D spiral path of the 2-D spiral training
feature 128; and observing the tracing via a microscope and subsequently an endoscope,
wherein a demerit point is assigned for each instance that the tracing overlaps a designated
boundary region of the 2-D spiral training feature 128, e.g., a darkened area, and wherein the
number of demerit points is inversely related to a performance score, wherein a time period for
completion of a surgical task is measured and recorded, and wherein the time period is

inversely related to the performance score.

[0070] Referring to FIG. 6B, this diagram illustrates a 2-D spiral training feature 128
incorporable as an initial exercise feature and/or in relation to an upper surface 111a of a
simple surgical task portion fastener 111 for the simple surgical task portion 110 (FIG. 7), as
included in a surgery simulator apparatus 100 of a multi-metric surgery simulator system S,
showing another user's tracing 129b by way of a pen-tipped tool (not shown) or stylus (not
shown), by example only, in accordance with an embodiment of the present disclosure.
Initially, training may commence with a simple visuomotor task performed under a microscope
and subsequently performed via an endoscope. For examble, a first simple visuomotor task
comprises guiding (or tracing) a tool with a pen tip along a 2-D spiral path; and observing the
tracing via a microscope and subsequently an endoscope, wherein a demerit point is assigned
for each instance that the tracing overlaps a designated boundary region of the 2-D spiral

training feature 128, e.g., a darkened area, and wherein the number of demerit points is
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inversely related to a performance score, wherein a time period for completion of a surgical
task is measured and recorded, and wherein the time period is inversely related to the

performance score.

[0071] Still referring to FIG. 6B and referring back to FIG. 6A, the 2-D spiral training feature
128 is incorporable in relation to the upper surface 111a of a simple surgical task portion
fastener 111 for the simple surgical task portion 110 (FIG. 7) is configured to support at least
one of at least one surgical task pattern (not shown) and at least one simulated tissue feature
(not shown). The 2-D spiral training feature 128 may be modular and disposable within a
recessed portion of the upper surface 111a. In the example shown in FIG. 6A, the at least one
surgical task pattern optionally comprises a spiral configuration and may be incorporated into a
modular member for coupling with the simple surgical task portion 110, such as by way of at
least one clipping feature, by example only. Further, the at least one surgical task pattern
comprises a modification of the 2-D spiral training feature 128 to provide a third dimension,
e.g., depth, wherein the at least one surgical task pattern comprises a 3-D spiral training feature
128" configured to couple with the simple surgical task portion 110, as included in a surgery
simulator apparatus 100 of a multi-metric surgery simulator system S, and provides training for
following a surgical trajectory, such as would be defined by a surgical plan, e.g., for training an
access port procedure. The 3-D spiral training feature 128’ comprises a generally funnel shape
(FIGS. 15-17) for disposition within the simple surgical task portion 110.

[0072] Still referring to FIG. 6B and referring back to FIG. 6A, the 2-D spiral training feature
128 and the 3-D spiral training feature 128" further provide training for: a second visuomotor
task (point series) comprising touching a series of approximately eight (8) points with a tool
having a pen tip, wherein a speed of execution is measured and recorded; a third visuomotor
task (line/point series) comprising tracing a series of lines with the tool having the pen tip,
wherein a speed of execution is measured and recorded, and wherein a demerit is assigned for
each untouched dot disposed on the lines; a fourth visuomotor task (3D fidelity) comprising
tracing two rows of five dots with the tool having the pen tip that scale the inside of the 3-D
spiral training feature 128' (approximately 11 cm in height, approximately 9.5 c¢m, and
approximately 5.2 cm in respective upper and base diameters), wherein the two rows of five

dots are offset by approximately 2 cm from one another, and touching each of the dots from top
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to bottom of the 3-D spiral training feature 128', wherein a speed of execution is measured and
recorded, and wherein a demerit is assigned for each untouched dot on each row; a fifth
visuomotor task (3D line/point series) comprising sequentially touching “thumb" tags pressed
on the 3-D spiral training feature 128', moving from the deepest region to the shallowest region
thereof, wherein a speed of execution is measured and recorded; and an optional sixth
visuomotor task comprising moving four items from one cup to another using Adson pickups
and tying a knot around pillars with a suture string at the lowest point of the OTT, e.g., at the
complex surgical task portion 120, that accommodates a training feature comprising two cross
pillars having an approximate 2 mm diameter and being disposed approximately 4 mm apart

from one another, wherein a speed of execution is measured and recorded (FIG. 14).

[0073] Referring to FIG. 7, this diagram illustrates, in an exploded perspective view, a surgery
simulator apparatus 100 of a multi-metric surgery simulator system S, the surgery simulator
apparatus 100 comprising at least one of a simple surgical task portion 110 and a complex
surgical task portion 120, by example only, in accordance with an embodiment of the present
disclosure. Each at least one surgery simulator apparatus 100 comprises at least one of a simple
surgical task portion 110 and a complex surgical task portion 120; and each of the simple
surgical task portion 110 and the complex surgical task portion 120 is configured to support
training of the at least one surgical task in at least one of two dimensions and three dimensions.
Each at least one surgery simulator apparatus 100 further comprises a housing 130 for
accommodating at least one of the simple surgical task portion 110 and the complex surgical

task portion 120.

[0074] Still referring to FIG. 7, the simple surgical task portion 110 comprises and/or
accommodates simple surgical procedure training features for developing fundamental surgical
gestures or psychomotor actions for handling simple surgical tasks that are prerequisite to
developing a coordination level sufficiently high for handling complex tasks. Simple surgical
tasks comprise any visuomotor skill task, such as 2-D tasks, e.g., spiral tracings for training
gross navigation skills, line tracing for training fine navigation skills, and dot drawing for
training fine target skills, placing pegs in holes, placing rings over pegs for handling general
fine motor skills, and transferring small items between microsurgical instruments for handling

fine coordination skills, by examples only.
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[0075] Still referring to FIG. 7, the complex surgical task portion 120 comprises and/or
accommodates complex surgical procedure training features for developing a coordination level
for handling complex tasks, such as critical segments of a larger surgical procedure, e.g.,
having chronologically defined steps, wherein the complex surgical procedure training features
simulate the surgical environment for the complex surgical procedure, and wherein the complex
surgical tasks comprise a plurality of simple surgical tasks and/or a plurality of complex
surgical tasks relating to the large surgical procedure, e.g., a brain tumour removal procedure.
Complex surgical tasks also comprise any involved fine motor skill task, such as 3-D tasks,
e.g., isolated knot-tying for training fine motor and coordination skills, simulated tumor
removal for training resection skills, simulated aneurysm-clipping for training fine incision and
suturing skills, simulated pedicle screw placement for training fine tapping, drilling, and
turning skills, simulated spinal decompression with depth coloring features for training drilling,
simulated inter-body fusion for training disk-fusing and the like, simulated fluid column use for

verifying integrity of anastomosis or dural repair, by examples only.

[0076] Still referring to FIG. 7, each at least one surgery simulator apparatus 100 of a multi-
metric surgery simulator system S further comprises at least one of: at least one simple surgical
task portion fastener 111 for facilitating disposition of the at least one of the simple surgical
task portion 110 in relation to the housing 130; at least one complex surgical task portion
fastener 121 for facilitating disposition of the complex surgical task portion 120 in relation to
the simple surgical task portion 110; and at least one housing fastener 131 for facilitating
disposition of the housing 130 in relation to a generally horizontal surface (not shown), such as
a workbench, laboratory bench, and a tabletop. The at least one surgery simulator apparatus
100 is configured to couple with the tracking feature 40, wherein the tracking feature 40

comprises at least one tracking marker 41, trackable by a tracking system.

[0077] Still referring to FIG. 7, the housing 130 comprises a generally angled frusto-conical
configuration for facilitating simulation of a clinical access port environment. The at least one
simple surgical task portion fastener 111 comprises at least one of at least one retention ring
and any other suitable fastener. The at least one complex surgical task portion fastener 121
comprises at least one of at least one retention ring and any other suitable fastener. The at least

one housing fastener 131 comprises at least one of a screw, a bolt, a nut, a threaded, a hook-
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and-loop fastener, and any other suitable fastener. The simple surgical task portion 110
comprises at least one of a generally conical configuration, a plurality of pin surgical task
features 112, and a plurality of loop surgical task features 113. At least one of the plurality of
pin surgical task features 112 and the plurality of loop surgical task features 113 is operatively

coupled with the at least one sensor 10.

[0078] Referring to FIG. 8A, this diagram illustrates, in a side view, a surgery simulator
apparatus 100 of a multi-metric surgery simulator system S, as shown in FIG. 7, in accordance
with an embodiment of the present disclosure. Each at least one surgery simulator apparatus 100
comprises at least one of a simple surgical task portion 110 and a complex surgical task portion
120; and each of the simple surgical task portion 110 and the complex surgical task portion 120
is configured to support training of the at least one surgical task in at least one of two dimensions
and three dimensions. Each at least one surgery simulator apparatus 100 further comprises a
housing 130 for accommodating at least one of the simple surgical task portion 110 and the
complex surgical task portion 120. The system S further comprises a tracking apparatus 40, the
tracking apparatus 40 comprising at least one tracking marker 41, such as at least one tracking
sphere, by example only. The tracking apparatus 40 configured to track at least one tool used

during training using the apparatus 100.

[0079] Referring to FIG. 8B, this diagram illustrates, in a front view, a surgery simulator
apparatus 100 of a multi-metric surgery simulator system S, as shown in FIG. 7, in accordance
with an embodiment of the present disclosure. Each at least one surgery simulator apparatus
100 comprises at least one of a simple surgical task portion 110 and a complex surgical task
portion 120; and each of the simple surgical task portion 110 and the complex surgical task
portion 120 is configured to support training of the at least one surgical task in at least one of
two dimensions and three dimensions. Each at least one surgery simulator apparatus 100
further comprises a housing 130 for accommodating at least one of the simple surgical task
portion 110 and the complex surgical task portion 120. The system S further comprises a
tracking apparatus 40, the tracking apparatus 40 comprising at least one tracking marker 41,
such as at least one tracking sphere, by example only. The tracking apparatus 40 configured to

track at least one tool used during training using the apparatus 100.
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[0080] Referring to FIG. 9, this diagram illustrates, in a cross-sectional view, a surgery
simulator apparatus 100 of a multi-metric surgery simulator system S, as shown in FIG. 7, in
accordance with an embodiment of the present disclosure. The plurality of pin surgical task
features 112 comprises a plurality of pin holders 114 for accommodating a plurality of targets
for facilitating training touching by at least one of at least one tool (not shown) and at least one
instrument (not shown) in relation to the plurality of targets. The plurality of loop surgical task
features 113 comprises a plurality of threaded eyebolts as guiding loops for facilitating training

manipulation of at least one simulated elongated tissue feature therethrough.

[0081] Referring to FIG. 10, this diagram illustrates, in an exploded side view, a surgery
simulator apparatus 100 of a multi-metric surgery simulator system S, the surgery simulator
apparatus 100 comprising at least one of a simple surgical task portion 110 and a complex
surgical task portion 120, in accordance with an embodiment of the present disclosure. The
complex surgical task portion 120 comprises at least one of a generally cupped configuration,
having a cap portion 124 and a cup portion 125, for facilitating simulation of a clinical subdural
environment. The cup portion 125 accommodates the task cup 126. The cap portion 124
accommodates at least one simulated surface tissue feature (not shown) and facilitates training
of the at least one surgical task in relation to the at least one simulated surface tissue feature
(not shown). The cup portion 125 accommodates at least one simulated deep tissue feature (not
shown) and facilitates training of the at least one surgical task in relation to the at least one

simulated deep tissue feature (not shown).

[0082] Referring to FIG. 11, is a diagram illustrating a top perspective view of a guide training
feature having threaded eyebolts, such as plurality of loop surgical task features 113, as
included in a simple surgical task portion shown in FIG. 10, by example only, in accordance
with an embodiment of the present disclosure. The plurality of loop surgical task features 113
comprises the plurality of threaded eyebolts as guiding loops for facilitating training

manipulation of at least one simulated elongated tissue feature therethrough.

[0083] Referring to FIG. 12, is a diagram illustrating a top perspective view of a target training
feature having pin holders, as included in a simple surgical task portion shown in FIG. 10, by

example only, in accordance with an embodiment of the present disclosure. The plurality of

25

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

WO 2017/173518 PCT/CA2016/050389

pin surgical task features 112 comprises a plurality of pin holders 114 for accommodating a
plurality of targets for facilitating training touching by at least one of at least one tcol (not

shown) and at least one instrument (not shown) in relation to the plurality of targets.

[0084] Referring to FIG. 13, this diagram illustrates, in a top perspective view, an incision
training feature 135 for facilitating training incising a bone cap and dura, as included in a
complex surgical task portion 120 shown in FIG. 10, by example only, in accordance with an
embodiment of the present disclosure. The at least one simulated surface tissue feature 135
comprises at least one of a simulated epidermal tissue feature (not shown), a simulated dermal
tissue feature (not shown), a simulated sub-dermal tissue feature (not shown), a simulated
muscle tissue feature (not shown), a simulated cranjal bone tissue feature 136, and a simulated
dura tissue feature 137, by example only. At least one neurosurgical instrument 140, such as a
scalpel, may be used for training incising the at least one simulated surface tissue feature 135.
The simulated cranial bone tissue feature 136 comprises urethane or any material having

properties that approximate that of natural bone, especially cranial tissue, by example only.

[0085] Still referring to FIG. 13, the incision training feature 135 facilitates training incising a
bone cap and dura by providing training for approaching the surgical site, wherein training
approaching comprises training commencing a craniotomy by forming a hole in a simulated
cranium, thereby forming a cranial hole such as by forming a burr-hole, and a simulated bone
portion, such as a simulated cranial flap, testing a range of motion of the port, and intra-
operatively adjusting the simulated trajectory if required, forming an opening in a simulated
dura, thereby forming a simulated dural flap, stitching-back the simulated dural flap, inserting
the port, along the simulated trajectory via navigation guidance, such as provided on the at least
one display device, and coaxially positioning a surgical camera, such as the optical camera of

an OTT feature, in relation to the port and the tracking feature 40.

[0086] Referring to FIG. 14, this diagram illustrates, in a top perspective view, a task cup 126
configured to accommodate a suture training feature 127 for facilitating training suturing, as
included in a complex surgical task portion 120 shown in FIG. 10, by example only, in
accordance with an embodiment of the present disclosure. The complex surgical task portion

120 comprises at least one of a generally cupped configuration, having a cap portion 124 and a
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cup portion 125, for facilitating simulation of a clinical subdural environment. The cup portion
125 accommodates the task cup 126, wherein the task cup 126 further accommodates at least
one simulated deep tissue feature (not shown), such as a simulated vascular tissue feature (not
shown), a simulated neural tissue feature (not shown), and a simulated cerebral tissue feature
(not shown). At least one neurosurgical instrument 140 may be used for training incising the

suture training feature 127,

[0087] Referring to FIG. 15, this diagram illustrates, in a top view, a simple surgical task
portion 110 comprising at least one of a 2-D spiral training feature 128 (FIGS. 6A and 6B)
having at least one distinctive color-code feature 150, at least one measurement feature 151,
guide training feature, such as the 2-D spiral training feature 128, and a target training feature
152 having at least one distinctive color-code feature 153, as included in a surgery simulator
apparatus 100 of a multi-metric surgery simulator system S, in accordance with an embodiment
of the present disclosure. In this example, the simple surgical task portion 110 may also
accommodate at least one representation of at least one simulated tissue structure having at
least one of at least two dimensions, at least one color, and at least one pattern (FIGS. 18-20).
The representation of at least one simulated tissue structure comprises at least one simulated
tissue feature 135, wherein the at least one simulated tissue feature 135 comprises at least one
of a simulated healthy tissue feature and a simulated pathological tissue feature. Laparoscopic
training may be provided by way of a trainee touching the at least one distinctive color-code
feature 153 using a pointer tool, a touch-pen, or a stylus (not shown). Such “touching” in terms
of accuracy, pressure, and speed is measurable as part of the collected data 20, e.g., via the
OTT using the tacking apparatus 40 and effects an immediate response via the feedback 30 to

the trainee.

[0088] Still referring to FIG. 15, at least one of the at least one surgical task pattern and the at
least one simulated tissue feature 135 comprises at least one of a three-dimensional (3-D) color
print and a surface-enhanced Raman Spectroscopy scattering material, wherein the surface-
enhanced Raman Spectroscopy scattering material comprises a matrix material and a dopant,
the matrix material comprising at least one of silicone and polyvinyl alcohol hydrogel, and the
dopant comprising doped with at least one of a scattering agent, an absorption agent, and a

calcification agent. The scattering agent comprises at least one of an intralipid and a
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nanoparticle. The absorption agent comprises an India ink. The calcification agent comprises
calcium hydroxyapatite. The surface-enhanced Raman Spectroscopy scattering material is
tunable in relation to at least one of at least one pathological tissue type, at least one
pathological tissue mass, and at least one pathological tissue density for simulation thereof.
The surface-enhanced Raman Spectroscopy scattering material comprises polyvinyl alcohol
doped with at least one type of nanoparticle configured to simulate at least one of at least one
disease state, at least one health condition, and the like. The simulator system S is configurable

for use in virtual reality or augmented reality environments as well.

[0089] Still referring to FIG. 15, in accordance with the embodiments of the present disclosure,
the systems and methods comprise simulated anatomical features also include negative (fluid-
filled) spaces as sub-anatomy features in anatomical simulators/phantoms and utilize printing 3D
structures using materials which are dissolvable once the simulator has been produced. In an
embodiment of the present disclosure, a method of fabricating a simulated anatomical feature
comprises steps, such as 3D printing of the negative space required, e.g., brain ventricles with a
dissolvable material such as a PVA filament, to produce a printed 3D volume, and placing the
printed 3D volume within a mold of an anatomical part, pouring a polyvinyl alcohol (PVA)
formulation into a mold, thereby surrounding and encapsulating the printed 3D volume, exposing
the encapsulated printed 3D volume to an appropriate number of freeze thaw cycles (FTC),
thereby producing a tissue phantom with the desired biomechanical properties. The printed 3D
volume is then dissolved, at least in part, to produce a fluid filled void having the approximate

size and approximate shape of the printed 3D volume, ¢.g., in the undissolved state.

[0090] Still referring to FIG. 15, in accordance with the embodiments of the present disclosure,
the filament material that is used to print the 3D volume is configured to result in a 3D volume
capable of maintaining structural integrity through a plurality of FTCs and of complete
dissolution for forming a negative space in the simulated tissue. The filament material comprises
properties relating to a desired structural integrity. The filament material is also formable by
printing the 3D volume and applying a protective layer of a water-resistant material to extend the

filament material's life until the plurality of FTCs is complete.
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[0091] Still referring to FIG. 15, in an embodiment of the present disclosure, a method of
fabricating an anatomical feature that simulates the brain, the method comprises producing the
ventricles and cerebral spinal fluid (CSF) by printing a PVA filament having a wall thicknesses,
thereby providing a final solution having a targeted viscosity. This method ensures slowing the
rate of equalization of concentrations of various materials, e.g., PVA and water, thereby
preventing a change in shape of the structure or impinging on the shelf/usable life of the product.
The method of fabricating an anatomical feature further comprises adding further materials, such
as comstarch, to a for facilitating water retention in the spaces, such as the ventricles and the

spinal fluid areas.

[0092] Still referring to FIG. 15, in accordance with other embodiments of the present disclosure,
the systems and methods comprise using alternative filaments, such as high impact polystyrene
(HIPS) as a solute and limonene as dissolution agent. In accordance with other embodiments of
the present disclosure, the systems and methods comprise using additives, such as salt, sugar,
sand, and silicone may be used. In another embodiment, vascularity is presentable by 3D
printing on a red plastic using a high resolution and PVA filament as scaffold, e.g., by placing
the filament in a hydrogel contained in a silicone mold and immersing in the hydrogel
formulation, thereby forming a simulator, optionally comprising a plurality of FTCs. The

solution would dissolve the scaffold and form a cryogel supporting the printed structure.

[0093] Still referring to FIG. 185, in accordance with an embodiment of the present disclosure, a
method of fabricating a simulated anatomical structure having at least one void comprises: 3D
printing at least one simulated anatomical feature having at least one simulated sub-anatomical
feature using a dissolvable material; supporting and enclosing the one or more structures in an
interior of a mold of the anatomical phantom; filling a remaining internal volume in the interior
of the mold between an outer surface of the one or more structures and an inner surface of the
mold with a liquid precursor of a matrix material selected to mimic anatomical tissue and
processing said liquid precursor to form a tissue mimic matrix material; and dissolving the one or
more structures with a fluid selected to dissolve said dissolvable material to produce one or more

internal cavities within the tissue mimic matrix material.
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[0094] Still referring to FIG. 15, in accordance with an embodiment of the present disclosure, a
method of fabricating a simulated void structure in a simulated anatomical structure comprises:
printing, using 3D printing with silicone, one or more hollow structures of one or more desired
sub-anatomical features, connecting the one or more hollow structures to a proximal end of an
associated fluid flow channel; supporting and eﬂc]osing the one or more hollow structures and
associated fluid flow channel in an interior of a mold of the anatomical phantom with a distal end
of the associated fluid flow channel being located on an exterior of the mold; filling a remaining
internal volume in the interior of the mold between an outer surface of both the one or more
hollow structures and the associated vasculature and an inner surface of the mold with a liquid
precursor of a matrix material selected to mimic anatomical tissue, the liquid precursor including
at least polyvinyl alcohol, and curing the polyvinyl alcohol to produce a polyvinyl alcohol-based
hydrogel to form a tissue mimic matrix material; and filling, through the access port, the one or
more one hollow structures and their associated vasculature with liquid solutions selected to

mimic preselected bodily fluids.

[0095] Referring to FIG. 16, this diagram illustrates, in a top view, a simple surgical task
portion 110 comprising at least one of a 2-D spiral training feature 128 (FIGS. 6A and 6B)
having a color-code feature 150, at least one measurement feature 151, guide training feature,
such as the 2-D spiral training feature 128, and a target training feature 152 having a color-code
feature 153, as (FIG. 15), as included in a surgery simulator apparatus 100 of a multi-metric
surgery simulator system S, in accordance with an embodiment of the present disclosure. The
at least one measurement feature 151 comprises a linear feature 151a and a plurality of
graduated indicia 151b, e.g., for indicating depth. Each graduated indicia 151b of the plurality

of graduated indicia 151b, comprises numeral indicia 151¢ for indicating a surgical depth.

[0096] Referring to FIG. 17, this diagram illustrates, in an alternative cut-away interior
perspective view, a simple surgical task portion 110 comprising at least one of a 2-D spiral
training feature 128 (FIGS. 6A and 6B) having a color-code feature 150, at least one
measurement feature 151, guide training feature, such as the 2-D spiral training feature 128,
and a target training feature 152 having a color-code feature 153 (FIG. 15), as included in a
surgery simulator apparatus 100 of a multi-metric surgery simulator system S, in accordance

with an embodiment of the present disclosure. The at least one measurement feature 151

30

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

WO 2017/173518 PCT/CA2016/050389

comprises a linear feature 151a and a plurality of graduated indicia 151b, e.g., for indicating
depth. Each graduated indicia 151b of the plurality of graduated indicia 151b, further

comprises numeral indicia 151c for indicating a surgical depth.

[0097] Referring to FIG. 18, this diagram illustrates several alternative color-code features 180,
such as effected by way of 3-D printing, e.g., a Stratasys® Polyjet® 3-D printing system,
relating to the simple surgical task portion 110, as shown in FIG. 15, in accordance with an
embodiment of the present disclosure. The at least one simulated tissue feature 135,
comprising at least one of a three-dimensional (3-D) color print and a surface-enhanced Raman
Spectroscopy scattering material, in embodiments of the present disclosure. The at least one
simulated tissue feature 135 further comprises at least one of a pblyvinyl alcohol (PVA) and a

bio-compatible material.

[0098] Still referring to FIG. 18, in some embodiments of the present disclosure, the at least
one of a three-dimensional (3-D) color print comprises a medical rapid-prototype material, such
as a bio-compatible material or a simulated biological material. The medical rapid-prototype
material enhances visualization and provides dimensional stability. The medical rapid-
prototype material comprises a bio-compatible photopolymer, such as PolyJet® MED610,
wherein bio-compatible photopolymer comprises a high dimensional stability and a colorless
transparency in relation to other polymers and serves well as a simulated material, especially if

combined with PVA.

[0099] Referring to FIG. 19, this diagram illustrates, in a close-up perspective view, a color-
code features 180, such as effected by way of 3-D printing, relating to the simple surgical task
portion 110 or any other component of the surgery simulator apparatus 100, as shown in FIG.

18, by examples only, in accordance with alternative embodiments of the present disclosure.

[0100] Referring to FIG. 20, this diagram illustrates, in a perspective view, a component 190
comprising color-code features 180, such as effected by way of 3-D printing, relating to another
component of the surgery simulator apparatus 100, as shown in FIG. 18, by example only, in
accordance with alternative embodiments of the present disclosure.[0101] Referring to FIG. 21,

this flow diagram illustrates a method M1 of fabricating a multi-metric surgery simulator
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system S, in accordance with an embodiment of the present disclosure. The method M1
comprises: providing at least one sensor, providing the at least one sensor comprising:
configuring the at least one sensor to collect surgical training performance data relevant to at
least one surgical task, and configuring the at least one sensor to operate with a surgical
navigation system comprising a processor, the processor configurable, by way of a set of
executable instructions storable in relation to a non-transitory medium, to perform at least one
of analyze collected data, transform the collected data, and provide feedback in relation thereto,
as indicated by block 2101; and providing at least one surgéry simulator apparatus, providing
the at least one surgery simulator apparatus comprising: operatively coupling the at least one
surgery simulator apparatus with the at least one sensor, configuring the at least one surgical
simulator to operate with a tracking system, whereby collected data is obtainable and clinical
performance in relation to the at least one surgical task is quantitatively evaluable and

progressively improvable, as indicated by block 2102.

[0102] Referring to FIG. 22, this flow diagram illustrates a method M2 of quantitatively
evaluating and progressively improving clinical performance of at least one surgical task by
way of a multi-metric surgery simulator system S, in accordance with an embodiment of the
present disclosure. The method M2 comprises: providing the multi-metric surgery simulator
system S, as indicated by block 2200, providing the multi-metric surgery simulator system S
comprising: providing at least one sensor 10, providing the at least one sensor 10 comprising:
configuring the at least one sensor 10 to collect surgical training performance data relevant to at
least one surgical task, and configuring the at least one sensor 10 to operate with a surgical
navigation system comprising a processor, the processor configurable, by way of a set of
executable instructions storable in relation to a non-transitory medium, to perform at least one
of analyze collected data, transform the collected data, and provide feedback in relation thereto,
as indicated by block 2201; and providing at least one surgery simulator apparatus 100,
providing the at least one surgery simulator apparatus 100 comprising: operatively coupling
the at least one surgery simulator apparatus 100 with the at least one sensor 10, configuring the
at least one surgical simulator 100 to operate with a tracking system, whereby collected data 20
is obtainable and clinical performance in relation to the at least one surgical task is

quantitatively evaluable and progressively improvable, as indicated by block 2202; and using
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the metric surgery simulator system S, thereby collecting surgical training performance data
relevant to the at least one surgical task, obtaining the collected data 20, analyzing the collected
data 20, transforming the collected data 20, providing the feedback 30 in relation thereto, and
quantitatively evaluating and progressively improving the clinical performance, as indicated by
block 2203. In the method M2, analyzing the collected data 20 comprises evaluating a trainee’s
current training session data in relation to at least one of initial threshold data relating to the
surgical task, a trainee's past training session data, at least one other trainee’s past training

session data, and a historical average of at least one other trainee's past training session data.

[0103] Still referring to FIG. 22, transforming the collected data 20 in the method M2
comprises at least one of: iteratively determining new threshold data using at least one of the
trainee's current training session data in relation to at least one of the initial threshold data
relating to the surgical task, the trainee's past training session data, the at least one other
trainee's past training session data, and the historical average of at least one other trainee's past
training session data; and incorporating at least one social component into the new threshold
data, the at least one social component comprising at least one of a competitive award, a
competitive prize, and the like, thereby providing historical statistical data for use in self-
reconfiguring the at least one surgery simulator apparatus 100 for optimizing quantitative
evaluation and progressive improvement of clinical performance and for optimizing integration
with at least one of a plurality of tools, a plurality of instruments, a plurality of tracking

systems, and a plurality of navigation systems.

[0104] Referring back to FIGS. 1-22, embodiments of the system S may be implemented using
at least one processor with, or without, additional instructions stored in a memory, e.g., for
execution by at least one general purpose microprocessor. Thus, the present disclosure is not
limited to any specific configuration of hardware, firmware, and/or software. While some
embodiments of the present disclosure are implementable in fully functioning computers and
computer systems, various embodiments are capable of being distributed as a computing
product in a variety of forms and are capable of being applied, regardless of the particular type
of machine or computer readable media used to actually effect the distribution of the various
embodiments. At least some aspects disclosed can be embodied, at least in part, in software.

That is, the techniques may be carried out in a computer system or other data processing system
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in response to a processor, such as a microprocessor, executing sequences of instructions
contained in a memory, such as ROM, volatile RAM, non-volatile memory, cache, or a remote
storage device. A computer readable storage medium can be used to store software and data
which when executed by a data processing system causes the system to perform various
methods. The executable software and data may be stored in various places including for
example ROM, volatile RAM, nonvolatile memory and/or cache. Portions of this software

and/or data may be stored in any one of these storage devices.

[0105] Still referring back to FIGS. 1-22, the preceding example embodiments involve systems
and methods in which a device is intra-operatively configured based on the identification of a
medical instrument. In other example embodiments, one or more devices may be automatically
controlled and/or configured by determining one or more context measures associated with a
medical procedure. A “context measure”, as used herein, refers to an identifier, data element,
parameter or other form of information that pertains to the current state of a medical procedure.
In one example, a context measure may describe, identify, or be associated with, the current
phase or step of the medical procedure. In another example, a context measure may identity the
medical procedure, or the type of medical procedure, that is being performed. In another
example, a context measure may identify the presence of a tissue type, or a simulated tissue
type, during a medical procedure, or a surgical training session. In another example, a context
measure may identify the presence of one or more fluids, such as biological fluids, simulated
biological fluids, or non-biological fluids, e.g. wash fluids, during the medical procedure, and
may further identify the type of fluid. Each of these examples relate to the image-based
identification of information pertaining to the context of the medical procedure or simulated

medical procedure.

[0106] Still referring back to FIGS. 1-22, examples of computer-readable storage media
include, but are not limited to, recordable and non-recordable type media such as volatile and
non-volatile memory devices, read only memory (ROM), random access memory (RAM), flash
memory devices, floppy and other removable disks, magnetic disk storage media, optical
storage media, e.g., compact discs (CDs), digital versatile disks (DVDs), etc. The instructions
can be embodied in digital and analog communication links for electrical, optical, acoustical, or

other forms of propagated signals, such as carrier waves, infrared signals, digital signals, and
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the like. The storage medium may be the intemet cloud, an informatics cloud server, or a

computer readable storage medium such as a disc.

[0107] Still referring back to FIGS. 1-22, at least some of the methods described herein are
capable of being distributed in a computer program product comprising a computer readable
medium that bears computer usable instructions for execution by at least one processor to
perform aspects of the methods described. The medium may be provided in various forms such
as, but not limited to, one or more diskettes, compact disks, tapes, chips, USB keys, external
hard drives, wire-line transmissions, satellite transmissions, internet transmissions or
downloads, magnetic and electronic storage media, digital and analog signals, and the like. The
computer useable instructions may also be in various forms, including compiled and non-

compiled code.

[0108] While the present disclosure describes various embodiments for illustrative purposes,
such description is not intended to be limited to such embodiments. On the contrary, the
applicant's teachings described and illustrated herein encompass various alternatives,
modifications, and equivalents, without departing from the embodiments, the general scope of
which is defined in the appended claims. Except to the extent necessary or inherent in the
processes themselves, no particular order to steps or stages of methods or processes described
in this disclosure is intended or implied. In many cases the order of process steps may be

varied without changing the purpose, effect, or import of the methods described.

[0109] Information as herein shown and described in detail is fully capable of attaining the
above-described object of the present disclosure, the presently preferred embodiment of the
present disclosure, and is, thus, representative of the subject matter which is broadly
contemplated by the present disclosure. The scope of the present disclosure fully encompasses
other embodiments which may become obvious to those skilled in the art, and is to be limited,
accordingly, by nothing other than the appended claims, wherein any reference to an element
being made in the singular is not intended to mean "one and only one” unless explicitly so
stated, but rather "one or more." All structural and functional equivalents to the elements of
the above-described preferred embodiment and additional embodiments as regarded by those of

ordinary skill in the art are hereby expressly incorporated by reference and are intended to be
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encompassed by the present claims. Moreover, no requirement exists for a system or method to
address each and every problem sought to be resolved by the present disclosure, for such to be
encompassed by the present claims. Furthermore, no element, component, or method step in
the present disclosure is intended to be dedicated to the public regardless of whether the
element, component, or method step is explicitly recited in the claims. However, that various
changes and modifications in form, material, work-piece, and fabrication material detail may be
made, without departing from the spirit and scope of the present disclosure, as set forth in the
appended claims, as may be apparent to those of ordinary skill in the art, are also encompassed by

the present disclosure.
INDUSTRIAL APPLICABILITY

[0110] The subject matter of the present disclosure industrially applies to the field of surgery
simulators. More particularly, the subject matter of the present disclosure industrially applies to
the field of surgery simulators in relation to image guided medical procedures. Even more
particularly, the subject matter of the present disclosure industrially applies to the field of

surgery simulators in relation to image guided medical procedures with surgical navigation.
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CLAIMS

What is claimed:

L. A multi-metric surgery simulator system, comprising:

at least one sensor configured to collect surgical training performance data relevant to at
least one surgical task, the at least one sensor configured to operate with a surgical navigation
system comprising a processor, the processor configurable, by way of a set of executable
instructions storable in relation to a non-transitory medium, to perform at least one of analyze
collected data, transform the collected data, and provide feedback in relation thereto; and

at least one surgery simulator apparatus operatively coupled with the at least one sensor,
the at least one surgery simulator apparatus configured to operate with a tracking system,
whereby collected data is obtainable and clinical performance in relation to the at least one

surgical task is quantitatively evaluable and progressively improvable.

2, The system of Claim 1, further comprising a tracking feature coupled with the at least one
surgery simulator apparatus and configured to receive at least one signal from the at least one
sensor and to transmit at least one signal to the at least one processor, the tracking feature
comprising at least one of an optical tracking feature operable with a pointer tool and a Raman

spectroscopic tracking feature operable with a Raman probe tool.

3. The system of Claim 1,

wherein the processor is further configured to transmit at least one of the collected data,
the transformed collected data, and the feedback to at least one of a user interface and a storage
medium, and

wherein the user interface is configured to provide access to at least one of the collected
data, the transformed collected data, and the feedback by at least one of at least one trainee, at
least one trainer, and at least one peer via at least one of a server-based application, an Internet-
based application, a cloud-based application, a mobile application, and a social media

application.
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4, The system of Claim 3, wherein the user interface comprises a display device.
5. The system of Claim 3, wherein the storage medium comprises an informatics cloud.

6. The system of Claim 5, wherein the feedback further comprises a plurality of feedback
cycles, the plurality of feedback cycles comprising consultation information from at least one of
the at least one trainer and the at least one peer after a training session, whereby convergent

training is facilitated.

7. The system of Claim 1, wherein each at least one surgery simulator apparatus comprises
at least one of a simple surgical task portion and a complex surgical task portion, each of the
simple surgical task portion and the complex surgical task portion is configured to support
training of the at least one surgical task in at least one of two dimensions and three dimensions,
the simple surgical task portion is configured to support training of the at least one simple
surgical task prerequisite to handling a surgical procedure, and the complex surgical task portion
is configured to support training of the at least one complex surgical task in the surgical

procedure.

8. The system of Claim 7, wherein each at least one surgery simulator apparatus further
comprises a housing for accommodating at least one of the simple surgical task portion and the

complex surgical task portion.

0. The system of Claim 8, wherein each at least one surgery simulator apparatus further
comprises at least one of:

at least one simple surgical task portion fastener for facilitating disposition of the at least
one of the simple surgical task portion in relation to the housing;

at least one complex surgical task portion fastener for facilitating disposition of the
complex surgical task portion in relation to the simple surgical task portion; and

at least one housing fastener for facilitating disposition of the housing in relation to a

generally horizontal surface.
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10.  The system of Claim 8, wherein the housing comprises a generally angled frusto-conical

configuration for facilitating simulation of a clinical access port environment.

11.  The system of Claim 9,

wherein the at least one simple surgical task portion fastener comprises at least one of at
least one retention ring and any other suitable fastener,

wherein the at least one complex surgical task portion fastener comprises at least one of
at least one retention ring and any other suitable fastener, and

wherein the at least one housing fastener comprises at least one of a screw, a bolt, a nut,

a threaded, a hook and loop fastener, and any other suitable fastener.

12.  The system of Claim 8,

wherein the simple surgical task portion comprises at least one of a generally conical
configuration, a plurality of pin surgical task features, and a plurality of loop surgical task
features, and

wherein at least one of the plurality of pin surgical task features and the plurality of loop

surgical task features is operatively coupled with the at least one sensor.

13.  The system of Claim 8, wherein the complex surgical task portion comprises at least one
of a generally cupped configuration, having a cap portion and a cup portion, for facilitating

simulation of a clinical subdural environment.

14.  The system of Claim 13,

wherein the cap portion accommodates at least one simulated surface tissue feature and
facilitates training of the at least one surgical task in relation to the at least one simulated surface
tissue feature, and

wherein the cup portion accommodates at least one simulated deep tissue feature and
facilitates training of the at least one surgical task in relation to the at least one simulated deep

tissue feature.
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15.  The system of Claim 14,

wherein the at least one simulated surface tissue feature comprises at least one of a
simulated epidermal tissue feature, a simulated dermal tissue feature, a simulated sub-dermal
tissue feature, a simulated muscle tissue feature, a simulated cranial bone tissue feature, and a
simulated dura tissue feature, and

wherein the at least one simulated deep tissue feature comprises at least one of a
simulated vascular tissue feature, a simulated neural tissue feature, and a simulated cerebral

tissue feature.

16.  The system of Claim 12,

wherein the plurality of pin surgical task features comprises a plurality of pin holders as a
plurality of targets for facilitating training touching by at least one of at least one tool and at least
one instrument in relation to the plurality of targets, and

wherein the plurality of loop surgical task features comprises a plurality of threaded
eyebolts as guiding loops for facilitating training manipulation of at least one simulated

elongated tissue feature therethrough.

17.  The system of Claim 7,

wherein at least one of the simple surgical task portion and the complex surgical task
portion are configured to support at least one of at least one surgical task pattern and at least one
simulated tissue feature,

wherein the at least one surgical task pattern optionally comprises a spiral configuration,

wherein the at least one simulated tissue feature comprises a representation of at least one
simulated tissue structure having at least one of at least two dimensions, at least one color, and at

least one pattern, and

wherein the representation of at least one simulated tissue structure comprises at least one
simulated tissue feature comprises at least one of a simulated healthy tissue feature and a

simulated pathological tissue feature.

18.  The system of Claim 17,
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wherein at least one of the at least one surgical task pattern and the at least one simulated
tissue feature comprises at least one of a three-dimensional color print and a surface-enhanced
Raman Spectroscopy scattering material, and

wherein the surface-enhanced Raman Spectroscopy scattering material comprises a
matrix material and a dopant, the matrix material comprising at least one of silicone and
polyvinyl alcohol hydrogel, and the dopant comprising at least one of a scattering agent, an

absorption agent, and a calcification agent.

19.  The system of Claim 18, wherein the scattering agent comprises at least one of an

intralipid and a nanoparticle.
20.  The system of Claim 18, wherein the absorption agent comprises an India ink.

21. The system of Claim 18, wherein the calcification agent comprises calcium

hydroxyapatite.

22.  The system of Claim 17, wherein the surface-enhanced Raman Spectroscopy scattering
material is tunable in relation to at least one of at least one pathological tissue type, at least one

pathological tissue mass, and at least one pathological tissue density for simulation thereof.

23.  The system of Claim 1, wherein the at least one sensor comprises at least one of at least
onc USB sensor, at least one pressure sensor, at least one capacitance switch, as least one
potentiometer, at least one optical switch, at least one navigation tool sensor, and the like.

24"  The system of Claim 1, wherein the at least one surgery simulator apparatus is further
operable with a spectral biopsy probe, a broadband probe, a near-infrared probe, a fluorescent

probe, a parallel imaging probe, a magnetic resonance imaging probe, a structured light scanning

probe, and an augmented reality tool.

25.  The system of Claim 17,
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wherein, for an optical tracking feature, the at least one surgical task comprises at least
one training routine of a spiral target routine, a fiducial marker point routine, a blind target
routine, and a suturing routine,

wherein, for an optical tracking feature, for each at least one training routine, a merit
point is determined for the pointer tool moved within a predetermined boundary, a demerit point
is determined for the pointer tool moved outside the predetermined boundary, and a task
completion time is determined,

wherein, for the Raman spectroscopic tracking feature, the at least one surgical task
comprises at least one of incision, craniotomy, cannulation, resection, transplantation, suturing,
decannulating, and closing, and

wherein, for the Raman spectroscopic tracking feature, for each at least one surgical task,
a merit point is determined for resection of the at least one simulated pathological tissue feature,
a demerit point is determined for resection of any portion of the at least one simulated healthy

tissue feature, and a task completion time is determined.

26. The system of Claim 3, wherein the processor is further configured to transmit
information to the user interface, the information comprising;
a prompt for a user's login information;
a dashboard for facilitating visualization of data;
a display of a user's profile;
a display of a trainee's visuomotor training task statistics;
a display of a trainee's training records; and
a display of a trainee's current training session data in relation to at least one dataset of:
initial threshold data relating to the surgical task,
a trainee's past training session data,
at least one other trainee's past training session data, and
transformed threshold data relating to the surgical task, the transformed threshold
data comprising an iterative computation relating to at least one of the initial threshold
data relating to the surgical task, the trainee's past training session data, and the at least
one other trainee's past training session data, wherein the at least one dataset comprises at

least one parameter of a merit point, a demerit point, and a task completion time.
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27. A method of fabricating a multi-metric surgery simulator system, comprising:

' providing at least one sensor, providing the at least one sensor comprising: configuring
the at least one sensor to collect surgical training performance data relevant to at least one
surgical task, and configuring the at least one sensor to operate with a surgical navigation system
comprising a processor, the processor configurable, by way of a set of executable instructions
storable in relation to a non-transitory medium, to perform at least one of analyze collected data,
transform the collected data, and provide feedback in relation thereto; and

providing at least one surgery simulator apparatus, providing the at least one surgery
simulator apparatus comprising: operatively coupling the at least one surgery simulator
apparatus with the at least one sensor, configuring the at least one surgical simulator to operate
with a tracking system, whereby collected data is obtainable and clinical performance in relation

to the at least one surgical task is quantitatively evaluable and progressively improvable.

28. A method of quantitatively evaluating and progressively improving clinical performance
of at least one surgical task by way of a multi-metric surgery simulator system, comprising:
providing the multi-metric surgery simulator system, comprising:
providing at least one sensor, providing the at least one sensor comprising:
configuring the at least one sensor to collect surgical training performance data relevant
to at least one surgical task, and configuring the at least one sensor to operate with a
surgical navigation system comprising a processor, the processor configurable, by way of
a set of executable instructions storable in relation to a non-transitory medium, to perform
at least one of analyze collected data, transform the collected data, and provide feedback
in relation thereto: and
providing at least one surgery simulator apparatus, providing the at least one
surgery simulator apparatus comprising: operatively coupling the at least one surgery
simulator apparatus with the at least one sensor, configuring the at least one surgical
simulator to operate with a tracking system, whereby collected data is obtainable and
clinical performance in relation to the at least one surgical task is quantitatively evaluable
and progressively improvable; and
using the metric surgery simulator system, thereby collecting surgical training

performance data relevant to the at least one surgical task, obtaining the collected data, analyzing
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the collected data, transforming the collected data, providing the feedback in relation thereto, and

quantitatively evaluating and progressively improving the clinical performance.

29.  The method of Claim 28, wherein analyzing the collected data comprises evaluating a
trainee's current training session data in relation to at least one of initial threshold data relating to
the surgical task, a trainee's past training session data, at least one other trainee's past training

session data, and a historical average of at least one other trainee's past training session data.

30.  The method of Claim 28, wherein transforming the collected data comprises at least one
of:

iteratively determining new threshold data using at least one of the trainee's current
training session data in relation to at least one of the initial threshold data relating to the surgical
task, the trainee's past training session data, the at least one other trainee's past training session
data, and the historical average of at least one other trainee's past training session data; and

incorporating at least one social component into the new threshold data, the at least one
social component comprising at least one of a competitive award, a competitive prize, and the
like,

thereby providing historical statistical data for use in self-reconfiguring the at least one
surgery simulator apparatus for optimizing quantitative evaluation and progressive improvement
of clinical performance and for optimizing integration with at least one of a plurality of tools, a

plurality of instruments, a plurality of tracking systems, and a plurality of navigation systems.
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